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ABSTRACT 

Adaptation techniques can be applied not only to the multimedia contents or navigational possibilities of a 
course, but also to the assessment. In order to facilitate the authoring of adaptive free-text assessment and 
its integration within adaptive web-based courses, Adaptive Hypermedia techniques and Free-text 
Computer Assisted Assessment are combined in what could be called Adaptive Computer Assisted 
Assessment of Free-text Answers. This paper focuses on the integration of this type of assessment within 
adaptive courses, as well as on the presentation of an authoring tool able to manage the insertion and 
modification of different question statements and reference answers for open-ended questions. The results 
of the evaluation of this tool with course authors show the feasibility of proposing and evaluating open-
ended questions adapted to each student, as well as that of getting a better model of the student's progress. 
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Introduction 
 
Adaptive hypermedia has been widely used for the development of adaptive Web-based courses, in which each 
student is individually guided during the learning process (Brusilovsky, 2001). Most of these systems obtain 
feedback from the student from two sources: their behaviour when browsing the course (e.g. pages visited, time 
spent in each page, or navigational path followed) and the result obtained when answering test questions (e.g. 
true-false, multiple-choice or fill-in-the-blank). Some authors have expressed their concern that this limited way 
of assessment may not be really measuring the depth of the student learning (Whittington & Hunt, 1999). This 
fact has been the motivation of the field known as Computer-Assisted Assessment (CAA) of student essays. This 
is a long-standing problem that has received the attention of the Natural Language Processing research 
community.  There are many possible ways to approach this problem, including: a study of the organization, 
sentence structure and content of the student essay such as in E-rater (Burstein et al., 2001); pattern-matching 
techniques such as in the Intelligent Essay Marking System (IEMS) (Ming et al., 2000); or Latent Semantic 
Analysis such as in the Intelligent Essay Assessor (IEA) (Laham et al., 2000). In Valenti et al. (2003) a state-of-
art of CAA systems is described. 
 
In order to support adaptive Web-based teaching and learning, we have developed the TANGOW system, which 
supports the specification and dynamic generation of adaptive web-based courses, so that the course components 
are tailored to each student at runtime (Carro et al., 1999; Carro et al., 2003). We have also developed, 
independently, a CAA system called Atenea (Pérez et al., 2004). It is based on n-gram co-occurrence metrics 
(Papineni et al., 2001), which allow the system to perform a vocabulary analysis and to study how similar 
student and teacher answers are. In Atenea, these metrics are combined with shallow natural language processing 
techniques, such as removing meaningless words, identifying the sense of polysemous words, or looking for 
synonyms in order to cover as much paraphrasing as possible. TANGOW and Atenea can work individually, but 
their potential can be much higher if they are integrated. TANGOW-based courses, as the majority of AH-based 
courses, rely on objective testing to evaluate the student knowledge, and this might not evaluate the higher 
cognitive skills. Therefore, by adding the possibility of evaluating open-ended questions we intend, on the one 
hand, to improve the courses generated by TANGOW and, in general, the quality of evaluation processes in 
distance learning. On the other hand, information about the user can be used by Atenea for adaptation purposes. 
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After the integration of both systems, Atenea has access to the information about the users, kept by TANGOW in 
the student model. It uses this information to adapt the assessment offered to each student. Both static and 
dynamic parameters of the user model can be used for the adaptation. For example, the web pages can be 
presented in the student’s language, and the next question statement, as well as its specific version (style) can be 
dynamically chosen depending on both the student’s features and how well the previous questions were 
answered, so that the level of the training is not too difficult (that could cause rejection from students that are not 
able to answer anything) or too easy (that could cause boredom to students who do not really learn anything 
new). TANGOW, on its part, uses the feedback from the open-ended question activity done by the student to 
perform the subsequent adaptation during the rest of the student learning process. 
 
