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Abstract 

This paper presents a novel program annotation 
mechanism which enables students to obtain feedback 
from tutors on their programs in a far simpler and more 
efficient way than is possible with, for example, email. A 
common scenario with beginning students is to email 
tutors with copies of their malfunctioning programs. 
Unfortunately the emailed program often bears little 
resemblance to the program the student has been trying to 
make work; often it is incomplete, a different version and 
corrupted. We propose an annotation mechanism enabling 
students to simply and easily annotate their programs with 
comments asking for help. Similarly our mechanism 
enables tutors to view studentsÕ programs and to reply to 
their comments in a simple and structured fashion. This 
means students can get frequent and timely feedback on 
their programs; tutors can provide such feedback 
efficiently, and hence studentsÕ learning is greatly 
improved. 

Keywords: introductory programming, tutoring, feedback, 
eLearning, program annotations 

1 Introduction 

Learning to program is a difficult process. Programming 
is not a single skill but a multi-layered hierarchy of skills, 
many layers of which need to be active at the same 
time.(du Boulay, 1986) (Robins et al, 2003) (Rogalski 
and Samurcay, 1993). Programming demands a great deal 
of implicit knowledge which is diff icult for lecturers to 
make explicit and which cannot easily be transmitted 
directly to students. In order to gain knowledge and 
become competent in the domain, students need to go 
beyond explicit information to construct experiential 
implicit knowledge (Affleck and Smith, 1999). 
Programming cannot be learnt without doing a lot of 
practice.  

When learning to program, it is essential that students are 
given the opportunity to practice in an environment where 
they can receive constructive and corrective feedback 
(Ben-Ari, 2001). Feedback is acknowledged as an 
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important factor in the learning process especially when 
available on request. However, with large class sizes, it is 
difficult for teaching staff to synchronise their heavy 
schedules to provide additional help when the students 
need it. This is compounded through the students finding 
it difficult to attend tutorials and hence requiring greater 
flexibility in learning options. 

Typically, outside of tutorials, students who are learning 
to program request help through email to tutors. 
Programming exercises are attached or cut-and-pasted 
into emails requesting help. Unfortunately dealing with 
such emails is problematic for tutors. Often attached and 
pasted programs are incomplete, out of context, corrupt, 
or the wrong version. There is no simple way to reference 
the program, line numbers are missing and changes to 
formatting often render line numbers useless. So students 
struggle with describing the problems they are having and 
the part of the exercise which they are finding difficult. 
Typically tutors wrestle with reconstructing the program 
the student was working on; then grapple with 
understanding the problem students were having with the 
program; and f inally strive to provide some useful 
feedback. The next day the tutor may well receive an 
email along the lines of Òyou know that program I sent 
you yesterday, well I changed the sixth line and now it 
prints nothingÉ Ó! This is inefficient, ineffective and 
frustrating for all concerned. 

In this paper we present a program annotation mechanism 
which overcomes this problem and hence enables simple 
and straightforward dialogue between students and tutors 
concerning student programming exercises. This 
improves feedback to students and hence assists their 
learning. We present a mechanism where programs can be 
annotated in situ without affecting the programs. This 
enables tutors to examine annotations and to run 
programs. Dialogue is focussed around a common 
learning exercise. 

This annotation mechanism enables students to simply 
and easily annotate their programs with comments asking 
for help. Similarly it enables tutors to view studentÕs 
programs and to reply to their comments in a simple and 
structured fashion. A conceptual view is shown in Figure 
1. This means students can get timely and efficient 
feedback which in turn encourages them to be more 
actively engaged in learning to program. 

The contribution of this paper is to present a mechanism 
for program annotation which greatly aids learning to 
program. 

The remainder of this paper is organised as follows: the 
next section overviews the ELP system. Section 3 
presents the annotation mechanism, including how it is 
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implemented. Section 4 discusses some preliminary 
results and Section 5 discusses some related work. The 
last section concludes with further suggested extensions. 

 

 

2 ELP 

ELP is an online, active, collaborative and constructive 
Environment for Learning to Program, which is being 
continually improved to help students to program 
successfully at an early stage in their learning. The 
project was in part motivated by high failure rates 
amongst beginning programming students. ELP addresses 
three of QUT's teaching and learning priority areas. 
Firstly, it is available by flexible delivery Ð the 
environment is on the web. Secondly, it can provide 
timely formative assessment by presenting students with 
fine-grained online exercises and answers. Thirdly, the 
environment supports the generic capabilities of problem 
solving, time management and working collaboratively. 
Figure 2 depicts the ELP vision. For a general 
introduction to ELP see Truong, Bancroft and Roe, 
(2005).  

