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Abstract: This paper presents a service that supports the evaluation of adaptive learning
systems. This evaluation service has been developed for and tested with an adaptive digital
libraries system created in the CUTLURA project. Based on these experiences an approach is
outlined, how it can be used in a similar way to evaluate the features and aspects of adaptive
learning systems. Following the layered evaluation approach, qualities are defined that are
evaluated individually. The evaluation service supports the whole evaluation process, which
includes modelling the qualities to be evaluated, data collection, and automatic reports based on
data analysis. Multi-modal data collection facilitates continuous and non-continuous, as well as
invasive and non-invasive evaluation.
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1. Introduction

Evaluation is an important task, because it reveals relevant information about the quality of the
technology for all stakeholders and decision makers. It involves collecting and analysing information
about the user's activities and the software's characteristics and outcomes. Its purpose is to make
judgments about the benefits of a technology, to improve its effectiveness, and to inform programming
decisions (Patton, 1990). The evaluation process can be broken down into three key phases: (1)
Planning, (2) collecting, and (3) analysing (Cook, 2002). However, conducting evaluations is usually a
time consuming task. Besides planning and data collection, it requires a lot of time to analyse the
collected evaluation data. Including log data in the evaluation further increases the evaluation task and
also makes it more complex. In order to address these aspects needed for a sound and systematic
evaluation and to reduce workload for the evaluator, a holistic conceptual and technical approach has
been created and based on that the evaluation service Equalia has been developed (Nussbaumer et al.,
2012). This approach and the developed service has been tried out and tested in the context of the digital
library project CULTURA (http://cultura-project.eu/). This paper suggests that this approach and
service can also be applied to evaluate adaptive learning systems.

2. Evaluation Approach and Conceptual Design

In order to evaluate adaptive learning systems, Brusilovsky et al. (2004) propose a layered evaluation
approach. Instead of evaluating a learning system as a whole, they suggest to evaluate the core
components, which are user modelling and the adaptation decision making. This approach has been
extended in the GRAPPLE project, where also other aspects are evaluated, for example usability, user
acceptance, and adaptation quality (Steiner et al. 2012). A similar approach has been applied on the
digital library system CULTURA that serves as an adaptive information system for historians. Relevant
gualities have been defined and evaluated individually including usability, user acceptance, adaptation
quality, visualization quality, and content usefulness (Steiner et al., 2013). Though applied in digital
libraries, these aspects are also relevant in adaptive learning systems.

The general goal of the evaluation service is to support the whole evaluation process, consisting
of planning the evaluation, carrying out the evaluation, as well as analysing the data and creating reports
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(Fig. 1). The evaluation model is the core part of the conceptual approach. It allows for explicitly
modelling what and how should be evaluated. Therefore, the evaluation model formally represents the
evaluation approach and thus represents the evaluator’s expertise. It consists of two parts. First, the
quality model is an abstract model that defines what should be evaluated. It defines evaluation aspects
(such usability (Brooke, 1996), user acceptance (Davis et al., 1989), or recommendation quality), which
express the qualities of a system including its content. Second, the survey model defines the items for
measuring these quality aspects. Items might be concrete questions, but can also be specifications, how
tracking data covers the user’s behaviour (for example, how often a user follows a recommendation).

Figure 1: Evaluation Process as supported by the Equalia evaluation service.

The data collection approach consists of two main aspects. First, the data collection instruments are
based on the evaluation model and thus related to system qualities that should be evaluated. Second,
three different types of instruments are defined (questionnaires, sensors, judgets) that allow data
collection on different dimensions, namely invasive and non-invasive, as well as continuous and
non-continuous data collection. Questionnaires are the traditional way of capturing data about the user's
opinion. A different way of collecting evaluation data is realised with judgets, which are little widgets
integrated in the system to be evaluated where users can give immediate feedback (e.g. ratings).
Software sensors are instruments that establish a continuous and non-invasive evaluation method.
Sensors are not visible to the users, but monitor and log the interaction and usage behaviour, and collect
evaluation data in this way.

An important feature of the evaluation system is the generation of automatic reports from the
collected evaluation data on the basis of the underlying evaluation model. A report is made upon a
survey model by aggregating all participants’ data related to the respective survey model. The data from
different sources (questionnaire, judgets, sensors) are compared according their relations to quality
aspects. Thus overall scores for each quality are calculated.

3. Application in Adaptive Learning Environments

In order to apply this approach and the Equalia service in adaptive learning environments, the most
important step is to identify which qualities should be evaluated and how the measurement can be
accomplished. Beside the aforementioned qualities, such as usability, usefulness, and content quality, in
typical adaptive learning systems, the qualities outlined in Tab. 1 are of specific interest:

Quality Name Explanation Measurement

recommendation | how well are learning resources | (1) ask the learner about appropriateness; (2) track
quality recommended to the learner how often learners follow a rec. resource
visualisation how useful are visualisations for the | (1) ask learner about usefulness of vis. (2) track
quality learner how often learner uses a visualisation
collaboration how good is the collaborative support | (1) ask learner about benefit of coll. mechanisms;
quality to interact with peers (2) track how often learner uses coll. features

Table 1: Possible evaluation qualities and measurement methods in adaptive learning systems.

Integration with an adaptive learning system is easy, because the Equalia service is an independent Web
service that can be loosely coupled with the system to be evaluated (Fig 2). It exposes a REST interface
to collect evaluation data from different sources. Judgets and sensors have to be integrated in the
adaptive learning system capturing the user's opinion and monitoring the user's system interactions and
sending them to Equalia. Furthermore, Equalia provides a Web interface for creating and managing the
evaluation models, for generating questionnaires, and for creating evaluation reports.
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Figure 2: Integration architecture of Equalia with an adaptive learning system.

4. Conclusion and Outlook

This paper presented the evaluation service Equalia that can be used to support the evaluation of
adaptive learning systems. Based on the experiences made with this service to evaluate an adaptive
digital libraries system, we propose to use it in a similar way for adaptive learning systems. The most
important necessary steps include the identification of the qualities to be evaluated, the injection of
judget and sensor code (functionality) in the system to be evaluated, and the authoring of the survey
model (questionnaires, judget questions, interaction behaviour). Then the evaluation can be conducted
more or less automatically.
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