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Abstract. Building effective learning tools is an art that can only be perfected 
by a great deal of explorations involving the tools’ audience: the learners. This 
paper focuses on accounting for the learners’ spatial ability as well as providing 
an additional help channel in Intelligent Tutoring Systems. We modified ERM-
Tutor, a constraint-based tutor that teaches logical database design, to provide 
not only textual feedback messages, but also messages containing combinations 
of text and pictures, in accordance with the multimedia theory of learning [1]. 
We also added a question-asking module which enables students to ask free-
form questions. Results of preliminary studies performed show a promising 
indication for further explorations. We plan to use these results as the basis for 
another evaluation study in early 2007. 

1. Introduction 

In today’s society, people constantly face the challenge of acquiring new skills and 
knowledge. Rapid and widespread developments in technology have made 
information available and easily accessible more than ever before. Such ease of access 
alone however, does not necessary result in a better learning gain for students. 
Although e-learning tools, such as WebCT [2], are becoming more popular in 
educational institutions, they do not effectively support learning. While they make it 
easier for teachers to present instructional material and carry out some administrative 
tasks, they do not provide students with individualised feedback based on their 
performance, which is crucial for successful learning. An effective solution that 
provides adaptive pedagogical assistance for each student is Intelligent Tutoring 
Systems (ITSs). 

ITSs are interactive computerised tutors that provide an environment where 
students carry out problem-solving activities, and receive feedback on their actions. 
As the student interacts with the system, it tracks their behaviour and 
produces/maintains a model of the student’s state. This model is used in adapting the 
environment towards the needs, knowledge, learning abilities and preferences of the 
student. This includes decisions about the timing and content of teaching actions and 
feedback to be presented to each individual student. Such adaptations have been 
shown to result in significant improvement over simplistic e-learning tools, especially 



in fields that require practical proficiency [3, 4]. Nevertheless, this is still a growing 
discipline that is utilising findings in educational and psychological theories and new 
developments in Artificial Intelligence and software and hardware technology. 

In this paper, we describe a master’s project which focuses on enhancing ERM-
Tutor, a constraint-based ITS that teaches logical database design (i.e. the algorithm 
for mapping conceptual to logical database schemas), by (a) adapting the feedback 
presentation mode towards the student’s spatial ability and (b) incorporating a module 
where students are able to ask for additional clarifications. 

The next section presents an overview of ERM-tutor, followed by an overview of 
spatial ability in Section 3 and the question-asking module in Section 4. We then 
describe the preliminary studies and the results obtained in Section 5, followed by 
conclusions and future work in the final section. 

2. ERM-Tutor 

Constraint-based tutors enhance learning in a variety of domains, such as database 
querying (SQL-Tutor [5]), conceptual database design (ER-Tutor [6]) and data 
normalisation (NORMIT [7]). ERM-Tutor [8] is another web-based tutor in which 
students practice the 7-step algorithm for mapping conceptual database schemas (i.e. 
ER diagrams) into relational schemas. Each step in the algorithm maps one ER 
concept by either creating a new relation or altering previously created relations by 
adding foreign keys and attributes. 

The interface (Fig. 1) enables students to view problems, work on their solutions 
and receive feedback. The problem-solving area is the main part of the page, and its 
general layout is the same for all steps. The student creates or alters one relation at a 
time. Each step of the algorithm is broken into subtasks. For example, in step one, the 
student maps one regular entity type at a time, and the system checks the resulting 
relation before moving on to the next entity type. Fig. 1 illustrates a situation when 
the student has mapped the MEETING weak entity type, and has specified a relation 
(with the same name) with three attributes (timing, id and description). For each 
attribute, the student can specify whether it is a primary and/or foreign key. When the 
student completes the relation, he/she can request the system to check the solution. If 
there are any mistakes in the solution, ERM-Tutor provides feedback. In Fig. 1, the 
system informs the student that there are some missing attributes as well as a foreign 
key from the owner for the MEETING relation. If the solution is correct, the student 
can move on to the next entity type, or to the following step of the algorithm. 

3. Spatial Ability 

Spatial ability is a psychometric construct essential to activities related to spatial 
reasoning, such as the ability to manipulate images or spatial patterns into other 
arrangements [9]. Learners with high spatial abilities perform better with graphic or 
spatially-oriented content than those with low spatial ability. 