Most first year IT students presently struggle with 
programming concepts and need on-demand tutorial 
assistance. By using the ELP system, students are able to 
access as much tuition as they need. They are not limited 
to three contact hours per week, nor are they limited to 
standard working hours. Students can experience 
programming as a problem solving activity from the 
earliest stages of learning. They are exposed to a variety 
of approaches to problem solving, the consequent 
alternative solutions and the relative merit of such 
approaches through various feedback mechanisms. The 
ELP project provides a learning environment that meets 

the diverse needs of students, for example those who find 
attendance at tutorials diff icult, those who require more 
time for tutorials or those who are not used to formal 
tutorial situations. 

  

Furthermore, the environment also supports constructivist 
learning theory which states that knowledge is actively 
constructed by the student, not passively absorbed from 
textbooks and lectures (Ben-Ari, 2001). In computer 
science education, constructivism is essential as beginner 
programming students must actively build a mental 
model of language features to become proficient or 
accomplished programmers and designers (Astrachan, 
1998). 

  

  

3 Program annotations 

3.1 Overview 

We have extended the ELP to support the annotation of 
programming exercises. An overview of the architecture 
of the ELP and the annotation system is shown in Figure 
3. Annotations can be created by different users on 
different instances of programs. This enables the 
annotation system to support: 

• Questions and answers on programming 
problems between students and tutors, 

• Summative comments by tutors on graded 
programs, 

• Peer review of programs by students, and 

• Commenting on predefined programs. 

Annotations can be applied to the whole program or to a 
particular gap (unlocked part of a program which students 
can modify). The annotation interface is modelled after a 
chat-like application, although interaction is 
asynchronous and not real-time like chat. 

Typically students will pose questions in the form of 
annotations about a programming exercise, either the 

using System; 

 

publ ic class Hel lo {  

 publ ic static void Main() {  

  Console.Wri teLine("Hel lo"); 

 }  

}  

Student 
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Figure 2: ELP Vision 



whole exercise or part of it. Tutors can read these 
annotations and reply to them. Annotations are applied to 
programs so that all parties have a consistent view of the 
program; discussion is focussed around the exercise, and 
the exercise can be viewed and tried by all parties. This 
eliminates problems associated with emailing programs, 
and the difficulty with subsequent reconstruction. 
Programs can be easily tested by all parties. The 
annotations mechanism also enables the history of 
discussions to be easily threaded. 

 

 

3.2 User interface 

The annotation system has several user interfaces. 
Students and tutors can annotate particular exercises by 
simply selecting the appropriate part of the program in 
the exercise tree view and clicking Òadd annotationÓ, see 
Figure 4 for a screenshot. Annotations are colour coded 
so that student and tutor annotations are easily 
distinguished. Annotations are sorted according to time 
and listed around the part of the program to which they 
relate. The exercise tree view displays read and unread 
annotations using envelope icons rather like an email 
reader. 

Annotations are persisted on the server for relevant 
parties to view. Only the most recent annotations can be 
withdrawn (deleted); after that all annotations are 
preserved as a record of the conversation. 

 

Depending on the scenario, different views of annotated 
exercises may be appropriate. The exercise-centric view 
is perfect for commenting on a mandatory exercise or 
assignment that all students take. A tutor can simply look 
through all instances of a particular exercise and grade 
and comment (annotate) them. For more general question 
and answer style interactions, an email-like interface is 
more appropriate which shows unanswered and unread 
annotations. This provides a mechanism for tutors to see 
outstanding annotations, requests for help. 

At QUT tutors regularly check their ELP annotation lists 
to see if  there are any questions that they need to answer. 
The mechanism is exposed through a web email-like 
interface: selecting a particular item opens up a new 
browser window containing the exercise instance for the 
student with the outstanding question (annotation). An 
example is shown in Figure 5. Blue and red envelope 
icons denote annotations from students and tutors 
respectively. The web interface provides a list of students 
with outstanding queries; this includes the exercise name, 
the time the exercise was last modified and whether it has 
been successfully compiled or not 

 

3.3 Implementation 

Annotations are represented as XML, and stored in a 
table in the ELP database. Each annotation has a target 

Figure 5: Annotations browser  
screenshot 
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exercise instance, including the gap or part of the 
exercise, an author, a creation time and a f lag indicating 
whether it has been read or not. When an exercise is 
loaded all annotations are downloaded with the exercise 
and merged into the exercise object model for subsequent 
display. As annotations are created they are uploaded to 
the server and stored in the annotations table. The 
annotations browser queries the annotations table and 
displays a list of all outstanding annotations based on the 
userÕs role e.g. the group of students in the tutorÕs class. 

