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Abstract- It is often observed that students in computer 

science and information technology lack the ability to 

practically apply the programming concepts to solve 

problems. Absence of this vital ability, limits the 

opportunities for these novices in the computer field. Taking 

a closer look at the problem, we observe that deficiency lies 

in the methodology of training that is imparted to them -

limited practice opportunities, excessive focus given to 

syntax and semantics of the target programming language, 

untimely feedback due to manual grading, insufficiently 

addressed pedagogical aspects, etc. 

We discuss a teaching methodology to enhance the 

programming skills of students, using an in-house program 

grading tool - Parikshak. We have incorporated various 
pedagogical elements in teaching/learning programming in 

this methodology. Based on our results and findings of 

adopting this methodology in one of our post graduate 

diploma program, we strongly believe this combination of 

pedagogy and technology provides a viable solution for 

significant improvement in the programming abilities of 

students. 
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I.INTRODUCTION 

Application of existing knowledge to solve real life 
problems is the main goal of teaching/learning any 
discipline of science, and computer science is no 
exception. A good computer programmer is one who can 
effectively use his computer knowledge to solve practical 
problems in the field. However, a general observation is 
that many computer science students lack this ability even 
at the end of their degree program. You might have often 
heard from interviewers that most of the interviewees fail 
to translate solution to a given problem in the 
programming language in which these candidates claim 
proficiency. Interestingly these candidates may know by 
heart the "syntax" and "semantics" of the same language. 
We have observed the same characteristics among new 
recruits and students in our post graduate course. Most of 
these candidates hold a computer science or related degree/ 
diploma from good institutions with decent marks. Then 
what is missing? Where does the problem lie? The 
problem is not due to lack of training, the problem is due 
to lack in proper training methodology. 

An introductory course on programming has a very 
important responsibility of instilling programming abilities 
in students. However, we see that in most of the 
introductory courses, emphasis is given on teaching and 
understanding of "syntax" and "semantics" of a given 
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programming language. While understanding 
programming constructs is important, practical exposure to 
apply these in real-world scenarios is far more important. 
Here is where programming assignments and software 
projects in course curriculum become crucial. However, 
programming assignments are difficult to grade in a fair, 
timely, and comprehensive manner [1]. Due to this 
inherently complex and time consuming process of manual 
grading of programming assignments, faculty tend to give 
less programming assignments. 

So at the end of the course/training, the students end up 
just 'learning' the syntax and constructs of a given 
programming language. They lack the ability to use these 
constructs to translate a solution to a problem into an 
equivalent computer program. 

To overcome the deficiencies in traditional trammg 
related to computer programming (detailed out in Section 
A), we have evolved a teaching methodology (details 
explained in Section A) to build programming abilities in 
novIces: 

The methodology is built on a number of 
pedagogical aspects of teaching/learning 
programming (these aspects are covered in Section 
B) 

The methodology also incorporates effective use 
of an in-house program grading tool - Parikshak 
(details in Section 1 to ease the burden of teacher 
by automatically grading programs and giving 
students instant feedback. 
To demonstrate the feasibility of this methodology 
we have adopted it in the "Programming 
Fundamentals" course in our post graduate 
diploma program in software technology (details 
of this implementation in Section B). 

Based on our findings, feedback from alumni, feedback 
from our students' employers (all listed in Section IV) 
we strongly believe this combination of pedagogy and 
technology provides a viable solution for significant 
improvement in the programming abilities of students. 

II. BACKGROUND 

A. Overview afthe existing training system 

One of the primary functions of an introductory 
computer science program is to instill in students the 
ability to solve a problem using a computer program [1]. 
Just explaining the programming language constructs and 
related concepts in the class is not sufficient. Practical 
exposure of the student to programming is equally 
important. Consequently, many courses in the 
undergraduate program involve significant student 



programming exercises, designed to reinforce the concepts 
taught in the course [1]. The students need to solve these 
programming assignments during a time-restricted lab 
session, where they are given access to the computer. 
Faculty and teaching assistants are available in the lab to 
attend to doubts of students. The students have to submit 
the assignment electronically or on paper so that the 
faculty can evaluate it. The faculty evaluates the 
assignments manually and returns the graded assignment 
along with feedback (if any) to the student. Taking a 
critical look at this existing computer programming related 
training process, we can observe the following 
characteristics: 

