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ABSTRACT 
 
Covid-19 has taught us how to work, study, meet and attend events remotely. This has helped 
us to be creative, collaborative and find more inner strengths. As academicians, this pandemic 
has brought out the best in all of us to search, find and utilize all available web based learning 
tools. All of us have evaluated many software applications, their utility and suitability in higher 
technical education than ever before.  It is in these troubled times, that we have become more 
innovative in using the TPACK (Technology, Pedagogy and Content Knowledge) curricula.  In 
the last couple of months of intense work, we have analyzed, designed, developed, tested and 
evaluated an in-house built e-Practice environment. This e-Practice tool that we have built is 
to learn the “Problem Solving” course available for all Undergraduate first year students in our 
University. This course is unique and crucial that the learners have to logically and thoroughly 
analyze the given problem scenarios, then design, implement and execute solutions using 
computer programming languages. Problem sets posted are real-world scenarios presented 
in an increasing order of solving complexity. The main objective behind this course is to 
develop logical thinking abilities of higher order and latent thinking for problem solving, a much 
needed skill for all graduates. The other objective is also to develop programming skills. Hence, 
designing and developing an instructor-led e-Practice environment for this course, needed us 
to substantially understand pedagogy, andragogy, cybergogy and ergonagy, moreover it also 
demanded us to understand how web-based responsive applications needs to be built using 
just in time technologies. In this paper, the key aspects of this learning and research 
experience is shared for wider dissemination of adapting best practices of CDIO 
implementation. 
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INTRODUCTION 
 
The Problem Solving course using programming offered for undergraduate first year students 
in our University is a fundamental skill course aimed towards developing logical and higher 
order thinking skills of analysis, justification and evaluation. In the CDIO framework, it helps 
learners acquire D, I and O. As our University is spread across India with campuses (i) 
Kattankulathur, (ii) Ramapuram, (iii) Vadapalani around Chennai in TamilNadu, (iv) Sonepat 
in Haryana, (v) Modinagar in Delhi NCR and (vi) Amaravathi in Andhra Pradesh, we get a wide 
diverse set of students numbering more than 20,000 in the first year who undergo the course.  
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In this Problem Solving Course, learners are uniquely provided with a set of real-time problem  
scenarios ranging from simple to complex situations to analyze. Learners analyze the 
scenarios provided and find solutions and code the same using computer languages. Even 
though there is no specific programming language preference, however students tend to solve 
mostly using C, C++, Java or Python languages (which they have learnt in school education) 
using laboratory computing facility loaded with their required compilers and IDE’s as required. 
The arrived solutions are further submitted to their assigned facilitators for review and 
assessments to identify how they are able to solve the given case study.  
 
This Pandemic has forced us all to facilitate learning using online modes only, and hence the 
order of the day was to use any available simulation tools or virtualization tools to learn and 
practice. But simulators are not real and virtualization is also not real. Hence, there arouse a 
need to build a robust, reliable web-based remote access e-Practice tool that could handle the 
large capacity of students who could access and solve problems posted on their respective 
logins. Moreover, there are no such open source or free software currently available for this e-
Practice for problem solving. 
 
The structure of this paper is organized as follows: (a) Requirement Analysis (b) Design and 
Development of e-Practice environment, (c) Learning Process using e-Practice tool (d) 
Benefits of using e-Practice Tool and (e) Conclusion and Future Work 
 
 
REQUIREMENT ANALYSIS 
 
To build a remote access e-Practice entity, we identified the following requirements: 

(i) Should support D,I and O of the CDIO framework. 
(ii) Learners should be able to use any internet connected digital devices that they 

currently possess such as phone, tab, laptop, desktop, net connected TVs etc., 
(iii) Solving problems can be using any web-browser in any operating system.  
(iv) There shall not be any application/software to load into their devices, rather they could 

access the entire e-Practice tool via a simple web-browser. (Ala-Mutka, 2004) 
(v) Should not consume much of the 3G/4G data bandwidth that would tax the limited 

connectivity available to rural students. 
(vi) Should support our existing Technology Pedagogy and Content Knowledge (TPACK) 

curricula framework. (Shin et al., 2009) 
(vii) Should have support to compile C, C++, Java, Scilab, Octave, Python, Haskell, Lua, 

Swift, Rust, Julia, Java Script, R, Ruby, C#, Perl, Clojure, Go, Shell Script and SQL 
programming languages. 

