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Abstract 

 

In April 2020, Singapore entered into a period of 

structured social distancing to minimize the risk of a 

big outbreak of the Coronavirus disease 2019 (Covid-

19). As education institutions all moved into full 

Home-Based Learning (HBL), there was a need to 

identify suitable online platforms and tools to 

facilitate teaching and learning, and monitor 

students’ learning progress. 

 

This paper showcases the various ways technology 

and data were embraced to support teaching and 

learning in a virtual environment with special focus 

on LearningANTS, an online system designed by 

educators for educators and learners by a Singapore 

tertiary institution. While online learning platforms 

and tools were essential for facilitating student 

learning at the onset of HBL, ascertaining students’ 

progress and development were of equal importance 

to many educators. LearningANTS harnessed the 

power of learning analytics to support differentiated 

learning. Learning patterns, habits and performance 

were tracked digitally as students attempted online 

tutorials deployed by the system. LearningANTS then 

leveraged the data captured and presented the 

students’ progress and performance findings through 

various easy-to-read charts on the educator’s 

dashboard. From the dashboard, educators could 

monitor performance of the individual student as well 

as the whole class, both remotely and in real time. 

Educators could also create collaboration quizzes to 

facilitate cooperative learning in the virtual 

environment with the in-built features of 

LearningANTS. At the same time, students 

themselves were able to monitor their own learning 

progress in the student-facing system. 

 

This paper will also feature other EdTech tools 

employed to enhance the learning experience during 

Covid-19, highlighting the strengths and pain points 

experienced during lesson development and delivery. 

Despite the challenges faced, the learning outcomes of 

students and responses from educators were generally 

encouraging. These shared approaches and strategies, 

though geared towards the learning of Mathematics 

in particular, are nevertheless applicable to the 

teaching of tertiary students in general. 
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Introduction 

 

In April 2020, Singapore entered a period of 

structured social distancing, also known as Circuit 

Breaker in order to pre-empt escalating Covid-19 

infections. In response to this implementation, Institutes 

of Higher Learning moved into full Home-Based 

Learning (HBL). 

 

As teaching staff members at Singapore Polytechnic 

(SP) scurried to prepare for HBL for the very unusual 

semester, several key thoughts came into our minds. 

Firstly, it was essential for both students and lecturers to 

track learning progress in the virtual environment, and 

this could be facilitated using learning analytics. 

Secondly, since face-to-face classroom teaching was no 

longer an option, there was an urgency to identify 

suitable platforms to conduct synchronous “live” lessons 

with our students. Thirdly, we would need to develop or 

curate relevant lecture videos to support asynchronous 

learning. Experiences in addressing these three specific 

areas and the adoption of EdTech tools will be shared.  

The effectiveness and limitations of EdTech tools will 

also be higlighted, and recommendations suggested for 

future deployment. 

 

 

Adopting Learning Analytics to Track Learning 

Progress 

 

The data for the adoption of LearningANTS are based 

on two classes of  Engineering Mathematics II (EM II) 

conducted in Academic Year 2020/2021 Semester 1 

which started in April 2020 at SP. This is a second-year 

module conducted in flipped learning mode and the 

module has a high focus on Calculus, designed to provide 

the relevant mathematical knowledge and skills for 

Engineering students. The essence of the flipped 

classroom pedagogical model is a reconsideration of 
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when to provide support to students when they need it 

most (Te@.chthought, 2014).  For EM II, lecture videos 

were already in place to support flipped learning. In an 

effort to provide more opportunities for the 700 students 

reading EM II to hone their mathematical skills through 

online tutorials, and for lecturers to better track students’ 

learning progress during Covid-19, the module 

coordinator of EM II adopted LearningANTS. 

 

LearningANTS, which stands for Learning Analytics 

Networked Tutoring System, is an online system that 

harnesses the power of learning analytics to facilitate 

differentiated learning. As stated in The Horizon Report 

(Johnson et. al., 2012), “Learning analytics refers to the 

interpretation of a wide range of data produced by and 

gathered on behalf of students in order to assess academic 

progress, predict future performance, and spot potential 

issues”. This system was co-developed by SP and an 

industry partner. It had been deployed in various other 

modules previously, but this was the first implementation 

for EM II. 

 

At the start of the semester, the module coordinator 

of EM II first setup a module road map in LearningANTS. 

The scheduled topics were then released adaptively 

according to the module road map. In LearningANTS, 

online tutorial questions are categorized into four 

different levels based on their degrees of difficulty, 

namely Beginner, Advanced Beginner, Competent and 

Expert levels. Students then progressed through these 

four difficulty levels until they reached the target level 

set for EM II, which in this case was the Advanced 

Beginner level. The difficulty level of each question was 

displayed on the students’ screen and students could also 

view the online solutions after they had submitted their 

answers. Should they have any problems understanding 

the solution, students could submit an online enquiry via 

the ‘Feedback to Lecturer’ feature on the dashboard. See 

Figure 1 for the student-facing system in LearningANTS. 