Emphasis on syntax and semantics of language -

During the course, faculty gives emphasis on syntax 
and target programming language constructs. Theory 
exams too expect the same from the students. 
Questions in exams are generally of the form, "Find 
the syntax error in the given code snippet", "State 
whether the following snippet will give compiler error 
or runtime error", "Which package can be used to 
facilitate XYZ in java, etc", etc. This limits the ability 
of the student to surface knowledge of programs and 
as a consequence to approach programming line-by
line and not in terms of bigger program structures [2] 
Standard set of assignments, which map to 
standard solutions - The programming assignments 
are generally from standard set and repeated over a 
period of time. Some commonly given programming 
assignments are - sort 10 numbers, print the fibonacci 
series, read an integer and find its factorial, write a 
recursive function for fmding factorial of an integer, 
create a linked list using given 10 numbers, etc. You 
will find standard solutions for most of these in text 
books/reference books. The student's solution is likely 
to get influenced by these ready-made solutions, thus 
restricting creativity of solving an assignment with 
different approaches. Also, notice that the assignments 
are expressed more in programming terms rather than 
any practical problem, restricting the student's focus 
to programming construct only. 
Manual grading process is tedious, time 
consuming, subjective and inconsistent - During 
grading, the teacher generally inspects each line and 
judges whether the program would work correctly. 
Occasionally the teacher dry runs the student program 
for different boundary cases of the given assignment. 
In this entire process, the teacher has to mentally serve 
as a compiler/interpreter. While this grading approach 
works fine for simple assignments, it gets complex, 
time consuming and error-prone as the complexity of 
the assignment increases. Also this judgment process 
is quite subjective as it's totally dependent on how 
close the teacher feels the answer is to the correct 
answer. There can be more than one way to solve a 
problem, so checking closeness with a model solution 
wont work here. Teacher can also be swayed by the 
style in which the program is written (good or bad), 
comparisons with the previously graded assignments 
and accordingly grade the program, thus making 
grading process inconsistent too. 
Less number of assignments - Due to the inherently 
complex and time consuming task of manual grading 
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of assignments, faculty give lesser assignments than 
should be ideally given. This limits the opportunities 
of students to practice programs. 
Delay in feedback and attention to detail missing -
Due to the limited lab session timings and the limited 
availability of teachers, students do not get adequate 
faculty time to get their doubts resolved. The feedback 
on the programming assignment too comes much later 
than when the student actually solved it. The manual 
evaluation many-a-times tends to be shallow as the 
manual grader usually just performs a scan of the 
code, and does not check all aspects, particularly 
whether the program runs fme for all boundary cases. 
Also, manual grader tends to be forgiving towards the 
mistakes in the student program. 
More chances of Plagiarism - Due to lack of 
preparation and handy availability of model answers 
for most of the assignments, the students tend to "mug 
up" or copy these ready-made solutions instead of 
solving on their own. 

B. Pedagogical aspects of learning programming 

In last subsection, we noticed that there are some gaps 
in the existing training system, resulting in deficiencies in 
the knowledge of novices in programming. To backup this 
claim let us look at the pedagogical aspects of 
teaching/learning programming and examine to what 
extent these aspects are addressed in traditional training. 
Some pedagogical aspects of teaching/learning 
programming to a novice are: 

Problem solving - Problem-solving ability is an 
important characteristic of an expert regardless of 
discipline [2]. Given a practical problem, 
computer programmers need to apply their 
knowledge and skills to analyze the problem, 
evaluate various alternatives and accordingly 
develop a solution that satisfies various constraints 
(hence effective) [3]. Hence, problem solving 
needs to be an integral part of any training for 
aspmng computer programmers. To foster 
problem-solving skills through programming, 
student need to be put in an environment where 
they can apply the concepts learnt to solve 
different and closer to life problems. An ideal 
solution to the problem must handle all the 
possible scenarios of a problem. So while solving 
the problem, students need to develop a solution 
that handles various boundary cases of the 
problem. 
Programming language is just a medium to 
convey ideas to the computer - Taking the 
previous point further, the main motivation of 
teaching programming to students, is to enable 
them to build a computer-understandable solution 
for a practical problem using specific 
programming language constructs. It is very 
important for the teachers to imbibe in novices' 
mind that any programming language and its 
constructs are merely a medium or vehicle to solve 
practical problems using a computer. Hence, 
students' main focus should be on problem to be 
solved and strategy to build an effective solution 
rather than programming construct. 



