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Abstract: 

Digital libraries have improved the availability of resources by leaps and bonds 

compared to traditional libraries. The improved availability does not have much effect on improved 

accessibility of resources. Accessibility is related to making the resources useable and useful for the 

user [1]. This shortcoming can be addressed by changing the focus from user-centered design to 

learner-centered design of digital libraries. In this paper, I present a theory of learning that is a 

natural fit for online digital libraries. Based on this theory, I will present a framework that provides 

guidance for design and development of educational digital libraries. I call the resulting digital 

libraries “Enabling Digital Libraries”. Enabling digital libraries are characterized by the 

interactions that provide processes and representations that enable a learner to grasp a higher level 

of understanding related to her task / information requirements / learning needs. I will show how 

the conceptual framework can be used for evaluation of current digital libraries interfaces and how 

can it be used to guide design of new generation of educational digital libraries.   

 

1. Introduction 
 

Digital libraries are complex enterprises shaping and fulfilling the needs of evolving 

information society. Digital libraries provide information and services that transcend the 

facilities offered by conventional libraries. Along with traditional materials, digital 

libraries can play critical role in making the information on World Wide Web accessible 

and useful. The information on WWW is made available by careful selection and 

cataloging of resources (web-pages, pictures, data etc.). The cataloged resources are 

disseminated through web enabled interfaces. These interfaces usually make use of 

keyword based searching and subject category browsing. Both kinds of interfaces are 

reminiscent of popular web engine search mechanisms and also inherit well known 

associated problems [2-4]. Another criticism is that digital libraries do not support 

complete information seeking processes as described in literature [5-7].  

 

The educational digital libraries also suffer from the above mentioned problems. They 

attempt to improve learning by attempting to increase information availability by 

partially supporting information seeking processes. The critical missing element is 

improving the accessibility of information [1]. The accessibility of information can be 

enhanced by subscribing to a learning theory. This learning theory has to work in concert 

with information seeking models to provide an effective information rich learning 

experience for DL patrons. This approach requires a fundamental shift in the ways in 

which educational DL design and development is perceived.  

 

2. Learning and Information Seeking 
 

Information seeking and learning processes can not be separated [7, 8]. Information 

seeking is considered as a response to some problematic task or situation characterized by 
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uncertainly. Resolution of this uncertainty constitutes change in knowledge state [9] that 

leads to learning. Under different scenarios the change in knowledge state can be 

attributed to activities like seeking explanation or facts, sense making, or finding 

alternatives to resolve some problematic situation. On the other hand different 

conceptions of learning exist. Learning can be seen as problem solving, as inquiry, as 

sense making, as intellectual socialization, as design and as constructivist activity where 

the learner builds his/her own knowledge [10]. Inherent in all these conceptions of 

learning are a change in learner’s state of knowledge that enables him/her to achieve the 

higher level goal stated in learning conceptualizations. For example, the aim of inquiry 

learning process is to acquire knowledge by posing questions and investigating 

phenomenon [11]. The iterative process of information gathering and processing, during 

inquiry process, comes to end when the learner can explain a phenomenon or achieves a 

state of certainty about some question posed. The end of the learning process where a 

learner attains a state of certainty is characterized by a stable state of knowledge.  

 

A careful comparison of the goals and mechanisms of information seeking and learning 

reveals their similarities and inseparability. A significant interaction between the process 

of information seeking and learning is also reported by Limberg [12]. Under the light of 

the basic mechanisms involved in both phenomenon and the evidence provided by 

literature, I would argue that conceptually they are same phenomenon with the difference 

of sub-processes that are explicitly supported in various environments supporting these 

phenomenon. For example the DLs provide support for information searching and do not 

provide any structural support for learning. The learning process is implicit in searching 

but a learner can greatly benefit by explicit support for learning according the learning 

conceptualizations mentioned in previous paragraph.  

