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Abstract
With the digital transformation of learning and the spread of online learning under
the impact of COVID-19, huge amounts of learning data are being generated. How
to utilize and analyze this learning data has led to a new field – Learning Analytics
(LA). LA demonstrates the collection, use and analysis of data generated by students
in the learning process to predict student behavior and provide feedback.
The goal of this thesis is to redesign a course result system(OSR) with LA functions.
OSR is a results registration system used by the Department of Computer Science
at Aalto University for over a decade. The development technology used by OSR
is outdated and does not have the satisfying LA features for teachers. Meanwhile,
this thesis tries to build a prototype of the new system based on the cloud platform
(Salesforce). The research questions are: what is the state of art of the old system,
what LA functions the new system needs, and what are the requirements of the new
system.
In order to answer these three research questions, this thesis first conducts a literature
review. This thesis reviews the literature on OSR, A+, LA, cloud service models,
and Salesforce. Through literature review and practical experience of OSR, this
thesis obtains the state of art of the existing system as well as possible functional
requirements and LA requirements.
This thesis uses the constructive research method to design the new system. To
gather functional needs and LA requirements from users, this thesis performed
semi-structured interviews with teachers. After analyzing and summarizing the
interview results, this thesis concludes the user needs. After comparing, merging
and screening the requirements from the OSR and LA reviews in the Literature
Review chapter, the requirements of the new system are summarized in this thesis.
As for final requirements, the following three findings are made in this thesis. First
of all, teachers are satisfied with the final grade calculation function and database
function provided by the old system. The new system can follow the design of final
grade calculation function of the old system. Second, although teachers were satisfied
with most of the features of the old system, they spent a lot of time verifying the
results. This suggests that they need a more reassuring system. Third, the old system
provided only some statistical functions, and few teachers used them. Teachers hope
the new system will provide them with more LA features, such as producing periodic
reports for them to monitor students’ progress in real time.
Keywords Learning Analytics, Course Result System, User Requirement, Salesforce
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1 Introduction
Nowadays, digital technology is being integrated into every aspect of our lives.
Computer science (CS) education is more closely aligned with the practice of digital
technologies. Most CS courses publish not only static online materials such as slides
and articles for students to work on, but also interactive content such as automated
assessments [1]. Online learning may use multiple systems. A Learning Management
System (LMS) is used when teachers post learning materials and students conduct
learning activities. After the end of course, learning data may be stored in Education
Data Archive (EDA).

The increase in online learning of courses has generated a large amount of
learning data. In order to utilize and analyze these learning data, a new research
field, Learning Analytics (LA) emerged. LA aims to help teachers understand the
situation of students reflected in learning data so that teachers can take action.

How to integrate the systems used in online learning with LA becomes a challenge.
Teachers have limited time during the course, no time to carry out extensive learning
analysis practice. But they want to be able to monitor the students’ learning and
help them. For this reason, this thesis also includes the design of LA function when
redesigning a course result system.

1.1 Problem Statement
Currently, the faculty of Aalto University’s Computer Science Department uses a
variety of methods to manage students’ study process and grades. There is a platform
faculty are using which is called A+. A+ is an open-source platform for producing
and evaluating electronic course assignments that is now being utilized at Aalto
University and Tampere University. After obtaining the students’ assignment points
i.e. the low-level data from A+, the teachers use their own methods (Excel, python
scripts, etc.) to calculate the students’ partial achievements. Partial achievements
(PA) are those that form part of a student’s final grade. If the final grade for a
course consists of the total grade of ten rounds of exercise and the exam grade,
then the total grade of ten rounds of exercise and the exam grade are both partial
achievements. Different courses calculate partial achievements in different ways.
Some teachers will use python scripts to first judge whether the students’ grades
for each practice meet the minimum standard, and then add up the qualified parts
to get partial achievements. Some teachers will set up extra exercise rounds to
give students the opportunity to improve their grades. This requires the teacher
to compare the exercise grades of the extra round and the designated round first,
and then take the higher of the two to calculate the partial achievements. Whether
teachers use python scripts or Excel, they will export partial achievements results
in CSV format. The reason why they export partial achievements results in CSV
format is that OSR supports importing partial achievements using CSV files. Then
teachers upload partial achievements files to results register system (OSR) which has
been in use at the CS department for decades. OSR allows teachers to define final
grades calculation formula, import partial achievements, calculate final grades and
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export the course grades in a CSV file.
When using the above system, teachers faced the problem that they had to save

students’ grades locally for calculation and upload them later. It is inconvenient
and teachers run the risk of disclosing student privacy. Sometimes teachers’ physical
devices (laptops, USB drives, etc.) are accidentally lost so that student grades stored
on them are compromised.

There is also the problem that the technology to implement OSR is outdated. No
one in the computer science department at Aalto University is actively developing it
further now. This means that when users need new functions, such as LA functions,
no one designs and develops new functions in OSR.

At the same time, OSR only supports Finnish. This creates obstacles for foreign
teachers and TAs to use the system. And this is not conducive to the gradual
diversification and internationalization of the talent team of Aalto University.

1.2 Research Goal and Questions
The goal of this thesis is to redesign a course result system. To achieve this goal, the
three research questions presented in Table 1 need to be answered.

Table 1: Research Questions
RQ1 What is the state of art of the old system (OSR)?
RQ2 What LA features will the new system require?
RQ3 What are the requirements for the new system?

The new system should retain the functional design that satisfies users in the old
system (OSR) and add LA functions that users need. Therefore, it is necessary for
us to understand the state of art of the old system. We can maintain an acceptable
functional design in the new system by comprehending the state of the art of the old
one and identifying the components that delight and irritate users.

In addition to retaining the functional design that satisfies users in the original
system, we also need to add LA functions that users need. However, LA is a broad
field. Our new system cannot cover the vast majority of LA. We need to study the
LA functions that are suitable for the course result system and that users really need.

Before we start designing a new system, it is important to have a clear under-
standing of all the requirements of the system. Good requirements can improve the
efficiency of software development [2]. We need to collect the requirements of the
new system as much as possible through various methods, such as literature review,
experiencing the old system in person, collecting opinions from stakeholders.

1.3 Structure of the Thesis
The structure of this thesis is as follows. This chapter describes the problem statement
and the research goals and questions. In the second chapter, there is a literature
review on cloud service models, Salesforce, OSR, A+ and learning analytics. The
third chapter introduces the research methods of this thesis, constructive research and
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semi-structured interviews. The fourth chapter describes the results of the research,
the final requirements for the new system (SAA), and the design of the data model
and system prototype on the Salesforce platform. The fifth chapter discusses how
the three research questions raised by this thesis are answered and the limitations
and future work of this thesis.
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2 Background
In this chapter, we conduct a literature review on cloud service models, Salesforce,
OSR, A+, and learning analytics. OSR is the old course results system and we need
to understand its current state of the art. A+ is a learning management system
(LMS) that is closely related to the grade results system, and we need to know
something about it as well. At the same time, we hope to use the cloud platform of
Salesforce to implement the new system and add the LA function to the new system.
Therefore, a literature review on Salesforce and LA is necessary.

2.1 Cloud Service Model
Cloud computing makes various hardware and software resources, such as servers,
storage, networks, applications and computing power, available to customers on
demand through the Internet [3]. This thesis uses a cloud-based platform, the Sales-
force Lihgtning Platform, to implement the application and functions. Depending
on the different needs of customers, cloud computing providers have three service
models to offer customers to choose from, namely Infrastructure as a Service (IaaS),
Platform as a Service (PaaS) and Software as a Service (SaaS).

2.1.1 Infrastructure as a Service (IaaS)

Infrastructure as a Service (IaaS) refers to the web-based provisioning of virtual
infrastructure and hardware, such as servers, storage, networks and other infrastruc-
ture components, by cloud service providers to their customers [4]. Providers of IaaS
offer virtualisation as a service and customers can increase or decrease their use of
infrastructure such as virtual servers depending on demand. IaaS providers are billed
by the amount and duration of infrastructure used by their customers. Therefore,
the customer can reduce hardware as well as human resources costs. IaaS examples
include Amazon Web Services (AWS), Windows Azure, and Google Compute Engine.

2.1.2 Platform as a Service (PaaS)

Platform as a Service (PaaS) provides an environment or platform that includes an
operating system, user interface, application development tools and programming
languages supported by the cloud service provider [4]. Application developers develop
and run their applications in the development platform or environment provided by
PaaS. Customers do not need to manage infrastructure such as network, storage,
servers, etc. PaaS provides customers with resources to support the use of applications
throughout their lifecycle, in addition to providing a development environment. This
makes it possible for applications to be developed as well as deployed on the cloud.
Salesforce Lightening Platform is an example of PaaS.
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2.1.3 Software as a Service (SaaS)

Software as a Service (SaaS) refers to the practice of a cloud service provider making
applications immediately accessible to customers via the internet without requiring
that customers install the applications on their own devices [4]. SaaS is concerned
with the end customer who uses the application [4]. These end-clients are granted a
licence to access the software provided by the cloud provider via a thick/thin client
such as Google Chrome. Customers do not need to install, configure and maintain
these applications. The SaaS model is suitable for existing lightweight applications
such as email, CRM. Salesforce.com is a CRM that uses the SaaS model.

2.2 Salesforce
Salesforce is a company founded in the United States to provide Software as a Service
(SaaS) [6]. Its initial focus was on customer relationship management (CRM) [5].
CRM is software provided by Salesforce that can be used to store customer contact
information and track customer activity [6]. With CRM, Salesforce helps companies
to to avoid cumbersome processes and manual work and to find more customers
in time. Salesforce did not stop there after becoming the market leader in CRM
platform[6]. Salesforce wants to provide a platform that can be used for more than
just sales and marketing. Now Salesforce provides the platform (Salesforce Lightning
platform) to support organizations with cloud-based custom application design and
deployment[5]. Salesforce offers a range of functions and development tools that
allow users to customize the application according to their needs.

