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ABSTRACT 
 
This article looks at how the Academic Rating Index (ARI) can be integrated with a variety 

of academic platforms to improve data collection and increase access to supervisors' 

academic records and competency. The ARI aims to address challenges faced by 

postgraduate students in South Africa, such as an increasing student-to-supervisor ratio, 

insufficient assessment of supervisor effectiveness, and limited digital forums for student 

participation. The ARI uses cross-platform data collection and powerful search functions to 

help students locate and interact with distinguished supervisors who share their research 

interests. Supervisors can assert and amend their profiles using the site, ensuring that the 

information is accurate and up to date. This study builds on previous research and 

emphasizes the importance of a central directory for academic supervisory expertise. 
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1. INTRODUCTION 
 

Post apartheid South-Africa saw an increasing number of students (majority of whom were 

previously marginalized) seeking to further their education at colleges and universities, both at 

the undergraduate and postgraduate levels [1]. According to the department of higher education, 

between 830 and 982 thousand students enrolled in institutions of higher learning programs and 

between 57 and 84 thousand students enrolled in postgraduate programs from 2010 to 2021 [1,2]. 

The number of students increased not only at the undergraduate level, but also at the postgraduate 

level. The overwhelming influx of students saw an increasing imbalance of the ratio between 

students and supervisors, introducing a wide range of challenges. This study is primarily focused 

on the postgraduate level, scholars in South Africa identified a gap in the nation’s low publication 

cohorts and contribution to the body of knowledge over the years in critical sectors such as math 

and science, stats and engineering, however, with increasing attention focus on social studies [3]. 

https://ijcionline.com/volume/v14n6
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In an attempt to increase the contribution to the body of knowledge, in 2015 the South African 

department of higher education ushered in the Research Outputs Policy (ROP) to replace the 

Measurement of Research Outputs of Public Higher Education Institutions of 2003 to drive the 

hunger and an increase in quality research output by rewarding the contributors [1]. Postgraduate 

supervision strongly affects research quality in higher education. Institutions must ensure 

supervision meets quality standards and yields timely results, while supervisors support students 

with academic and personal challenges. Yet supervision often lacks systematic monitoring and 

evaluation tools, transparency, and clear allocation of responsibilities [7], [8], [9], [10]. Drawing 

on the challenges identified in the authors’ earlier work [4], several persistent issues in 

supervisory relationships can be observed. In particular, power asymmetries, 

communication breakdowns, physical and temporal distance, misinterpretations, and 

inconsistent feedback are among the most frequently reported and influential factors that 

adversely affect the quality and effectiveness of these relationships. To address the above 

noted challenges the authors from the University of South Africa engaged in research to design 

and implement a digital solution named the ARI a proof of concept that serves as a digital 

supervision output model that combines or makes use of methods aligned with the fourth 

industrial revolution (4IR) based on a tried and tested theoretical framework in academia [4]. 

 

This paper is an extension on the aforementioned work by addressing one of the problems that 

came up when the platform was tested at several universities in South Africa. One recurring 

problem was that the platform needed to have search features so that students could look for 

supervisors who are highly rated in different areas of expertise and rate them, as well as check to 

see if they are open to taking on students with similar interests. The feedback provided that 

identified a lack for a centralized directory for experts in various dominance hierarchies or 

studies in particular that students can search when they need a supervisor [4]. To address the 

noted need, a recent feature was added to the ARI platform to build a database of supervisors' 

skills, expertise, publications, qualifications, specializations, professional positions and interests 

from an academic perspective so that students can search for them when they need a mentor who 

can help them and is available to take on any students. 

 

2. LITERATURE 
 

In the words of the noble Scottish-Irish physicist Lord Kelvin (William Thomson) of blessed 

memory whose famous quote “When you can measure what you are speaking about, and express 

it in numbers, you know something about it, when you cannot express it in numbers, your 

knowledge is of a meagre and unsatisfactory kind; it may be the beginning of knowledge, but you 

have scarcely, in your thoughts advanced to the stage of science.” Sharing the same view is Peter 

Drucker, a renowned management consultant, educator, and author summing it all up in simple 

terms “you can’t improve what you can’t measure”. 