Current Scenario: Emphasis given on a 
programming language's syntax and semantics, 
diverts the orientation of the students. 
Hand made solution to computer program - the 
main hurdle for novices Winslow [2] noticed, 
"The students may know the syntax and semantics 
of individual statements, but they find it difficult 
to combine these features into valid programs. 
Even when they know how to solve a problem by 
hand, they have trouble translating the hand made 
solution into an equivalent computer program". 
The teacher needs to take special efforts to help 
the students to do this "translation" process 
smoothly. 
Current Scenario: Currently no explicit 
mechanisms are in place to address this aspect. 
Practice, practice and practice - Practice is one 
of the most important steps in learning the art of 
computer programming [4]. Students learn 
programming skills best by wntmg many 
programs, ranging from simple to complex [5]. So 
students should be given sufficiently good number 
of programming assignments in their 
programming course. 
Current Scenario: Giving many programming 
assignments to students is not feasible currently 
due to time consuming and tedious manual 
grading process. 
Debugging and Program Comprehension skills 
are as important as programming skills: Robins 
et al. [6] observed that another issue which 
complicates the learning of programming is the 
distinction between the model of the program as it 
was intended, and the model of the program, as it 
actually is. Effective debugging is a very crucial 
part of programming life cycle. Studies show that 
learning debugging requires at first ability to read 
and understand programs (program 
comprehension) and then applying a suitable 
strategy to find/fix the bug [2][6]. Generally, 
novices spend little time in planning and testing 
code, and when necessary, try to correct their 
programs with small local fixes instead of more 
thoroughly analyzing programs [7]. This results in 
poor debugging skills and hence longer time to fix 
mistakes. Thus emphasis on program 
comprehension and debugging strategies in 
introductory programming courses is as important 
as teaching programming. 
Current Scenario: Lesser assignments and shallow 
evaluation lead to shallow debugging skills. 
Immediate feedback, even in absence of teacher 
- In learning any programming language, it is 
essential that students be given the opportunity to 
practice their programming skills in an 
environment where they can receive constructive 
and corrective feedback [8] [9]. Quick feedback 
plays an important role in keeping the student 
motivated. 
Current Scenario: It is not feasible to give instant 
feedback to students, as manual grading is time 
consuming. 
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C. Our Observations 

We observe that while there are a number of courses 
available today to teach/enhance programming skills of 
students, there are substantial gaps between the existing 
system and the desired pedagogical aspects of 
teaching/learning programming. Most of these gaps are a 
consequence of the tedious manual grading process and 
limited faculty time. The complexity involved in manual 
grading of programming assignments can be substantially 
reduced, if automated program grading systems are 
involved. A range of sophisticated automatic program 
grading tools is available today (see Section B). These 
tools provide various levels of automation, and generally 
grade student programs against several parameters such as 
test cases, programming style, run-time efficiency, etc and 
provide instant feedback. A number of these tools are 
available online, and usually free. However, the usage of 
these is still very limited. These tools however do not 
reach anywhere near a meticulous human teacher. In these 
tools, checking for correctness is usually based on test 
cases or restricted to small programs. Style analysis is also 
relatively superficial. 

Thus, merely increasing the number of programming 
assignments and grading these through some tools does not 
suffice. The teacher needs to consider the pedagogical 
aspects of teaching programming to students, accordingly 
defme an appropriate methodology and suitably inculcate 
it in the course curricula. 

We have evolved one such methodology to enhance 
problem-solving skills of students using program grading 
tool - Parikshak. This methodology has been adopted for 
years now in one of our diploma programs. In the next 
section, we discuss our approach and experience in 
adopting this methodology in our course curricula. 