2.2.1 Salesforce Lightning Platform

Salesforce Lightning platform is a Platform as a Service (PaaS) provided by Salesforce
for its users [6]. Salesforce Lightning platform integrates physical infrastructure
such as memory, database. It provides users with a user interface and application
development tools to build custom applications on the platform.

Lightning platform’s architecture enables multitenant applications. Multitenant
refers to the ability of a single instance of software to serve multiple users. Tenants
using multitenant software instances are virtually isolated from each other. Tenants
can use and customize an application as if they each had their own instance, but
their data and customizations are safe and protected from other tenants’ activity[7].
Multitenancy has a number of advantages, such as cost savings, no upgrade hassle for
the client (and a quicker and smoother upgrade for the vendor), flexibility, scalability,
high performance, minimal operational costs, etc.

2.2.2 Salesforce Lightning Platform Architecture

According to [9], Salesforce Lightning Platform can be divided into five layers, which
is shown in Figure 1.

The infrastructure layer is the bottom layer and is the foundation of the Salesforce
Lightning Platform. The infrastructure layer primarily includes the data centre and
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Figure 1: Salesforce Lightning Platform Architecture

network topology that supports Salesforce. The infrastructure layer allows user data
stored on the Salesforce platform to be recovered even in the event of a disaster,
while reducing the risk of a single point of failure of the platform and maintaining
high resilience and performance at all times.

Then is metadata and shared services layer. Salesforce stores and manages
metadata in the metadata and shared services layer for user instances. Unlike
traditional relational databases, the Lightning platform does not create any database
tables. Meanwhile, class and trigger code is also saved as metadata. No code is
compiled by Lightning platform. When users build and customise applications on the
Lightning platform, everything they create in forms, reports, and workflows is stored
as metadata [8]. The platform engine can use this metadata and generate virtual
application components at runtime. Since everything is kept as metadata instead of
creating database tables or compiling code, metadata is a crucial component of the
Salesforce Lightning platform.

And for identity and access management and application definition layer, Salesforce
manages the authorization, authentication and resolution of identities of given
customers in this layer to facilitate their access to specific user instances.

Apex is Salesforce’s proprietary, Java-like, and object-oriented programming
language. An Apex compiler and an Apex runtime engine are the two main parts
of the Apex runtime engine layer [9]. Once the developer has written and saved
the code, Salesforce does not immediately compile the code, but rather the Apex
code runtime engine layer accepts the request. The Apex compiler then converts the
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code into an abstract machine instruction set that only the Apex runtime engine can
interpret and stores it in the Apex code runtime engine layer.

At the Lightning application layer, Salesforce provides a graphical interface for
customers to customise their applications at will. Customers can design the business
logic, data models, data analysis and social collaboration of their applications with
just a few clicks. A Lightening application can be presented by several Lightening
pages. A Lightening page is made up of several Lightening components. Customers
can define and modify Lightening components for the purpose of customising their
applications.

2.3 OSR
OSR is a results registration system used by the Department of Computer Science
at Aalto University for over a decade. Teachers created different versions of courses
in OSR, and then upload the course’s partial achievements such as exercise grades
and exam grades to OSR. OSR calculates the final grade according to the final
grade calculation formula developed by the teachers. Teachers can download the
final grade file and upload it to SISU for final grade registration. Due to the lack of
official OSR documents and references, this paper attempts to use screenshots to
show readers some of the OSR interface and functions. The following paragraphs
will give examples to explain and illustrate some of the OSR pages and functions.

Figure 2: A course interface in OSR

First, as shown in Figure 2, this is the main interface of a course in OSR. The
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top of the interface is the directory structure, from the main interface of OSR to the
course list to a certain course. The course here is CS-A1143. The yellow box below
the directory structure displays the basic information of the course, including the
name and code of the course, credits, the name of the main teacher responsible for
the course, and the name of the course assistant. Below the basic course information
is the place to record, edit and browse partial achievements. The table sequentially
records the name of the partial achievements of the course, the effective time of the
partial achievements, the credits and the partial achievements file. Below the table
are the course settings. Here, teachers can define the formula for how to use partial
achievements to calculate final grades. The formula for calculating the final grade
for the course can remain the same each year as long as the grading scheme has not
changed. At the bottom of the interface are some statistics reports, such as statistics
about the overall performance of the course.

Figure 3: Interface for uploading, editing or deleting partial achievements recording

The interface in Figure 3 provides teachers with the function of uploading, editing
or deleting partial achievements recordings. At the top of the interface is a hyperlink
for uploading new partial achievements records. The table below shows the date,
expiration date, number of records, and whether a combination is required for existing
partial achievements records. Teachers can combine students’ partial achievements
here, such as combining some students’ excise grades from the previous academic
year with the exam grades of this academic year.

Figure 4 shows several ways in which new partial achievements records in OSR
are imported. The first way to import new partial achievements is to manually enter
them using a form. Teachers can use the form to enter students’ student IDs, names,
and partial achievements. The second way to import new partial achievements is
to use clipboard, each line is a record of partial achievements. The third way is to
upload a CSV file, which contains the student’s student ID, name, and their partial
achievements.

Teachers can use the above interface to create courses in OSR, customize how to
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Figure 4: The new partial achievements record import interface in OSR

use partial achievements to calculate the formula for final grades, upload and edit
partial achievements records. Teachers can view calculated final grades in OSR. But
this is not enough. Teachers need to announce final grades to students and register
final grades with SISU. OSR provides this functionality that teachers need. In the
interface shown in the figure below, teachers can download a CSV file of final grades
from OSR for browsing, as well as a CSV file of final grades in a specific format
required by SISU.

Figure 5: Interface for downloading final grade files

OSR brings convenience to the teachers of the Department of Computer Science
at Aalto University. It allows teachers to quickly get final grades after uploading
partial achievements. And final grades can also be exported in the format required by
teachers and SISU. OSR also provides a repository of the grades of computer science
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courses over the years. However, OSR currently has some drawbacks. First, OSR is
only available in Finnish. With the internationalization and diversity of the Aalto
University faculty, there will be more and more teachers who cannot use Finnish.
Second, OSR does not currently have a specific team to maintain and update it. If
teachers have problems using OSR, no one is going to fix it. Meanwhile, OSR is an
old system that has been in use for more than ten years. The technology it uses
is outdated. It is because of these shortcomings of OSR that this paper decided to
study the use of new technologies to develop new systems to provide teachers with
the functions they need.

2.3.1 Requirements derived from OSR

Although OSR lacks LA functions, it provides teachers with the functions needed
to calculate the final grade and export it. From OSR, we can derive the user’s
requirements for the grade database and calculation.

Above we have shown part of the OSR interfaces and the functions it provides to
users. First of all, OSR provides users with functions as a database. When users
start using OSR, they first requirement to create a course version, which includes
the basic information of the course. The basic information of these courses is the
name of the course, the code of the course, the name of the teacher in charge of the
course, the name of the course assistant, and the credits of the course.

R1 Users can create a course version in the system, which includes the
basic information of the course.

After creating the course version, the user needs to define partial achievements,
such as the name of partial achievements (exercise, project, etc.), grading scale
(pass/fail, 0-5, 0-100, etc.), valid date and its attributes (mandatory/voluntary).

R2 Users can define partial achievements in the system.

After establishing a course version and specifying partial achievements, users can
enter student partial achievements. OSR provides users with three ways to record
partial achievements, which are recording partial achievements manually, recording
partial achievements through clipboard, and recording partial achievements through
files. This generates three requirements to import partial achievements.

R3 Users can manually record grade data in the system.
R4 Users can record grade data through clipboard in the system.
R5 Users can record grade data through files in the system.

OSR stores students’ partial achievements once users have recorded them in one
of the three different methods. Users need to confirm whether partial achievements
are saved correctly in the system. Therefore, the system needs to provide users with
the ability to view the data they record. In most cases, the grade data recorded by
the user is saved correctly. However, sometimes users may record data incorrectly, the
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system needs to provide users with the ability to edit and delete partial achievements.
The system must enable users to view, update, and delete their recorded performance
data in order to comply with the aforementioned circumstance.

R6 Users can view the saved grade data in the system.
R7 Users can update the saved grade data in the system.
R8 Users can delete the saved grade data in the system.

In addition to being used as a database to store course grade data, OSR also
provides users with the function of calculating final grades based on partial achieve-
ments. In order to achieve the goal of calculating the final grades, the user needs to
define the formula for calculating the final grades, for example:

finalgrades = 0.3 ∗ partialachievementsA + 0.7 ∗ partialachievementsB

R9 Users can define formulas for calculating final grades in the system.

OSR can use these data and calculation rules to compute and store the student’s
final grades once the user establishes the formula for calculating the final grade based
on partial achievements of the students saved in the system.

R10 Users can view the final grades calculated by the system.

OSR enables combining partial achievements from various semesters of the same
course within the validity period. OSR, for instance, is in favor of combining a
student’s exam and exercise grades from the fall semester of 2022 and the spring
semester of 2022, respectively.

R11 Users can combine the partial achievements of students in different
semesters within the validity period in the system.

Teachers are typically required to register the final grade with SISU after it has
been determined. The production of CSV files in a specified format that SISU can
read is supported by OSR to make it simpler for teachers to register final grades.

R12 Users will receive a CSV file in a specified format from the system for
registering final grades.

At Aalto University, students are allowed to take the exam multiple times and
choose the best one to calculate the final grades. OSR supports that when a partial
achievement is updated, compare the old partial achievement with the new partial
achievement and use the larger one to calculate the final grades, and update the final
grades if the final score grades.

OSR has modest statistics capabilities, such as how many students completed
a course within a user-selected time frame, in addition to rudimentary database
capability and the ability to calculate final grades.
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R13 When the user updates a partial achievement, the system can compare
it with the old one and take the better one to calculate the final grades.
If the new final grade is better, update the final grade.

R14 Users can view the statistical results provided by the system according
to their selected conditions.