 

3. Digital Library Design Framework 
 

Due to the conceived limited scope of digital libraries in enhancing learning, most of the 

digital library research has focused on operational details. Metadata development, system 

architecture, process management, quality control and usability issues are at the forefront 

of digital library design and development research. One could argue that the research on 

the usability aspects takes into account the user requirements and goals which should be 

supported by the DL. But the issue with research on DL usability is that it considers 

information discovery as the goal of digital libraries rather than learning as a goal within 

which information seeking is embedded. This indicates a need for a holistic view of 

digital library as learning system. Arms [13] presents the DL design model in terms of 

usability and design of user interfaces. This model can be extended for designing 

effective educational DLs.  
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Figure 1: DL conceptual model, Adopted from [13] 

 

Figure 1 shows the essence of his model. The interface determines the interaction 

mechanisms with the users. Functional design is the requirements for the interface and 

data/metadata layers. Conversely data/metadata and interface are constraints on the 

functional design requirements. The interdependence of the model layers enables 

development of a coherent system that collectively enacts the conceptual model. 

Examples of typical conceptual models used are: 

 

• The classical library model, where a user searches, selects and retrieves the 

information 

• The hypermedia model of web where the user clicks on the links to navigate 

 

In order to realize full potential of digital libraries, I would argue that the conceptual 

models that underpin the DL design and development should be grounded in sound 

learning, information seeking and human computer interaction theories.  

 

4. A Learning theory for Educational Digital Library Development 
 

A theory underpinning DLs should be able to explain the learning processes in the 

context of information seeking and vice versa, it should be able to combine theories of 

human computer interaction with learning and information seeking in a natural manner, it 

should be able to support different learning conceptualizations and lastly it should be able 

to predict, verify and accommodate learning and information seeking strategies and styles 

on micro and macro levels. 

 

Before we underpin DLs design and development on sound theories let use consider the 

current state of the DLs. Lets characterize the typical tasks that these systems are 

supposed to help perform and the kinds of information that DLs provide to support these 

tasks. 

 

4.1 Task and Information Types 

Tasks can be classified according to different dimensions but one of the most appealing 

dimensions is the task complexity. Task complexity is characterized by prior uncertainty 

about the task information needs, processes and outcomes. Using this definition of task 

complexity Javelin & Wilson has categorized tasks into following five categories [14]: 
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automatic information processing task, normal information processing task, normal 

decision task, known genuine decision task, and genuine decision task. The classification 

of tasks is generic but the task category assignment is relative to the user. A task that is 

genuine decision task for a novice might be an automatic task for an expert. These tasks 

are not necessarily mutually exclusive; rather a learner can be engaged in learning 

process that involves a complex composition of different tasks.  

In order to perform these tasks the system must provide learners’ with information 

necessary for completion of the task. Three types of information needed in the above 

mentioned tasks is identified [14]: problem information, domain information, and 

problem-solving information. The types of information can be coupled with tasks and 

sources, to describe the requirements for a DL system. Therefore a learner confronted 

with a complex learning task should be able to find all the necessary information using 

the DL system. This entails a perspective in which user submits a query to the system and 

get back a response. Depending on the query the learner’s state of knowledge changes 

and he/she formulates a new query which is sent to the system. This iterative process 

continues until learner reaches a stable state of knowledge. 

4.2 The Iterative Nature of Interaction 
 

The process of iterative query formulation and learner’s change in states of knowledge 

are modeled by Cole [8, 15]. During the iterative process of query formulation the 

learner’s conception changes from one state to another. The process of this changing 

conception is shown as follows: 

P1 � TT � EE � P2 …..  

Here P1 is the initial conception of a topic/task, which is modified to tentative theory 

(TT). Learner validates this TT and makes necessary correction to come to P2 (Error 

Elimination). The cyclic process continues until the learner achieves a stable state of 

knowledge i.e. the final conceptualization that can’t be refuted under given 

circumstances. 