Up to our knowledge, there are no previous systems that support this type of integration. However, this work 
could represent the integrated evolution of related fields such as Computer Adaptive Testing (CAT) that relies on 
statistical measures to modify the order in which the test items are presented to the students according to their 
performance during the test (Linden and Glass, 2000). One example of CAT system is SIETTE (Guzmán and 
Conejo, 2002) that is currently being used in the University of Málaga in Spain. Another example of adapting the 
assessment of objective testing is presented in AthenaQTI (Tzanavari et al., 2004), based on the use of the QTI 
standard. Other approaches consist in adapting the course and the MCQ evaluation section, so that a course 
would be no longer a simple set of learning items but a complex structure with several branches able to 
recommend the optimal one for a user or for a class of users (Cristea and Tuduce, 2004); in adapting the 
feedback provided to the students (Lutticke, 2004), the problem selection (Mitrovic and Martin, 2004; Chou, 
2000), the order of the problems (Gutiérrez et al., 2004; Sosnovsky, 2004); and, even in some cases, to re-adapt 
the adaptive assessment according to the student objectives (Panos et al., 2003). 
 
The paper is structured as follows: in the section titled “TANGOW”, we briefly review the main features of this 
system; in the “Atenea” section, we describe the architecture and performance of this system; the integration of 
both systems is explained in the “Integration” section; the authoring tool is presented in the next section; and, in 
the last section, some conclusions are drawn and future work is shown.  
 
 
TANGOW 
 
The TANGOW (Task-based Adaptive learner Guidance on the Web) system delivers adaptive websites and, 
particularly, adaptive web-based courses, and has evolved significantly since (Carro et al., 1999). Courses 
delivered by TANGOW are composed of several activities or tasks that can be accomplished by the students. A 
task can correspond to a theoretical explanation, an example, an exercise to be done individually, or an activity 
to be performed collaboratively (problems to be solved, discussions, etc). The set of available tasks is constantly 
updated, tracking changes in the student's profile (static features and dynamic actions).  Once a task is chosen by 
a student, the system generates the corresponding web pages by selecting, among the content fragments related 
to the task (or the set of problem statements or collaborative tools available, in the case of practical or 
collaborative tasks), those that provide the best possible fit to the student profile.  
The whole processes for both developing adaptive web-based courses and automatically delivering them are 
described in (Carro et al., 2002). The rule-based formalism that facilitates the description of a course, including 
the specification of the activities, their alternative organisation for different students, diverse teaching strategies 
and adaptation capabilities, has been extended to support collaboration activities and group management (Carro 
et al., 2003).  
 
Figure 1 shows two pages generated by the TANGOW system. The first one corresponds to an individual 
activity (an example to complement the theory), while the second one is a collaborative workspace dynamically 
generated to support the interaction of a group of students with visual learning style while working together in 
the resolution of the problem presented.  
 



55 

laborationlaboration workspaceworkspace forfor advancedadvanced visual visual studentsstudents

CHAT

Estefanía Martín
Rosa M. Carro

Online users:
Estefanía Martín
Rosa M. Carro

 
 

Figure 1. Examples of TANGOW interface 
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Atenea  
 

Figure 2. Interface of Atenea 
 
 
Atenea (Pérez et al., 2004a; Pérez et al., 2004b) is a Computer-Assisted Assessment system for automatically 
scoring students' short answers. Its name is the Spanish translation of Athene or Athena, the Greek goddess of 
wisdom. Atenea relies on the combination of shallow natural language processing (NLP) modules (Alfonseca et 
al., 2004) and statistically based evaluation procedures. It has been coded in Java as a stand-alone application, 
but it has also an on-line version that can be accessed from any web browser connected or not to the Internet. 
Figure 2 shows a snapshot of the interface of the on-line version of Atenea. 
 
As can be seen, the input Atenea expects is the answer typed by the student in order to compare it with a set of 
reference answers (ideal answers) written by the teachers, which have previously been stored in its database. 
There should be at least three teachers' references per each student answer, and it is advisable that different 
teachers write them, in order to cover as much paraphrasing as possible. Furthermore, these references can also 
be taken from the answers of the best students, in order to have more alternatives (Pérez et al., 2004a). 
 