Psychometric tests used for determining spatial ability typically consist of paper-
and-pencil tasks requiring inspecting, imagining or mentally transforming shapes or 
objects at the figural scale of space. These tests do not provide a discrete value on the 
spatial ability scale, but rather a relative position within a sample group that 
determines high or low classifications. We explored short versions of two tests from 
the battery of cognitive tests [10]: a ten-item Paper Folding Test intended to evaluate 
a component of spatial ability called visualisation, and an eighty-item mental Card 
Rotation Test which evaluates spatial orientation. Each test has a three-minute time 
limit and is suitable for ages 13-18. 

It is worth noting, however, that a low spatial ability score is not a deficit, and 
there is even evidence that it can be improved through training and practice [11]. 
Nevertheless, changing ITSs to accommodate low spatial ability learners, rather than 
providing a spatial ability training environment, could be more practical and 
beneficial for the system/domain’s problem solving task. That is, learners with 
different spatial abilities should receive different types of content. 

The theory of multimedia learning [1] presents a number of principles for 
customising instructional content towards individuals’ spatial ability. Mayer defines 
multimedia as the presentation of material using both words and pictures, and 
proposes that presenting verbal explanations alone in instructional situations is less 
conducive to learning for some students than presenting verbal explanations in 
conjunction with pictures [12]. Subsequently, he defines a multimedia instructional 
message as communication that makes use of our dual learning channel [13] which is 
intended to foster learning. 

 

Fig. 1. Screenshot of ERM-Tutor 



Fig. 2 shows a representation of the dual channel theory. One channel is dedicated 
to processing words, whether printed or spoken, and the other is for processing 
pictorial forms. Based on this assumption, along with the assumptions that each 
channel has a limited capacity and require active processing, Mayer defines the 
Cognitive Theory of Multimedia Learning [1]. The theory states that learning occurs 
when learners attend to relevant incoming information (sensory memory), select and 
organise important information and integrate it with their prior knowledge (working 
memory) into mental representations (long-term memory). Mayer argues that making 
use of both visual and auditory channels when presenting learning instructions aids in 
deep, or meaningful, learning, indicated by good retention and transfer performance. 
His rationale is that when presenting a message combining an image and text, the 
information is effectively being perceived and processed twice (once through each 
channel). Moreover, the words and pictures complement each other, aiding the learner 
to mentally encode and integrate the information. 

Mayer defines a number of principles for designers of instructional environments 
to follow in order to make the maximum use of the learners’ dual channels. The 
principle that is of most interest to us however, is the individual differences principle, 
which states that “[multimedia] design effects are stronger for low-knowledge 
learners than for high-knowledge learners and for high spatial learners rather than 
from low spatial learners” (p. 161) [1]. This is because high-knowledge learners are 
able to use their prior knowledge to compensate for the cognitive processing needed 
to integrate the information received by the dual-channel. On the other hand, low-
spatial learners must devote so much cognitive capacity to mentally integrate the 
information. Therefore, it is the combination of the learners’ spatial ability and level 
of knowledge that influences their meaningful/deep learning. 

 
Fig. 2. Information processing via dual learning channels (Figure 3.2 from [1]) 

Influenced by Mayer’s work, we created a new version of the system. The original 
ERM-Tutor only provides text-based feedback. Following the multimedia learning 
theory, we decided to incorporate a pictorial aspect in the messages; for each 
feedback message, we created a graphically annotated version. To make the original 
and the newly created messages comparable, we kept the text identical in both 
versions. The only difference is the addition of a pictorial representation in the new 
version. Fig. 3 shows the multimedia (text and picture) version of the second feedback 
message given in Fig. 1. A total of 112 images were created, each corresponding to a 



single feedback message. In addition, ERM-Tutor was modified to cater for both 
versions of feedback and prepared for an evaluation study described in Section 5. 

 

Fig. 3. An example feedback message in multimedia representation 

4. Question Asking Module 

ITSs provide feedback on students’ actions, but students do not always fully 
understand the feedback they receive. Therefore, it would be beneficial for students to 
be able to ask questions at any time. Although researchers in cognitive science and 
education have reported learning benefits for environments that encourage students to 
generate questions [14], question-asking is still a young concept in the ITS field (e.g. 
[15]). Question generation is believed to be a primary attribute of active learning 
which reveals how deeply the learner has mastered the material and even shifts the 
student’s goals from performance toward learning orientation [16]. 