 

4.3 Learner and Digital Library as Participants 
 

This iterative process can be seen in light of Shannon’s model of communication with an 

extension. According to the extended model of Shannon’s communication model, the 

sender encodes a message that is sent as a signal to the receiver. The receiver decodes the 

message and interprets it to make sense of it. This decoding at the receiver end can be in 

two forms 1) decoding into author’s intended message and 2) decoding into learner’s 

thoughts and interpretations. Considering two participants in the system the role of sender 

and receiver keeps oscillating. Considering a DL scenario, the participants are the learner 

and the DL system. The learner has some conceptualization of the topic to be learned or 

task to be completed; he/she encodes the learning requirements into a query which is 

received by the DL and decoded into DLs interpretation. Now the DL takes the role of 

message sender and the learner is at the receiving end. The learner decodes the search 
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results and formulates a new query based on, what does the signal means? (What is a DL 

trying to tell) and how does the signal contribute to my task/learning needs? This process 

carry’s on until the learner has completed the task or learnt the topic. The integration of 

Popper’s and extended Shannon’s model along with the task structures and information 

types gives us a comprehensive understanding of operation of DL systems. The 

integrated model is shown in figure 2. 

 

Figure 2: Integrated learning model adopted from [8] 

4.4 The Discourse 
 

The dialogue between learner and the DL is a kind of conversation, as also noted by Cole 

[8]. Laurillard’s conversational framework [16] for learning can be used to analyze this 

dialogue between learner and DL. She classifies the dialogue into four broader 

categories: discursive, adaptive, interactive and reflective. Looking through the dialogue 

classification lens, we can see that the process of changing conceptualization achieved 

through interactive discourse have to subscribe to these classes of dialogues.  

 

4.5 The Domain 
 

In order to provide a coherent learning experience and guide the learner systematically 

through the dialogue there is a need for domain information model. This information 

model also called conversational domain [17, 18] explicates the knowledge structure of 

the domain. The conversational domain is created by domain experts to anchor 

meaningful dialogue. More broadly the conversational domain can be classified as 

structural knowledge. It is defined as the knowledge of how concepts within a domain are 

interrelated [19]. Structural knowledge can be used by educational DL to assess and tailor 

responses in the dialogue. As structural knowledge represents expert’s explicit and tacit 

knowledge, they become a powerful tool to facilitate learning. They can be used to guide 

the learning process, they can be used to represent information, they can be used to 

design DL collections and they can also be used to enhance interactions.  
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4.6 The Conceptualization 
 

A learner is expected to understand a concept through the interactive dialogue as 

mentioned above. But the question remains, what is a concept? Without considering this 

question, a learning dialogue, between learner and a DL, will be ineffective. A concept is 

a procedure that brings about a relation called topic [17]. In other words concept is 

represented by meaning of a node in knowledge structure [20]. Therefore the procedure 

that generates the meaning of a node from a knowledge structure is called a concept. 

Therefore during the dialogue the participants have to ascertain that the learner has 

developed adequate knowledge structure and procedure to extract and recompile concepts 

from it. 

 

4.7 The Operators 
 

It is important to enhance conceptualization by building procedures and knowledge 

structures. Three mechanisms adopted from Norman [21] can be used to support 

formation of concepts i.e. accretion, structuring and tuning. These take into account how 

new information is integrated into the learners’ knowledge base and how this knowledge 

base is structured/restructured, to achieve conceptual understanding. These mechanisms 

can be seen as knowledge operators on a nano-scale. This is because they these operators 

take as input the basic knowledge structures and basic information units and outputs 

knowledge structures that are at the same granularity. Therefore, when effecting 

conceptualizing through educational DLs, understanding of these operators can provide 

useful design guidelines for tailoring effective learner experience.  

 

4.8 The Assessment 
 

Assessment is one of the basic elements in education. It attempts to probe learner 

understanding of a topic/concept. It can be used in number of ways to enhance learning, 

in formal educational settings i.e. school etc. and information educational settings i.e. life 

long learning etc. In both kinds of scenarios assessment takes a different flavor. For 

formal settings mostly assessment is explicit, and sometimes becomes a goal in itself 

rather than enhancing the learning process, while in information settings a popular 

conception is that learner is responsible for his/her own development and there is no need 

for assessment. Contrary to these two extremes a middle approach is envisioned 

according to which combination of implicit/explicit assessment can be used to guide 

learning process even in informal settings. Here the assessment can be embed in 

interactions that enable a learner to achieve a higher degree of understanding of given 

subject. This enabling vision of information retrieval system has also be postulated by 

Cole [8, 15] and Ford [9].  