The internal architecture of Atenea is composed of a statistical module, called ERB, and several Natural 
Language Processing (NLP) modules: 
 
1. ERB relies on the BiLingual Evaluation Understudy (Bleu) algorithm (Papineni et al., 2001). This is the 

reason why we have called it ERB (Evaluating Responses with Bleu). Bleu was created by (Papineni et al., 
2001) as a procedure to rank systems according to how well they translate texts from one language to 
another. It is based on an n-gram co-occurrence scoring procedure that has been successfully employed to 
accomplish its aim (Papineni et al., 2001; Doddington, 2002). The core idea of Bleu is that a system-made 
translation will be better when it is closer to a translation written by a human expert. Therefore, to evaluate 
a system, it is necessary to have a set of human-made reference translations, and a numerical similarity 
metric between the system’s translations and the manual ones. Besides, this procedure has also been 
applied to evaluate text summarization systems (Lin and Hovy, 2003). This is because the core idea 
remains: the more similar a computer-made summary is to a human-made reference, the better it is. In fact, 
this idea can also be applied for automatically grading students' texts (Pérez et al., 2004a). However, in 
this case, it is equally important to measure the precision and the recall of the student answer, to make sure 
both that all that is said is correct, and that it is complete. Therefore, Bleu has been transformed into ERB 
in order to incorporate the recall by calculating the percentage of each of the reference texts that is covered 
by the candidate text. Another change is that in an educational environment, it is usually necessary to use a 
standard scale for the scores, such as between 0 and 10, or between 0 and 100. ERB's scores are always 
between 0 and 1, hence it is necessary to scale the result (Alfonseca et al., 2004). Tested on a corpus of 
students' and teachers' answers from real exams and from the Internet, ERB has attained correlation values 

Greetings 
 
 
 
 

Question 
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with hand-made scores as high as 82%, a state-of-the-art result. Pérez et al. (2004a) and Pérez et al. 
(2004b) describe the evaluation in more detail. 

2. It is clear that the simple use of Bleu algorithm is not enough to build a completely new system for CAA 
of free text answers, because it lacks the necessary level of robustness in order to face spelling or grammar 
mistakes, to deal with synonyms or to distinguish the students' word sense. Thus, we have built several 
Natural Language Processing modules (Alfonseca et al., 2004) that are based on the wraetlic tools 
(Alfonseca et al., 2003), available at http://www.ii.uam.es/~ealfon/eng/download.html. These modules add 
the following possibilities to the system: stemming, removal of closed-class words, Word-Sense 
Disambiguation, synonyms treatment and parsing to translate the text into an intermediary logical form 
(Alfonseca et al., 2004). 

 
The feedback that the students get from the system is a numerical score and, optionally, an annotated copy of 
their answer following this colour code: 

 If a single word (a unigram) is found in any reference text, its background is coloured in light green. 
 If a block of two words (a bigram) is found in any reference text, its background is coloured in medium 

green. 
 If a block of tree words (a trigram) is found in any reference text, its background is coloured in dark green. 
 We have not considered n-grams larger than trigrams, since it is unusual to find more than three consecutive 

words between a candidate student text and the human reference text. 
 Finally, all words that are not found in any reference text are written over a grey background. 

 
From this output, students can easily discern which portions of their answers are correct and have contributed in 
incrementing their score, and which their weak points are. Figure 3 shows an example of feedback page. In the 
user profile, students may also indicate whether they just want the score and are not interested in receiving this 
feedback. 
 

Figure 3. Feedback for student answer 
 
 
The integration of Atenea and TANGOW  
 
The integration supports the inclusion of free-text CAA exercises within adaptive courses, as a new type of 
TANGOW task. The process is as follows: Atenea is launched from TANGOW and, after presenting the 
corresponding questions to the students and automatically evaluating their answers, it returns the results to 
TANGOW so that this information can be used to update the user model and to continue with the adaptation 
process in the rest of course. The author of the course has to provide TANGOW with information about the 
open-ended questions: for each question, its statement and at least three answer references (ideally, each one 
would be written by a different teacher) are required. Currently, the adaptation performed by Atenea in our 
example course uses information such as the user’s language (English or Spanish), age (young or adult) and 
previous knowledge about the subject (novice or advanced).  
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An initial step in the integration process was to decide which features from the user model currently managed by 
TANGOW would be used in Atenea in this first experience. We decided to use the student name as the login 
input in order to address the student by his or her name; age, because questions should be formulated in a 
simpler fashion for youngsters than for adults, and different writing styles are expected from them; experience, 
because the assessing process should be different for advanced students than for novice ones; feedback type, 
because when formative assessment is used, the feedback should be more detailed than for summative 
assessment (where the score is the most relevant result); and language, because Atenea is multi-lingual and, 
therefore, it can deal with students and teachers from different nationalities. In fact, the authors of a course 
would simply need to write the reference texts in their own language (e.g. Spanish) and the student (e.g. an 
English speaker) would see the question translated automatically into English, write the answer, and the system 
would automatically translate it into Spanish and score it against the teacher's references. It has been proven that 
this does not affect the accuracy of the automatic evaluation (Alfonseca et al., 2004) 
 