In this light, we added a question-asking module to ERM-Tutor. We defined 98 
distinct questions, based on our experiences in teaching the mapping algorithm and 
our experience with other constraint-based tutors. These questions can be categorised 
into interface usage (“What does the button Check Step do?”), definitions of terms 
(“What is a foreign key?”), diagram notations (“How is an attribute represented in the 
ER-diagram?”), mapping regulations (“How is a relationship mapped?”), and deeper 
questions (“Why are the steps arranged in this order?”). Each question is stored along 
with its textual answer. The question database additionally includes a number of 
repeated questions that are phrased differently, resulting in a total of 182 questions. 

The TFIDF (Term Frequency Inverse Document Frequency) vector weighting 
scheme [17] was chosen as the information retrieval mechanism. In our system, the 
questions are read from the database and separated into words. The weight of each 
question and word is calculated, and words are indexed in a hash table. When the 
student asks a question, the same calculations are applied to the query string: it is also 
broken-up into words and their weights are calculated. Each question is then allocated 
a query weight. Finally, the answer corresponding to the question with the highest 
query weight is returned to the student. To evaluate the subjective relevance of the 
answers returned, students are encouraged to submit their ratings of the answers; 
however, the system does not enforce it to avoid mode errors and distractions from 
the problem solving task. 



5. Preliminary Studies 

We preformed two preliminary studies with students enrolled in an introductory 
database course at Canterbury University in November 2005 and March 2006. The 
aim of the first study was to investigate the usage of free-form questions. 29 students 
logged into ERM-Tutor at least once, but five students used it for less than two 
minutes and so their logs were excluded from analyses. The average interaction time 
was under one hour (54min, sd=63min), ranging from several minutes to 4.5 hours 
over several weeks. The number of sessions ranged from one to four (mean=1.67, 
sd=0.96). On average, students attempted 4.6 problems and completed 25% of them. 

Only eight students asked questions, with a total of 24 questions submitted.  The 
number of questions per student ranged from one to five. The questions can be 
categorised into task-focused (50%), definition-focused (8%) and phatic questions 
(42%). Task-focused questions ask directly for help solving the problem (e.g. “How 
could I solve this table?”). For instance, three students copied the feedback messages, 
added a question mark at the end or a “How to” at the start, and submitted them as the 
questions. Definition-focused questions ask for definition of terms. There were only 
two such questions submitted: “What is foreign key?” and “What is multivalue?” 
Phatic questions establish a sense of social mood (e.g. “What is your name?”, “How 
are you?” and “How do you answer questions?”). Excluding phatic questions, 14 
questions were relevant for students’ actions. Five of these questions were answered 
correctly, and for two of these, the students specified highest relevance. The answer 
could not be found for one question. The remaining questions received answers which 
were related to the query, but not useful to students. This happened when the students 
did not formulate questions well, but instead copied a part of the feedback message 
then added a question mark at the end (e.g. “Make sure the relationship is 1:1?”). 

Our hypothesis for the second study was that students with a high spatial ability 
level will benefit more from multimedia feedback than students with a low spatial 
ability, given the same background knowledge. As each student’s spatial ability level 
(either high or low, as opposed to the actual value) is determined relatively to the 
sample group, it was decided to compute it in a post-hoc manner. The students were 
randomly allocated to one version of the system, providing either textual or 
multimedia feedback. The assumption was that each group would ultimately include 
students with high and low spatial abilities. Therefore, the experiment allows for a 
2x2 comparison: textual messages for high (TH) and low spatial ability students (TL), 
and multimedia messages for high (MH) and low spatial ability students (ML). 

The study was conducted in two sessions of scheduled labs on ER mapping, 
straight after students had attended lectures on the topic. Each participant attended 
one of the sessions, and worked with ERM-Tutor individually, solving problems at 
his/her own pace. At the start of a session, the students were given an information 
sheet describing the study, a consent form, and a pre-test on paper (with the maximal 
score of 4). The average score on the pre-test for all students was 2.23 (sd=1.15). To 
make the results of the pre-test and post-test comparable, two tests were used; 
students in the first session used version A as the pre-test and version B as the post-
test and students in the second session used the reverse. 

