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ABSTRACT
One of the major problems of teaching programming logic is the amount of exercises proposed to the students. The quality or the absence of feedback is one of the most common complaints of the students and a source of extra work for the teachers. There is not automatic correction for logic programming exercises on virtual learning environments, especially for the Portugol programming language. This is a problem when we consider the potential number of attendants. The objective of our work is the development of a framework for automatic correction of logic programming exercises in Portugol. This framework could be used in any virtual learning system that implements a client interface for the service. Our methodology studied other works on automatic correction, human-computer interfaces and best interface practices for virtual environments. The result is a framework that could be used by any virtual learning system through a web service. This framework will allow teachers to register the exercise templates on the service and students to submit exercises and have immediate feedback, without human intervention. Teacher and students will also have access to the correction statistic data.
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1- Introduction
A common practice in computer programming courses is to assess students through logic programming exercises. The analysis of these exercises allows the teacher to evaluate students’ abilities to use the right programming techniques and concepts. Learners must develop a program to solve a specific problem and submit this program to the teacher.  Regardless the number of students in each class, the exercises must be corrected and submitted back to the students. The long delay and the low quality of the correction are the most serious complaints in classroom.
On virtual learning environments (V.L.E.), the potential number of attendants is much higher than in the classroom. In this case, requiring programming exercises is much more complicated, because the high number of submissions would need a huge effort from teachers to generate all the corrections with good quality and as quickly as possible. There is not a system to correct logic programming exercises in the Portugol Language for virtual learning environments that allows teachers to submit exercise templates, manage students’ submissions and generate the correction statistic data.

This paper proposes the development of a framework for an Automatic Correction Service (A.C.S.) of introductory logic programming exercises in the Portugol language. The framework will be based on the service-oriented architecture and could be accessed by any V.L.E. through a web service interface.
This framework is composed of teachers and students’ interfaces and a correction engine. The implementation of the framework will be used as a tool in the logic programming classes, allowing teachers to do away with mechanic and repetitive work and offering students quick and high-quality feedback.

Related works are in Section 2. Possible problems to be solved as well as the methodology used to develop the framework are in Section 3. In Section 4 the framework is presented and finally in Section 5 we show a conclusion and ideas for further projects.
2- Related Works
According to a review by [2], the automatic exercise correction systems can be classified into: (a) First Generation - The first exercise correction systems date back to 1960, but their use was limited to private laboratories. (b) Second Generation - From 1989 through the nineties, with the development of the tools-oriented systems, first based on command line programming and later on graphic interfaces. (c) Third Generation - From 1999 to the present days with the web based systems, where students have access to online resources available on the Internet.

In another review by [6], the author mentions the percentage evolution of the number of published works about programming learning support tools over different periods, see table 1.

	Period (year)
	1983 to 1993
	1994 to 2003
	2007

	% of works
	18.0
	24.6
	44.0


Table 1. Participation of education support tools works in congresses of technology in education
One type of automatic correction engine of introductory exercises is suggested by [12] and has the following steps: (a) Syntactic verification: a compilation without errors. (b) The presence of mandatory programming commands so that students cannot fake results. (c) Comparison between students’ program structure and the teacher's solution templates. (d) Comparison between the output generated by students’ program and correct output defined by the teacher. According to [12], there is a synergy between the four steps, which combined together increase the power of the correction engine. This was verified by the author in a research conducted with students.

Security in automatic exercise correction systems has been widely discussed by [10], with special concern to the submission of malicious codes that could compromise the exercise correction.
3- Material and Methods
According to [3], an interactive system to support teaching and learning should have two components: an application and an interface. The application is the component responsible for the system’s functional part, which transforms input data into output data. The interface is the component responsible for translating users’ actions into activation of the application's functionalities. 
3.1- Teachers and Students' Interfaces
The submission of files is a common practice in learning management systems (L.M.S.) [14]. L.M.S.s usually have one or more functionalities that allow students to submit files or write texts to be saved in the system’s database through a proper interface.
Several papers have been studying the development of interfaces for virtual learning systems, for instance, [3], [4] and [8].

According to [15], the project of an interface is an unstructured task that cannot be automatized and would need heuristics, that is, a set of informal rules that help people make quick decisions. Also according to [15], the heuristic set has five basic objectives based on friendliness and usability characteristics: usability, learnability, trouble-shooting, subjective user’s satisfaction, attractiveness and adaptability.