Concerning the order in which questions are presented, it is possible to take into account the student experience 
so that advanced students are not asked questions that are too easy for their level or those they have already 
solved. Moreover, the higher the level of knowledge the student has, the stricter the system should be when 
assessing his/her answers. The protocol for communicating TANGOW and Atenea is the following (see Figure 
4): 

 TANGOW proposes different types of activities to the students, depending on both the adaptation 
capabilities of the course and the information stored in each user model, and gathers information about their 
behaviour and performance when accomplishing these activities. When it is considered appropriate for the 
student to accomplish a task corresponding to Atenea-based assessment, TANGOW sends Atenea the user 
id, the task id, the type of feedback desired, and all requested user-model attributes. 

 Atenea randomly chooses a question that has not already been solved by the student (that is, not yet graded 
or graded less than half of the maximum score) from the dataset corresponding to the given id. The question 
is chosen taking into consideration the information stored in the student model. The answer submitted by the 
student is then evaluated by Atenea, and the resulting score and feedback is presented to the student. This 
process is repeated until the student has answered the required number of exercises. Finally, once the stop 
condition is satisfied, Atenea returns a holistic student score for the task to TANGOW. 

Figure 4. Architecture of the integration between TANGOW and Atenea 
 
 
We can illustrate this protocol with an example: Peter, a student, logs into TANGOW to study the lesson about 
concurrency in a course about Operating Systems. Peter does not know anything about concurrency and wants to 

Student id and
question dataset id 

Student id, score,
and question dataset id 
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learn as much as possible. The first time he logs in TANGOW, he is asked to fill in a form with information 
about his profile. He logs in as Peter Smith, age: 24, language: English, level (previous knowledge): novice, and 
desired level of detail: high. Then, TANGOW proposes the activities and presents the corresponding contents 
adapted to him, according to the course’s adaptation rules (Carro et al., 2003) specified for this type of student. 
 
As the course author has included open-ended questions as a practical task to be accomplished at a certain point 
of the course for students like Peter, TANGOW asks Peter to answer these questions at the corresponding time, 
and sends the information about Peter to Atenea. Then, Atenea chooses the most adequate question for this topic 
among the existing ones, in order to ask Peter the question according to his profile. Thus, what Peter sees on the 
screen of his computer is the Atenea interface presenting him the question: If you are working with the Unix 
operating system and you need to run several applications so that they can share information, what are the Unix 
resources available to accomplish this task?, and a text area to write the answer in. When Peter pushes the “Go” 
button, he receives instantaneously the score in the scale indicated by the course author and, as feedback, his 
answer with the aforementioned colour-code (the darker the background the better the sentence, and grey 
background for ‘useless’ information in Peter's answer). One issue to highlight here is that the reference answers 
Atenea uses for this student are the ones written by the teachers for English novice students, which means that 
Peter will be less strictly corrected than a more advanced student (since, in this case, the references provided by 
the teacher for novice students are not so complex as the ones for advanced students).  
 
Atenea continues choosing up to the number of open-ended questions, all of them according to the student’s 
profile (language and expertise level), and iteratively proceeds as before until this number of questions is 
fulfilled. Finally, Atenea returns the score achieved by Peter for the open-ended questions task to TANGOW, 
which uses this information to update Peter’s user model and to go on with the adaptation procedure in order to 
decide which the most suitable tasks are to be proposed next. 
 