 

It is without doubt that an excellent higher education is necessary for building a knowledge-based 

economy in every country around the world and for dealing with the problems that arise within 

the nation as well as with keeping standards high when overseeing advanced (postgraduate) 

studies [5]. It is for that reason that the ARI seeks to quantify the sentiments of the relationship 

and by producing a statistical view that depicts the relationship and its strengths and places for 

development. As scholar [6] posits, one of the main goals of supervision is to make sure that the 

student follows the rules, has the right skills, and gets the help and support they need to complete 

the tasks at hand which will in turn prepare them for the marketplace. On the backdrop of the 

previous statement, we can conclude that the role of the supervisor is ensure they provide a good 

service, to ensure that the growth and progress exist in a given profession or any dominance 

hierarchy. 
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Throughout the course of this study, various problems have been identified and discussed in prior 

work by [4]. Table 1 below goes on to discuss the most prevalent issues that impede interactions 

between a student and a supervisor, which can have an influence on students. Given the 

difficulties illustrated in the table below, a clearer and more accurate understanding of the needs, 

roles, and expectations of all stakeholders (students and supervisors) or groups (schools or 

academic communities) is essential. 

 
Table 1. Common relationship challenges 

 

Challenges Impact 

Behavioural Issues and 

Perceptions 

Behavioural difficulties and academic setbacks can strain 

student-supervisor relationships. Students from tough 

backgrounds frequently feel unsupported, which affects their 

performance and engagement [7] 

Lack of Structural Support 

for Supervisors 

A lack of tools to assist supervisors in addressing social 

expectations causes disagreements, misunderstandings, and 

stress. Difficult student relationships can cause supervisor stress 

and exhaustion [8] 

Conflict and Dependency Supervisor-student disputes can have a detrimental effect on 

pedagogical skill by fostering a reliance that makes teaching less 

effective [9] 

Interpersonal Dynamics An imbalance in behaviour dynamics, paired with interactions 

lacking complementarity and consistency, can be damaging to 

the student-supervisor relationship [10] 

Perceptual Differences Disparities in the way supervisors and students view each other 

can have an impact on learning outcomes, psychological growth, 

and comprehension of instructions [11]. 

Boundary Considerations Relationship problems can arise from inappropriate intimacy, 

which includes socializing outside of work bounds, disclosing 

personal information, and showing partiality [12]. 

Supervisor Stress and 

Emotional Competence 

Supervisor stress and lack of emotional competence can affect 

relationships, especially with disruptive students. Supervisors 

with higher emotional competence tend to have closer 

relationships with students [13–15] 

Institutional Roles and 

Rituals 

Ethnographic research has shown that institutional systems can 

force supervisors and students into roles that do not allow for 

fruitful relationships. 

Classroom Instabilities The interaction between students and supervisors can also be 

hampered by misunderstandings, arguments, and uneasiness 

brought on by unstable classroom conditions [16]. 

Economic and Structural 

Issues 

The student-supervisor connection may be hampered by 

elements including disinterest, lack of incentives, absences, and 

reluctance to change. Inaccurate beliefs about teaching, 

economic degradation, and a lack of diversity all play important 

roles [17]. 

 

In addition to the challenges explored in (table 1 above), the student’s impact and success is also 

dependent of the fact that every student at postgraduate level started out as an undergraduate. 

Because of this, some researchers have found that socioeconomic factors, as well as the quality of 

the schools and fields that undergraduates choose, are important because they affect how well 

they do and whether they get their postgraduate studies ([18]). Moreover, the students’ 

motivation and perseverance are vital in determining their success when making early, crucial 

decisions about the selection of a course that aligns with their abilities and interests [19]. 
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3. DESIGN SCIENCE RESEARCH METHODOLOGY 
 

For the purposes of this paper, design science research (DSR) will be used, which is a problem-

solving technique that involves the creation of new artifacts in the form of models, methods, and 

systems that help people develop and comprehend IT solutions [20,21]. Furthermore, researchers 

[22], using the work of [23], define DSR as "research that invents a new purposeful artefact to 

address a generalized type of problem and evaluates its utility for solving problems of that type". 

 

3.1. Problem Relevance 
 

The ARI was mainly developed as a tool to evaluate and control supervision quality, as well as to 

supplement the supervisor's citation index; nevertheless, since its deployment into the production 

environment, it has encountered additional obstacles and the need to improve specific aspects. 

This includes the op-opportunity to have a single source of truth for the supervisor or academic 

staff. Part of the initial research was to have a centralized place for rating or evaluating 

performance. To improve on that, we need to get the supervisors' details (publications, expertise, 

interests, and academic history) into a single place for ease of access and an overview of the track 

record. 

 

3.2. Design Process 
 

In the current scope of this study, the primary focus will be on data collection/sourcing, searching 

abilities, and mastery of data administration from the perspective of the supervisor. This data will 

be utilized to supplement student ratings, as well as to match and assign students to supervisors 

who share similar interests and research aims. With this information in hand, the institution will 

have a better idea of how to improve service quality and research output. 