Combining the database functions, final grades calculation and export functions,
and statistical functions provided by OSR for users, we got a total of 14 requirements
shown in Table 8. These requirements come from the existing functions of OSR,
some of them are helpful to users, but not all of them are useful. We will discuss
which requirements can become SAA requirements in later chapters.

Table 2: Requirements derived from OSR
R1 Users can create a course version in the system, which includes the

basic information of the course.
R2 Users can define partial achievements in the system.
R3 Users can manually record grade data in the system.
R4 Users can record grade data through clipboard in the system.
R5 Users can record grade data through files in the system.
R6 Users can view the saved grade data in the system.
R7 Users can update the saved grade data in the system.
R8 Users can delete the saved grade data in the system.
R9 Users can define formulas for calculating final grades in the system.
R10 Users can view the final grades calculated by the system.
R11 Users can combine the partial accomplishments of students in differ-

ent semesters within the validity period in the system.
R12 Users will receive a CSV file in a specified format from the system for

registering final grades.
R13 When the user updates a partial achievement, the system can compare

it with the old one and take the better one to calculate the final grades.
If the new final grade is better, update the final grade.

R14 Users can view the statistical results provided by the system according
to their selected conditions.

2.4 A+
A+ is a Learning Management System (LMS) designed by the staff of the Department
of Computer Science at Aalto University to enable teachers to use automated assess-
ment functions and to provide interactive learning for students [10]. 33 courses at
Aalto University used the A+ platform in 2021, the majority of which are computer
science department courses involving programming exercises. A+ gives teachers the
ability to create online learning materials (static or interactive). And teachers are
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free to design any kind of exercises as long as they can develop a program for grading
it. A+ differs from other LMSs in that it is service-oriented and it is designed to
be loosely coupled between the exercise service and the A+ platform [10]. This
means A+ separates the usual functions of an LMS, such as authentication and
authorization, and exercise assessment, into separate services.

Using external services, A+ can support a variety of course learning contents. As
an LMS, A+ manages the authentication and authorisation of users and provides
web user pages for students and teachers. Teachers can use the page to manage
course configuration and settings, publish learning materials and exercises, monitor
students’ progress and keep statistics on their grades. Students can access learning
materials and submit exercises and receive marks for exercises through the page. A+
stores students’ exercise submissions and marks and provides an API to allow other
systems to access the data in A+ with authorization.

Providing automated assessments for exercises is one of A+’s primary characteris-
tics. A+’s architecture and front-end design allows teachers to deploy automatically
assessable exercises on the platform. The automated assessment is carried out by an
external exercise service. At the same time, the definition of the exercise descriptions
and instructions are carried out in the exercise service [10]. As the exercise descrip-
tion is not stored in A+, A+ needs to be obtained from an external service using
HTTP (Hypertext Transfer Protocol) before it is displayed to the student. After
students are given the exercise page, they complete the exercise and fill in the page
form. A+ stores the student’s submission and then transfers the submission file to
the exercise service using the HTTP protocol. The exercise service accepts content
submitted by students for the exercise and outputs grade and feedback to A+ after
assessment. The A+ service can also be used by other LMSs, as the A+ exercise
service is separate and teachers can use multiple other people’s assessment systems
in their own courses.

2.4.1 A+ Architecture

The Figure 6 below shows the architecture of A+. Only one Exercise service is shown
in Figure 6. In fact more than one Exercise service can exist in the architecture.
The two most important components in the A+ architecture are the A+ front-end
and the Exercise service. The A+ front-end is responsible for providing a uniform
interface for students, retrieving course materials and assignments from the back-end
Git and Exercise services. A+ also can send student submissions to the Exercise
service for grading, store submissions and grade results in a database. Besides, A+
allows teachers to check submissions and manually grade submissions.

Teachers edit the course content on their computers and push the changes to
the Git server. The A+ Git service then pulls the updates and builds the course by
compiling the course material written by the teacher into HTML. The A+ front-end
retrieves the exercise content from the Exercise service using the HTTP protocol, for
example using an HTTP GET request with certain parameters. The A+ front-end
then displays the retrieved exercise content to the student on the A+ web page.
When a student submits an assignment, A+ saves the submission in database and
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Figure 6: A+ Architecture

sends the submission to the exercise service for grading. The Exercise service sends
the points and feedback to A+ after the automatic assessment has been carried out.
Finally the A+ front-end stores the assignment marks and feedback in a database
and displays them to the student on the web page.

The service-oriented strategy of A+ is embodied in its architectural design. The
developers have stripped out the assessment services from the LMS. The assessment
service exists as a microservice that provides functionality to external systems over the
web [10]. This has improved the maintainability and scalability of the system. Also,
as the service exists independently of A+. Courses from other scientific institutions
can also use the assessment service. In addition, A+ can also be used as a service to
provide data to other systems. This is exactly what SAA is concerned with in this
thesis. Student exercise grades data from A+ is what SAA needs.

2.4.2 Retrieve Data from A+

The A+ front-end is based on the Django web framework. To make it easier for
users to retrieve data, A+ has an API based on the REST framework, and users can
retrieve data through this web API when authorised. There are two ways for A+ to
grant access to data to a user: one is to grant access to the user in a user session
that is manually signed, and the other is for the user to use the API Access Token
in their profile page. Users that have been granted access to exercise submission
or grade data can utilize the REST API to retrieve information in CSV and JSON
(JavaScript Object Notation) formats.

2.5 Learning Analytics
2.5.1 Definition of Learning Analytics

Data and analysis play an important role in the future of education, with the further
use of computing devices in teaching and learning activities [14]. The Covid-19
pandemic has driven the increase in e-learning in education in recent years [15]. In
order to control the spread of Covid-19, schools and institutions have taken measures
such as keeping social distance, eliminating face-to-face classes and conducting online
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classes. The widespread adoption of online learning has led to the generation of large
amounts of learning data. How to utilize and analyze this learning data is an area
that educators have had to explore in recent years.

Learning analytics (LA) is seen as an emerging interdisciplinary field of study.
LA uses artificial intelligence, machine learning and statistical analysis as a means to
analyze human interaction and educational systems [16]. Initially, at the first Learning
Analytics s and Knowledge Conference (LAK) in 2011, LA was defined in this way
“Learning analytics is the measurement, collection, analysis, and reporting of data
about learners and their contexts, for the purposes of understanding and optimizing
learning and the environments in which it occurs” [16]. LA is also considered
as an action of monitoring students’ daily learning activities and analyzing these
activity logs in order to intervene with students who are performing abnormally [23].
According to Sousa [24], the purpose of learning analytics is to analyze student and
learning environment data to support learning at various levels. Although these
definitions of LA differ in their expression, they all demonstrate the collection, use
and analysis of data generated by students in the learning process to predict student
behavior and provide dynamic feedback. Then educators act and provide support
for students based on the predictions and feedback. LA focuses on the actions taken
as a result of the analysis, rather than on the patterns of the data itself.

2.5.2 Learning Analytics in Higher education

As we enter the digital age, the close integration of IT and higher education has had
an impact on teaching and learning activities and in the process has generated a
wealth of data, for example, data on students’ personal information, data generated
by interaction with the learning management system, and data generated by playing
educational games [25]. In order to improve the quality of teaching and learning, to
promote student performance and to identify student difficulties at an early stage, an
increasing number of higher education institutions have decided to adopt Learning
Analytics (LA) in the last decade [26]. Nevertheless, as a developing field, LA is not
necessarily well understood by every LA stakeholder. The main stakeholders in LA
in higher education include teachers, students, institutional managers and system
developers. This section aims to provide an overview of the methods, benefits and
challenges of LA in higher education for those who are not familiar with it.

2.5.3 Learning Analytics Methods in Higher Education

Predictive Models. Predictive models refers to modelling to speculate on the prob-
ability of an uncertain future event occurring [27]. The predictive model is concerned
with deriving a value using the available data. This value indicates an estimate of
the future. In higher education institutions, predictive models can be used to predict
the academic success of students, course enrolment retention or dropout. Predictive
models usually use two classical types of algorithms, classification algorithms and
regression algorithms for prediction. Classification algorithms can make predictions
about categorical values, such as predicting a student’s success/failure in a final exam
for a course. Regression algorithms can make predictions about numerical values,
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such as what percentage of students will continue with a course two weeks after it
has run. The algorithms often used in predictive modelling are, linear regression,
logistic regression, decision trees, Bayesian classifiers, support vector machines and
neural networks [27].

Clustering. Clustering is the process of discovering data points that are similar
to one another in some way in order to divide a large dataset into different categories
of smaller datasets [28]. Different distance measures are used in different clustering
algorithms to measure the similarity between data points. In the field of education,
clustering can be used to classify students according to their interaction features and
to assess the impact of their parents’ involvement on their academic performance [29].
Educators then provide appropriate advice and educational resources to different
groups of students. The common clustering algorithms used in the field of learning
analytics are, K-means, K-prototypes, C-means, Agglomerative, etc. The vastness and
diversity of the online learning environment offer fantastic chances to analyze online
data using clustering algorithms. Clustering may be applied to any classification task,
makes it easier to gather diverse student data, and offers suggestions for enhancing
the structure and delivery of courses [29].

Relationship Mining. In relationship mining, relationships between variables in
a dataset are found, and they are then coded into rules for subsequent usage. In the
field of education, relationship mining has been shown to help improve the curriculum
by correlating information from many sources with users [30]. Examples include
linking the final grades of students to how long they have been active in a learning
management system and how often they have posted in a course forum. The main
application of relationship mining in education also involves mining the relationships
between the sequence of events [30]. When students encounter difficulties in an
exercise, for example, they first search the Internet for a solution and if they cannot
solve it they then go to the course forum to discuss it.

