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Abstract

The present article constitutes a systematic review of  the literature with the objective of  identifying the
appropriate elements that must be considered when designing and creating adaptive digital educational
resources. The methodological process was rigorous and systematic, employing an article search in which
the texts related to the object of  study were identified, selected, evaluated and analyzed. It is concluded
from the analysis of  the documentary corpus that the different approaches found configure a roadmap for
the conceptualization of  what a digital educational resource should be in order to serve as an element that
contributes to learning. In this sense, an exemplary model user is proposed that considers experiences,
interests and tastes, thus making it possible to strengthen the particularities of  students and enhance the
learning experience.
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1. Introduction

The development of  digital educational resources has currently become a relevant teaching and learning
strategy; their use has been transformed and enhanced, and they are no longer considered to merely be
informative  resources,  rather  they  have  been  positioned  as  a  key  element  to  facilitate  knowledge
acquisition by students, allowing them to comprehend and interact with the material, according to the
interests,  learning  pace  and  prior  knowledge  of  each  subject  (Colchester,  Hagras,  Alghazzawi  &
Aldabbagh, 2017; Okpo, Masthoff, Dennis & Beacham, 2017).

This is largely due to the possibilities that technology currently provides, such as the topic of  adaptive
systems, expert systems, automatic learning and intelligent agents, the possibilities  and alternatives for
which have yet to be explored in education (Michalski, Carbonell & Mitchell, 2013; Verma, 2018). What is
certainly  true  is  that  these  artificial  intelligence techniques  mentioned above,  while  posing  challenges
during implementation related to costs, infrastructure and development, also present challenges from the
pedagogical perspective, as they make the process of  creating and designing materials more complex. For
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this reason, educational and instructional designers, content experts and the entire team taking part in the
process must consider the possibilities offered by the technologies, in order to make the best possible use
of  them and present them in such a way that the engineer developers can implement the techniques in the
proposed educational materials. 

Taking  this  into  account,  a  gap  is  observed  between  what  is  reported  in  the  literature  in  journals
specialized in  engineering,  computer science and educational  technology (Jain,  Gurupur,  Schroeder &
Faulkenberry, 2014; Crowe, LaPierre & Kebritchi, 2017; Siau, 2017; Chassignol, Khoroshavin, Klimova &
Bilyatdinova,  2018)  and  what  is  reported  in  educational  journals  (Roll  &  Wylie,  2016;  Baker,  2016;
Romiszowski, 2006). It seems as if  they addressed two distant moments in time or different topics, since
the first scenario presents evidence of  the development and implementation of  this type of  materials
described above, in which some elements of  artificial intelligence are already integrated, making possible
that which was previously impossible. In the second scenario, only some isolated cases are reported, and a
call is made to develop this type of  materials; hypotheses are made, discussion is proposed. In addition,
user models are created, taking into account learning styles, but great advances have yet to be seen. This
latter scenario is very similar to what can be seen in most digital educational resources that are found on
portals or in resource banks, where some important limitations are evident in terms of  deployment or
transmitting  contents,  low levels  of  usability,  the  use  of  a  single  instructional  strategy,  and a  design
focused on the content and not on the various needs of  the students. 

In this sense, since 2006 and even before, authors like Herrera (2006) have expressed that the necessary
conditions must be generated to promote learning, in such a way that all the educational strategies used in
the educational materials permit establishing relationships between the new concepts and the previous
information the student already has, with the aim of  enabling them to build their own knowledge. 

In this regard, according to the position taken by Paz, Espinosa, Sánchez and Porlán (2008), an Adaptive
Digital Educational Resource (ADER) can be considered to be one that takes into account aspects related
to  the  context  of  use,  content  presentation,  interface  aspects,  help  and  tutorials.  Designed  with  the
purpose of  providing a flexible environment for students, shifting the focus centered on information and
concerned with bringing students to a reflective learning environment, where they must make decisions
that will cause them to generate their own learning pace. In the same sense, Ferraro (2006) defines it as
that non-sequential resource that presents information in a flexible manner and in such a way that it can
be voluntarily manipulated by the student. It should preferably not be provided in textual form, rather
using images,  sound, animation and video.  This would represent an intertextual  approach,  capable of
building knowledge in an evolutionary manner according to the student’s capabilities.