 

4.9 The Process 
 

A critical consideration in any learning situation is the process of learning. This deals 

with, how are the concepts brought about?  It tries to understand the processes that enable 
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formation of procedures and knowledge structures for conceptual understanding. This 

refers to meta-cognitive thinking skills defined as the scientific study of an individual’s 

cognitions about his/her own cognition [22]. More concretely meta-cognition can be 

translated into learning processes, learning styles or learning strategies. Therefore an 

educational DL to effectively impact learning, it has to take into account different meta-

cognitive strategies employed by the learners [10, 17, 23-25]. These meta-cognitive 

strategies can be supported explicitly or implicitly, they can be learner centric or 

instructor centric, they can be completely matched or partially matched, to enhance 

learning. Therefore the conceptualizations, discourse, interactions, information types, 

task types, operators, assessment and expert domain representation are all effected by the 

learning process that the educational DL intend to support. The process also provides 

glue for coherently sequencing or interleaving all the components of the theory for 

providing a personalized learning experience.  

 

4.10 Putting it All Together 

 
All the components of the learning theory for educational digital libraries can be seen in 

terms of task transformation. The learner comes to the DL with a complex task (as the 

content to be learned in not known), the role of DL is to provide support in manner that 

allows the user to move towards a higher state of knowledge that transforms the task 

from a genuine decision to automatic information processing task. This support is 

interactive in nature characterized by message encoding and decoding between user and 

DL. This interaction is discursive, reflective, adaptive or interactive in nature. This 

discourse is supplemented by different kinds of information types that are suitable for 

conceptual understanding and the kind of operator deemed useful for the situation. This 

kind of discourse results in cycles of successive theory formulation and refinement. The 

expert domain knowledge can be used to guide the discourse through optimal learning 

path; it can be used to access the learner conceptualization and the differences to guide 

the representation and process. Finally, the process i.e. meta-cognitive strategy, should 

guide the how and when of the information presentation. It should also provide guidelines 

for the kind of process management facilities required e.g. breadcrumb for deeply 

structured information hierarchy.  

 

This section provides a manner in which different theoretical components work together 

to provide a theoretical framework for developing educational digital libraries. I call 

these DLs “Enabling Digital Libraries”. An example can provide difference between 

ordinary and enabling DL systems. For example, when a query is provided to a 

conventional DL system it runs a keyword based search and return a list of result set. The 

learner is on his/her own to interpret the results, make sense of them and connect them to 

the task/learning information needs. While in case of an enabling DL system the return of 

the search result would consist of representations that would enable learner to grasp 

higher level of understanding of his/her task/learning process. In other words enabling 

DL systems can seen as “a symbolic blend combining the capabilities of IR systems to 

enable the searching of large volumes of remote information sources with that of 

computer-assisted-learning systems to provide support and structuring designed to 
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facilitate the achievement of deep understanding” [9]. The enabling DLs can also be seen 

as mind tools [26] for learning in an information rich environment. 

 

5. Framework for Developing Enabling Digital Libraries 
 

For providing easy to use design guidelines based of the Learning Theory for Enabling 

Digital Libraries (LEDL) we can synthesize the discussion in section 4.10 into 

dimensions of support provided by enabling DL to the learner. Table 1 provides a 

synthesis of discussion and dimensions to consider when delving into designing and 

implementing enabling DLs. 

Table 1: Dimensions of LEDL 

Sr. 

No. 
Dimension Description Examples 

1. Information types What kinds of information are present 

in DL, what metadata and discovery 

mechanisms for these information types 

are present  

Background information, 

problem information, datasets, 

simulations, textual information 

 

2. Message encoding 

decoding 

What supports are provided for the user 

to make sense of DL message, what 

user supports are provided to construct 

a message that is sent to DL, and vice 

versa 

How are the search results 

displayed, what document 

reading cues are provided 

3. Discourse Does the DL interactions with learner is 

one of the four types: reflective, 

adaptive, interactive and discursive.  