 

3.2.1. Existing Data Scraping and Integration Techniques 

 

In order to collect the supervisor's data, this ARI system will need to link with external systems 

and databases in some form to pool valid and verified data. Data such as total citations and 

indexes, affiliation institutions, publications, qualifications, expertise, research interests, and 

supervisor projects can be pooled to demonstrate how knowledge is derived. This section 

provides an overview of existing strategies for automating the procedure. Web scraping, web 

crawling, Application-Programming-Interface (API), and Extract-Transform-Load (ETL) 

operations are some of the various methods for retrieving data from multiple sources [24]. In 

light of the aforementioned methods, ETL was utilized for data sourcing since it is a framework 

for processing data by taking it from various sources, transforming it into the appropriate style or 

structure, and then loading it into a target system, such as a data warehouse. Allows for the 

unification of data from multiple sources into a single version of the truth; yet it is labour 

intensive in the early phases to ensure adequate extraction and transformation of the source data 

[25]. 

 

3.2.2. Master Data Management (MDM) Approaches 

 

MDM or its approaches can be defined as a way to aggregate data from various sources, check it 

for accuracy, and implement governance rules to ensure data quality over time, resulting in a 

single, consistent source of key business data across a company [26], to summarize, MDM can be 

defined as cutting-edge techniques to establish a single truth, which can be divided into four 

categories: registry, consolidation, coexistence, and centralized approaches. The Registry 

approach uses bi-directional data flow and matching algorithms to identify duplicates across 
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multiple sources but requires unified data control for reliability [26–28]. Consolidation combines 

data from various sources into a single version of truth, offering high data quality and reduced 

duplicates, though it is less flexible and sensitive to changes [29–31]. Coexistence, similar to 

consolidation, allows phased implementation with bi-directional syncing but is complex and 

costly to maintain [31–33]. The Centralized approach stores data centrally, simplifying reporting 

and governance but at the cost of flexibility and high implementation expenses. Each method has 

its distinct pros and cons related to data flow, quality, and system adaptability [34–36]. For this 

study, the consolidation strategy was chosen because it combines master data from multiple 

sources in the hub to create the golden record, or one version of truth, in a unidirectional flow 

form [30]. 

 

3.2.3. Search Engine Technologies 

 

A search engine is a software application that retrieves information from data collection 

according on the user's or client's request and delivers a list of records connected with the input 

[37]. A full text search engine, on the other hand, allows users to search across all of the text in 

documents, databases, or websites, rather than just specified sections or labels. In other words, it 

searches all of the text for information relevant to a search request [38], which is the topic of this 

work. In this section, we will look at tools like Elasticsearch, OpenSearch, Typesense, Apache 

Lucene, Apache Solr, and others for indexing and querying data using full text search 

capabilities. These platforms offer features like AI-driven results, scalability, full-text search, 

typo tolerance, and analytics. Each has its pros, like ease of use and robust performance, and 

cons, such as complexity in setup, resource intensity, and limited community support. Licensing 

varies from Apache 2.0 to MIT and GPL 3.0, with some offering cloud or self-hosting options 

[39–46]. After comparing the many open-source platforms available for consumption and usage, 

this study chose Apache Lucene, a powerful Java text search engine known for its adaptability, 

sophisticated full-text search capabilities, and extensive community support [38]. 

 

3.3. System Architecture and Design 
 

System architecture and design are the organized and conceptual representations of the 

interactions and connections between various components and modules inside a system. Within 

the field of search engines, ETL methods and master data management serve as a framework to 

ensure the appropriate processing, management, and retrieval of data [38]. Figure 1 demonstrates 

how data is searched, cleaned, and indexed. The purpose is to provide a consolidated library of 

clean, rich, and valuable supervisor-related information. The ARI program enables supervisors to 

search and connect their online profiles across many academic platforms (ResearchGate, 

Semantic Scholar, and Google Scholar), which are then processed, edited, stored, and indexed for 

accessibility and system-broad visibility. 
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Figure 1. ARI Searching, ETL and Data management 

 

ETL processes are critical in this architecture because they describe the procedures for extracting 

data from various sources, converting it to a usable format, and loading it into a database or 

search engine. This ensures that the data is golden, uniform, and ready for indexation. ETL 

operations are critical for maintaining data quality and integrity, which are necessary for accurate 

search results and optimal system performance [47]. MDM requires establishing a single source 

of truth by consolidating and managing an organization's critical data. In the context of search 

engines and ETL procedures, MDM ensures that the data indexed and searched is precise, 

consistent, and current. Figure 1 shows the ETL steps for data cleansing, de-duplication, and 

enrichment to provide a comprehensive and reliable dataset [47]. The system architecture and 

design in this context aim to create a cohesive and efficient ecosystem that supports the 

continuous flow of data from collection to indexing, allowing users to conduct effective searches 

and quickly get useful information. 

