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Abstract. Assessment of computer programming exercises and assignments has 
created significant difficulties.  We have developed a Web-based system called 
Programming Assignment aSsessment System (PASS) for automating the testing 
of students’ programs.  Students can submit their programs to the system for 
testing.  Students will then receive instant feedback on the result of the 
executions.  PASS has been used in programming courses since 2003, and has 
received favourable responses from both students and teachers.  It has recently 
evolved to its third version with substantial upgrade in its overall performance 
and usability, together with major enhancements of functionalities.  This paper 
describes the functions of PASS, demonstrating how it enables prompt and 
educationally useful feedback that supports the teaching and learning of 
computer programming. 

1. Introduction 

Assessment of programming exercises and assignments by manual inspection of code 
on paper is known to be tiring, inefficient and error-prone.  Alternatively, the teacher 
may require students to perform demonstrations or to submit their program source 
code so that the teacher may execute the programs one by one.  The latter methods 
allow a more reliable evaluation of the correctness of students’ programs, but still they 
are labour-intensive and time-consuming.  More importantly, such a practice is 
educationally undesirable because students generally have to wait for a long time 
before they can receive feedback from the teachers to help them improve their work. 

Many different ways have been proposed and used to address this and similar 
problems that form barriers to the learning of computer programming.  For details, the 
reader may refer to some recent surveys in the literature (e.g., Ala-Mutka, 2005; 
Gómez-Albarrán, 2005; Kelleher & Pausch, 2005).  We have developed a Web-based 
system called Programming Assignment aSsessment System (PASS) for automating 
the testing of students’ programs (Chong & Choy, 2004; Choy et al., 2005; Yu et al., 
2006).  Students can now submit their programs directly to the PASS, which executes 
their code automatically with test cases that are pre-defined by the teacher.  Students 
will then receive instant feedback on the result of the executions.  If the program fails, 
PASS can pinpoint exactly the position at which the program’s actual output in the test 
run differs from the correct output according to the program’s specification.  In 
addition, the teacher can provide relevant comments to students by annotating each 
test case with its intended purpose.  This kind of advice can be useful for students to 
understand in which scenarios their programs work incorrectly, thus indirectly giving 
hints and directions to desirable improvements.   
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PASS has been used in programming courses since 2003, and has received 
favourable responses from both students and teachers (Chong & Choy, 2004; Choy et 
al., 2005; Yu et al., 2006).  It has recently evolved to its third version with substantial 
upgrade in its overall performance and usability, together with major enhancements of 
functionalities to provide a greater variety of educationally useful feedback that 
facilitates the teaching and learning process.  Detailed descriptions of previous 
versions of this system can be found in (Chong, & Choy, 2004; Choy et al., 2005; Yu 
et al., 2006). 

Specifically, PASS now preserves all students’ submissions and can analyze the 
information to facilitate the monitoring of the progress and performance of the whole 
class, selected groups of students, or each individual student.  The computed statistics 
can be grouped by students to help identify those students with outstanding 
performance, as well as those who consistently lag behind.  On the other hand, by 
grouping the submission results by individual programming problems, the Teacher 
can easily discover the common mistakes made or difficulties encountered by students.  
The Teacher may further inspect finer details of the problems by checking the 
effectiveness of each test case in detecting students’ program faults.  Temporal 
statistics are also available to view the usage and activity profiles of the students.  All 
statistics are displayed in easy-to-read charts.  To promote students’ interests in 
learning, selected statistics can also be disclosed to students so that they themselves 
can better evaluate their own performance individually, as well as relatively to their 
peers.  With this handy pedagogical tool, teachers are seeking to experiment new ways 
of constructing programming exercises for continuous improvement of their teaching 
and learning. 

