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Abstract: Adaptive assessment provides efficient and personalised routes to establishing 
the proficiencies of learners. We can envisage a future in which learners are able to 
maintain and expose their competency profile to multiple services, throughout their life, 
which will use the competency information in the model to personalise assessment. Current 
competency standards tend to over simplify the representation of competency and the 
knowledge domain. This paper presents a competency model for evaluating learned 
capability by considering achieved competencies to support adaptive assessment for 
lifelong learning. This model provides a multidimensional view of competencies and 
provides for interoperability between systems as the learner progresses through life. The 
proposed competency model is being developed and implemented in the JISC-funded 
Placement Learning and Assessment Toolkit (mPLAT) project at the University of 
Southampton. This project which takes a Service-Oriented approach will contribute to the 
JISC community by adding mobile assessment tools to the E-framework. 
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1 Introduction 

Recently, emphasis has shifted away from content-based education, which describes what 

instructors do and the content of material presented during classroom instruction, to intended 

learning outcomes, which describe what learners can do as a result of their educational 

experiences. This change is associated with changes in the main goal of assessment. 

Assessment is part of the developmental process of learning [1] and is related to the 

accomplishment of learning outcomes. Learners expect to be able to maintain and expose their 

competency profiles to multiple services throughout their life. Learners learn what they 

personally need to learn and do not need to learn what they already know. Through assessment, 

learners are able to identify what they have already learned and which are their strengths and 

weaknesses, to observe their personal learning progress, and to decide how to further direct their 

learning process. Therefore, the assessment of learning is an essential part, both of the 

instructional design process, and of an educational system [2].  

In the context of an adaptive assessment system, assessment is part of the process of 

diagnosing the learner’s proficiency. The learner’s estimated proficiency can then be used to 

guide the adaptation of the system. Establishing adaptive assessment systems to support lifelong 

learning is extremely challenging due to a significant number of problems. 

The solution to those problems of adaptive assessment relies on introducing a competency 

model to adaptive assessment. However, existing competency standards, such as the HR-XML 

competency standards and the IMS Reusable Definition of Competency or Educational Objective 

(IMS RDCEO) specification [3,4] do not support implementation of the detail of competencies. 

These standards have to be extended to implement more detail of competencies in practice [5]. 
We take a technological point of view in the development of a competency model in order to 

solve the problems of adaptive assessment systems. Our intention is not to promote a particular 

architecture, but to demonstrate how a competency model can be applied to the adaptive 

assessment. 
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In this paper, we present an overview of adaptive assessment and the problems involved in 

competency, present the competency model, and show related topics involving Learning Design 

(LD) and Service Oriented Architecture (SOA). 

2 Adaptive Assessment 

There are a number of adaptive assessment methods and technologies that can be used to 

assess students’ strengths and weaknesses based on item-by-item and learner responses [6]. 
These allow learners to be tested on materials at their level. Adaptive assessments change their 

behavior and structure depending on the learner’s responses and detected abilities [7].  

The key idea of an adaptive assessment system is that questions are selected by the computer 

to individually match the ability level of each learner. In this approach, the test is tailored to each 

learner [6,8]. Adaptive assessment aims to assess a learner’s competency by posing a minimum 

number of questions in order to decrease test length which is one of the main goals in adaptive 

assessment [9]. Another main goal includes offering personalized support according to the 

personal needs and ability of each learner [10]. The system may skip over what learners have 

learned and find out what they should learn further. As a result, most existing test engines present 

questions according to the level of the learner’s abilities in order to eliminate too easy or too 

difficult questions [6,11]. Therefore, adaptive questioning is an efficient and effective mean of 

knowledge based assessment.  

3 Some problems of adaptive assessment 

3.1 Inconsistency arising from adaptive assessment systems estimating the learner’s knowledge 
level differently 

There are many systems using the number of questions answered correctly and the difficulty 

level of answered questions in order to estimate the ability or knowledge level of each learner, 

such as Personal-reader [12], INSPIRE [13], and COMPASS [14]. Each system classifies ability 

or knowledge level and difficulty level of assessment using different approaches and techniques. 

Most adaptive assessment systems do not easily permit reuse or allow the exchange of a learner’s 

knowledge level between learning management systems [12]. This causes interoperability and 

reusability problems if the learner’s knowledge level in one system needs to be used in other 

systems. 