When a student logged onto the system, he/she was presented with a set of 
instructions explaining the two spatial ability tests, with sample problems. 



Additionally, for each test, they were asked to rate their own ability on a scale of 1 to 
5 before sitting the tests. They had three minutes to solve the problems in each test. 
Once the spatial tests were completed, or their time was up, the students were 
randomly assigned to one of the two versions of the system. At the end of the session, 
students were asked to fill in a post-test and a questionnaire about the system. Finally, 
the students were encouraged to use the system at any time until the end of the course. 

Out of 74 students enrolled in the course, 55 students participated and completed 
both spatial tests. Before completing each test, the students were asked to rate their 
own ability of the spatial skill. For the paper fold test, the average rating of 6.62 was 
close to the actual test score of 6.89 out of a possible 10. The students’ personal rating 
for the card rotation test had a mean of 7.6. As explained, the total possible score for 
the card rotation test is 80. We computed the total test score by dividing the score by 
8, thus giving a range of 1–10. The students scored a mean of 6.43. To compute the 
spatial ability of each student, we added both test scores giving a possible range of 1–
20. Using a median split, a total of 28 students scored above the median and were 
classified as high spatial, and the other 27 students were classified as low spatial. 

The pre-test was collected at the start of the session, while the post-test was 
administered after two hours of interaction. Only 13 students completed both tests,  
scoring a mean of 1.92 (sd=1.04) on the pre-test, and 3 (sd=1.15) on the post-test, 
resulting in significant improvement of their performance (t=3.09, p < 0.001). The 
scores for the four groups are given in Table 1. These preliminary results (although 
with small numbers) seem to refute Mayer’s prediction that high spatial learners will 
benefit most from multimedia messages. However, it does seem that the subsets of 
participants from the TH and MH groups who completed both tests started with 
higher pre-existing knowledge, and therefore Mayer’s individual differences principle 
may be more pertinent in that low knowledge individuals will have a higher gain. Of 
course, with such low numbers of submitted tests, we might expect a lot of error and 
therefore further investigation is warranted.  

The system recorded all student actions in logs. Due to a technical problem 
however, the logs from the first session could not be used. A total of 17 students used 
the system for more than 10 minutes. On average, students attempted 3.4 problems 
and completed 33% of them. The numbers of valid logs in each condition are too 
small, and we are therefore unable to closely analyse the effect of the students’ spatial 
ability on their performance. Analyses of the questionnaires showed that students who 
received multimedia feedback rated the overall quality of the feedback messages 25% 
higher (mean of 4 out of a possible 5) than those who received textual feedback (mean 
of 3 out of a possible 5). There were also some encouraging comments from the 
questionnaires submitted in the second session. Students liked the system, and 
appreciated the problem solving environment provided to solve the problems. 

Table 1. Pre/post test results for the students who sat both tests 

 Low Spatial High Spatial 

Feedback No. Pre-test Post-test No. Pre-test Post-test 

Textual TL: 4 1.5 (1) 3.5 (0.6) TH: 3 2 (1) 2.3 (0.6) 
Multimedia ML: 2 1.5 (0.7) 3.5 (0.7) MH: 4 2.5 (1.3) 2.75 (1.9) 



6. Conclusion 

Rapid and widespread development of computerised learning tools have proven the 
need for further exploration of the learners’ personal characteristics in order to 
maximise the use of the current technology. In particular, this paper has looked at the 
potential of accounting for spatial ability and providing an additional help channel in 
ERM-Tutor; a constraint-based tutor that teaches the procedural task of mapping ER 
diagrams into relational schemas. We presented results from two preliminary studies. 

The first study, which investigated the question-asking module, showed some 
evidence that students welcome the idea of asking free-form questions and confirmed 
the need for eliciting deeper questions. The results from the second study, which 
evaluated the effectiveness of the type of content representation (text only vs. 
multimedia) to the learner’s spatial ability level, show an overall improvement in the 
students’ domain knowledge level after using ERM-Tutor for the duration of the 
study (2 hours). Although the amount of data collected was small, the results show a 
promising indication for further explorations. We plan to use these studies as the basis 
for another evaluation study testing the same hypotheses in early 2007. 
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