This paper will demonstrate the functions of the PASS.  We will present a number 
of scenarios to show the user interaction with the system.  PASS has defined five 
different roles of users in the system, namely, administrator, student, instructor, course 
developer, and course leader.  They have different levels of privilege in the system: 

1. Administrator is responsible for system maintenance and administrations. 

2. Students will submit the program to the system for testing or grading. 

3. Instructor is responsible for monitoring students’ performance and 
assignment assessment. 

4. Course developer is responsible for managing the programming problems.  

5. Course leader has the privileges of both instructor’s and course developer’s, 
plus some extra course management functions. 

To simplify our discussion, we will limit our presentation to the scenarios in which 
students and course leaders are involved.  We will refer to a course leader as a 
‘teacher’ in the rest of the paper.  For each scenario, we will demonstrate various 
functions of the PASS by showing the associated detailed operations. 

2. Functions of PASS 

When a user logs on to PASS, a list of courses and roles will be displayed to the user, 
if the user has more than one role or has been enrolled to more than one course 
(Figure 1).  The user can then select the course or role to log on to the system.  
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Figure 1 Selection of courses 

Problem management 
After choosing the role and course (or if the user has only one role and is enrolled in 
only one course), a list of programming problems will be displayed.  It lists all the 
active problems in the course (Figure 2).  A student can view the details of an active 
problem and solve it, while a teacher has the right to manage the problems, such as 
creating, updating and deleting. 
 

 
Figure 2 List of programming problems for students to solve 

 
To create a problem (Figure 3), a teacher needs to prepare test cases for the problem 
that specify the example inputs and expected outputs.  The teacher can provide the test 
cases in various formats, such as XML, zip or text file.  Besides the compulsory test 
cases file, teacher can also provide supporting files such as problem specification 
documents or other files for the users to download.  The teacher can also provide 
‘component files’ that will be used during compilation or execution. 
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Figure 3 Creation of a programming problem 

The teacher can also specify how strict the actual outputs are to be checked against the 
expected outputs by choosing some ‘marking options’.  For example, the teacher can 
give an option of ignoring all empty lines in the output, or specifying the checking to 
be case insensitive. 
 

 
Figure 4 Problem repository 

 
Other than creating a new problem from scratch, a teacher can choose to reuse 
problems stored in the ‘problem repository’, in which PASS stores all problems 
created and shared by other teachers (Figure 4).  In the problem repository, a teacher 
can see those problems created by himself/herself, or those shared by other teachers.  
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After giving the information for a newly created problem (or choosing a problem 
from the repository), a list of test cases to this problem will be shown (Figure 5).  The 
teacher may select which test cases, known as ‘open test cases’, to be executed when 
students test their programs on this problem.  Test cases that are not selected are 
referred to ‘hidden test cases’, which will not be executed when a student tests their 
program on this problem.  The ‘hidden test cases’ will be used by the system only 
when the teacher marks the programs submitted by the students. 

 

 
Figure 5 Selection of test cases to be used for testing students’ programs 

 

 
Figure 6 Adding a programming problem to a course 
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The teacher can further specify the information on how this problem is used in 
this course (Figure 6), such as the period of time during which this problem is visible 
to students, and the period of time during which they can submit their programs.  
Teacher can also define some settings on how long a program should be allowed for 
execution on each test case, and the maximum number of character outputs allowed. 

Another important setting is the problem type, which can be either practice or 
assessment.  The major difference is that an assessment type problem allows the 
students to submit their programs, while a practice type problem allows the students 
to test program only.  When a problem has been added to a course, a new problem will 
be visible, and students can view and try to solve it, by submitting their programs. 

Program submission 
To solve a problem, a user needs to provide a program source code by uploading their 
files or typing into the input text area directly in the page.  Besides, he/she may need 
to specify the compiler to use for compiling their programs, if the teacher has given 
them more than one choice of allowable compilers (Figure 7). 
 

 
Figure 7 Test or submit a program for a problem 

Student can then choose to “test” or “submit” the program.  After a student has 
chosen to “test” his program, the source code provided will be compiled and executed 
against each ‘open test case’ by feeding in the test inputs.  The output given by the 
submitted program will be stored and compared to the expected output provided by 
the teacher. 