Social Network Analysis. In Social Network Analysis (SNA), individuals are
considered as nodes of a graph and relationships between individuals are considered
as edges of the graph. Social network analysis focuses on the connections between
individuals in a network rather than a single random sample of individuals. In LA, the
nodes can be people, learning resources, different learning behaviors, different topics
of the course, etc. The SNA technique allows these node data to be dimensionalised
and classified. SNA technology plays an important role in LA by providing the
opportunity to understand the social network of students and learning activities as
nodes [31]. An analysis of learner networks using SNA, for example, shows that
learners with higher node centrality have better learning outcomes, which correlates
with a greater sense of self-attribution and access to resources and information [32].

Distillation of Data for Human Judgment. The practice of visualizing data
and creating interactive interfaces to help a human quickly recognize or categorize
data aspects is known as distillation of data for human judgment. In higher education,
Learning Analytics Dashboards (LADs) can distill large amounts of learning data
and visualize it for teachers and students to make decisions [33]. Learning Analytics
Dashboards (LADs) in higher education are often used by students to monitor their
overall academic credit completion and progress in a course, by teachers to monitor
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the completion and feedback of different modules in a course, etc [34][35].

2.5.4 Learning Analytics Benefits in Higher Education

The benefits of Learning Analytics (LA) are analyzed in this thesis from the perspec-
tive of three types of stakeholders, institutions, teachers and students.

For institutions. The institutions can monitor, analyze and predict student
academic completion and optimize the allocation of resources based on that analysis
and prediction. For example, institutions can analyze students’ study plans, course
enrollment and retention, and course attrition in real time. The institution can
then optimize the allocation of teaching resources to help students complete their
programs of study in a timely and successful manner [36].

For teachers. Teachers want to be able to track and comprehend the demands
of their students in a particular course in real time as they are studying. However, it
is a laborious and slow procedure to access, analyze, and interpret data from various
learning management systems (e.g., Moodle) [37]. Learning Analytics (LA) provides
teachers with concise visualizations of complex data from different sources so that
they can improve course quality, adjust course materials and test difficulty, and
provide support for struggling students.

For students. Learning Analytics (LA) helps students integrate the data they
generate during the learning process, allowing them to understand their progress
toward accomplishing their goals. LA provides students with personalized learning
recommendations, based on data collected on students’ past study habits, as well as
the course structure, teaching style and materials of different courses, to recommend
the most suitable course for each student or provide solutions to improve their
performance [38].

2.5.5 Learning Analytics for Learning Design

Different levels of learning analytics are conducted from different stakeholder views, for
example, learning analytics at the institutional level is concerned with the scheduling
and allocation of learning resources [36]. This thesis is concerned with learning
analysis from the perspective of the course designers, i.e., the teachers. The learning
design is a description of the order in which teachers create learning assignments,
resources, and assistance for students throughout the course of a semester [39]. The
following section of this thesis will go through the definition of Learning Design (LD),
how LA is aligned with LD, and how LA supports LD.

2.5.6 Definition of Learning Design

Learning design is a field that emerged in the early 2000s in relation to online and
technology enhanced learning (TEL) [40]. Some researchers believe that the process
of teaching and learning activities inside a learning unit (e.g. a course) is described as
learning design [41]. The main idea behind learning design is to depict the educational
and supportive activities that are carried out by various individuals (students,course
designers) within the framework of a learning unit. Other researchers define LD as a
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method that is pedagogically sound, makes the most of the resources at hand, and
gives teachers and designers the power to choose more wisely when designing learning
activities and giving interventions [42]. Research and development in the field of
learning design encompasses both the collection of empirical data to comprehend
the design process and the creation of a variety of Learning Design resources, tools,
and activities. Synthesizing the above definitions of learning design, three common
elements can be found in LD, as shown in Figure 7 below.

Figure 7: Three elements of constructive research

The first element is a set of resources available to learners, including various
forms of learning materials and tools, such as articles, videos, software, etc. The
second element is the tasks that learners are expected to accomplish with the learning
resources, such as understanding a certain kind of knowledge, presenting the learner’s
own insights on an issue, etc. The third element is the support mechanisms provided
to help learners complete their tasks, such as feedback from teachers and question
and answer sessions with teaching assistants.

2.5.7 Align Learning Analytics with Learning Design

Previous studies have concentrated on conceptualizing LD elements without examin-
ing what occurs following the design process [45]. Researchers stated a decade ago
that learning analysis is the culmination of learning design throughout the continuum
of the educational experience, which includes development and results [43]. LA can
be the driver of learning design from implicit to explicit educational practice [44].
Teachers who want to learn more about the context and learning process of past and
present students can use LA to get the results of data analysis. These data can help
with the LD decision-making process before a learner’s learning activity occurs, the
continuing adoption throughout it, its assessment, and ultimately, subsequent design.

Since LA is an emerging interdisciplinary field, it is prone to situations where,
after mining and analyzing the collected learning data, how educators can properly
use, interpret, and reflect on the learning analytics results to adequately improve and
redesign learning activities. From this perspective, learning design can provide the
theoretical foundation for learning analysis. It provides a framework for analyzing and
interpreting the results of learning analysis for learners, and it defines the elements
on which educators can reflect, make decisions, and improve.
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2.5.8 Learning Analytics support Learning Design

The necessity and benefits of combining LA with LD have been described above.
Researchers have proposed several frameworks for combining LA with LD, allowing
LA to support LD. Persico, Pozzi [20] proposed that LA can analyze three main areas
in the LD framework: representations, methods and tools. In representations areas,
LD representations are broadly classified into two categories, textual representations
and visual representations. Content maps are often employed in visual representations
to represent the structure of learned content and to evaluate it. LA can provide data
generated by individual students and groups of content learning, such as students’
performance at each node in the content map, to assist in the improvement of the LD
process and generate new evaluation indicators [20]. For LD’s decision-making area,
learning designers often make decisions based on their own teaching experience and
knowledge of the teaching environment, but they may lack effective information to
support decision-making. LA can provide them with this information, improve the
effectiveness of learning design methods, and make the design more reasonable. For
the LD tool area, LA can mine and summarize successful cases and best practices in
repositories, thereby providing paradigms that can be used by learning designers,
and providing proofs for existing principles and standards in repositories.

Lockyer [21] proposes two methods of how LA performs on LD: checkpoint
analysis and process analysis, and uses these two methods to analyze the six stages
of a case. This case requires students to work in groups to complete the task. The
Figure 8 below shows the six-stage learning task sequence in this case and the analysis
methods used in different stages.

Figure 8: Learning task sequence and analysis methods

The first stage used checkpoint analysis to generate reports of student visits to the
teaching site and the cases within it. The teachers are provided indicators of when
students are starting to learn, and teachers can use the report to provide interventions
for students who are late. In the second, third and fourth stages, process analysis
was used, and the social network analysis in LA technology was used to mine the
students’ learning process. For example, mining group members’ speeches in online
forums can reveal to teachers the effectiveness of the group interaction process and
whether every student is equally involved in the learning process. The fifth stage
includes checkpoint analysis and process analysis. Checkpoint analysis is used for
whether students have completed a part of the project development and whether
students refer to teacher feedback on completed parts. Process analysis is used to
visualize students’ teamwork after receiving the teacher’s analysis. In the sixth stage,
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checkpoint analysis is used to check whether students upload self-reflections. Process
analysis is used to mine students’ self-reflection, allowing teachers to verify the
rationality of teaching design and whether teaching goals are achieved. Checkpoint
analysis and process analysis provide teachers with data on student engagement
during the course, which is convenient for teachers to identify bad learning behaviors
and provide interventions in a timely manner. It can also help teachers to improve
and improve course design.

Bakharia et al. [22] propose four analytical theoretical frameworks that combine
LA with LD: temporal analytics, comparative analytics, cohort dynamics and tool
specific analytics. The first is temporal analysis, which is used to analyze three types
of events within the LMS during the duration of the course. The three types of
events are recurring events (e.g., weekly lectures and posted materials), submission
events (e.g., student submitted assignments), and single events (e.g., guest lecture).
Teachers were able to determine if and how much time had been spent in each of
these three sorts of events by a temporal analysis. The researchers also pointed
to the week as an optimal time period for conducting temporal analysis, so that
teachers can link the analysis to modules of curriculum design and monitor and check
students’ progress.

2.5.9 Requirements derived from LA and LD literature

Although constrained by the data available for SAA, not all LA and LD approaches
are relevant to SAA. By reviewing the literature on LA and LD, we can get many
good ideas for designing SAA. From these methods we can extract four requirements
for SAA.

The first method is clustering. Users can perform clustering analysis on students
according to a certain characteristic they specify, and mine the impact of different
indicators on student performance. We can use basic information of students, such
as gender, stage of education, from different projects, etc., and their learning activity
data as features. These data are then clustered to explore the impact of these features
on the final grade.

R15 Users can use the clustering analysis function provided by the system to
explore the impact of their selected characteristics on student performance.

The second method is data distillation for human judgment. LAD is one of the
typical applications of data distillation for human judgment, and it is also one of
the functions that SAA hopes to provide users. This dashboard can provide users
with students’ learning performance in a specific period and a summary of students’
learning activities, so that teachers can monitor students’ learning progress and
provide timely help.

R16 Users can grasp the learning progress and performance of students during
a learning period through the dashboard provided by the system.
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The third method is relationship mining. Users can mine the relationship between
the data stored in the system. Discovering patterns among data helps to better
facilitate students’ academic progress. For example, users can mine for patterns in
the relationship between the time students spend on exercises and their exercise
grades.

R17 Users can obtain the results of patterns for the relationship mining
between the data they choose stored in the system.

The fourth method is checkpoint analysis. Analyzing checkpoints such as whether
students have accessed resources for learning or performed a learning activity can help
teachers keep track of students’ learning progress. SAA can provide users with reports
on certain checkpoints during a learning cycle, such as how many students opened
the provided course material interface. Teachers can use this to understand whether
the curriculum design is reasonable and whether these resources are conducive to
students’ learning.

R18 Users can get an analysis report on checkpoints within a learning
period provided by the system.