Does the responses to learner 

take into account learners 

conceptualization e.g. 

intelligent tutoring systems 

4. Domain How is the domain/expert knowledge 

represented and used 

Domain can be represented as 

concept maps and student 

concept maps can be compared 

against it 

5. Operators / 

Conceptualization 

How is the knowledge construction 

conceived by manipulation of three 

operators: accretion, structuring 

and tuning 

An inadequate understanding 

can be remedied by inserting 

some information in learners 

conceptualization  

6. Assessment Explicit or implicit, artifact based or 

process based, how is assessment used 

to guide process, use of operators, use 

of domain knowledge, shifting between 

discourse styles, coding and decoding 

facilities used, and information types 

used 

A learner can understand all the 

concepts he needs to learn 

about a topic domain but still 

his ideas about how all the 

understood concepts fit together 

may be flawed, this requires 

using the structuring operator, 

with descriptive information 

type, with a description 

building  process strategy while 

supporting reflexive discourse 

7. Process How the learner is guided in the 

process of learning 

Holist, serialist, versatile, field 

dependent, field independent, 

legislative, executive, judicial  

 

The dimensions in Table 1 all work towards enabling the implicit cycle of 

conceptualizing, building tentative theory, error elimination and new conceptualization. 
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This cyclic process of building higher level conceptualization changes the task 

complexity and enables a user to perform a difficult task easily, which implies learning 

[17]. An important point that should be noted here is that LEDL does not lend itself to 

dummying down of the interface or task but it prescribes that the user be made an active 

participant in devising the solution with technology as partner [26] using learner  design 

approach [27]. Figure 3 shows the components of the framework and the 

interrelationships. The framework dimensions have complex interrelationships among 

each other and each dimension can provide input for other dimensions and can take input 

from other dimensions. This allows for development of flexible and tailored educational 

DLs where the developers can manipulate different relationships among the dimensions 

to fit the requirements.  

 

  

Figure 3: LEDL Framework 

Although, the components of the framework (inner most boxes in figure 3) can be 

combined in a number of ways but only a subset of the relationships are valuable. This 

subset provides a coherent and meaningful way of building enabling DLs. The different 

components relationship (called profiles) only differs in emphasis on the framework 

components as materialized in the enabling DL. In figure 4, I provide such a profile. It 

profile is based on the discussion in section 4.10.  

 

 

Figure 4: LEDL Conceptual Framework Relationships 
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Figure 4 describes the manner in which different components of the framework work 

together to realize enabling DLs. The top line shows the task transformation as a result of 

cyclic process of conceptualization, where the conceptualization is brought about by 

active discourse between the DL and learner. The discourse is influenced by the process, 

information types and the domain representation, which are further influenced by the 

learner conceptualization of the task/concept and the learning operators. This links back 

to the learner and his knowledge state is represented in the spectrum of task 

transformation. Therefore the DL is driven by the learner’s position in task 

transformation spectrum.  

 

A question still remains i.e. what constitutes task transformation? It can be answered by 

looking into task characteristics defined by task complexity. Task complexity is defined 

by the uncertainty of input, process and output of a task. These three components of the 

task can be further decomposed into three broad categories: psychological experience, 

task-person interaction and objective characteristics [28]. Within each of this category we 

have different attributes that determine the complexity of tasks. For example learner’s 

inadequate prior knowledge (task-person interaction) can make the task complex. 

Therefore, the DL can us the discourse to provide necessary prior knowledge and help to 

integrate that into the task information. This way a task can be transformed from the 

genuine decision to an easier task. Similarly, other task characteristics can be addressed 

to support the transformation. The patterns of interactions that enable task transformation 

link the target task attribute to the LEDL framework components. Therefore with the use 

of LEDL framework a knowledge base can be developed that contains the task attribute 

and the framework component profile that has been used successfully used to transform 

it. This database will be an invaluable contribution to the design and development of 

enabling DLs.  

 

6. Examples 
 

The LEDL framework can be used to analyze current DLs. Here, I will analyze two 

interfaces to DL that adheres to some of LEDL principles.  

 

6.1 DLESE Strand Map Interface 

 
DLESE strand map interface is a novel way of resource discovery and enhancing learning 

using concept maps [29, 30].  