3.2 The limited affordance offered, in what is a multidimensional problem, by simply using a 

numerical value to match a learner’s knowledge level 

There are many well known theories for selecting questions in order to match a learner’s 

knowledge level such as granularity hierarchies, Bayesien nets, and Item Response Theory (IRT) 

[15]. These theories have assumptions concerning the mathematical relationship between abilities 

and item responses. A numerical value from these theories may be appropriate to decide who the 

best learner is, but an evaluation of education intends to assess the learners’ readiness for further 

learning [16]. Therefore, selecting a question in adaptive assessment should be multidimensional.  

3.3 The dependency of existing adaptive assessment systems on specific knowledge domains in 
supporting lifelong learning 

In most cases, adaptive assessment systems are developed for a specific knowledge domain 

using particular rules and assessments without possibilities for knowledge reuse, for example 

AthenaQTI [17] and CosyQTI [18]. There are many difficulties for updating rules, content and 

assessment of those systems. Most adaptive assessment systems lack reusability as there is no 

standard to combine their different knowledge domains with assessments and learned capabilities 

[12]. This highlights the problem of supporting lifelong learning assessment. Lifelong learning is 
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about “acquiring and updating all kinds of abilities, interests, knowledge and qualifications in 

order to promote the development of knowledge and competences throughout life” [19].  

4 The need for competency model 

The problems of inconsistency arising from adaptive assessment systems estimating the 

learner’s knowledge level differently, and the use of numerical values to match a suitable 

question with learner’s knowledge level draw, attention to estimating a learner’s “knowledge 

level”. However, specifying a degree or a level of knowledge may not be important [20]. Hence, 

the proposed solution is the use of learned capability instead of the use of estimated knowledge 

level. 

This important point is expressed in the knowledge space theory [21]. The knowledge of a 

learner is characterised by a set of assessments. The capability of solving problems can be 

evaluated from their achieved competencies in each course. In a general sense, competency is a 

specific statement of personal capability, skill, knowledge and other characteristics that enable 

successful performance by completing a task effectively [22].  

In order to support lifelong learning, existing assessment systems have to focus on 

representation and updating a variety of knowledge domains, rules, assessments and learner’s 

competency profiles. A competency model supports storing, organising and sharing of achieved, 

current, and intended performance data relating to all aspects of education and training in a 

persistent and standard way, so as to ensure that learners can find learning activities that fit and 

improve their acquired competencies. This supports personalisation for individuals through 

adaptive assessment.  

The use of a competency model supports representing, expressing and integrating knowledge 

domains, activity-based teaching and learning, and assessments. 

5 The criteria for a good competency model 

Competency is defined as the integrated application of knowledge, skills, values, experience, 

contacts, external knowledge resources and tools to solve a problem, to perform an activity, or to 

handle a situation [23,24]. The criteria for a good competency model are as follows.  

First, competency should be defined with a rich data structure for description, comprehensive 

reference, and exchange to support maintaining learner’s competency profile throughout their 

life. In order to assess learned capability and perform competency gap analysis, it should support 

recording competency achievements and the attainment of intended learning outcomes.  

Second, meeting personal needs requires highly flexible competency-based learning. Many 

learners have different roles, proficiencies, preferences, abilities and backgrounds. A good 

competency model should support such personalisation.  

Third, monitoring and recording learner’s competency is important for selecting suitable 

questions in an adaptive assessment system. Mechanisms for selecting questions are based on 

learning progress and decisions about the further direction of the learning process. A good 

competency model should support straightforward transformations between competency 

statements and assessment of such competencies. 

Fourth, competency should be concerned with specific, identifiable and measurable 

behaviours [25]. It enables the creation of assessments by transforming learned capabilities to 

question statements. This supports the automatic collection and expression of assessment for 

individual and group competencies.  

6 The proposed competency model 

The proposed competency model is based on competency-based learning in order to address 

the shortcomings of adaptive assessment. The competency model is represented in Figure 1. 
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Figure 1 Competency model 

 

The beginning of lifelong learning is education at high schools and universities [26] when 

each course programme states a curriculum competency which is the top level of competency. 

