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Abstract. Building effective learning environments is an #rat can only be
perfected by a great deal of explorations involvimg environments’ audience: the
learners. This paper focuses on taking into accthetearners’ spatial ability into
the development of Intelligent Tutoring Systems. Wedified ERM-Tutor, a
constraint-based tutor that teaches logical dawfesign, to provide not only
textual feedback messages, but also messagesningtaombinations of text and
pictures, in accordance with the multimedia theofyearning [1]. Results of a
preliminary study performed show a promising intima for further explorations.
We plan to use these results as the basis for anetlaluation study in early 2007.

Introduction

Intelligent Tutoring Systems (ITSs) are effective |@agntools due to the adaptive
pedagogical assistance they provide. Students differ in ¢hpiabilities for learning
and processing information. This paper describes aagbrajeich focuses on spatial
ability, a psychometric construct essential to atitisirelated to spatial reasoning, such
as the ability to manipulate images or spatial padténto other arrangements [2].
Learners with high spatial abilities perform bettathwgraphic or spatially-oriented
content than those with low spatial ability. It is #omnoting, however, that a low
spatial ability score is not a deficit; there is evide that it can be improved through
training and practice [3]. Nevertheless, enhancingslftGaccommodate low spatial
ability learners could be beneficial for their prarl solving skills. As a consequence,
learners with different spatial abilities should ieedaifferent types of content.

The theory of multimedia learning [1] states thjahdltimedia] 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]. Low-spatial
learners must devote much of their cognitive capacityptocess multimedia
information. High-knowledge and low-spatial learners alde to use their prior
knowledge to compensate for the cognitive load neededtdégrate the information
received by the dual-channel. Therefore, it is the coatluin of the learners’ spatial
ability and level of knowledge that influences their meghil/deep learning.

We present an approach to support the learners’ spatigl mbERM-Tutor [4], a
constraint-based ITS that teaches logical database désgnthe algorithm for
mapping conceptual to logical database schemas). TRe seetion presents the
modifications made in this project. We then descrhe preliminary study and the
results obtained, followed by conclusions and future workerfinal section.



1. Spatial Ability Support in ERM-T utor

Influenced by Mayer’'s work, we created a new versionhef gystem. The original
ERM-Tutor provides only text-based feedback. Following thultimedia learning
theory, we decided to incorporate a pictorial aspediemtessages; for each feedback
message, we created a graphically annotated (multimeatisipn.

Each feedback message in ERM-Tutor _ @
is associated with a constraint. In otheforthisstep  /

words, each constraint has a feedback™™ "e¢t°
specify all the |

message which is returned when th(?orei kevs |
constraint is violated. Consequently, eacrgrom%]he 4 /f
message provides a hint on how to satisfy its_ . ... | |/
particular constraint. To make the original g — E_ /
and the newly created messages comparable, o e

we kept the text identical in both versions

The only difference is the addition of ¢ Figurel. An example feedback message in
pictorial representation in the new versiol multimedia representation

Figure 1 shows an example message in multimedia repriésentA total of 112
images were created, each corresponding to a singlbafglednessage. In addition,
ERM-Tutor was modified to cater for both versions afdieack and prepared for an
evaluation study described in the following section.

We also explored two cognitive tests for testing spatidity [5]: a ten-item Paper
Folding Test intended to evaluate a component of spaltitity called visualization,
and an eighty-item mental Card Rotation Test which eteduspatial orientation. Each
test has a three-minute time limit and is suitabieafpes 13-18.

2. Experiment

We preformed a preliminary study with students enrolledniin&roductory database
course at Canterbury University in March 2006. Our hymsithis that students with a
high spatial ability level will benefit more from muitedia feedback than students
with a low spatial ability, given the same background Kedge. As each student’s
spatial ability level (either high or low, as opposedhe &ctual value) is determined
relatively to the sample group, it was decided to comfiupest-hoc. The students
were randomly allocated to one version of the systprayiding either textual or
multimedia feedback. The assumption was that each groufd wdtimately include
students with high and low spatial abilities. Therefdne, éxperiment allows for a 2x2
comparison: textual messages for high (TH) and low spatitity students (TL), and
multimedia messages for high (MH) and low spatial abdlibdents (ML).

The study was conducted in two two-hour sessions of scliedais on ER
mapping, straight after students had attended lecturebeotopic. Each participant
attended one of the sessions, and worked with ERM-Tutdividually, solving
problems at his/her own pace. The pre-test wasatetleat the start of the session,
while the post-test was administered after two hounstefaction.

55 students participated and completed both spatial THststest score for the
paper fold test was 6.89 out of a possible 10. The totaildesscore for the card
rotation test is 80. We computed the total test scprdiliding the score by 8, thus
giving a range of 1-10. The students scored a mean of 6.4%mpute the spatial



ability of each student, we added both test scores givingssibi® range of 1-20.
Using a median split, a total of 28 students scored abovemdtthan and were
classified as high spatial, and the other 27 studentsclassified as low spatial.

The system recorded all student actions in logs. Due teclanical problem
however, the logs from the first session could not leel.ua total of 17 students used
the system for more than 10 minutes. On average, stuatéespted 3.4 problems and
completed 33% of them.

Only 13 students completed both tests, scoring a mean ofsd32 1.04) on the
pre-test, and 3 (sd = 1.15) on the post-test, resultismmficant improvement of their
performance (t=3.09, p < 0.001). The scores for the faurpgr are given in Table 1.
These preliminary results (although with small numbaem to refute Mayer's
prediction that high spatial learners will benefit méstm multimedia messages.
However, it seems that the participants from the TH Mkt groups who completed
both tests started with higher pre-existing knowledge,thefore the theory may be
more pertinent in that low knowledge individuals will havgigher gain.

The numbers of valid logs in each condition are too Israatl we are therefore
unable to closely analyze the effect of the studentsiadtility on their performance.
Analyses of the questionnaires showed that students wheegceultimedia feedback
rated the overall quality of the feedback messages 25%rh{gtean of 4 out of a
possible 5) than those who received textual feedback (meéaouifof a possible 5).

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

Low spatial High spatial
Feedback No. Pre-test Post-test No. Pre-tept Betst-t
Textual TL:4 | 15(1) 35(0.6)| TH:3| 2(1) 2.34D.
Multimedia | ML:2 | 1.5(0.7) | 35(0.7)| MH: 4| 25().3] 2.75(1.9)

3. Conclusions

This paper has looked at the potential of accounting fatiambility in ERM-Tutor.
Results from a preliminary study show an overall imprayehin the students’ domain
knowledge level after two hours of interaction. We coutd however report any
findings on the correlation between spatial ability, teah representation and the
learning experience due to a technical problem. Althoughrttwuat of data collected
was small, the results show a promising indicatiorfddher explorations. We plan to
use this study as the basis for another evaluation ststigg the same hypothesis.
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