There are many LA and LD methods that are beneficial to the design of SAA.
Due to time and data constraints, we selected the above four methods to obtain the
requirements for SAA in the four items in Table 9. In the following chapters, we will
comprehensively analyze these requirements and get the final requirements.

Table 3: Requirements derived from LA and LD literature
R15 Users can use the clustering analysis function provided by the system to

explore the impact of their selected characteristics on student performance.
R16 Users can grasp the learning progress and performance of students during

a learning period through the dashboard provided by the system.
R17 Users can obtain the results of patterns for the relationship mining

between the data they choose stored in the system.
R18 Users can get an analysis report on checkpoints within a learning

period provided by the system.
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3 Methods

3.1 Research Method
3.1.1 Constructive Research

This thesis applies constructive research method. Constructive research method
refers to the construction of a practical or theoretical solution to a problem in a par-
ticular field [11]. This solution helps people to gain knowledge about understanding,
modelling and solving this particular problem. In constructive research, a solution
to a specific problem is examined for its instrumental value and potential to affect
the current state of affairs [12].

Although constructive research is centred on getting to a solution, not all research
that solves a practical problem is constructive research. According to [13], constructive
research should include the four elements in Figure 9 below. These four elements
ensure that constructive research contributes to both practical problem solving and
theory.

Figure 9: Four elements of constructive research

The practical problem in this thesis is to find a new way of calculating and
registering students’ final course grades and performing learning analytics. This thesis
conducts a literature review and analyses the features and some of the shortcomings
of the old OSR and the features of the Salesforce cloud platform. According to
the literature review, cloud services offer many advantages and therefore this thesis
decided to use the Salesforce platform, a cloud-based platform, to implement the
solution. A new solution (SAA) will be implemented in this thesis whose functionality
can be demonstrated in the testings involving developers and a part of the users.
After the design, implementation and testing of the SAA, this paper will discuss
whether the use of a cloud-based platform for student course grade calculation,
registration and learning analysis is more appropriate than traditional methods. This
will provide some theoretical value for subsequent development and research.

3.1.2 Research Process Description

Generally, a constructive study can be well conducted by completing the following
six steps in Figure 10, which are in line with the constructive study structure [12].
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Figure 10: Steps of constructive process

The first step is selecting practical problem that have research potential. This step
is related to the first element of constructive research - the practical problem-solution
link. During the thesis project, we found that the way in which teachers calculate
students’ course grades and register them with Sisu in the existing system (OSR)
is cumbersome and inconvenient. These student course grades data are not well
utilised. This thesis seeks to implement a service that makes it easy for teachers to
calculate and register students’ course grades and has learning analysis functions.

The second step is obtaining a pre-understanding of the topic. This step is
important for constructive research. Only with knowledge of the practical problem
domain can a suitable solution be obtained [12]. This thesis conducted a literature
review in June and July and concluded that using the cloud service platform Salesforce
platform to implement the service may be a good way to solve the problem.

The third step is designing the solution. In this thesis, a stakeholder requirement
analysis is conducted to design the data model and architecture of SAA.

The fourth step is implementing and testing the solution. This step is the
actual implementation and testing step. Based on the previous data model and
architectural design, we first build a prototype of SAA and get feedback from users
on this prototype. We then further implement the SAA functionality based on this
feedback. These functions are then tested by developers and users and according to
these feedback we finally improve the SAA.
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The fifth step is to show the theoretical connections and research contributions
of the solution. The connection between solutions and theory and the contribution
of theoretical research on solutions is of great significance to constructive research.

The sixth step is evaluating the scope of applicability. Ultimately this thesis
assesses the applicability of SAA by whether it can perform the functions of OSR in
current environments.

3.2 Interview
This thesis also uses interview as a method in order to increase the objectivity
and trustworthiness of the research. In empirical study on software engineering,
interviews are widely used [17]. Semi-structured interview is a popular method of
data collection in qualitative research [18]. Semi-structured interviews are versatile
and flexible, allowing the interviewer to combine specific and open-ended questions,
and improvise follow-up questions based on the interviewee’s responses [19]. In the
following sections, the selection of interviewers is first explained. We then describe
the questionnaire and explain how the interview was conducted. Finally, we analyze
the results of the interviews.

3.2.1 Interviewees Selection

We tend to choose teachers who teach courses with large participation numbers.
These teachers have more difficulty monitoring students’ grades and performance
than teachers who teach small courses. It is also more challenging for these teachers
to store, calculate and register grades of large numbers of students. We want to collect
data on how they manage their courses and how they analyze the data generated by
their courses.

At the same time, we also hope to collect feedback from teachers on the use
of archives, especially for OSR. Given that OSR is currently only used in the
Department of Computer Science at Aalto University, four of the five respondents
we selected were from the Department of Computer Science.

3.2.2 Interview Script

This script is divided into three parts. The first part is about teachers’ teaching
experience. The second part is about the management of grades in teachers’ course
management. The third part is about teachers’ learning analytics and requirements
of these grades data or other learning data. These three parts consist of 13 questions
presented in the Table 4 below.

The first part of teachers’ teaching experience includes six questions from Q1-Q5.
These questions are relatively easy to answer, so the interviewer asks them at the
beginning of the interview to get a smooth start. Q1 is about the interviewee’s
teaching experience. Q2 is about the background of the interviewee. Q3, Q4 and Q5
are some information about the courses taught by the interviewee. This information
helps in researching how they manage their courses. The different levels of the course
and the number of participants have an impact on the way the course is managed.
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The second part starts with a small task. Q6 asks the interviewer to write or draw
a journey map of how the final grade was generated. Q6 asks interviewees to review
how they managed students‘ grades in the course from preparation to the end of the
course. After a comprehensive review, Q7 and Q7.1 asked how interviewees track
and store grades, as well as the software and tools they use during the process.The
experience of interviewers tracking and storing the grades generated by these students’
daily learning helps us design the new archive, providing us with a reference for their
real needs and implementation methods. Q8 and Q8.1 are about how the interviewer
calculates the student’s final grade and what software and tools they used in the
process. Q9 About how much time did the interviewer take to calculate the student’s
final grade and register. Because existing platforms such as A+, Mycourses and
OSR cannot help teachers calculate the final grades of students, the calculation must
be done by teachers themselves. Therefore, understanding how teachers perform
calculations will help the design and implementation of the new system’s final grade
calculation function. The time teachers spend in calculating students’ final grades
illustrates the need for the new system. If teachers mention OSR when answering
how to track and store grades, Q10 will be followed up. The new system can refer to
what teachers find convenient in OSR and make improvements where teachers find it
inconvenient.

The last part is about LA. In order to avoid inducement to teachers, the interviewer
did not use the term learning analytics, but asked teachers how to analyze and
visualize the grades data generated by students during the learning process. Both
Q11 and Q12 are designed for this purpose. The learning analytics and visualizations
that teachers have adopted can inform the new system’s LA capabilities for student
performance data. Teachers do need these analytical capabilities, these are their real
needs. In Q13, teachers were further asked what their expectations were for the LA
functions provided by a dashboard. This can be a source of demand for our new
system dashboard design.

3.2.3 Interview Procedure

The interviews were conducted one-on-one in English and recorded in October and
November 2022. Before the interview, each interviewee is given an interview email
that outlines the main themes of the interview but does not involve terms like LA to
induce the interviewee. The email also includes the likely duration of the interview
and that it will be recorded. However, the recordings are used for research purposes
only and will not be stored on private devices after research to ensure interviewee
privacy.

All interviews were conducted one-on-one with five interviewees by one interviewer
and recorded using a digital tape recorder. During the interview process, the
interviewee will not receive a paper script directly, but only discuss the questions
with the interviewer. Some of the questions require the interviewee to write and draw
on paper. For questions that require writing and drawing, the interviewer provides
an example to the interviewee. The average interview time is 35 minutes.
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Table 4: The Interview Script
Q1 How many years have you been a teacher?
Q2 Which department do you teach your course in?
Q3 How many courses are you teaching?
Q4 What level is the course which has largest student number ?
Q5 How many students usually participate in your courses?
Q6 Could you please try to describe how the final grades generated

in your largest courses and draw a journey map on paper?
Q7 How do you track and store the grades?
Q7.1 What software and tools do you use in the process?
Q8 How do you calculate the final grades?
Q8.1 What software and tools do you use in the calculating process?
Q9 How long does it usually take you to calculate final grades and

register?
Q10 Do you have any convenience or inconvenience when using

OSR?
Q11 Do you analyze or visualize the data generated in your courses

(e.g., student grades)? If so, could you please describe how
you do this analysis or visualization?

Q11.1 What is the data (e.g. exam results, final grades, points from
exercises, . . . )?

Q11.2 Do you produce these visualizations for whom(yourselves, stu-
dents, TAs, department, . . . )?

Q11.3 Do you publish these visualizations or just for your own use?
Q11.4 Where do you publish these visualizations(e.g. MyCo, A+,

. . . )?
Q12 Do you usually do the data analysis or visualization while the

course is in progress or at the end of the course or both?
Q12.1 Could you give examples?
Q13 If there were a dashboard to provide some data analysis and

visualization during your course, what would you want it to
provide you with?

3.2.4 Analysis

This thesis uses the analytic induction method in qualitative research to analyze
the content of the interviews. The questions for the interviews were divided into
three main parts. The first part was their background, including years of teaching
experience, number of courses being taught, and number of students in the courses
with the largest number of participants taught. This thesis hopes to use these
questions in the first part to justify the interviewees’ choices. The second part is
about how they conduct grade management in courses with the largest number of
participants. Interviewer hopes to induct the teachers’ process from final grades
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generation to registration from the questions in the second part, so as to design a
rational structure for SAA. The third part is about the analysis and visualization of
the data generated from the courses that the teachers have already conducted and
the LA functionality that the teachers would like to obtain. From the questions in
the third section, this thesis aims to summarize the LA functions that teachers need
from the new system.