 
An authoring tool for adaptive open-ended questions  
 
A web-based wizard has been developed to facilitate the task of creating adaptive open-ended questions, with the 
corresponding reference answers, and that of managing the question datasets. It allows:  

 Creating new datasets or augmenting an existing one. 
 For the selected questions dataset, modifying an existing question or adding a new one. 
 For the selected question, modifying the existing question statement, the maximum score or the reference 

answers. 
 

Figure 5. Example of the interface for managing questions dataset 
 
 
For instance, if an author wants to include a new question for the set of exercises about “Operating Systems I” in 
the database, with different versions of the same question for English and Spanish students and also for novice 
and advanced students, the first step is to choose the “Operating Systems I” question dataset as shown in Figure 
5. After that, the author will be asked to write the score for this question, and its statement in both English and 
Spanish languages, using different vocabulary or demanding different details to novice students than to more 
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advanced ones (see Figure 6). It is also possible to use the “translation” button to automatically translate the 
statement and the reference answers (currently, only from English to Spanish and vice-versa). In this way, 
authors only have to write in their preferred language. 
 
The second step for the author is to write the reference answers for each question. (S)he can decide how many 
references to write (obeying the lower limit of three). Figure 7 shows an example of this step. 
 

Figure 6. Example of adding questions through the authoring tool 
 
 

Figure 7. Example of the interface for adding references 
 
 
This tool has been tested by six different authors whose familiarity with authoring tools is represented in Table 
1. 
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Table 1. Degree of familiarity of the authors with authoring tools 
 Author1 Author2 Author3 Author4 Author5 Author6 

Very familiarized  ×   ×  
Familiarized      × 
Medium-level of familiarity   × ×   
Little familiarized       
Not familiarized at all ×      
 
 
The procedure followed to perform this test consists in asking each author to complete three tasks with the 
authoring tool (to insert a new question in one of the question data set, to create a new question dataset and to 
update the information about a question in one of the question dataset) and next, to interview them according to 
the survey shown in Figure 8. The results are gathered in Graphs 1 to 6. 
 

1. Rate your familiarity with authoring tools: 
a) Very familiar 
b) Familiar 
c) Medium-familiarity 
d) Little familiar 
e) Not familiar at all 
f) Not known/not answered 

 
2. How difficult did you find it to perform these tasks? 

a) Very easy 
b) Easy 
c) Medium-easiness 
d) Difficult 
e) Very difficult 
f) Not known/not answered 

 
3. Rate the usefulness of an authoring tool such as this one for adaptive open-ended questions: 

a) Very useful 
b) Useful 
c) Medium-usefulness 
d) Little useful 
e) Very little useful 
f) Not known/not answered 

 
4. How intuitive did you find the authoring tool’s interface?  

a) Very intuitive 
b) Intuitive 
c) Medium-intuitiveness 
d) Little intuitive 
e) It is not intuitive at all 
f) Not known/not answered 

 
5. Which task(s) did you find most difficult? 

a) None of them 
b) The first: to insert a new question 
c) The second: to create a new collection 
d) The third: to modify an already existing question 
e) All of them 

 
6. In general, you would rather work with the adaptive open-ended questions:  

a) Using the authoring tool 
b) Accessing the database through its manager 

 
7. How worthwhile do you think that the effort of building different versions of the same statement and 

answer references for each question is?  
a) Very worthwhile 
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b) Worthwhile 
c) Medium-worthwhileness 
d) Little worthwhile  
e) Not worthwhile at all 
f) Not known/not answered 

 
8. The thing that I have enjoyed the most of this authoring tool is: 

 
9. The thing that I have liked the least is: 

 
10. I think that this should be improved: 

 
Figure 8. Survey for the authors 

 

Graph 1. Ease of use                                                            Graph 2. Usefulness 
 

Graph 3. Intuitiveness                                                    Graph 4. Task complexity 
 