 

The DLESE strand map interface is shown in figure 5. This interface allows learners to 

search for information using strand maps that are composed of concept and relationships 

between concepts. In strand maps the expert knowledge structure of the domain is 

externalized and displayed for novice learning and navigation.  
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Figure 5: DLESE Strand Map Interface 

 

6.1.1 Task Transformation 

 

This interface supports the task transformation in a limited manner. A learner wishing to 

learn about a topic e.g. weather and climate is shown a map. This map broadens the 

learner knowledge base by showing the concepts and there interrelations. This way the 

learner does not have to worry about query formulation. But the learner can think about 

scientific concepts and interact directly with them to explore and learn about them. 

Therefore the task of learning about a vague topic is now turned into a concrete concepts 

and there interrelations. The learner’s knowledge state has changed and the understanding 

about the task has improved by interacting with strand maps.  

 

This interface does not explicitly take into account the cyclic process of 

conceptualization/reconceptualization.  

 

6.1.2 Discourse 

 

This interface uses discursive dialogue. This is done by making available the expert 

conceptualization to the learner. The learner can evaluate his/her knowledge structure to 

expert knowledge structure and identify gaps and misconceptions in his/her knowledge 

state. This makes the process partially reflective as the learner can compare his 

knowledge structure to experts but the interface do not allow a learner to explicitly 

externalize his/her own knowledge structure.  

 

The encoding and decoding operations are not fully supported. The learners’ message to 

the DL is understood as a request for deeper understanding about the requested topic 

domain. As a result a concept map or part of concept map that is deemed relevant to the 

learner is returned. What the DL is trying to say is made explicit by use of graphical 

display of the concept map while the relevance of the returned message to the user is 

conveyed by meta-information that is part of the concept map e.g. the map name, strand 

name etc. The support of the message encoding/decoding ends here and little interface 

support are provided during concept understanding from online resources.  
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6.1.3 Information types 

 

This interface provides five different information types for concept building i.e. 

supporting resources, student conceptions, related benchmarks, research and related 

national standards. The last four information types provide represent a suite of meta-

information for the concept and only the first information type supports attainment of the 

concept. The supporting resources are not discriminated into different information types; 

therefore the DL can’t provide selective information as a response to a request.     

 

6.1.4 Operators 

 

Operators are not used in this interface. 

 

6.1.5 Process 

 

This interface only supports the holist learning strategy; the strand map interface presents 

the learner with descriptive information in the form of concept maps. Once the learner 

comprehends a system level understanding s/he can indulge into deeper understanding 

about each concept by clicking on it.  

 

6.1.6 Assessment 

 

The interface is not adaptive therefore assessment is not used to guide the 

process/interface. 

 

6.1.7 Domain 

 

Domain is used to guide and constrain the discourse. The domain is made explicit and the 

locus of control is shifted to the learner. Therefore the learner is empowered to decide the 

next steps in the learning process. The learner can also self-regulate learning by 

comparing his/her understanding to the expert domain knowledge structure. The domain 

also provides the boundary for exploring and building conceptual understanding, 

therefore guiding the discourse in a loose manner which is the characteristics of holist 

learning strategy.  

 

6.1.8 Learner Conceptualization 

 

Learner conceptualization is not taken into account. As a result the interface can’t adapt 

to the changing learner needs and knowledge state. 

 

Studies have shown, compared to regular DLESE interface, this interface better supports 

learning. The learning benefits are observable even with minimal compliance to the 

LEDL framework. This suggests the usefulness of the LEDL framework, which will be 

confirmed in further studies.  
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6.2 Hypothesis Driven Interface 
 

Hunter et al [31] presents a hypothesis driven interface to DLs. The interface enables e-

Research using the information rich environment i.e. DLs. The interface supports 

iterative data exploration and hypothesis testing. The learner can explore the data by 

interacting with an HTML forms to select the data requirement and the presentation. Data 

is displayed using different representations side by side, which enhances understanding.  

After exploring the data, the learner can use the hypothesis building and testing interface 

to research the effects of different variables on the system. Different components of the 

interface are shown in figure 6 & 7. 