In order to achieve the above objectives, their experiences, details of course grade
management, and their expectations as mentioned by the teachers in the recordings
are extracted, recorded, and inducted from the recordings. Q6 of the interview asked
the teachers to draw on paper a journey map from generation to registration of the
final grades of the most attended courses they had taught. This thesis analyzes and
summarizes a common final grades process from generation to registration based on
the recordings and their drawings. The answers to these questions were based on the
recordings. And the results were derived directly or using quotes to get the answers
inductively.
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4 Results
In this chapter, we describe the results obtained from constructive research and
semi-structured interviews, respectively. The practical problem that constructive
research focuses on in this thesis is how to redesign a course outcome system. We
then gained an understanding of the problem through literature review and hands-on
experience with OSR. On these basis, we preliminarily designed the data model of the
new system (SAA), and built a system prototype on the Salesforce platform. After
organizing, synthesizing and summarizing the audio recordings of the semi-structured
interviews, we arrived at the final requirements for the new system.

4.1 Data Model
This thesis tries to establish a data model of the new system on the Salesforce
platform. Salesforce offers an Educational Data Architecture (EDA) designed for
higher education institutions. Figure 11 shows the relationship between EDA custom
objects and Salesforce standard objects.

EDA provides a large number of customized objects with attributes, involving
many aspects of higher education. All we need is a part about courses and grades,
and an object about partial achievements is defined. Figure 12 shows the entity-
relationship (ER) model of SAA. In order to make the diagram readable, the diagram
only shows some attributes of the entity instead of all attributes.

The first entity is contact. Contact is an object provided by EDA. The instance
of contact in SAA can be a teacher or a student. It stores the basic information of
teachers or students, including Aalto User Id, name, email address, department and
so on. Teachers and students have different permissions. The second entity is course.
The course here refers to the definition of a certain course. Teachers can create
courses. Courses have attributes such as name, credits, academic level, department,
and Aalto course code. Course offering refers to a certain version of the course,
such as basic programming in the fall of 2022. Course offerings can also be created
by teachers, and multiple course offerings can belong to the same course. Course
offering has attributes such as course offering name, Sisu id, course description,
end date, and primary faculty. Among them, primary falculty is the name of the
teacher who is mainly responsible for this course offering. Course connection is also
an object provided by EDA. The name Course connection is somewhat difficult to
understand. In fact, it is the final grade of a student in a course offering. Teachers
can submit numerous course connections to a course offering. The attributes of
Course connection include grade, grade scale, credits, document date, expire date, etc.
Partial achievement is an entity customized by us, which refers to the partial results
of students’ exercises, exams, etc. Faculty can submit multiple partial achievements
to a course offering. Partial achievement includes partial achievement name, partial
achievement grade, grade scale, grader name, expire date and other attributes.
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4.2 System Prototype
After defining the data model, we prototyped the system on the salesforce plat-
form.The home page of the system prototype is shown in Figure 13. On the home
page, users can see tabs such as accounts, contacts, course offerings, etc. And users
can create the instances they need in different tabs. After a user creates a new
instance, they can see their newly created instance in the instance list under the
tab. The system also supports searching and filtering instances in the system on this
page.

In addition to manually adding and modifying data, users can also use CSV files
to import data in batches as shown in Figure 14. The system supports importing
instances of standard objects and customized objects. Figure 14 is an example
of importing our custom partial achievements object. After confirming the object
corresponding to the instance that the user wants to import, the user needs to select
which attribute of each column of the records in the CSV file corresponds to the
object. Finally, the user uploads the CSV file that he wants to import into the
system. Through these three steps, users can upload data using CSV files.

As shown in Figure 15, we can first create a contact, add and modify various
personal information of the contact. Contact is a standard object provided by
Salesforce. Students, teachers, and school staff can all be instances of contact. This
interface displays personal information such as the name, school email, student or
employee number, gender, and birthday of a contact instance. Users can edit and
update their personal information on this interface.

Then, we can create a course and add its information as shown in Figure 16. This
interface shows the course name, ID, department, credit hour and other information.
Users can edit and update course information on this interface.

Similarly, we can create a course offering for this course, as shown in Figure 17.
This page shows the details of the course offering. First, each course offering belongs
to a certain course. When the user clicks on the course to which the course offering
belongs on this page, the page will jump to the course. There are also some basic
information of course offering on the page, such as name, semester, start and end
date, and the faculty responsible for it.

4.3 Interview Results
For Q1 to Q5, the responses of the five interviewees are summarized in the following
Table 5.The table shows the number of years the interviewees have taught, the
departments they teach in, the number of courses they are teaching, the number of
participants and the level of the largest course they have taught.

The average teaching years of the five interviewees was 18.6 years. Four of them
are teaching in the Department of Computer Science and one is teaching in the
Department of Mathematics and System Analysis. The largest courses they have
ever taught have all had over 300 participants, with a maximum of 1,000 and an
average of 650. The five largest courses are all at bachelor level.

Based on this information, we can conclude that the interviewees all have rich
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Table 5: Background of interviewees

Inter- Years Department Number of Number of Level
viewee of teaching of courses participants

I1 25 computer science 3 350 bachelor
I2 22 computer science 5 1000 bachelor
I3 15 mathematics 0 500 bachelor
I4 25 computer science 2 800 bachelor
I5 6 computer science 4 600 bachelor

teaching experience. They have both taught and managed large courses with over
300 participants. This is helpful for our research. Because experienced teachers are
familiar with the whole process from designing the composition of the final grades to
registering the final grades at SISU. The calculation and verification of grades in
large courses will be more time-consuming. At the same time, it can be difficult for
teachers to supervise or pay attention to every student in a large class. These teachers
need LA capabilities to help them manage large classes, analyze data generated by
large classes, and identify students who need help.

For Q6, we summarized the answers of the interviewees and their writings, and
got the journey map as shown in Figure 18 below. The blue stages in the journey
map are the preparation stages before the course starts. The green stages are what
happened while the course was in progress. The yellow stages are the stages of
evaluation and registration of grades after the end of the course. The numbers in
parentheses are the number of interviewees who referred to that stage.

Before the course begins, teachers plan the content of the course, such as exercises,
assignments, projects, and exams. Students then enroll in SISU. After students
enroll, they can see the instructions for this course on A+ or Mycourses. Instructions
may include methods of completing the course, the weighting of grades for different
course sections, and how points will be converted to the final grades. After this,
teachers post course content, such as exercises or projects, on A+ or Mycourse, and
students submit their course work. Course work is automatically assessed by the A+
system or manually scored by teachers and TAs. Students may submit course work
multiple times to get higher points. After the students have completed these course
contents, the teachers export and calculate the grades of these course contents, for
example, export and add up the exercise points of all rounds. At this stage, different
courses will have different calculation methods, and it is not a simple sum. For
example, one of the interviewees mentioned that she would write a python script to
check whether the students’ points in each round of exercise reached the required
minimum points, and then calculate the partial achievements. One interviewee also
mentioned that the points exported from the A+ are not necessarily accurate, and he
would make corrections before calculating. Solutions submitted after the deadline will
only receive 70 percent of the points, but feedback submitted after the deadline will
still receive full points. Feedback points derived from the A+ may be inaccurate and
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he will correct them manually. Then teachers use various methods (Excel, python
script, OSR) to calculate the final grades. After the calculations are complete they
check to see if the final grades were calculated correctly. Some teachers will go to
SISU to register the final grades after publishing the final grades to the students.
And one interviewee mentioned that she would publish and register the final grades
at the same time. Because there are very few students who have problems with their
grades, teachers can revise their grades after registration, so that most students can
get credits faster.

From the formula design of the final grade to the registered journey map, SAA
should provide teachers with the function of using partial achievements to calculate
the final grades. This phase is the same for all courses. But the function of calculating
partial achievements is difficult to design. Because different courses calculate this
very differently, it is difficult to provide a common functional area for calculating it.

When interviewees described the journey map of Q6, both Q7 and Q8 were
discussed in the process. We therefore answer these questions collectively in this
paragraph. All four interviewees from the computer science department took A+ in
the course to record and store exercise grades. Interviewees from the mathematics
department said they use Moodle with a system specific to their department to
record and store exercise grades. Three interviewees mentioned that they use A+ or
Excel to record and store exam results. After recording and storing exercise grades
as well as exam grades, the four interviewees calculated partial achievements using
Excel or a python script they wrote themselves. For the final grades, among the four
interviewees from the Department of Computer Science, three used OSR to calculate
the final grades, and one used a python script written by himself to calculate the
final grades. Interviewees from the Department of Mathematics calculate the final
grades using a system specific to the Department of Mathematics. The software or
tools that the interviewees used at different stages are displayed on the right side of
the Q6 journey map.

For Q9, the time required by the five interviewees to calculate the final grades is
shown in the Table 6 below. The results in the table are quotes to their responses.

Table 6: Time for calculating final grades
Interviewee Calculation time

I1 couple of hours, a lot of time to verify
I2 one day
I3 very fast
I4 less than 1 hour, couple of hours for checking
I5 2 day, 1day for writing script, 1day for calculation and check

Interviewee I3 from the Department of Mathematics stated that since the data
required to calculate the final grade is also stored in their department-specific
system, the calculation is very fast. The four interviewees from the computer science
department required at least a few hours. There are two reasons for this difference.
The first reason is that the interviewees in the Department of Computer Science
did not all use the same method to calculate the final grades. Three interviewees
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used OSR to calculate the final grades, and one interviewee used a python script
written by himself to calculate the final grades. And they often double-check that
final grades were calculated correctly, which can be time-consuming for courses with
large student populations.

For Q10, the interviewees first think that OSR is easy to use, which is its advantage.
However, interviewees also pointed out the following inconveniences of OSR. First,
OSR is no longer maintained. When teachers run into problems using OSR, it is
difficult to find someone who can fix the problem. The second point is that OSR only
provides options for Finnish and no other language options. For teachers who do not
understand Finnish, OSR is not available or difficult to use. The third inconvenience
is that OSR only provides very basic statistics, and some teachers need more LA
functions. The fourth inconvenience is that OSR only provides teachers with some
statistics that can be viewed on its page, and cannot generate reports that teachers
can publish for students to view.