III. OUR ApPROACH 

A. Suggested Methodology 

Shift the focus from programming to problem 
solving - The exercises given to students should 
ideally pertain to a problem, however small, in the 
outside world. So, instead of giving students 
assignments in pure programming terms like -
"Read three integers, sum them up and print the 
result", formulate it as something closer to real 
world problem like -"Given three sides of a 
triangle, write a program to determine which type 
of triangle it is", "Simulate the scheduling of CPU 
processes using round robin algorithm, etc". The 
student can now visualize the assignment as a 
problem to be solved and the program as a solution 
to this problem. This exercise of programming 
problem-based assignments would slowly build in 
problem solving capabilities in the student. For the 
given problem-based assignment, the faculty can 
prepare a few test cases that cover various 
scenarios including boundary conditions. It should 
be insisted that the student's solution handles these 
test cases correctly. This further broadens the 
perspective of student towards the problem. 
Do objective grading instead of subjective 
grading - Since now we expect the student's 
program to solve a problem, it becomes reasonable 



to just check the correctness of the output of the 
student program, instead of doing a line-by-line 
inspection of the student program. Checking for 
correctness is also more objective, as this grading 
wont be influenced by the coding style, 
performance of other students, etc. This also gives 
freedom to the student to try various approaches to 
solve the problem. 
Automate the grading process - The grading 
process can be eased by automating it using a 
relevant program grading tool. This tool chosen 
should facilitate checking the correctness of the 
solution against faculty test cases. The tool must 
also log relevant information regarding the 
student's submission. This information can give 
useful insight on the students' performance over a 
period of time. Automating the grading process 
has a two-fold benefit - quicker processing and 
instant feedback to student. This automation 
makes it reasonable for the faculty to assign more 
complex problems. It also does better utilization of 
faculty time, as they can now focus on just 
creating good assignments. 
Encourage "Solve and debug on paper" - After 
giving programming assignment to the student, do 
not give them immediate access to the computer. 
At first encourage the students to solve the entire 
problem on paper. In this session, they have to 
understand and analyze the problem, list down the 
boundary cases, think of possible approaches to 
solve the problem, devise a pseudo code for best 
approach, which handles various scenarios of the 
problem. Further, they have to translate the pseudo 
code to the target programming language, dry run 
the written code to check whether all the boundary 
cases would give the desired output, make changes 
as required in solution. Debugging of solution on 
the paper is more effective than debugging an 
equivalent program on the computer, as it is easier 
to catch mistakes/errors/gaps during dry run of the 
program. This exercise of solving problem and 
debugging the solution on paper increases the 
chances of getting the program working right on 
the computer. 
Let students debug their code on their own - In 
the writing/paper session encourage the students to 
formulate their own test cases for the problem and 
make sure that their solution handles all these 
cases. This prepares their solution to handle the 
hidden faculty test cases. During grading, instead 
of pointing out to students where their program is 
wrong, it must be left up to them to figure out why 
their program failed and how to fix it. While 
syntax errors can be displayed, hide logical errors. 
E.g. Just indicate that program failed for one or 
more test cases but do not reveal the test case. This 
builds in students the ability to analyze and 
understand their own code and find why it is 
behaving in an unexpected way. This is more true 
to life and provides greater learning. [5]. 
Provide 24X7 practice environment with 
instant feedback - Give the students a good 
number of assignments to practice, which they can 
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submit to the program grading tool anytime, any 
number of times and get instant feedback even in 
absence of teacher. This any time solve/submit 
makes best use of the students' time and keeps 
them motivated. Also the students can solve 
assignments at their own pace, without worrying 
about any restrictions about the lab timing or 
faculty time constraint. 

Other suggestions that would make 
learning effective: 

Improve efficiency of coding and debugging by 
time constraining assignments - For a particular 
assignment, give students limited time to develop 
a correct solution that works for all the faculty set 
test cases. This restriction will help the students 
with time management and will eventually 
improve their efficiency of coding and debugging. 
Let students get their hands dirty - You can 
restrict usage of IDE and such tools. This is 
important to ensure that students attend to all 
aspects of programming including proper 
knowledge of syntax. 
Motivate the students to solve many 
assignments - Many students do poorly on 
assignments or in participation because they do not 
understand what to do or why they should do it 
[10]. Students who do not yet have powerful 
intrinsic motivation to learn can be helped by 
extrinsic motivators in the form of rewards [10]. 
This can be done by including completion of 
assignments as a part of course completion 
requirement or giving sufficient credits to these 
assignments. 
Encourage originality - The concern of students 
copying assignments from others can be addressed 
by penalizing the students who have cheated. 
Today a number of tools are available to find 
similarities between software programs. These 
tools can be used by faculty to find cheating cases 
and accordingly penalize those who are guilty. 
Announce about this penalty for cheaters right at 
the beginning of the course, this will keep the 
students "motivated" to solve assignments on their 
own. 