(viii) The e-Practice environment should not be a Simulator or Virtual Entity, rather a remote 
access real-time environment. (Hiltz & Turoff, 2005) 

(ix) Problem Solving questions shall invoke one or more of the logical thinking abilities such 
as Inductive, Deductive, Abductive, Defeasible, Statistical, Probabilistic and Reflective 
Reasoning. (Tiruneh et al., 2015) 

(x) Problem Solving questions shall provoke exploration, imagination, and creativity. 
(Koedinger & Aleven, 2007). 

(xi) The posted solutions for the Problems shall be auto-evaluated, (Thiebaut, 2015) thus 
reducing the strain on teachers who otherwise have to physically go through every 
possible solution put forth. 

(xii) The e-Practice tool shall support: student login and interactions, faculty login with 
batches assignments, co-ordinator login with problem entry and report generations. 
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(xiii) The e-Practice environment shall be developed only using Free and Open Source 
technologies. (Hsieh et al., 2013). 

(xiv) Tool should support Peer-based learning, Active-Collaborative Learning, Mobile based 
programming Strategies, Problem Based Learning, and Case Based Learning.  

(xv) In order to provide the assistance to students based on their needs and knowledge 
level, the problem sets should be structured from simple to complex. 

 
 
DESIGN AND DEVELOPMENT OF e-PRACTICE ENVIRONMENT 

 
The e-Practice environment’s main focus is on determining how people learn (the science of 
learning) and how to help people in learning (the science of instruction) in problem solving 
practices. The tool is designed to be built as a Client-Server model. With the server hosting all 
the required program compilers and the front end client with responsive interface screens. 
 
Some of the design features include: 

(i) Session wise learning outcomes well defined, and corresponding problem sets created. 
(ii) For each learning session, the problem sets are categorized into the levels of thinking 

following Blooms taxonomy (Buckley & Exton, 2003). 
(iii) More number of problem sets are created, so that learners get random real-time 

scenarios; thereby avoiding copying of solutions from one another.  
 
The design architecture for developing the e-Practice tool is given below: 
 
 
Learner    Learning Management System  Remote Access Entity 
1. Web Browser    1. Test Cases Passed   
2. Authentication    2. Mandatory Cases Passed  Solution to Problem 
3. Learning Activities       
4. Assessment      Solution Code Debugging 

       
Facilitator  Internet  Content Management System  Solution Code Shuffling 
1. Web Browser    1. Problem Statement   
2. Authentication    2. Visible Test Cases  Solution Code Snippets 
3. Instructional Scaffolding    3. Individual Test Cases   
4. Observation    4. Mandatory Test Cases  Solution Code Matching 
5. ADD/DELETE Problem Set       
6. Monitor Learning Progress       
7. Assessment    SERVER  SIDE   

       
CLIENT SIDE       

       
Figure 1.  e-Practice Tool : Client Server Model 

 
The e-Practice Environment client/server model is represented in the Figure 1. The Server side 
modules include the Content Management System (CMS), Learning Management System 
(LMS) and the Remote Access Programming Environment. The CMS contains the problem 
statements and the test cases for program correctness verification such as; visible test cases, 
invisible test cases and mandatory test cases. The LMS contains the solution program 
evaluation module and it provides five learning activities such as; (i) Solution to problem              
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(ii) Solution code debugging, (iii) Solution code shuffling, (iv) Solution code snippets and            
(v) Solution code matching. 
 
The course facilitator can define and create new problem sets, and for each problem set, they 
can define the problem statement, its test cases (visible, invisible and mandatory conditions). 
Test cases are a set of correct solutions to the problem statement, to help determine the 
accuracy of the solution identified by the learner. Any good educator must know the students’ 
needs and their current cognitive levels to guide them in a better way during the learning 
process.  
 
