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Abstract. We report on results of a paper-based lab study that used information
on task performance, self appraisal and personal learning need assessment to
validate the adaptation mechanisms for a work-integrated learning system. We
discuss the results in the wider context of the evaluation of adaptive systems
where the validation methods we used can be transferred to a work-based
setting to iteratively refine adaptation mechanisms and improve model validity.
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1 Evaluating Adaptive Systems in Due Time

Learning systems that adapt to the characteristics of their users have had a long
history. Due to the complexity of most adaptive systems, it has been acknowledged
that rigorous evaluation is indispensable in order to deliver worthwhile adaptive
functionality and to justify the considerable effort of implementation. This is also
reflected in the substantial amount of evaluations that have been published so far. Van
Velsen et al. [1] present an overview and have noted several limitations in current
evaluation practices. A variety of evaluation frameworks have been presented [2], [3],
[4], all of which propose to break down the adaptive system into assessable, self-
contained functional units.

The core research question when evaluating an adaptive system concerns the
appropriateness of the adaptation. Typically, two aspects are distinguished, (a) the
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inference mechanisms and (b) the adaptation decision. While endeavors related to (a)
seek to answer the question if user characteristics are successfully detected by the
adaptive system, evaluations of (b) ask if the adaptation decisions are valid and
meaningful, given selected assessment results.

It is recommended that these two research questions are investigated in an
experimental setting using a running system (or prototype) where the algorithms are
already implemented [1], [3]. The problem is that in many situations the development
cycle of the software product is short and the evaluation might become obsolete as
soon as a new version has been developed [4].

For this reason, we are pursuing a multifaceted evaluation approach for adaptive
systems. By gathering both field and experimental evidence, we are checking validity
of models and appropriateness of the adaptation mechanisms over the course of
design, implementation and use of the system in an iterative manner. With this article,
we describe an experimental evaluation that seeks to answer the above mentioned
research questions in a controlled lab situation but without a running prototype, that
is, in due time before the system is actually developed. After a brief presentation of
the results, we will discuss the wider implications of our approach for evaluation
research for adaptive systems.

2  Evaluation of an Adaptive Work-Integrated Learning System

Our paper-based evaluation has been conducted in the course of the APOSDLE!
project. APOSDLE is a system for supporting adaptive work-integrated learning
(WIL). With WIL, we refer to learning that happens directly in a user’s work context,
which is deemed beneficial for maximising learning transfer [5]. APOSDLE offers
learning content and recommends experts based on both the demands of the current
tasks, as well as the user’s state of knowledge with regard to this task. APOSDLE is
currently available for five different application domains. The experiment in this
article has been conducted for the requirements engineering domain.

2.1 Adaptation in APOSDLE

Corresponding to the basic ideas of competence-based knowledge space theory [6],
the users’ knowledge states in APOSDLE are modelled in terms of sets of
competencies (single elements of domain related cognitive skill or knowledge). In
order to make inferences on a user’s competencies, APOSDLE observes the tasks a
user has worked on in the past. Each of the tasks is linked to a set of competencies
(task demand). Taking into account the task demands of all previously performed
tasks, their frequency and success, APOSDLE builds the user’s instance of the user
model by making inferences on the likely state of knowledge. In the following, this
procedure shall be termed task-based competency assessment.

1 APOSDLE (www.aposdle.org) has been partially funded under grant 027023 in the IST work
programme of the European Community.
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In order to adapt to the needs of a user in a given situation, APOSDLE performs a
learning need analysis (also termed competency gap analysis elsewhere): The task
demand of a task is compared to the set of competencies of the user. If there is a
discrepancy (learning need), APOSDLE suggests learning content which should help
the user acquire exactly these missing competencies in a pedagogically reasonable
sequence. In order to perform these adaptations, the domain model of APOSDLE
contains tasks and competencies as well as a mapping that assigns required
competencies to tasks. A prerequisite relation exists both for competencies and for
tasks.

For the present study, the domain model was modelled in terms of the tasks in the
requirements engineering domain (e.g. Complete the normal course specification for
a use case, or Carry out a stakeholder analysis), as well as the competencies needed
to perform these tasks (e.g. Understanding of strategic dependency models, or
Knowledge of different types of system stakeholders). The model has been
constructed, initially validated and refined in a previous study [7].

2.2 Design, Procedure and Hypotheses of the Study

The aim of our study was to test different algorithms for task-based competency
assessment and learning need analysis. The participants were a sample of nineteen
requirements engineering (RE) students. We had selected eight tasks from two sub-
domains of the RESCUE process (Requirements Engineering with Scenarios in User-
Centred Environments, [8]). According to the domain model, 22 competencies were
required in total to perform well in these eight tasks.

Each student had to work on four exercises which had been constructed to directly
map to the tasks from the task model. For example, they were asked to write a use
case specification for an iPod, or to carry out a stakeholder analysis for a realtime
travel alert system of an underground. The exercises were constructed to be
ecologically valid, i.e. that they corresponded well to tasks that would have to be
conducted by requirements engineers in a work-based setting. The sequence of
exercises was randomized across participants.

Before conducting the exercises, students gave both competency and task self
appraisals. Performance in the exercises was measured by marks assigned by a
professor of RE. After each exercise, students were asked for an appraisal of their
performance for the exercise just conducted. They were also asked to indicate which
additional knowledge they would have required to perform better, both in a free
answer and a multiple choice format. Answers from the free answer format were later
subjected to a deductive content analysis that mapped each free answer to a
competency from the domain, or a new one. The multiple choice items contained all
competencies assigned to the particular task in the domain model as well as a number
of distractors, i.e. other competencies not assigned to that task. Competencies had
been reformulated to describe personal learning needs (e.g. | would need to learn
what is a domain lexicon and how to apply it).