When annotations are first read their "read" f lag is set. As 
previously mentioned the most recent annotation may be 
deleted (withdrawn) but once the annotation has been 
read or a more recent annotation has been made, it is 
persisted as part of the conversation. 

4 Evaluation 

Our initial results are promising. We are using the 
annotation system in two classes totalling more than 250 
students. The system is used for providing formative 
feedback to students concerning programming exercises 
they undertake during the week. Initial results show that 
the uptake is good, and that students are finding the 
system easy to use and intuitive. Hundreds of annotations 
have been made. Tutors have noted how big an 
improvement it is over the conventional email based 
discussions of programming problems which usually arise 
with programming subjects. The biggest problem we have 
found is ensuring that tutors regularly check their student 
lists for new questions (annotations) from students. The 
effectiveness of the system relies on frequent and timely 
feedback, and this can only occur if teaching staff 
regularly review their annotation pages. 

5 Related work  

Many systems have been researched and developed to 
help novice programmers. These can be roughly 
categorised as: programming environments 
(CourseMaster, 2000) (Emory and Tamassia, 2002) 
(Freund and Roberts, 1996), debugging aids (Adam and 
Laurent, 1980) (Gregg-Harrison, 1992), intelligent 
tutoring systems (Anderson and Reiser, 1985)  

(Murray, 1988) and intelligent programming 
environments (Brusilovsky et al, 1996) (Deek and 
McHugh, 1998). Intelligent tutoring systems have 
focussed on helping students through automatic analysis 
of students programs.  

Many systems support help with marking programs 
through automated submission systems. Such systems are 
primarily oriented at marking rather than formative 
feedback. What makes our system unique is the ability for 
programs to be annotated by both students and tutors in a 
lightweight manner. The annotation approach described 
here is different in that it aims to improve the efficiency 
of the existing manual approach rather than seeking to 
replace it. The system has been inspired by email and 
chat programs, and hence borrows some ideas from such 
systems. 

The idea of annotation is common in other systems 
including many general eLearning tools, which support 
annotation and mark-up of documents, several internet 
browsers support annotating web pages and Microsoft 
Word supports annotating documents.  

There are several recent systems that allow electronic 
annotations to be added to student programs which have 
been submitted for summative assessment e.g. (Heaney 
and Daley, 2004) (Bancroft et al, 2003). Unlike ELP 
annotations, these systems were not designed to support a 
feedback dialog between student and tutor.  

More recently blogs and wikis have been used for 
collective communication on a common theme through 
web pages. These methods suffer the same shortcomings 
as email - it is difficult to contextualise the annotations to 
the level of a small gap in a program. 

6 Furt her work and conclusions 

The annotation system has been constructed and is in use 
this semester; preliminary results are encouraging. 
Annotations support a structured form of dialogue 
between students and tutors concerning student programs. 
This enables programs to be more easily commented on 
by tutors and hence facilitates the provision of feedback 
to students. More frequent and timelier feedback is vital 
to support students learning. 

The system is reliant on tutors checking the system and 
providing feedback on a regular basis. This requires a 
change in culture of tutors, but ultimately simplifies 
providing feedback to students and assessing their work. 
The system is well suited to use by duty or lab tutors who 
are paid to monitor labs; such tutors can reply to 
annotations during slack periods in labs. 

Currently we are using the system for question and 
answer style feedback on students programming 
exercises. We wish to extend this in future semesters to 
cover summative assessment and peer review; in the latter 
case students comment on each otherÕs programs. 
Another idea is to provide students with a program 
created by the teacher and ask them to comment upon it. 

Some more advanced potential extensions include adding 
a real-time synchronous annotation mechanism to the 
system enabling ÔchattingÕ about programs. To combat 
the problem of tutors not reading their annotations pages 
we may generate email notifications on a regular basis, 
e.g. every day, to remind tutors if  there are outstanding 
annotations. 
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