 

 
 

Students who were weaker in Calculus could progress 

at a slower pace and the system would then suggest 

diagnostic topics to help address their specific needs. For 

example, students who had difficulties with the EM II 

topic ‘Integration of Rational Functions’ would be 

directed to relearn the more foundational topics that were 

taught during their first year of studies at SP. Figure 2 

contains a snapshot of the student dashboard, showing 

the diagnostic feature in LearningANTS. 

 

 
 

On the other hand, students who were more 

academically inclined could progress beyond the target 

performance level to stretch their abilities. 

LearningANTS facilitated differentiated learning where 

students were given different pathways to learn in terms 

of content or process. For process, it refers to the 

activities the students were to work on in order to 

understand the contents they were learning (Tomlinson 

& Imbeau, 2010). 

 

Students could also monitor their own progress in 

LearningANTS. For example, by clicking on the 

‘Progress’ tab on the dashboard, they could see the 

number of questions attempted for each topic and also 

review those questions they had answered incorrectly, 

see Figures 3 and 4. These features in LearningANTS 

support the development of self-directed learners as 

described by Gibbons (2002), “… the spectrum of self-

directed learning can begin with teacher-directed 

learning with the responsibility gradually shifting to the 

learners.” 

 

 
 

 
 

During the HBL semester, as lecturers were unable to 

see students face-to-face, it became even more crucial to 

track students’ learning progress online. In 

LearningANTS, student data were captured and 

displayed on various reporting charts in the lecturer-

facing system. This paper will highlight three specific 

reporting charts in LearningANTS that enabled a lecturer 

to monitor class performance, track progress of 
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individual student, and identify questions most students 

had difficulties answering. 

 

Firstly, the ‘Topic Achievement’ chart shown in 

Figure 5 presents class performance by topic. The levels 

of achievement are color-coded for easy visualization. 

For example, by looking at the first yellow bar displayed 

on the chart, a lecturer gets the summary of 14 students 

having achieved Advanced Beginner-level while 3 others 

had gone beyond the target level for the topic on ‘Basic 

Integration’. 

 

 
 

Secondly, from the ‘Student Progress’ chart shown in 

Figure 6, one could determine the number of questions 

each student attempted and the level achieved, by topic. 

For example, for the topic ‘Integration by Parts’, Student 

B had attempted 35 questions and had gone beyond the 

target level set by the lecturer to reach Competent level. 

The same reporting chart also provides information on 

attempts made to acheive the target level by different 

students in the class. For example, Student E had to do 

three times the number of questions attempted by Student 

G in order to clear the target level. This information is 

helpful to inform the lecturer students who needed more 

help than others in the entire class. 

 

 
 

Thirdly, from the ‘Incorrectly Answered’ chart shown 

in Figure 7, one could identify the Top 10 questions that 

students had difficulties answering. This useful piece of 

information enabled the lecturer to identify and address 

common problems faced by students in the class. The 

lecturer could then address those questions collectively 

during the synchronous online lessons conducted through 

Microsoft Teams. 

 

 
 

 

Cooperative Learning through LearningANTS 

 

In LearningANTS, the lecturer could also create 

collaboration quizzes to facilitate cooperative learning in 

the virtual environment. Cooperative Learning involved 

students working together to achieve common goals or 

complete group tasks (Gillies, 2016). The aim was to 

observe how students collaborate and learn in a team 

setting where the identities of their team members were 

kept anonymous. As students had been using 

LearningANTS during the semester, their performance 

findings had already been captured in the system. Hence, 

lecturer was able to set up the teams easily, as shown in 

Figure 8. 

 

 
 

For this experimentation, heterogeneous grouping 

was chosen where students of all performance levels 

were represented in each group. The other type of 

grouping available in the system was homogeneous 

grouping where students of similar performance level 

were grouped together. As the ‘Anonymous’ option was 

selected for this group of students, they were unaware of 

the identities of their team members. During the team 

quiz, students could discuss questions virtually via a chat 

box in the system. They then voted for the correct answer 

to each question that was selected from the existing 

question pool in LearningANTS. See Figures 9 and 10 

for screenshots of students in action. 
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The lecturer could monitor students’ performance in 

the quizzes via the lecturer dashboard as shown in Figure 

11. The results indicated that group performance was 

higher than individual performance. Students' discussion 

with their team members helped them clarify their doubts 

on the mathematical concepts tested and answer the 

questions correctly. Most students found cooperative 

learning beneficial to their understanding of the subject 

matter. One student commented that “It is an interactive 

way of learning. Not knowing each other was a good 

thing as I could ask simple questions without feeling 

embarrassed. Explaining the answers virtually via the 

chat box was challenging, but in the end it could be done.” 