B. Case Study 

We have adopted this methodology in "Programming 
Fundamentals" module in our post graduate diploma 
program in software technology. Practical component of 
this module requires the students to solve certain time 
constrained Machine Graded Programming Tests (see 
section (3) To prepare the students for these Programming 
tests a good number of Self Assessment Assignments (see 
section 2) are given to students for practice. These practice 
assignments and programming tests are graded 
automatically using a program grading tool - Parikshak 
(see section 1). Parikshak has been specially designed to 
suit our methodology. 

l)About Parikshak 

Parikshak is a simple to use program grading tool 
which provides a restricted Linux-shell based environment 
for students to test their program. Currently it supports 
automatic evaluation of C, C++ and Java programs. It 



provides useful reporting, monitoring and progress 
tracking utilities for faculty. In the restricted environment 
of Parikshak, the students cannot access any files and 
directories from their home directory and other user 
directories too. Most of the standard Unix commands are 
disabled and only Parikshak specific commands are 
available. This prevents the student from copying program 
from any other source to the Parikshak Session. 

Once the student submits his program to Parikshak, 
Parikshak automatically evaluates it against faculty set test 
cases. It first compiles the program and displays the 
compiler errors (if any). If there are no compiler errors, 
Parikshak executes the student's program against each 
faculty set test case. Accordingly for each test case it 
displays whether the program works right (displays 'V') or 
wrong (displays 'X') (see Fig. 1). Parikshak does not 
reveal the test case for which the student's program failed. 
In Parikshak shell the student can - edit code, compile the 
program, execute program for testing and then submit for 
grading. This cycle can be done any number of times, but 
within the time limit set for that problem. 

] E)le �dit I!.iew IJ:/jndt:N< tlelp 

L il Quk:kConnect -.J Profiles -

PARIKSHAK[ccstutor]>$ submit Saa.java 

Parikshak 4.0 
copyright (e) 2004 C-DAC, Mumbai. 

Test inputs to be graded [All] ('h' for help): 

compiling ... 

. . . . Grading started . . . . 

Inputs: . 1 . 2 . 3 . 4 5 .  6 
status: . X . Y . Y . X . Y . X Y 

marks = 0.0 

sorry that· s wr-ong 

PARIKSHAK[ccstutor]>$ • 

Figure l. Grading of program in Parikshak 

Parikshak is available in two modes - Assignment 
mode (practice mode) and Test mode. The environment is 
almost identical in these two modes. In assignment mode, 
there is no restriction on the number of Parikshak sessions 
the student can attempt for a particular assignment. In the 
test mode, however, a student is allowed to take only one 
Parikshak session. Within that time restricted session the 
student can submit the program any number of times. 
During each session (for both the modes), Parikshak logs 
various information such as student exit, entry, sessions 
restarted, session terminations, all submissions by each 
student for each problem - along with timestamps. 

Each assignment/test needs to be setup by faculty in 
Parikshak - by feeding in the test cases for the problems, 
correct solution and other configuration parameters for the 
test/assignment such as time for each session, availability 
period, programming language, etc. Unlike other program 
grading tools, Parikshak requires storing the correct 
solution instead of the storing matching outputs for each 
input. This reduces the risk of some one hacking in to the 
system and getting access to outputs of the given problem. 
Various text filters can be applied during comparing the 
student output with the faculty output, to ignore minor 
formatting errors in outputs such as extra lines, extra 
spaces, etc. 