For Q11 and Q12, the teachers talked about how they analyzed and visualized
the data generated in the course. We can combine the answers to these two questions
and analyze them together. First of all, we divided the analysis and visualization of
teachers into two categories according to whether they are carried out during the
course or at the end of the course, as shown in Figure 19. We can see that teachers do
more analysis at the end of the course than during the course. During the course they
often analyze the completion of the exercises and the time required to complete them.
This is conducive to timely discovery of students who have encountered difficulties
and need help from teachers. At the end of the course, teachers analyze the scores
students received on different test questions and adjust the questions if any are too
difficult. Teachers also analyze students’ grades and performance for each exercise
round and compare with previous years. This can help teachers redesign their courses.
The analysis of the busy exercise sessions can help teachers arrange more teaching
assistants for this part of the exercise sessions in the second year of the course. While
a course is in progress, faculty often perform relatively non-time-consuming analyses
or use existing system features, such as A+ statistics. Because teachers are busy
with various course activities during the course, they do not have enough time to
analyze the data. At the end of the course, they perform time-consuming analyses,
such as writing their own python script to analyze the distribution of student grades.

We also divide the analysis of course data into two categories according to the
type of data analyzed, namely the analysis of time and the analysis of grades, as
shown in Figure 20. The first is the analysis of time. The teachers analyzed the time
students spent in each exercise round, the time spent in different exercise sessions,
and the time stamps when the questions were submitted for the exam. This type of
analysis is concerned with the amount of effort students expend on a section of the
course and how difficult it is to complete that section. The second category is the
analysis of grades. This type of analysis focuses on whether a question in that part
of the practice/examination is well designed and beyond the ability of most students.
At the same time, one of the possible purposes for teachers to conduct both types of
analysis is to find students who encounter difficulties and need help in time.

For Q13, teachers suggested the functions they wanted as shown in Figure 21.
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These expectations for the new system can be our reference for designing SAA. We
can observe that many of the requirements are about reports. First, teachers needed
the new system to generate final grade reports in PDF format so they could easily
post grades to students and collect feedback. Teachers would also like to receive
a report after each exercise round to know how many students met the minimum
standards for that round, how many students dropped the course, etc.

4.4 User Requirements
By analyzing and summarizing the discussions of the teachers on the thirteen questions
in the interview, we can get some user requirements. These user requirements can
be divided into two categories. One is the need to calculate and store grades, and
the other is the need to use course data for LA.

The first concerns the need to calculate and store grades. Through the teachers’
discussions on Q6, Q7 and Q8, we can know that they usually use various methods,
such as Excel and python scripts, to calculate partial achievements(PA). After
calculating the PA, they will use the system (OSR or other systems) to calculate
the final grades. In Section 4.1 we have concluded that it is difficult for teachers to
provide the function of calculating PA by the system because the way of calculating
PA varies greatly from course to course. Therefore, we have to consider the system
that teachers are used to to provide the final grade calculated by PA. From this, we
can get the first requirement of the teachers. At the same time, we can see from

UR1 Users can use the system to store PA and calculate and store final grades
from PA.

the journey map of course grades managed by teachers that a student may submit
a certain course work multiple times, such as assignment or exam. This requires
the system to be able to compare their grades and use the higher one to update the
final grade. According to this, we can get the second requirement of teachers. In the

UR2 Users can store a certain PA multiple times, and the system will compare
the PA and use the higher one to calculate and update the final grades.

discussion of Q9 among teachers, we noticed an interesting phenomenon that the
time spent by teachers to calculate the final grade varies greatly. Teachers calculate
final grades in just a few moments for the shortest and two days for the longest.
There are two reasons for this difference. One is that some teachers write their own
python scripts to calculate the final grade, which consumes more time. Another
important reason is that most teachers will double-check that OSR calculates the
final grade correctly. This step can be time consuming for courses with a large
number of students. We can find a potential demand of teachers in this phenomenon,
they want the final grade calculated by the system to be reliable. This saves them
from spending too much time checking and verifying that the final grade calculations
are correct.
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UR3 Users expect the final grade calculated by the system to be reliable.

Then there are teachers’ needs regarding LA, which OSR or other grade reposito-
ries rarely provide. Through the teachers’ discussions on Q11 and Q12, we learned
about the LAs they had done. These LAs can be roughly divided into time-related
analysis and grades-related analysis. One of the most mentioned LAs about time
is that teachers want to analyze how much time students spend on each round of
exercise. This is an analysis they will often do during and after the course. Therefore,
it can be used as a requirement for SAA.

UR4 Users can store the grades of students’ course work and the time they
spent on that work in the system. The system provides users with an
analysis of the time spent by students on each course work.

Among the grade-related LAs conducted by teachers, there are analysis of course
work grades and analysis of final grades. Among the teachers interviewed, most
teachers analyzed the final grade. Some teachers analyzed the distribution of final
grades, and some teachers compared the performance of students in different years
according to the final grades. Since most of the teachers interviewed conducted an
analysis of the final grades, such an analysis could also be a requirement for SAA.

UR5 Users can see the analysis of the final grade distribution of a certain
course and the comparison and analysis with the final grades of previous
years in the system.

By analyzing and summarizing teachers’ discussions on Q10 and Q13, we can know
that teachers are basically satisfied with the final grade calculation function provided
by OSR, but think it lacks some LA functions, and hope that the new system has
more LA function. Therefore, we can refer to OSR’s final grade calculation function
when designing the new system, and provide more LA functions that teachers need.
Teachers’ needs for LA functions can be summarized as they need a periodic report
during the course to monitor students’ learning progress and provide assistance.
According to interviews with teachers, this period should be every round of exercise.
These reports can provide teachers with information such as how many students
completed exercises within the time limit, how many students earned more than
the minimum required marks, and how many students dropped courses during the
period. These periodic reports help teachers monitor students’ learning progress.

UR6 Users can see a periodic report in the system to know the learning progress
of students in real time.

Some of the teachers interviewed felt that it would be valuable to analyze the
relationship between the final grade and the background of the students, such as
from different programs. The analysis of the relationship between students’ basic
information and final grades can become a teacher’s demand for the new system.



43

UR7 Users can see the analysis of the relationship between the final grade and
the basic information of the students in the system.

After analyzing and summarizing the teachers’ discussions on the 13 questions,
we concluded seven requirements as shown in the Table 7. Three of them are the
needs of teachers for the grade calculation function, and four are the needs of teachers
for the LA function.

Table 7: User Requirements
UR1 Users can use the system to store PA and calculate and store final

grades from PA.
UR2 Users can store a certain PA multiple times, and the system will

compare the PA and use the higher one to calculate and update the
final grades.

UR3 Users expect the final grade calculated by the system to be reliable.
UR4 Users can store the grades of students’ course work and the time they

spent on that work in the system. The system provides users with an
analysis of the time spent by students on each course work.

UR5 Users can see the analysis of the final grade distribution of a certain
course and the comparison and analysis with the final grades of
previous years in the system.

UR6 Users can see a periodic report in the system to know the learning
progress of students in real time.

UR7 Users can see the analysis of the relationship between the final grade
and the basic information of the students in the system.

4.5 Final Requirements
In the background chapter, we obtained eighteen requirements from OSR and a
literature review on LA and LD respectively. After analyzing and summarizing the
interviews, we got seven user requirements. In this section, we analyze and evaluate
all the above requirements to generate the final requirements of SAA.

Table 8 is the 14 requirements derived from the OSR. They are derived from the
database functions, final grade calculation functions and statistics functions provided
by OSR respectively.

Table 9 is based on the requirements obtained after selecting four methods from
the literature review of LA and LD.

We have bolded the keywords in the requirements. Observe Table 7, Table 8
and Table 9 , some of them require similar keywords. We can combine similar
requirements.

UR1 is similar to R3, 45, R5, and R10, and they have similar keywords. UR1
states that the user needs to store the PA and calculate the final score. R4, R5, and
R6 are the requirements of three different ways for users to record PA. R10 is the
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Table 8: Requirements derived from OSR
R1 Users can create a course version in the system, which includes the

basic information of the course.
R2 Users can define partial achievements in the system.
R3 Users can manually record grade data in the system.
R4 Users can record grade data through clipboard in the system.
R5 Users can record grade data through files in the system.
R6 Users can view the saved grade data in the system.
R7 Users can update the saved grade data in the system.
R8 Users can delete the saved grade data in the system.
R9 Users can define formulas for calculating final grades in the system.
R10 Users can view the final grades calculated by the system.
R11 Users can combine the partial accomplishments of students in differ-

ent semesters within the validity period in the system.
R12 Users will receive a CSV file in a specified format from the system for

registering final grades.
R13 When the user updates a partial achievement, the system can compare

it with the old one and take the better one to calculate the final grades.
If the new final grade is better, update the final grade.

R14 Users can view the statistical results provided by the system according
to their selected conditions.

Table 9: Requirements derived from LA and LD literature
R15 Users can use the clustering analysis function provided by the system to

explore the impact of their selected characteristics on student performance.
R16 Users can grasp the learning progress and performance of students during

a learning period through the dashboard provided by the system.
R17 Users can obtain the results of patterns for the relationship mining

between the data they choose stored in the system.
R18 Users can get an analysis report on checkpoints within a learning

period provided by the system.

requirement that users can use the system to calculate the final grade. Therefore,
they can be merged. UR1 can be completely replaced by R3, R4, R5 and R10, so
remove UR1 from the final requirement.

FR1 Users can manually record grade data in the system.
FR2 Users can record grade data through clipboard in the system.
FR3 Users can record grade data through files in the system.
FR4 Users can view the final grades calculated by the system.

