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Abstract. Many features can be considered when designing a student
model for an adaptive educational system. What is the relative impor-
tance of different modeling aspects? Where should we focus our attention
in developing models for real word applications? We report comparison
of two aspects: the choice of a domain model and the utilization of re-
sponse times. The case study (an adaptive system for practice of basic
arithmetic) suggests that response times deserve more attention in stu-
dent modeling.

1 Introduction

A student model is a key part of an adaptive educational system. There is wide
range of student modeling approaches and many features which can be included.
In this work we compared impacts of two selected aspects of student modeling.
The first one is the modeling of the domain structure [1], i.e., definition of skills
and a mapping between skills and items. The second one is the utilization of
response times [2], which is an additional information to the correctness of an-
swers. As a case study we use a real adaptive educational system in its early
stage of application, where the choice of a student modeling approach is a real,
pressing development issue. We explore a range of domain models and response
time uses, discuss their relations and comparison, and study parameter stability.

2 Setting

To explore the issue of model selection we utilize data from an adaptive practice
application MatMat (matmat.cz), which covers the area of basic arithmetic. The
system is available freely online and its behaviour and default student model
are described in [4]. The currently available data comprise 150000 answers to
2000 items, which are divided into 5 high level concepts (counting, addition,
subtraction, multiplication, division).

The used models are extensions of the Elo rating system [3], which can be
seen as a heuristic for parameter estimation of the Rasch model. For comparison
we used three domain models: the model with a single global skill; the model with
skill parameters for each of the 5 main concepts; and the most complex model
where skills are described in tree-like structure [4]. To incorporate response times
we combine them with correctness of answer into a single performance measure r.



For correct answers we transform the value 1 into an interval [0, 1] by one of the
following approaches: no use of time: r = 1; the discrete decrease: r = 1 for
fast responses (< 7s), r = 0.5 for slow responses; the exponential decrease:
r = 1 for fast responses, r = e1−t/7 otherwise [4]; and the linear decrease:
r = max(0, 1 − t/14).

3 Results

For comparison of predictive accuracy of models we use RMSE and AUC with
student stratified train/test set division. With respect to domain modeling, the
results show that more complex models are able to improve predictions, al-
though increasing complexity of models brings only diminishing improvements.
The evaluation of models which consider timing information is more difficult
because different models are trained to predict different absolute values. Thus
only AUC (which consider only relative order of predictions) seems to be mean-
ingful and according to this metric the best results are achieved using the linear
decrease.

To get insight into differences between models we analyze correlations be-
tween item difficulty parameters, which have clear interpretation. Unsurprisingly,
we found a large gap between the baseline model and other more sophisticated
models. The impact of domain modeling is nontrivial, but not pronounced. Dif-
ferent utilization of time, however, brings considerably different parameters. The
degree of change is proportional to the intensity of time utilization. Results also
suggest that domain modeling and time modeling are almost independent as-
pects and provide change (and possible improvement) in different directions.

We also studied how many answers are necessary to stabilize these difficulty
parameters and found higher increase in stability for models utilizing response
times. This increase in stability is probably mainly due to the use of more “bits
of information” per each answer.

For the studied case study, the main conclusion is that differences in model-
ing of response times have larger impact than differences in domain modeling.
This result is interesting, since much more research has been devoted to domain
modeling than to response times modeling.
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