Based on these criteria, our work presents a suggestion for the structure of a teacher and student interface, pointing out the functionalities that satisfy the correction engine selected.
3.2- Application
The architecture model proposed for the A.C.S. is based on the service-oriented architecture  (S.O.A.) [7]. The responsible application for the correction engine is developed on the web service format [16]. Any V.L.E. that develop a web service client could access the correction engine through XML [17] file on the format required by the system.

On the selection of the programming language for this work we consider the follow factors: (a) use Portuguese language; (b) availability of a compiler and an error correction engine as open source code; (c) facility to porting the compiler as a web service; (d) have a corrector engine that use different technics as described by [12]. (e) limited access of this language to the operational system to avoid security problems like cited by [10].

The selected language, Portugol, and its respective implementation was developed by [10] and has a correction engine based on the work of [12]. Portugol also is a open source software licensed on the GNU GPL 3.0 [5] and is developed with Java [11], that is ease portable to web service.

Once the program language was chosen we get together the necessary software components to manage the teacher's templates, student submissions and submission statistic data. These components that differentiate the framework proposed in our work and allow the correction engine to be exposed to the V.L.S. as a web service.

In the moment the web service is in development and the next step will be the development of a client interface for de Sakai L.M.S. [13]. This code will be deployed as open source software under the GNU GPL 3.0 license.
4- Results and discussion
The framework proposed in our work is divided into two areas: (a) V.L.E. interfaces; (b) automatic correction service (A.C.S.), see figure 1. 
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Figure 1. Automatic logic exercises correction framework main component areas.

4.1- V.L.E. Interfaces
The teacher’s interface will allow the creation and maintenance of exercise lists that are composed of sets of questions. The questions consist of their formulation, grade values and solution templates. The solution template is composed by a set of valid input data, a set of expected results data and exercise source code, see figure 2.
The interface also allows the teacher to publish the exercise lists or questions in pre-determined beginning and end dates and show individual questions as available or not to a student. Besides that, the interface makes it possible for the teacher to set the number of times a question can be submitted to the correction engine and its respective valid grade: the highest grade of all submissions or an average grade of all submissions.

The teacher has full access to all submissions and is able to check each source code of every submission from his own interface.
The exercise lists can be stored in the V.L.E. owner’s format or in the S.C.O.R.M. [1] standard, which allows the export or import of exercise lists as learning objects.
[image: image2.png]TEACHER INTERFACE

Exercise List 1 Exercise List 2 Exercise List n
S —

Question 1 Question 2 ‘Question n
\l\

Enunciation Grade Solution Template
/l\
Solution 1 Solution 2 Solution n
Input Output ‘Source Code
Value 1 Value 2| Value 3 Value 1| Value2 |Valuen





Figure 2. Teacher's interface structure.
The student will only have access to lists and questions that were previously authorized by the teacher for that discipline. By selecting a question, the learner is informed if he has already submitted an answer and how many submissions are still allowed. To submit a solution the student will have to paste the source code in the appropriate form field or upload the file in text format. Once submitted, the submission status turns from not submitted to submitted. Then the correction engine will send him the correction and grade, see figure 3. This process can be repeated several times. In this case, the question status turns from submitted to resubmitted.
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Figure 3. Student's interface structure.

4.2- Automatic Correction Service
The A.C.S. web service shows its interface through three remote method invocations: (a) template registration, (b) exercise submission, (c) statistic data queries. The method calls are synchronous, therefore, once a call is made, the service will return the result as soon as the processing is done.

The A.C.S. is made of four components: (a) A template manager: it receives and processes exercise templates in XML format generated by the teacher’s interface, see figure 2. (b) Submission manager: it receives XML data submitted by students and sends it to the correction engine. The response is sent back to the student’s interface, see figure 3. (c) Correction engine: it makes the corrections as described by [12] and (d) Statistic database: it stores information for further access.
5- Conclusion
Our work presents a framework for automatic correction of introductory logic programming exercises in Portugol language based on the S.O.A. architecture. This solution enables the correction of large numbers of simultaneous exercises, improving the quality of the correction and decreasing the heavy load of teachers’ repetitive work.
The framework web service is platform independent and is based on a Portugol compiler already implemented for desktop applications. Besides suggesting a web service architecture, our work also proposes a structure for the V.L.E.'s teacher and student interfaces.

In this phase, the web service is under development as described in section 3, and the next step will be the development of an interface for the Sakai V.L.S.
In future works other programming languages can be explored and other framework functionalities can be developed, such as: mass submission, asynchronous submission, protection mechanisms against denial of service attack, functions for the detection of plagiarism and advanced user authentication.
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