 

 

Figure 6: Data Exploration Interface 

 

 

Figure 7: Hypothesis Testing Interface 

 

The system complies with number of LEDL framework features. Firstly, the task 

transformation is supported by a specialized data gathering interface. The data gathering 

interface casts a perspective on how the information should be retrieved by pointing out 

the variables critical to the task. We can say that in this case the task is transformed by 

restraining the scope and by informing the user about the variable useful for the task 
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completion. Secondly, the hypothesis building and testing interface directly supports 

conceptualization/reconceptualization mechanism. The interface is reflective as the 

variables set by the learner in hypothesis building are reflected in the response 

presentation. Support for the encoding decoding operation is provided by the form based 

query creation and presentation that have the same variable name in result presentation as 

were used in query form. In this interface the domain is represented by the available set 

of variables that guide the information discovery. The interface is not adaptive therefore 

it does not take into account learner conceptualization and assessment. The interface uses 

small number of information types due to the limited scope of the task. Finally, the 

system adheres to procedural learning strategy because it provides an in-depth 

understanding of a single concept.  

 

Although the interface partially adheres to LEDL framework, positive user responses are 

elicited during initial evaluation studies.  

 

7. Research Questions 
 

This brings me to the research questions. 

 

• In what ways educational DLs can support learning? 

• What technological infrastructure and system practices are essential for these 

educational DLs? 

• How should interfaces be designed to make educational DLs effective? 

 

8. Research Methodology 
 

8.1 Step 1 
 

I will use the LEDL framework as conceptual model in figure 1 to analyze and redefine 

DL design, development, and operational practices. This will allow me to identify the 

gaps and modifications that have to be made to current DL practices for constructing 

enabling DLs. These suggestions might require fundamental changes in how DLs are 

built and maintained. It might be too difficult to justify these changes without concrete 

proof of improved learning using enabling DLs. Therefore, based on the results from this 

analysis I will investigate other ways of constructing enabling DL interfaces with 

minimum impact on current practices. My previous work shows that service-based 

architecture is a feasible approach to address this issue.  

 

8.2 Step 2  
 

I will pick few conceptualization of learning e.g. inquiry based, learning as design etc. 

and articulate the kinds of supports required for these conceptualizations in DL context. 

These scaffolds will help refine LEDL and vice versa.  

 

8.3 Step 3 
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Once identified these scaffolds will be implements and validated for effectiveness. A 

small library of these scaffolds will be assembled for development of demonstrators of 

enabling DLs. 

 

8.4 Step 4 
 

Next step involves designing and implementing infrastructure for enabling DL 

development. I will compare component based [32-34] and service based [35-39] 

approach for design and development of enabling DLs. Adopting a design approach I will 

develop infrastructure components/services and develop demonstrator interfaces for 

enabling DL. 

 

8.5 Step 5 
 

I will follow an iterative design and development strategy. I will iterate through step 1-4 

until I reach the success marker. 

 

9. Evaluation 
 

Evaluation will be used throughout the design and development process. I will validate 

LEDL against different learning conceptualization and ensure that it can effectively 

support learning mechanisms for the selected conceptualizations. As a result of this 

process LEDL will be refined and updated.  

 

Secondly, I will evaluate the scaffolds from usability perspective and learning 

enhancement perspective. 

 

Thirdly, I will evaluate the service/component architecture from developer perspective 

and system perspective. 

 

Finally, I will generate couple of enabling DL interfaces for learning conceptualizations 

and evaluate usability and learning enhancement. This final evaluation will be compared 

against a regular DL interface (keyword search and subject category browsing) for 

establishing the merit of success.  

 

10. Research Contributions 
 

I anticipate following research contributions to the field of DLs: 

 

• A methodology for developing enabling DL 

• Technical infrastructure and workflow practices for that underpin enabling digital 

libraries 

• Identification and development of user interface components that are effective for 

enabling DLs 
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specified by the author or licensor. 

• For any reuse or distribution, you must make clear to others the license terms of 

this work. 

• Any of these conditions can be waived if you get permission from the copyright 

holder. 

Your fair use and other rights are in no way affected by the above. 

This is a human-readable summary of the Legal Code (the full license).  

Disclaimer  
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