Along these lines, it is crucial to consider learning styles whenever the aim of  an educational material must
be projected towards an interaction that provides for an experience between the learning resource and the
student. In this regard, Ferraro (2006) conceives of  learning styles as a possible route to achieving this
interaction, which meets the specific needs of  students and generates stimuli, awakening the students’
interest  in  a  certain  context.  This  means  that  the  resource  must  offer  the  user  a  good  educational
experience, i.e., instructional, contextualized and exploratory.

So far, some succinct arguments have been presented about what an adaptive digital educational resource
should be, which will  be examined in greater detail  later  on.  Even so,  there is  evidence of  the great
concern about this type of  resources generating and ensuring learning on behalf  of  students. For this
reason and taking into account that the focus of  the investigation was oriented towards identifying  the
pedagogical elements that must be considered when designing and creating adaptive digital educational
resources, which is fairly broad if  it is considered that it was approached from the literature in the fields of
educational science and computer science, it becomes necessary to pose some secondary questions that
would permit maintaining perspective and identify the aforementioned elements. The secondary questions
are: How have student needs been identified?, how has the concept of  the digital educational resource
been constructed?  and what  is  the current discussion on adaptiveness?  All  were important and were
approached through the proposed categories of  analysis. 
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2. Methodology
2.1. Type of  Study

The present research is based on a systematic review of  the literature according to the proposal made by
Dane and Fink (2010). The purpose of  which is to identify the pedagogical elements that must be taken
into account in order to design and create an ADER, in light of  what is reported in the literature on the
different fields of  knowledge, creating a dialog and synergy that contribute to the development of  this
type of  materials through a complete historical state of  the art. This means a possibility of  discerning and
revealing the strengths, weaknesses and problematic areas described in the literature in theory and practice,
and identifying some pedagogical orientations that must be considered when creating adaptive educational
resources. 

According to Pino, García and Piattini (2006), the main purpose of  a systematic review of  the literature is
conducting a sequential and methodical exploration in such a way that makes it possible to detect results
pertaining  to  a  topic  of  interest,  beyond  than  those  that  can  be  identified  by  reviews  of  humbler
dimensions. In doing so, findings that promote new ways of  tackling the problem are identified, including
the projective use of  DER as an opportunity for generating adaptive educational materials that contribute
to building knowledge. 

2.2. Procedure

The method used to conduct the following study is based on the stages presented in Figure 1.

Figure 1. Selection stages

2.3. Preselection of  Information and Filter

In light of  what has been succinctly stated in the previous paragraphs, it is necessary to pedagogically
think  about  systems  that  are  adapted  to  different  student  learning  styles  and  that  offer  different
experiences  that  meet  today’s  educational  demands.  Here  is  where  adaptive  systems  demonstrate  an
advantage and a possibility for instruction, since the system recognizes the characteristics of  the user,
adapting to their preferences. This is in contrast to what occurs in the “classic” hypermedia, which display
the same contents and links to all users (Berlanga, 2006).
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As has been presented until now, the topic of  adaptiveness has been considered for decades in different
fields of  knowledge. This is, however, a topic yet to be explored, in which it will be necessary to present
and then agree on the elements  that  have been addressed in order to be able to articulate them for
implementation by the teams developing digital educational materials. For this reason, the present article
intends to answer the question, “What elements from a pedagogical perspective must be considered when
creating or designing an ADER?” By answering this question, it is hoped to reveal some of  the elements
that converge and make the development of  this type of  materials possible. 

To conduct the documentary review, we began by formulating a problem that would make it possible to
guide the search in the existing literature. After  this,  a bibliographic inquiry was formulated with the
following  key  words:  Adaptive,  learning  styles,  digital  educational  resources,  multimedia  and  adaptive
hypermedia,  intelligent  tutors, adaptatividad,  estilos  de  aprendizaje,  recursos  educativos  digitales,  multimedia  e
hipermedia adaptativa, tutores inteligentes. These key words arose from terms mentioned in the previous inquiry
into the research topic. Likewise, the following bibliographic databases and search engines were selected;
they constitute the main sources of  information: ProQuest, Dialnet, Scielo and Google Scholar. Once
these activities were completed, the search equations were defined according to the pertinence of  each of
the sources in the results, as shown in Table 1.

Continuing with the process, the respective filters were applied, and the initial sample of  891 documents
was reduced to 238. These were then reviewed through an abstracting process that was performed in the
final selection phase. 