The student can then view the execution result in the submission detail page.  For 
each test case, the system shows the output given by the student’s program and the 
position at which the actual output starts to deviate from the expected output.  All the 
error messages generated can be downloaded via the submission detail page whenever 
any error occurs during the process, such as when the source code fails to be compiled 
due to some syntax error. 

If the user had chosen to “submit” the program, his/her program will only be 
compiled and not executed until the teacher has issued a batch run.  This will be 
described later in the ‘Assignment assessment’ section. 
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Test/submit history 
All the submitted files and execution results from any “test” or “submit” made to 
PASS will be stored, and can be retrieved in the “Test/submit history”. 

A student can find his/her own submission there and download any files that 
he/she had submitted before.  This design allows the user to keep track of all the 
versions of programs he/she had created, and hence learn from when and what 
difficulties he/she had encountered in the past. 

A teacher has the privilege to access all the test/submit history related to the 
course.  This gives the teacher a very detailed log of the students’ activities in PASS.  
He/she can also give feedback to a student based on a specific submission.  For 
example, if the teacher observes, from the test/submit history, that a student has 
attempted a problem many times repeatedly without success, he/she can download the 
submitted problem for inspection and provide some hint to the student. 

Statistics 
PASS also extracts useful aggregated information based on the raw data of test/submit 
history.  The system computes various statistics to help the teacher monitor the 
performance of the class.  The teacher can also make use of the filtering function to 
selectively display only the information related to the chosen criteria. 

 For example, when the statistics are grouped by student (Figure 8), the teacher 
can monitor the progress of each student to see how many problems they have 
attempted or solved.  By using the filtering function, a teacher can compare the 
progress among different individuals or tutorial groups. 

 

 
Figure 8 Statistics grouped by student 

 
When the information is grouped by problem (Figure 9), the number of attempts 

by students and the number of students who have solved the problem are shown.  The 
teacher can also see how many attempts are required, in average, before a problem is 
successfully solved by students. 
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Figure 9 Statistics grouped by problem 

 
Besides, there is a rank list for each problem that shows all the students who have 
solved that problem, sorted by the time when they first solved it.  This feature can be 
useful for hosting a competition.  The teacher can also go into details of each problem 
to see the success rates among all the test cases (Figure 10).  Further details such as 
how the students get incorrect answers and where they go wrong are also available.  
 

 
Figure 10 Statistics grouped by test case 

 
When the statistics are grouped by time (Figure 11), the teacher can observe the 

usage of PASS, deduce which class of students is lagging behind, and adjust the pace 
of the teaching.  It gives information on students’ practice behavior, such as which 
student group is working harder (that is, practices more frequently). 
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Figure 11 Statistics grouped by time 

To allow students to keep track of their own progress, selected statistics can also be 
released to students.  They can then compare their own performance to that of the 
class average.  All statistics are accompanied with graphical presentation so that 
important information can be figured out at a glance.  Besides, all statistics can be 
exported in popular spreadsheet formats for archive purposes or further analysis. 

Assignment assessment 
For assessment problems, the teacher can start a batch run on all the programs 
submitted by the students against all the test cases kept in PASS, including those 
hidden test cases.  Upon completion of the batch run, the teacher can get a result list, 
showing the number of the success test cases and hence the score, for each student. 

To detect plagiarism, PASS provides a function to check the similarity among the 
submitted source files.  For better management, PASS can also group the students 
whose similarity scores are higher than a given threshold.  This helps the teacher to 
investigate and identify who are copying from the same source. 

The current plagiarism detection algorithm calculates the similarity score based 
on the notion of longest common subsequences.  It can easily be replaced by other 
more sophisticated similarity checking algorithms by implementing the specific 
programming interface provided by the PASS. 

3. Conclusion 

This paper has described the functionalities of the latest version of PASS.  The 
substantially enhanced system has been used for a semester and has received very 
encouraging feedback from the users.  Future enhancements include facilities to allow 
better problem management, such as test case editor and customized marker editor, in 
order to save time of the teacher. 
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