Moving forward, the effects of cooperative learning via 

LearningANTS can be explored using different types of 

groupings i.e. heterogeneous versus homogenous, and 

different types of identity scenarios i.e. anonymous 

versus non-anonymous. 

 

 
 

 

Setting the Stage for Online Synchronous Lessons 

 

During Covid-19, lecturers explored various options 

to conduct synchronous lessons online. One EdTech tool 

recommended was Microsoft Teams (MS Teams) that 

can facilitate synchronous video conferencing and 

teaching. After creating the various classes in MS Teams, 

lecturers were able to call up their students to attend the 

“live” synchronous lessons simply by clicking on the 

‘Meet Now’ button on the dashboard. This was 

synonymous with students sitting outside the physical 

classroom on campus, waiting for the lecturer to tap the 

staff card to open the door during pre-Covid-19 days. 

Once the virtual door was opened, the lecturer could then 

look at the ‘Participation’ list on the side bar of the 

dashboard to identify students who were already in. Most 

of the students would turn up for lessons on time if the 

lecturer had laid down the ground rules earlier. At the 

start of each online lecture, the lecturer would state the 

lesson plan and learning objectives clearly. This way, 

students were aware of the extent of content coverage as 

well as pages in the digital course notes they should refer 

to during lesson. The lecturer would then use the ‘Share’ 

feature in MS Teams to broadcast pre-prepared notes to 

students as the “live” synchronous lectures were 

conducted remotely from the lecturer's laptop, tablet or 

iPad. As students were only required to view the 

lecturer's writing on the notes and listen attentively to the 

explanation, they were instructed to switch off their audio 

devices so that they could focus on the online lesson and 

would not be distracted by the ambient sounds coming 

out from their microphones. When the learning 

environment is positive and predictable, implementing 

classroom level behavior support becomes easier and 

practices are more likely to be sustained (Sugai & Horner, 

2006). See Figure 12 for a screenshot of a video recording 

of a synchronous lecture. 

 

 
 

Since lecturers did not get to see their students face-

to-face, they had to pause their lecture from time to time 

to check if the students were still present and following 

the online lesson. To do that, the lecturer would randomly 

pick one or two students to answer questions online. This 

seemed to keep students on their toes. Occasionally, the 

lecturer would appoint students to share their screens, 

one at a time, to demonstrate how to solve a simple 

mathematical problem. This provided an active learning 

environment where class participation was encouraged. 

‘Active Learning’ is, in short, anything that students do 

in a classroom other than merely passively listening to an 

instructor's lecture. This includes everything from 

listening practices which help the students to absorb what 

they hear, to short writing exercises in which students 

react to lecture material, to complex group exercises in 

which students apply course material to "real life" 

situations and/or to new problems (Paulson & Faust, 

1999). 

 

Towards the end of a “live” lesson, the lecturer could 

pose a digital pop quiz to identify those mathematical 
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concepts that most students were facing difficulties with 

and clarify them in a timely fashion. Figure 13 shows the 

responses received from a 5-question pop quiz that was 

created using Microsoft Forms and deployed via MS 

Teams. Microsoft Forms is a simple app that creates 

surveys, quizzes and polls. From the displayed charts 

generated in Microsoft Forms, it was observed that most 

of the students in that class were facing difficulties in Q4 

as only 12% of the class managed to answer that question 

correctly. The lecturer would then spend some time to go 

through that particular mathematical concept with the 

class, hence addressing the learning outcome that was not 

achieved earlier during the “live” lecture. By clicking on 

the ‘Open in Excel’ icon on the dashboard, the lecturer 

could also download a spreadsheet that would provide 

detailed breakdown of students’ attempts by question. 

 

 
 

 

Another way to monitor students’ understanding of 

my synchronous lessons was to ask the students to submit 

hand-written homework assignments after class. This 

could be done electronically via the ‘Assignment’ feature 

within MS Teams. To expedite marking of the submitted 

assignments, students were instructed to take photos of 

their hand-written solutions, paste the photos into a single 

Microsoft Word document and ‘Turn In’ their work in 

MS Teams before a specified deadline. The lecturer 

would then open that document, annotate their comments 

and return the commented copies to the students. As these 

documents would be uploaded to the cloud, summative 

marks were not indicated in the returned copies to 

students. Nevertheless, with qualitative feedback, the 

lecturer was able to help students take note of their 

mistakes and also affirm those who had answered the 

questions well. Figure 14 is a sample of student’s work, 

with feedback given by lecturer to affirm her for the well 

written solutions. 