Bibliographic
database Search equation

Results
found

ProQuest (Adaptive OR adaptatividad) AND (digital educational resources OR recursos 
educativos digitales) AND multimedia AND hypermedia AND (estilos de aprendizaje
OR learning styles)

12

Dialnet (Adaptive OR adaptatividad) 5

Scielo Adaptatividad AND recursos educativos digitales AND multimedia AND estilos de 
aprendizaje 

21

Google Scholar (Adaptive OR adaptatividad) AND (learning resources OR recursos educativos 
digitales) AND multimedia AND hypermedia AND (estilos de aprendizaje)

853

Total: 891

Table 1. Search equations

2.4. Final Selection

During this phase, an extensive reading or abstracting process was conducted, in which the documents
that contributed to the formulation of  the problem were selected in order to answer the research question,
focusing on the title and abstract of  the document and in some cases, on other sections, as necessary. 52
selected documents remained following the abstraction process, as identified in Figure 2.

In the  case  of  Google  Scholar,  it  was  necessary  to stop the  abstracting process  on  page 10,  having
reviewed a total of  200 texts, as the pertinence and coherence were becoming increasingly lower and the
search was becoming more diffuse. In this case, it should be clarified that the initial sample consisted of
238 documents, which were subjected to abstraction. Of  these, 52 final documents remained, which were
qualitatively analyzed in depth through data analysis categories and a systematic process in the Atlas.Ti
software.
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Figure 2. Characteristics of  the sample

3. Discussion and Results

Once the sample of  documents was selected and taking into account the literature review question and the
proposed method, priori analysis categories were then established which made it possible to respond to
the question and conduct a systematic  and coherent analysis of  the literature.  These categories were:
digital  educational  resource,  learning  styles,  adaptiveness  and  user  model.  These  matched  the  search
equation and what was reported in the literature. Each category is described in Table 2.

With these categories, a series of  iterative in-depth readings were carried out of  the documents. Semantic
networks were then created with the help of  Atlas.Ti for each category. The purpose was to triangulate the
sources consulted and to obtain a holistic analysis that is impartial and free of  the biases. In this sense, the
present section is  developed,  approaching each of  the interrelated proposed categories, guided by the
literature review question. 

Category Description

Digital educational resource Historic conceptualization and different meanings of  the concept 

Adaptiveness Conceptualization and different meanings of  the concept 

Learning styles Construct based on which certain elements of  resource adaptiveness have been 
developed

User model Items that make up a series of  elements intended to define possible patterns of  
possible behaviors in students or users

Table 2. Table of  categories

3.1. Digital Educational Resources (DER)

As part of  the analysis of  this category, the different positions and the transition of  the concept were
examined. These aspects were permeated by elements linked or related to adaptiveness, in light of  the
research equation,  although perhaps  not  explicitly,  but  rather  intrinsically  aimed and oriented by  this
perspective. In agreement with this, it can be revealed that in 1993, Cano and Justicia presented a model in
which students are considered active subjects, capable of  deploying a wide variety of  conducts that will
determine their  learning.  As a result,  it  is  crucial  to generate a resource that meets the needs of  the
different learning styles, making the learner a relevant variable in the design of  a DER. According to this,
Camarero, Martín and Herrero (2000) argue that it is important to generate and propose strategies based
on self-instruction and self-control, as well as techniques that support attention and internal and external
motivation. These ultimately permit the self-regulation of  the learning processes, with a positive influence
on the academic performance of  students.

With a more traditional vision, Pérez, Gutiérrez, López, González and Vadillo (2001) propose that the
following aspects must be considered in the design of  a DER: establishment of  the resource objectives,
activities, instructional design and feedback. This means that the objective is to generate in students the
need to learn topics they have yet to master, offering an answer in the form of  the resource that has been
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created. The limitation arises in that all students are conceived of  as a whole, and one single objective is
proposed, along with a single trajectory and generic feedback. 

The  approach  above  would  suppose  a  limited  focus,  if  the  student  is  considered  to  have  special
characteristics that determine their performance and appropriation in the use of  educational resources. In
response to these peculiarities, Carro, Breda, Castillo and Bajuelos (2002) propose a model in which the
user can select the activities to perform, depending on their personal characteristics and the results of
their interaction with the resource. Other authors, in turn, focus the conceptualization on topics more
closely  related to interoperability  and technical  aspects,  such as in  the  case  of  Gascueña,  Fernández-
Caballero and González (2005), who propose elements such as self-contained design (in which its own
information is present), reutilization (which enables its use in different contexts), metadata (so that its
description can be found and that are easily retrievable) and small units (which imply that the resource
takes no longer than 15 minutes to complete).