The curriculum competency comprises many lower level competencies with a relation between 

them called a sub competency relation. The sub competency relation represents a hierarchy of 

competencies. A competency is an enabling competency identifying the learned capability with 

each subject matter content, the proficiency level, the evidence and the resource defined. Each 

curriculum competency, competency, proficiency level, learned capability and subject matter 

content has an owner who possesses these elements. Some descriptions of those are be defined as 

follows. 

First, the learned capability is the behaviour that can be observed in the learner based on a 

taxonomy of learning such as Bloom’s taxonomy [27], Gagne’s nine areas of skill [28], and 

Merrill’s cognitive domain [29].  

Second, the subject matter content is the subject domain of what the learner can do by the end 

of course.  

Third, proficiency may be expressed by some demonstration of appropriate behaviour in the 

context. The proficiency level indicates the level of proficiency that learners possess on a 

particular competency.  

Fourth, the competency evidence is used to capture information for substantiating the 

existence, sufficiency, or level of a competency. The competency evidence might include test 

results, reports, evaluation, certificates, or licenses.  

Fifth, external knowledge resources and tools are able to support and promote problem 

solving, activity performing or situation handling.  

The competency model provides three important elements as follows: an orientation towards 

and focus upon activity-based teaching and learning; the identification and integration of 

appropriate subject matter content within a broader teaching and learning context represented by 

a hierarchy of competencies; and the straightforward identification of the assessment that would 

demonstrate successful teaching and learning.  
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7 Competency model and Learning Design 

In IMS Learning Design (IMS LD), prerequisites and learning objectives can be defined using 

an unstructured textual resource or an IMS RDCEO specification [30]. This is unhelpful for an 

instructional designer seeking to design learning activities, environments and assessments [31]. 

The cause may be that the IMS RDCEO specification emphasises the representation of 

competency for interoperability among learning systems instead of supporting an effective 

teaching and learning process. By identifying learned capabilities, proficiency levels, resources 

and evidences, the competency model provides the critical components impacting on the design 

of useful learning activities, environments, and services to help learners achieve their 

competencies.  

Hence, IMS LD should incorporate a structured competency definition in order to implement 

a Unit Of Learning (UOL) with a solid instructional design foundation.  

8 Competency model and service oriented architecture 

The concept of competency is increasingly important since it involves the process of acquiring 

and updating knowledge throughout a learner’s life. Competency modelling should be the shared 

responsibility of governments, educational institutions, and businesses. These partners are still 

exploring how to perform their roles and duties in practice [32]. 

In order to provide cross institutional cooperation, designing, building and managing a 

distributed computing infrastructure and information is required. SOA is suggested as a guiding 

pattern for the implementation of the competency model underlying learning and teaching within 

lifelong learning. The service oriented approach promotes the use of loosely-coupled, reusable 

services, with standards-based, well-defined service specifications that enable them to be 

discovered and consumed by independent service consumers [33]. The competency model is 

compatible with the SOA that may be derived from a collaborative virtual teaching and learning 

environment (CVTLE) SOA [34].  

9 Conclusion and Future work 

We have looked at the problems with adaptive assessment systems. We have proposed a 

competency model to support adaptive assessment which provides a rich data structure for 

description, comprehensive reference, and exchange to support maintaining learner’s competency 

profile throughout their life; a flexible competency-based learning for meeting personal needs; a 

model for monitoring and recording learner’s competency; and the structuring of measurable 

behaviours for creating assessments. We have described some related topics involving Learning 

Design and Service Oriented Architecture. 

The proposed competency model is being developed and implemented based on SOA in the 

JISC-funded Placement Learning and Assessment Toolkit (mPLAT) project 

(http://www.mplat.ecs.soton.ac.uk/) at the University of Southampton. This project aims to 

provide a mobile learning toolkit to support practice based learning, mentoring and assessment.  

This toolkit will provide an interface so that the course leader can specify, in a flexible manner, 

the learning outcomes to be met, the method of assessment, the timing of the assessment(s) and 

the feedback to be given in response to the results, suitable learning resources to support these 

learning outcomes, and the actions to be taken when assessments are not completed in a timely 

manner. The project will contribute to the JISC community by adding mobile assessment tools to 

the E-framework. 

The paradigm has shifted from content-based education to intended learning outcomes. This 

also changes the main goal of assessment. We believe that a competency model is critical to 

successfully managing adaptive assessment and achieving the goals of resource sharing, 

collaboration and automation to support lifelong learning. 
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