28 

2) Self Assessment Assignments (SAAs) 

SAAs are the practice assignments given to the 
students during the module. Initially simpler assignments 
are given to them, so that they focus more on 
understanding language constructs. As they get 
comfortable with usage of target language, they are 
exposed to more complex assignments. The complexity of 
the later assignments is comparable to that of the test. A 
student "clears" or "completes" a particular problem if he 
gets 'Y s' for all the test cases set by the faculty. To keep 
the students motivated to solve many assignments, we 
generally keep a criteria of solving (clearing) atleast 50% 
of problems to be eligible to appear for the Programming 
test. 

3)Machine Graded Programming Tests (MGPT) 

A series of MGPTs is conducted throughout the year 
and the students need to clear atleast 50% of problems in 
these MGPTs to fulfil the course requirement. Unlike 
SAAs, MGPTs are proctored to ensure that the students 
attempt these tests in a fair manner. In each MGPT, the 
students are given two problems to solve. There is a 
mandatory writing session for around 90 minutes, where 
the students are supposed to understand the problem(s), 
think of suitable solutions, prepare test cases and prepare 
the solutions for one or both the problems in the target 
programming language on paper. No access to computer is 
given during this session. The students then get another 90 
minutes computer session. During this period they are put 
in Parikshak environment, where they need to key in their 
program, check for own test cases and then submit to 
Parikshak for grading. If they get 'Xs' for any problem, 
they need to figure out the bug and fix it within the time 
period and submit back to Parikshak. 

Parikshak automatically terminates the student session 
after the prescribed 90 minutes. After the MGPT is over, 
the students' latest source code for each problem is mailed 
automatically to them. The MGPT is thereafter available 
for a limited period for practice as an SAA. This gives 
another chance for students to look at what went wrong in 
their solution and can accordingly get it working on 
Parikshak. 

C. Challenges{aced: 

In any automated program grading environment, 
security is the prime most concern. We cannot rule out the 
possibility of a malicious program, that may intentionally 
or unintentionally cause damage to the system. To tackle 
this very limited privileges are given to the students in the 
Parikshak environment. To handle infinite loops during 
submission, the system gives a time window of about 60 
seconds for execution of student's program for each test 
case. If the student program takes more than 60 seconds 
for a test case, the system terminates that process, reports 
error to the student and proceeds to check the program for 
the remaining test cases. In case of network crashes, the 
faculty can restart session for one or all the students. For 
each student, the status of session from the point it got 
disconnected with the Parikshak server can be recovered. 
The "status" of session includes time remaining, student's 
code and test cases he had created. 

IV.RESULTS AND FINDINGS 

Student and Faculty Experience 



The use of Parikshak highly reduced the burden of the 
faculty in grading assignments. Penalty due to copying 
assignments kept them motivated to solve the assignments 
on their own. The students share a love-hate relationship 
with MOPTs and especially Parikshak. They love - that 
they get immediate feedback any time they submit the 
assignment - day, night, in faculty absence, etc. However 
they find it annoying that Parikshak does not award them 
marks even if they get just one 'X'. They however cherish 
the view of getting all 'Ys' in Parikshak and this keeps 
them motivated to struggle to get their program working in 
Parikshak. Initially they find it annoying to be specific 
about spelling, case, spacing, new line character in the 
output. Eventually when they get used to the system, they 
get comfortable with this. 

Following improvements were observed in the student 
performance: 

Performance Improved: We have observed that 
students who solve a good number of 
programming assignments in the foundation 
module generally perform better than others in the 
MOPTs as well as in the practical component of 
the next modules. The correlation between 
students' marks in Web programming module 
project and the total number of assignments they 
cleared was 0.63, in the recent batch with a 
population of 62 students. This is a good 
indication of the effectiveness of solving more 
assignments. In MOPTs too, we observe a similar 
trend. Fig 2. shows "Total number of assignments 
cleared" by each student against "Total number of 
Ys obtained" by the corresponding student i.e. the 
total number of test cases the student got correct in 
various MOPTs. The trend line clearly shows a 
positive correlation between the two. 

p 
+ TooolY. 