After 2008, a focus is perceived that is centered around meeting the needs of  students, but in which each
student is conceived of  as a unique user, addressing topics of  learning personalization (Essalmi, Ayed,
Jemni & Graf, 2015). This is the case of  Paz et al. (2008), who clarify that a DER cannot be considered an
information object, rather quite the opposite, it must provide a flexible environment in which students
make decisions that allow them to build their own knowledge. Likewise, González, Duque and Ovalle
(2008) identify the importance of  student interaction (as a user) with the material, in order to establish the
horizons and the educational projection from the comprehension of  the context,  so that the learning
experience is maximized and made the most of.

In this sense, conceiving of  the user as the focus for developing the digital resource generates proposals
that correspond to the particular characteristics of  the student, causing him or her to play a principal role
within the DER. For this to occur, the narrative becomes the tool that allows the learner to appropriate
the resource and in turn reinforce his  or  her own learning.  It  is  for  this  reason that  Lai-Chong and
Rust-Kickmeier (2008) suggest that the narrative begins from the selection of  characters, that these can be
configured and that the same story should allow changes, being both flexible and adaptable, in order to
generate interest and “hook” the student, while developing the proposed contents or objectives. 

Along these lines,  Zapata (2009)  mentions that  an educational  resource should be contemplated as a
whole, consisting of  auxiliary elements, materials and means destined to promoting learning. Finally, it is
important not to lose sight of  the objective of  the DER, which Cacheiro-González (2011) believes lies in
the question of  how the instructor proposes tools in the spirit of  facilitating curricular development or for
the purpose of  simplifying the class contents to improve the learning experience. This can stem from
anything  from  hands-on  learning  encounters  to  the  intention  to  develop  cognitive  skills,  nurturing
constructions and evaluative reflections.

3.2. Learning Styles

There are different theories and proposals to addressing learning styles, which is appropriate from the
perspective of  adaptiveness, considering that most of  the user modeling proposals are based on them
(Feldman, Monteserin & Amandi, 2015; Dascalu, Bodea, Moldoveanu, Mohora, Lytras & de Pablos, 2015;
Özyurt  &  Özyurt,  2015).  This  is  the  starting  point  for  identifying  behavioral  patterns,  rhythms,
preferences  and  interests  of  students,  for  the  purpose  of  responding  to  these  needs  and  particular
characteristics of  each subject. In accordance with this, a theoretical exploration of  the different proposals
was  carried  out,  reviewing  the  points  of  convergence  and  the  importance  they  have  had  in  the
development  of  adaptive  digital  educational  materials  (Fabregat,  Moreno,  Amo,  Fuertes,  González  &
Martínez, 2010; Richter & McPherson, 2012; Zamora-Musa, Vélez, Paez-Logreira, Jesus, Cano-Cano &
Martínez, 2017).

In this sense is  the proposal by Cano and Justicia (1993), who believe that the fact that each person
follows  motivations  that  nurture  comprehension differently,  in  order  to  pave  the  way  that  facilitates
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learning from the perspective  of  an education capable  of  promoting recognition of  differences as a
pedagogical tool. Peña, Marzo, de La Rosa and Fabregat (2002), in turn, base themselves on the proposal
by  Price,  Dunn  and  Dunn  (1997),  which  describes  a  learning  style  as  the  way  in  which  a  student
approaches new and difficult information, deciphering it and retaining it. Furthermore, Cassidy (2004)
takes up the proposal by Honey and Mumford (1992), who argue that a learning style is a description of
the attitudes and behaviors that determine the individual’s preferred method of  learning, while Gallego
and Martínez (2003) refer to learning styles as those favorite strategies that permit new information to be
gathered,  interpreted,  organized  and  reconsidered.  Finally,  Moya,  Hernández,  Hernández  and  Cózar
(2011) define the term “learning style” as the way in which each person uses his or her own method or
strategies to learn, and thus the need is evident to recognize the differences that students have with regard
to their learning in relation to others.