 

3.4. Research Rigor 
 

Software testing was key in this system as various forms of testing had to be invoked in order to 

achieve the objective. One way to make sure that software meets its quality, performance, and 

functionality standards is to test it in essence. Software testing makes sure that the quality, 

functionality, and speed of software meet the requirements [48]. There are several types of 

testing, including functional and non-functional. The former is used to validate the intended 

features or workings of the system based on what is expected of it, whereas the latter seeks to 

validate the solution's efficiency, performance, scalability, and portability in the given context, as 

stated by the authors of the well-known knowledge site [48]. 

 

• Functional poses the following question, what does the system do? 

• Non-Functional poses the following question, how does the system do it? 
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The functional tests were confined to computer lab-based assessments and encompassed sanity, 

integration, and usability testing, which have been extensively detailed by other researchers [49]. 

The experiences of users, data integrity, operations, security, and performance were all confirmed 

through non-functional testing. The assessments were conducted on the primary domains of the 

ARI, specifically the supervisor search processing engine. The first assessments in this case 

focused solely on the search engine functionalities, rather than the complete system.  

 

The first assessments in this case focused solely on the search engine functionalities, rather than 

the complete system. The capability to extract supervisor data from several sources, cleanse and 

format the data for storage in the ARI database and ensure it is indexed in Apache Solr. Figures 

2, 3 and 4, presented below, illustrates the interface of the application in its web form as 

perceived from a supervisory standpoint. 

 

 
 

Figure 2. ARI Landing supervisor dashboard 

 

The process of constructing a comprehensive profile for each supervisor can be achieved through 

the utilization of publicly accessible online information. This methodology enables the 

correlation of the supervisors to their respective publications, areas of interest, and fields of 

specialization. Such linkages are facilitated by the application's advanced deep internet crawling 

capabilities. Figure 3 showcases a streamlined landing page where users first link their profile 

before claiming a digital record—securing all key data associated with an academic personnel 

member in one place. 
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Figure 3. Supervisors expect profile view pre-linking view 

 

In Figure 4, we see how a supervisor can perform a search based on individuals’ names and their 

associated affiliations. The system then scans the virtual environment to identify and retrieve the 

most relevant information for the specific user. 

 

 
 

Figure 4. Supervisor searching for their profile online 

 

Figure 5 below depicts how the citation and publication data of the supervisor and how it appears 

from the source (Google Scholar) using the harzings Publish or Perish application; highlighted 

are datasets copied from Google Scholar into the ARI using the search function. As previously 

stated, and shown in Figure 6, the citation index, publication history, and institution of affiliation 

will be extracted using the API, transformed and persisted using the ETL and MDM, and indexed 

using Apache Solr. 
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Figure 5. Sources of online profiles linked to a sample supervisor 

 

The ability to retrieve supervisory data from multiple sources, subsequently purify and structure 

the data for integration into the ARI database, and ensure its indexing within Apache Solr is 

depicted in Figure 6. 

 

 
 

Figure 6. Typical response Json payload post gathering data from sources 
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Figure 7. Extended view of post linking 

 

 
 

Figure 8. Extended view of post linking… continued 

 

The researchers in this work developed integration capabilities to interface with the following 

data retrieval sites: Google Scholar, ResearchGate, and Se-mantic Scholar. The results from each 

data source are as follows. During the evaluation of online academic platforms, Google Scholar 

emerged particularly as the most dependable resource due to its publicly accessible data, which 

can be extracted. Conversely, data collection from ResearchGate was challenging due to the 

implementation of a Content Delivery Network (CDN) by the website administrators. 

Consequently, accessing the site's data became challenging because of the rate limiting measures 

designed to obstructs automated bots from retrieving or extracting information. Semantic Scholar 

utilizes API endpoints to provide data; however, subsequent to creation, the university restricted 

students from accessing API profiles. Although the data can be extracted and sourced, it 

constitutes a violation of university policies. Despite obtaining an API key from Sematic, it is 

ethically questionable to continue utilizing the service without the con-sent of the hosting 

university (UNISA). 
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4. DEVELOPMENT RESULTS 
 

Swagger is used to expose the ARI's searching capabilities relevant to this study's focus, and 

endpoints are used to index the search engine data results set, which is then processed by the ARI 

application before being provided to the Solr instance. The endpoints, depicted in Figure 9 below 

provide search functionality from a variety of various websites and aggregate data using 

algorithmic ranking to provide a single version of truth. The program also has a feature that 

allows students to engage with it and request information about their supervisors and interests. 