 
LEARNING PROCESS USING e-PRACTICE TOOL 
 
For the learners, a simple user interface for “Problem Statement” is provided to see the 
problem descriptions. A sample problem description is shown in Figure 2.  
 

 
 

Figure 2.  e-Practice Tool : Learner User Interface 
 

 
The “Editor” workspace is used to program the solutions for the provided problem statement. 
Learners can solve the given problem using any of the programming languages of choice like: 
C, C++, Java, Scilab, Octave, Python, Haskell, Lua, Swift, Rust, Julia, Java Script, R, Ruby, 
C#, Perl, Clojure, Go, Shell Script or SQL.  
 
The solutions are compiled real-time in the server and the status of the solution is updated 
duly to the respective course facilitator, who can cross-check anytime the status of any learner 
registered. 
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Every learner registered with the e-Practice tool are provided with a total of 300 problem 
statements from a pool of 2500+ problem statement repository. These 300 problems are 
divided into 100 problem statements each of 3 levels (easy, medium and hard).  
 

  
  

Figure 3. Problem Status Figure 4. Learning Progress 
 
Figure 3. shows 10 sessions, each with 10 problem statements per level and there are 3 levels.  
The status colors of Red representing learner not attempted, yellow represents that learner is 
trying to solve the given problem and green representing the learner has successfully found a 
solution and the e-Practice tool has auto-evaluated the solution.  
 
The course facilitator can see the progress of each learner and their levels of completion 
(Figure 4), this helps the facilitator to identify learners who are struggling and the ones who 
are smartly solving. Hence, facilitators can invest their time and efforts in mentoring and 
helping the academically challenged learners to develop their logical reasoning abilities and 
programming skills. Figure 5 shows the overall learning progress of a batch of learners. 
 

 
 

Figure 5. Overall Learning Progress 
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Documentation for each level of learning achievement is prepared at the end of each session. 
It is a tool designed to detect plagiarism, whereby submitted solutions are also scanned against 
a large database of previously submitted solutions.  
 
BENEFITS OF USING e-PRACTICE TOOL 
The benefits obtained by using the e-Practice tool for the course “Programming for Problem 
Solving” are given under: 
Learner Benefits 

(i) An easy to use browser based e-Practice platform to enhance problem solving skills 
(ii) Helps learner to reflect on their learning 
(iii) Identify learners based on their skills and learning abilities 
(iv) Analytics and dashboards that indicate the top areas of interests 
(v) Motivates through digital reflection 
(vi) Stimulate problem solving skills and life-long learning skills. 
(vii) Increase awareness about ‘how they are learning’. 
(viii) Increase the responsibility for their learning. 
(ix) Enables learners to engage in a deeper rather than surface knowledge. 
(x) New information is acquired through self-directed learning. 

 
Course Facilitators Instructional Benefits 

(i) Supports CDIO  and TPACK framework 
(ii) Provides Activity Based Learning environment  
(iii) Help learners practice cognitively complex tasks 
(iv) Assist learners to examine errors in reasoning 
(v) Help learners revise knowledge 
(vi) Notice learners involvement and engagement 
(vii) Provide feedback and mentoring  
(viii) Use of plagiarism-detection services to report on content 
(ix) Identify learner performance (Fast Learners, Slow Learners and Poor Learners) 
(x) Facilitates learning measurement, continuous assessment and evaluation 

 
 
CONCLUSION 
 
The main purpose of developing and utilizing the e-Practice tool was to help students to 
continue their learning curve despite all odds created by the present pandemic. If we as 
teachers can do a little bit of additional effort to build a platform that supports learning from 
their homes for a course that is most sought after in campus, then it is worth every bit of it. This 
e-Practice environment was deployed for the learners of our University, who have registered 
for study under the regular, distance education and online learning modes. During this 
pandemic times, we have reached out to more than 20,000 students for continuing their 
learning despite all regulatory restrictions. Personally as creators of this entity, we feel 
immensely happy to see learning continue as it is supposed to be.  
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