UR2 is similar to R7, R13. It is mentioned in UR2 that a user can store the same
PA multiple times. This is where users in R7 can update grade data in the system.
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After the update the system needs to compare the new PA with the old PA and use
the higher one to calculate the final grade and update the final grade. Both UR2
and R13 mentioned this. Therefore, we can drop UR2 from the final requirements.

FR5 Users can update the saved grade data in the system.
FR6 When the user updates a partial achievement, the system can compare

it with the old one and take the better one to calculate the final grades.
If the new final grade is better, update the final grade.

UR4, UR7 and R17 are similar but not identical. UR4 is a more specific re-
quirement for the system to store a certain data and mine it. R17 is a higher-level
requirement for the system to provide the requirements for mining relational patterns.
UR7 is included by R17. So we keep both UR4 and R17, remove UR7 in the final
requirement.

FR7 Users can store the grades of students’ course work and the time they
spent on that work in the system. The system provides users with an
analysis of the time spent by students on each course work.

FR8 Users can obtain the results of patterns for the relationship mining
between the data they choose stored in the system.

Although R1, R2, R6, R8, R9, R11, R12 derived from OSR were not directly
mentioned by interviewees, they have used these functions in the process of using
OSR. So we keep the above requirements in the final requirements. At the same
time, most of the interviewees mentioned that they did not use the statistics function
of OSR. So we do not add R14 to the final requirements.

FR9 Users can create a course version in the system, which includes the
basic information of the course.

FR10 Users can define partial achievements in the system.
FR11 Users can view the saved grade data in the system.
FR12 Users can delete the saved grade data in the system.
FR13 Users can define formulas for calculating final grades in the system.
FR14 Users can combine the partial accomplishments of students in differ-

ent semesters within the validity period in the system.
FR15 Users will receive a CSV file in a specified format from the system for

registering final grades.

Although R15, R16, R18 derived from the literature review of LA and LD and
UR3, UR5, UR6 derived from the analysis and induction of the interview gate do not
have similar requirements, they are valuable. We keep these requirements in final
requirements.

We analyze and compare needs derived from OSR, literature reviews of LA
and LD, and from interviewer analysis and induction. We removed some duplicate
requirements. Then we got the 21 requirements in Table 10 as the final requirements
of SAA.
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FR16 Users can use the clustering analysis function provided by the system to
explore the impact of their selected characteristics on student performance.

FR17 Users can grasp the learning progress and performance of students during
a learning period through the dashboard provided by the system.

FR18 Users can get an analysis report on checkpoints within a learning
period provided by the system.

FR19 Users expect the final grade calculated by the system to be reliable.
FR20 Users can see the analysis of the final grade distribution of a certain

course and the comparison and analysis with the final grades of
previous years in the system.

FR21 Users can see a periodic report in the system to know the learning
progress of students in real time.
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Figure 11: Relationship between EDA custom objects and Salesforce standard objects
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Figure 12: Entity-Relationship diagram for SAA
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Figure 13: Home page in system prototype

Figure 14: Import data from CSV files
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Figure 15: Page of contact in system prototype

Figure 16: Page of course in system prototype
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Figure 17: Page of course offering in system prototype
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Figure 18: Journey map of final grades
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Figure 19: Analysis of course data conducted at different times in the course

Figure 20: Analysis of different data types
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Figure 21: Functions that teachers want
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Table 10: Final Requirements of SAA
FR1 Users can manually record grade data in the system.
FR2 Users can record grade data through clipboard in the system.
FR3 Users can record grade data through files in the system.
FR4 Users can view the final grades calculated by the system.
FR5 Users can update the saved grade data in the system.
FR6 When the user updates a partial achievement, the system can compare

it with the old one and take the better one to calculate the final grades.
If the new final grade is better, update the final grade.

FR7 Users can store the grades of students’ course work and the time they
spent on that work in the system. The system provides users with an
analysis of the time spent by students on each course work.

FR8 Users can obtain the results of patterns for the relationship mining
between the data they choose stored in the system.

FR9 Users can create a course version in the system, which includes the
basic information of the course.

FR10 Users can define partial achievements in the system.
FR11 Users can view the saved grade data in the system.
FR12 Users can delete the saved grade data in the system.
FR13 Users can define formulas for calculating final grades in the system.
FR14 Users can combine the partial accomplishments of students in differ-

ent semesters within the validity period in the system.
FR15 Users will receive a CSV file in a specified format from the system for

registering final grades.
FR16 Users can use the clustering analysis function provided by the system to

explore the impact of their selected characteristics on student performance.
FR17 Users can grasp the learning progress and performance of students during

a learning period through the dashboard provided by the system.
FR18 Users can get an analysis report on checkpoints within a learning

period provided by the system.
FR19 Users expect the final grade calculated by the system to be reliable.
FR20 Users can see the analysis of the final grade distribution of a certain

course and the comparison and analysis with the final grades of
previous years in the system.

FR21 Users can see a periodic report in the system to know the learning
progress of students in real time.



56

5 Discussion
Due to the deficiencies of the old system (OSR) using outdated technology, not
having LA functionality, and only supporting Finnish, the Department of Computer
Science at Aalto University needed to design a new course results system. And
at the moment when computer science education is more closely integrated with
digitalization, a large amount of learning data is generated. Teachers have a need to
use LA technology to analyze learning data. The goal of this thesis is to redesign
OSR, so that the new system can provide users with the LA functions they need
while retaining the functions of OSR that satisfy users.

First, the functional design of the old system (OSR) should be carried over into
the new system. Consequently, it is essential that we comprehend the current state
of the old system’s technology. The first research question is thus: What is the
state of art of the old system(OSR)? To answer this question, we experienced OSR
first-hand and asked teachers in semi-structured interviews how they felt about using
OSR. We concluded that teachers found the database functionality and final grade
calculation functionality provided by OSR to be useful. We can retain the database
function design of OSR and the design of the final grade calculation function when
designing SAA. The statistical functions provided by OSR were hardly used by the
interviewees. Therefore, the new system design does not refer to OSR’s design of
statistical functions.

Second, LA is a broad field. We need to figure out which LA functions are really
needed by users and design for SAA. The second research question then focuses on
which LA functions are required for the new system. In order to answer this question,
this thesis conducts a literature review on LA and LD, and derives some of the
requirements. Then this thesis also designed questions about LA in semi-structured
interviews, asking teachers about their experience in analyzing learning data and
their expected functions. After analyzing and summarizing the interview results,
we got another part about the needs of LA. Finally, we compared and summarized
the requirements obtained from the literature review and interviews, and obtained
the LA functions that the final system needs to provide. The LA functions required
by teachers can be roughly divided into two categories. One is to analyze the
learning data to acquire knowledge after the learning activity is over. For example,
clustering analysis is performed on students according to some selected features, and
the distribution of final grades is analyzed and compared with previous years. The
other is to analyze in real time while students’ learning activities are still in progress,
so as to monitor students’ learning progress and provide assistance to students. For
example, teachers hope to obtain periodic reports, including the number of students
who have completed the course content in a learning cycle, the number of students
who have reached the minimum standard, the number of students who have dropped
courses, and so on.

It is crucial to comprehend all of the system’s requirements before we begin
developing a new system. Good requirements can reduce the time and labor costs
of the software development process. Through several ways, this thesis seeks to
compile the needs of the new system (SAA). What are the requirements of the new



57

system is the third research question as a result. We integrated requirements derived
from OSR experience, literature review LA and LD, and semi-structured interviews,
analyzed and summarized, and obtained the final requirements for the new system.
The final requirements cover the user’s requirements for storing grades, calculating
final grades, generating CSV files for easy registration, and LA. Another finding is
that teachers spend a lot of time verifying the calculated final grades. Hidden behind
this behavior is their need to have a reliable system.

After building a prototype of the system and getting the final requirements from
the teachers, we came up with two ideas. The first is about the LA functions that
teachers would like to have. SAA stores students’ personal information, partial
achievements and final grades. Based on these data, SAA can design the LA function
to help teachers analyze the distribution of grades, the relationship between grades
and certain personal information, and so on. But for functions such as periodic
reports that teachers need during the course, these LA functions need real-time
learning activity data. These data are more generated and stored in LMS such as
A+. So is it more suitable and cost-effective for these LA functions to be provided
by an LMS such as A+? It is more direct to count in A+ how many students have
reached the minimum standard in each round of exercise, how many students have
completed the task within the time limit, and the time students spend in this round
of exercise. Collecting these data in A+ and passing them to SAA for reanalysis
through the API seems a bit far-fetched. Therefore, it seems more appropriate and
cost-effective to realize the LA function of real-time monitoring of students’ learning
progress in LMS. Course result systems such as SAA are suitable for providing LA
functions for mining grade data and other basic information after the course ends.

The second is about the Salesforce platform. Salesforce was one of the first cloud
service providers to offer CRM. Its low-code features allow customers to implement
the functions they need faster. It is convenient and quick to create objects and
instances in Salesforce, store various information and make simple statistics. But
relatively, when users need to implement complex functions, Salesforce is not as free
as high-code development.

5.1 Limitations and Future Work
The goal of this thesis is to redesign a course results system. To achieve this, we
conducted a literature review, experienced the legacy system (OSR) and interviewed
teachers. After analyzing and summarizing the final requirements for the new system
(SAA), we built the data model and prototype of the new system. Due to time limits,
the following two points require more future work.

The first is about semi-structured interviews. Due to time constraints, we
interviewed five teachers. Four of the five teachers are from the Department of
Computer Science and one is from the Department of Mathematics. In the future,
we should interview more teachers with different backgrounds, and collect as much
as possible their learning data analysis and demand for LA.

Then is about system prototyping. This thesis designs the data model of the
system, and initially builds the system prototype on the salesforce platform. The LA
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function has not yet been implemented in this system prototype. In the future, we
hope to use the Salesforce platform to implement the LA function in the requirements
and evaluate whether the platform is suitable for implementing the LA function. We
can compare whether low-code platforms such as Salesforce are more suitable for LA
functions, or high-code programming such as Java and Python are more suitable.
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