The ARI has expanded its search functionality by incorporating additional data sources such as 

Google Scholar, ResearchGate, and Semantic Scholar. Google Scholar ranked as the most 

reliable source because to its easily accessible data, however ResearchGate created challenges 

due to its Content Delivery Network and bot rate restriction. While Semantic Scholar offers API 

endpoints, their utilization infringes institutional (UNISA) regulations. 

 

The ARI application uses Swagger endpoints to index and sanitize search engine data before 

passing it to a Solr machine for further processing. These endpoints com-bine data from various 

sources into a single rendition of the truth. The ARI program also includes an instance of the Solr 

application, which can be accessible through a management interface and a Docker container. 

This design allows users to engage with the application and efficiently obtain information about 

supervisors and their interests. The following are the study's artifacts or outputs that can be used 

by both students and supervisors. 

 

 
 

Figure 9. Swagger endpoints 

 

The system also includes an active instance of the Solr application, as demonstrated in the sample 

view below. This configuration enables users to engage with the application and solicit 

information concerning supervisors and their research interests. 

 

 
 

Figure 10. Solr management portal 
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The subsequent elements represent the artifacts or outputs of this research, which may be utilized 

by both students and supervisors. 

 

• Web: https://ari-web-demo.web.app/ 

• Android: 

https://play.google.com/store/apps/details?id=za.ac.unisa.marcia.ari&hl=en_ZA 

• Apple: https://apps.apple.com/app/id1556716168 

 

5. DISCUSSION AND CONCLUSION 
 

This section will delve into the findings and conclusions derived from our implementation and 

analysis of the Solr application. By providing a comprehensive overview of the application’s 

functionalities, the challenges faced during deployment, and the potential benefits observed, we 

aim to demonstrate the value of Solr in managing and retrieving data efficiently. Our deployment 

of the Solr application revealed several key insights and areas of improvement. First, the 

application's ability to provide users with a robust interface for querying and retrieving 

information about supervisors and their interests proved highly effective. The integration with a 

Docker container simplified the deployment process, ensuring that the application remained 

scalable and easily accessible via the API. 

 

Furthermore, the Solr management portal afforded us an intuitive means of overseeing the 

application’s performance and optimizing search capabilities. This level of oversight is crucial 

for maintaining the efficiency and reliability of any large-scale data management system. In 

conclusion, the implementation of Solr within our infrastructure not only enhanced our data 

retrieval processes but also underscored the importance of utilizing advanced search technologies 

to manage complex datasets. Future work will focus on refining the application’s functionalities, 

exploring additional use cases, and integrating new features to further leverage Solr’s capabilities 

as well as building the front-end to expose the search engine on the application for smart 

searching purposes similar to that of google. which will have a heavy dependency on data in 

order to return satisfactory results. 

 

6. FUTURE OF WORK 
 

In a world saturated with data—constantly collected, quantified, and mined for sentiment and 

insight—this study sets out a bold and focused research agenda. The roadmap below charts the 

methods and technologies used so far and lays out the next steps in a clear, staged sequence, 

driving the project toward an increasingly comprehensive and nuanced understanding of the 

subject. 
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Figure 11. Academic rating index roadmap 

 

Figure 11 above seeks to depict the various modules envisioned in the product development 

namely the inclusion of the following core modules: an interactive dashboard for individual and 

group performance, engagement, and progress; predictive analytics to flag at-risk students using 

historical and real-time data; adaptive learning to personalize paths; a feedback and analytics 

system for courses, instructors, and overall experience; progressive tutoring with real-time help, 

personalized feedback, and extra resources; virtual collaboration spaces for projects, discussions, 

and community building; integration for seamless LMS and SIS connectivity; networking 

features for peer insights, advice, and support; gamification (badges, rewards, challenges) to 

boost motivation; educator tools to monitor progress, find gaps, and adjust instruction in real 

time; a parent portal for student progress, attendance, and communication; attendance tracking to 

spot patterns and engagement issues; content delivery for hosting and streaming lectures, 

simulations, and virtual labs; integrated chat and video conferencing for real-time interaction; and 

career guidance with resources, recommendations, and analytics for academic and career 

decisions. 
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