 

 

Develop Lecture Videos to Support Asynchronous  

Learning 

 

HBL for modules which were yet to have online 

videos such as Basic Mathematics (BM), a module 

offered to first-year Engineering students who do not 

have strong foundation in mathematics, and hence 

lessons have traditionally been conducted in the standard 

face-to-face classroom teaching mode; the module 

coordinators were tasked to either curate lecture videos 

or develop fresh ones using an EdTech tool called 

Camtasia. 

 

With Camtasia, lecturers could design and record new 

lecture videos for those topics in BM that did not have 

suitable digital resources. The videos were created using 

pre-prepared Microsoft PowerPoint slides that closely 

matched the materials in students’ course notes. As 

students taking this module were generally not very 

strong in the subject matter, the recorded videos had to 

be customized to provide more detailed explanation of 

the mathematical concepts. Camtasia also had built-in 

features that enabled lecturers to insert short pop-up 

quizzes within each video so that students could perform 

a self-check on their understanding of content learnt at 

appropriate juncture of the video lesson. Once the lecture 

videos were finalized, they were uploaded and released 

adaptively to the 1000 first-year students reading this 

module. Students could either view these lecture videos 

as pre-class activities or revisit them to enhance what 

they had learnt during their synchronous lessons. See 

Figure 15 for a screenshot of a lecture video that was 

developed using Camtasia. 

 

 
 

Although the task to develop these lecture videos was 

laborious and time consuming, the positive impact the 

videos could have on students’ learning, especially 

during Covid-19, could be substantial. As such, a 

conscious effort was made to gather students’ feedback 

informally, early in the semester. That would then allow 

lecturers to improve on the quality of their subsequent 

videos to make asynchronous learning more effective for 

students. The comments received were generally 

favorable. Most students were able to understand the 

contents after viewing the videos, although some may 

need to re-watch the videos to fully capture the essence. 

Moving forward, more lecture videos would be recorded 

to support asynchronous learning. These videos could 
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then be redeployed in the future to facilitate flipped 

learning for BM. 

 

 

Feedback from Students 

 

LearningANTS makes students' performance and 

progress in learning visible without needing the lecturers 

to conduct separate formative assessment for feedback on 

students learning. In order to check if the positve 

observations matched students' learning experience, 

students were  asked to share their experiences about 

HBL. The experiences were generally positive. These 

were some of the comments received from students. 

 

“The live sessions with the lecturer were beneficial. And 

to test whether I understand, we were provided with the 

LearningANTS platform to test ourselves which is 

effective also.” 

 

“The use of LearningANTS along with quizzes and 

tutorials allowed me to have more practice and test my 

understanding.” 

 

“Able to and also encouraged to raise questions and 

doubts as and when, making it another good experience 

for Home-Based Learning!” 

 

“It's quite okay for me but is very easy to get distracted 

at home.“ 

 

It was certainly gratifying to know that the lecturers' 

efforts in enhancing the learning process during HBL 

were appreciated by students. 

 

 

Conclusion 

 

This paper shared how one can make use of 

educational technology to teach and monitor students' 

learning progress. So far, feedback received from 

students had been quite positive and encouraging. Firstly, 

in LearningANTS, students were able to attempt online 

tutorials on their own, at their own pace, and with 

minimal supervison from their lecturers. They could also  

monitor their own progress via the system. At the same 

time, using the various reporting features in the 

dashboard, lecturers were able to track and monitor the 

learning progress of the class as well as that of individual 

student in real time. Lecturers could also conduct team-

based activity in the virtual envronment using the quiz 

feature in LearningANTS to facilitate cooperative 

learning. Secondly, as students take modules across 

different academic schools each semester, adopting a 

common platform like MS Teams to conduct 

synchronous online lessons had enabled them to adapt to 

HBL more easily. Thirdly, developing online teaching 

materials require time and effort. Hence, it may be wise 

for lecturers to pool our common resources together to 

share and reduce our workload. 

 

Covid-19 has shown us that humans can innovate and 

leverage existing technologies for survival. Beyond this 

pandemic, the way our students learn will change. The 

great South African leader Nelson Mandela once said 

“Education is the most powerful weapon which you can 

use to change the world.” As we embrace the new normal, 

educators will have to explore alternative and creative 

ways to teach our learners. Proper training in the 

pedagogies and learning analytics must be provided to 

equip lecturers with the necessary knowledge and skills 

to better handle the challenges and tasks ahead. 
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