'0,0 

Number of assignments cleared 

Figure 2. Total Number of Correct Test cases in MGPTs Vs Total 
Number of Assignments cleared 

Eventually time management improved 
Initially some students needed 2-3 days even for 
simple assignments. As they got familiar with the 
language and the process of SAAs, the time taken 
to solve assignments decreased even for complex 
assignments. 
Debugging skills improved - Initially most of the 
students had a misconception that if their program 
works for the sample input it will work fine for all 
other inputs too, hence they were quite casual 
towards handling various test cases. So, initially 
they required lot of submissions and time to get 
all the testcases right. The number of submissions 
however dropped over time. Fig. 3 demonstrates 
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the trend of number of submissions of 91 students 
for 4 assignments. 

eo 

o ����� 
Student C357W1 C357{116 iW5702. dJ357032 dl957OAO dl957OA9 ([1957057 cl857lIJ2 11857010 1fil57017 dlI57025 

" 
Student Ids 

Figure 3. The trend of total number of submissions by 91 students for 4 
assignments 

The thick dark trend line indicates the 
trend of number of submissions of 
various students for assignment 1, 
while the thick gray trend line (parallel 
and close to X axis) indicates the trend 
of number of submissions for 
assignment 4. The intermediate thin 
trend lines indicate the trend of 
submissions for 2nd and 3rd 
assignment. We observe that there is 
drop in total number of submissions 
required to get all 'V's from 
Assignment I to Assignment 4. This 
decrement in total number of 
submission shows that students 
eventually understood that just mere 
trial and error and submission is not 
going to work to get all test cases right. 
They started making best of the 
writing session to formulate test cases 
before hand and most of them started 
checking their programs against self
made test cases before submitting, 
instead of doing a blind submit to 
Parikshak. 

The findings regarding the improvement in student 
programming and debugging skills are promising. We 
have also received encouraging feedback from our alumni 
who now work in prestigious organizations in the field. 
Many said that problem solving in a short time frame is 
highly appreciated in work and gives them a cutting edge 
over rest of the team members. They also mention that our 
methodology has enabled them to beforehand think of 
various possible scenarios towards solving a problem. 
"Your advice, 'If you can write program on paper, debug 
it on paper then only think you are programmer. " changed 
my entire orientation towards computing. This simple 
guideline of yours has actually become a baseline for me 
in all my approaches of problem solving.", said an ex
student in his letter to faculty. We have also received 
positive feedback from the employers saying that our 
students perform much better than others newbies in the 
field. Infact there is a set of companies who regularly 
employ our students for the same reason. 

Thus, based on the promising findings and positive 
feedback we believe that our methodology makes 
significant difference in the student programming skills. 



V.RELATED WORK 

A lot of work has been done related to this area of 
teaching and learning programming. The work done falls 
into two main categories: I )  Work focused on pedagogical 
aspects of teaching/learning programming, psychological 
aspects of novices, etc and 2) Work focused on Automated 
Program Grading tools. We provide overview of work 
done in both the perspectives and review our work based 
on this. 

A. Work on Pedagogical Aspects 

In his inspiring work, Winslow [2] provides 
psychological overview of novices and the problems that 
they face while learning programming. He also reinforces 
the importance of problem solving and practicing in 
programming, which is one of the prominent focuses of 
our methodology. Deek et al. [11] have synthesized a 
domain-specific problem-solving model to facilitate study 
of programming. The common model explicitly 
encourages students to adhere to a well-specified six-stage 
process of formulating the problem, planning, designing, 
translating, testing, and delivering the solution. This is 
similar to our approach of encouraging students to do 
analyzing planning, designing and translating in the 
mandatory writing session and actually delivering the 
solution in the computer session. 

� a detailed report on teaching/learning programming 
Robms et al. [6] provide an overview of various problems 
experienced by novices. They further state that problem 
solving is necessary, but not sufficient, for programming 
and the main difficulty faced by novices is expressing 
problem solutions as programs. Accordingly they 
recommend teachers, that the coverage of language 
features and how to use and combine them must remain an 
important focus. They also emphasize importance of 
developing debugging skills in novices. We have 
incorporated this recommendation in our methodology -
students have to debug the logical errors in their program 
on their own. 