Graph 5. Preferred development                                                Graph 6. Worthwhileness 
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It can be seen that 100% of the interviewed authors, irrespective of their degree of familiarity with authoring 
tools, have stated that they would rather use the authoring tool than not use it. Besides, they consider it very easy 
(67%) or easy (33%) to use. Concerning how useful they think it is, more than 80% think that it is very useful. 
Half of the interviewed authors regard it as intuitive, and the other half says it is intuitive (33%) or more or less 
intuitive (17%). Most of them (67%) claimed that none of the proposed tasks was difficult to complete. 
Regarding the items 7-10 of the survey, most of the authors commented that the tool is very simple and that this 
allows them to gain more control over the task to perform. The greatest inconvenience detected by the authors 
was the necessity of writing the same question statement and answer references in several ways according to the 
stereotypes defined. It should be noted here that the experiment was done with the same predefined stereotypes 
for all the authors. In a real use of the tool, each author is the responsible of establishing the stereotypes to be 
used for the adaptation. Therefore, writing different versions for distinct stereotypes would be exactly what they 
were planning to do. One of the authors claimed that he would consider the effort as worthwhile if the time 
devoted to this task were shorter than the time devoted to the traditional manual assessment of the students’ 
answers. Moreover, he would regard it as exponentially more useful as the number of student answers to assess 
increased. Another author highlighted as one of the main benefits that he only has to write the information 
(statements and answer references) once and then it can be used by many different students for several years. 
Finally, the option of automatically translating from English to Spanish and vice-versa was very well considered 
since it allowed them to write the texts in their mother tongue.  
 
 
Conclusions and future work 
 
Up to date, attempts to develop adaptive CAA systems have been limited to Computer Adaptive Testing (CAT) 
(Linden and Glass, 2000; Guzmán and Conejo, 2002; Cristea and Tuduce, 2004). That is, to modify the order in 
which the test items are presented to the students according to their performance during the test. In this paper, a 
new possibility is presented: to adapt the assessment of free-text answers by taking into account different 
student’s features and to integrate it with different learning activities in adaptive and collaborative web-based 
courses. 
 
The integration of TANGOW, a system for the dynamic generation of adaptive web-based courses, with Atenea, 
a program for the automatic assessment of student answers, is based on the following protocol: 

 Atenea uses the information stored in TANGOW user models, which includes personal features, 
preferences, learning styles, knowledge about the subject to be studied and all the student actions and the 
scores obtained by him/her during the course evolution. A richer profile allows better adaptation of question 
statements and datasets to individual students. 

 The adaptation engine from TANGOW decides when each student should be assessed, depending on his/her 
profile and achievements, and Atenea chooses the most adequate set of questions for the student, resulting in 
a fairer evaluation. 

 TANGOW benefits not only from the possibility of automatically evaluating free-text answers, but also 
from the feedback from those questions, which can be used to guide the students during the rest of the 
course. 

 
An authoring tool has been designed to facilitate the management of adaptive open-ended questions. This tool 
has been evaluated by several authors that have highlighted its easiness of use and the importance of having tools 
like that. Moreover, the evaluation of this tool has successfully proven one of the expectations from the 
integration of TANGOW and Atenea: the possibility of extending the adaptation not only to the contents or the 
navigation of the course but also to the assessment by choosing the questions to be asked and the reference 
answers according to the information about each student (stored in the user model). Other conclusions are: the 
ease of adding the new open-ended questions type of task to TANGOW and, therefore, of including a richer set 
of activities in TANGOW-based courses, as well as the interest of using the TANGOW formalism for letting the 
course authors specify different teaching strategies by incorporating CAA activities at different points of the 
course, depending on the evolution of each student. 
 
The combination of the techniques from two prosperous fields such as Adaptive Hypermedia and Computer 
Assisted Assessment of open-ended questions could give birth to a new field that could be called Adaptive 
Computer Assisted Assessment of Open-ended Questions. Computer-assisted learning can be useful for all types 
of students, and it is particularly well suited to those which, because of any reason (e.g. being physically 
impaired) cannot attend traditional lectures. Providing teaching materials and activities adapted to the student’s 
specific profile, as well as immediate and detailed feedback for the student’s answers, has a special interest in 
these cases.  
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As future work, firstly the authoring tool will be used to add more adaptive open-ended questions to the datasets. 
Secondly, the integration of TANGOW and Atenea will be used as an additional support to traditional lectures 
about Operating Systems in the studies of Computer Science in our university. And thirdly, the application of 
different methods and techniques of adaptation to the assessment of open-ended questions will be studied. 
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