Self appraisal was included in this study as it is a common and economical way to
assess competencies or performance in the workplace [9]. In accordance with prior
research [10], we expected that self appraisals would correspond to actual task
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performance (hypothesis 1). The second hypothesis looked at the personal learning
needs indicated by the students. We assumed that competencies selected by the
students for each task would, in a substantial proportion of cases, correspond to
competencies assigned to the task in the domain model. If this were not the case,
learning need analysis based on the task-competency assignment in the domain model
would not be possible. Lastly, we employed different algorithms for task-based
competency assessment and investigated whether they would correspond to
competency self appraisal by the students (hypothesis 3).

2.3 Results of the Study

2.3.1 Hypothesis 1: Self appraisal and task performance

A one-way Analysis of Variance which compared the marks received for the
exercises between those students that had indicated they were able to perform the task
without assistance and those that had indicated otherwise showed that contrary to our
expectations there was no relationship between self appraisal before task performance
and task performance as assessed by the marks received (F (1659 = .007, ns.). There
was, however, a moderate relationship between self appraisal after task performance
and task performance itself as measured by a Spearman Rank Correlation Coefficient
(p =-.38, p < .01). It appears that students were not able to realistically predict their
performance in the tasks before they conducted the exercise. Their appraisals after
task performance, then, were slightly more accurate.

2.3.2 Hypothesis 2: Personal Learning Needs

Asked for their personal learning needs after the exercises, the students were
significantly more likely to chose learning needs assigned to the particular tasks (M=
2.63) than distractors (M= 1.06) (t = 5.23; p < .001). This confirms the hypothesis and
is an indication of the overall validity of the modeled structures. Similarly, learning
needs extracted from student free answers in the content analysis were to a large
degree those originally assigned to the particular task (60 vs. 39). Two of the tasks
account for more than two thirds of the contradicting answers, namely task 3 (17
contradicting learning needs) and task 4 (11 contradicting learning needs). This gives
strong reason to believe that there had been missing competency assignments for
these tasks. Particularly, six new competencies that had not been part of the original
list were suggested from analyzing the free answers. These include items like
Knowledge about different types of requirements. These missing competencies may
have also led to violations of the prerequisite relation on tasks which were found
when comparing the relation to the obtained answer patterns.

2.3.3 Hypothesis 3: Task-based Competency Assessment

Assessing competencies from the observation of task performance is one of the key
benefits of using competence-based knowledge space theory. The usual way to do this
is to take the union of all assigned competencies for all successfully mastered tasks.
As [11] has shown previously, this method may lead to contradictions, especially in
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the case where the numbers of competencies assigned to tasks are large, and therefore
suggests using both positive as well as negative task performance information. In the
present study, we have compared two algorithms to predict the knowledge state of the
students from task based information. Three predictors for task information were used
(task self appraisal prior to task, task self appraisal after task, and task performance
assessed by the expert) and each was correlated with competency self appraisal.

Although in all three cases, correlation coefficients were higher for the algorithm
that took negative task performance information into account, the coefficients were of
only small magnitude, ranging between p=-.017 and p=.129 (Spearman Rank
Correlation), and with only one becoming significant. We partly attribute these low
correlations to the fact that competency self appraisal is probably not a very accurate
criterion for the actual knowledge state of our subjects.

3 Discussion and Outlook

The results caution towards the use of self appraisal information as a criterion variable
for evaluating the adaptation of a learning system, but also as an input variable for the
user model. Self appraisal by our subjects showed to be unrelated to their actual
performance. A possible reason for this may be that the students were rather
inexperienced in the domain. We assumed this also holds for the case of work-
integrated learning, which is in line with [12] who found high validity of self
appraisal only for experienced job holders. Also social desirability may have resulted
in answer tendencies, as all performance appraisals before task execution were much
higher than after.

The results for task-based competency assessment were largely unsatisfying due to
low validity of the criterion variable. Future research will show whether our
algorithms prove to be more successful than traditional measures. In any case, the
question of a valid criterion variable for a knowledge state (which at the same time
has ecological validity), will continue to be a challenge in work-based learning.

Checking for personal learning needs has proven to be a promising way to identify
parts of the models with low validity (missing competencies in our case). In
combination with indicators that estimate violations of the prerequisite relation from
answer patters, these methods can be used to iteratively refine models once they are in
use.

We are currently planning an extensive summative evaluation of the APOSDLE
system and the components contained therein. A purpose of the study reported here
was to gain an understanding of how paper-based methods could be applied for
evaluating the adaptation of a learning system specifically in the context of adaptive
work-integrated learning so that they may be incorporated in a more comprehensive
evaluation approach in a field setting. For that reason, all the validation methods
employed here can be easily transferred to a setting where the learning system is in
operation and provides suggestions for learning needs and learning content during
actual task performance. The role of the RE professor in our study could then be taken
by supervisors of those working in the tasks. Short and unobtrusive system dialogues
after task execution could be used for collecting self appraisal as well as indications
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of actual personal learning needs from the learners. This information could then be
fed back to adaptation designers to iteratively refine the adaptation decision or the
underlying domain model, such as suggesting additional competency assignments for
particular tasks or missing competencies altogether.
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