Recognizing the concern of inability of novices to 
apply the concepts learnt, Kirsti [12] introduces Codewitz 
system. This system aims at fostering the learning of basic 
concepts and structures by creating dynamic visual 
I�arni�g �aterials for students. He believes that building 
visuahzatIOn examples of the basic structures and their 
combinations in different situations could promote 
students understanding of different strategies and build a 
mental "library" of different solution schemas for program 
design. Addressing the same problem, Simon Thompson 
[13] has given an explicit problem solving method for 
beg�ing programmers called "How to Program It", 
motIvated by the desire to equip the novices with tools to 
enable them to write complex programs in a disciplined 
way. 

B. Work on Automated Program Grading Systems 

A variety of noteworthy systems have been developed 
for automating the grading process [8][14][15][16][17] 
[18]. These tools provide automation in the grading 
programs written in variety of programming languages 
such as C, Java, C++, Java, Perl, Python, Tcl, etc. Some 
systems [15] go one step beyond and attempt to 
automatically grade GUI programs too. While most of 
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these systems are similar at automatically grading of 
programs against test cases created by faculty, they vary in 
the variety, depth, and detail of feedback given back to 
student. Feedback given by these tools ranges from simple 
checking for correctness to programming style, time 
complexity. Some systems [16] also give hints to improve 
the solution and provide ideas for alternate solutions. Most 
of the papers cited include a case study, where the systems 
are being used in programming course in a college or 
university. The authors have also provided evidences that 
indicate improvement in the skills of students after using 
these tools. 

C. Observations 

Pedagogical study done by experts provides useful 
insight about the psychology of novices in programming, 
the problems they face and also gives us ideal 
requirements. These requirements need to be incorporated 
in the teaching/learning process to bring a significant 
difference in programming competence of novices. To 
facilitate aspects such as instant and detailed feedback 
ease tasks of program grading, helping the student� 
visualize program as a model, etc use of relevant 
technology solutions would be beneficial. 

As we saw before, currently we have many tools 

�vailable which automate the grading process and provide 
mstant feedback. The sophisticated feedback these tools 
offer will definitely have a positive impact on the quality 
of student code and his programming skills. However 
these tools do not provide a comprehensive solution as 
some requirements from literature are too complex to be 
addressed by a program grading tool alone. E.g. concerns 
such as building problem solving skills in students, helping 
them in "translating" problem solutions to program is 
beyond the scope of these tools and need to be addressed at 
the teaching methodology level. 

Our teaching methodology along with a good 
automated program grading tool allows us to match the 
requirements for effective teaching/learning programming. 
It thus attempts to bridge the gap between the ideal 
requirements by pedagogy and what is offered today by 
program grading tools. [See Fig. 4] 

Pedagogy 

Ideal Requirements 

Automated Program 
Grading Tools 

Technology 

Figure 4. Our Methodology 

Our 
Methodology 

VI.CONCLUSION AND FUTURE WORK 

In this paper, we brought up the concern of novices in 
programming lacking the ability to apply the concepts that 
they learn. We observed that there are deficiencies in 



related education system and introduced a methodology to 
overcome these deficiencies by addressing the related 
pedagogical aspects and use of the program grading tool, 
Parikshak. Our methodology addresses most of the 
problems among novices identified by the experts in the 
field. Feasibility of this methodology is demonstrated 
through implementation of it in a post graduate diploma 
program. The results and findings during this 
implementation endorse the effectiveness of this 
methodology. 

While we believe that our methodology provides an 
effective solution for improvement in student skills, 
currently it lacks an explicit mechanism for helping the 
student "translate" a solution to computer program. We 
believe that addressing this concern is very important and 
hence we are currently exploring possibilities to 
incorporate a suitable mechanism to facilitate this. Strict 
input output specification can lead to wrong results e.g. if 
the student has committed a spelling mistake the grading 
tool flags it wrong, even though the student's logic is 
correct. Currently this is one of the important challenges in 
area of automatic program evaluation. The program 
grading tool - Parikshak, can also be improved in different 
dimensions including feedback, grading parameters, user 
interface. It can be enhanced to give comprehensive and 
constructive feedback including suggestive hints, grade 
other aspects of program like programming style, time 
efficiency, robustness, etc. Some mechanism to test 
aspects such as design and human interface of the program 
would also be desirable. We are also working on a web
based environment for Parikshak. 
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