The  definitions  presented  above  of  this  category  propose  two  fundamental  scenarios  in  the
conceptualization of  this. The first scenario refers to learning styles as the capacity for processing and
comprehending  information  by  each  individual,  while  the  second  scenario  focuses  on  the  different
strategies  and  ways  of  organizing  information  and contents  to  later  be  analyzed  and related  to  one
another. The truth is that both scenarios are part of  the same process, which is learning. It consists of  a
series of  elements that make it complex. What is really important in each of  the proposals is that they
reveal  that  not  all  human  beings  learn  in  the  same  way.  There  are  different  ways  of  approaching
knowledge, and these differences create an opportunity that must be taken advantage of  or taken into
account  on  a  pedagogical  level.  This  thus  means  that  educational  processes  must  respond  these
peculiarities. 

In accordance with this, several proposals have been created, most of  which integrate both scenarios. One
of  these is by Honey and Mumford (1992), as cited by Gallego and Martínez (2003), which groups the
styles into four different types, as shown in Table 3.

In addition, other authors propose different learning styles according to individual preferences and access
to knowledge. According to the experiential learning theory proposed by Kolb and Kolb (2005), there are
four learning styles, which are set out in Table 4.

Using the proposals by Kolb, Honey and Mumford as a basis, when planning a DER, it is important to
propose one or more strategies that take into account the characteristics of  each student, creating a user
model. In this way, experience, participation and interaction by the subject with the resource will enable
him or her to approach the knowledge in an appropriate manner and will not force routes or paths that
generate distractions or confusion. Likewise, the arrangement and different ways in which the content is
structured are important, as are the variety of  formats and aspects related to usability and accessibility. 

Learning Styles

Active Reflective Analytic and exhaustive Theoretical Pragmatic

Seeks out new 
experiences, open-
minded, not at all 
skeptical and takes on 
new tasks with 
enthusiasm. 

Characteristics: 
Encourager, 
improviser, risk-taker 
and spontaneous.

Prioritizes 
reflection over 
action, carefully 
observes the 
different situations
that arise.

Takes his/her time to 
analyze the situations that 
arise.

Characteristics: 
Thoughtful, conscientious, 
receptive, analytic and 
exhaustive.

Seeks out 
rationality and 
objectivity, 
avoiding 
subjectiveness and 
ambiguity. 

Characteristics: 
Methodical, logical,
objective, critical 
and structured.

Likes to act 
quickly and with 
security with those
ideas and projects 
that he/she finds 
attractive. 

Characteristics: 
Experimenter, 
practical, direct 
and effective.

Table 3. Honey and Mumford’s learning styles
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Learning Styles

Active Reflective Theoretical Pragmatic

Learning is based on the 
direct experience of  the 
person, who is a risk-taker,
spontaneous, a discoverer 
and an encourager.

Focused on observation 
and information 
gathering: analytic, 
patient, conscious.

Based on the formation of  
concepts from abstraction and 
the generation of  conclusions: 
methodical, critical, structured,
planned, objective.

Draws from 
experimentation and search
for practical elements: 
realistic, technical, direct 
and an experimenter.

Table 4. Kolb’s experiential learning styles

In this way, recognizing the student’s interests and managing to reflect them in a way that favors the
acquisition of  new knowledge becomes a pedagogical challenge, which emerges from the personalization
of  learning and obviously includes educational resources as key tools within the process. In the words of
Gardner (2001), as cited by Fernández (2012), “The great challenge for both the teacher and the student is
to find that balance between the degree of  challenge an activity presents and the degree of  skill the person
has who is doing it” (pp. 16).

3.3. Adaptiveness 

In agreement with what is revealed by the results, it can be quickly concluded that the design of  a DER
must take into account various aspects, such as the proper presentation of  the information and contents,
the context of  use, help for the student, and the strategy and narrative, among other elements. All these
aspects configure a model that is adaptive in construction, in which a flexible and reflexive environment is
generated that supports the student’s learning pace. Therefore, the present category includes concepts and
theories that are articulated according to their proposals and agreement and are not oriented by their
historic evolution. 

In this sense, Morillo (2016) proposes that adaptive learning suggests the personalization of  the learning
techniques, which after undergoing a process of  identification, seek to meet the specific needs of  the
student, offering him or her a personalized experience. In accordance with Mérida, Fabregat and Baldiris
(2010), the term “adaptiveness” has been used by several authors, who present it as a possibility for digital
interaction that lets the user correctly navigate through the contents, where they will find adjustments and
variations related to their interest. This results in a feedback process between the system and the user,
developing different alternatives capable of  optimizing the teaching and learning process.

On the other hand, Brusilovsky (2001) considers those hypertext systems that take into account the user’s
characteristics to be adaptive hypermedia systems. Their objective is to promote interaction through the
peculiarities indicated by the user type. The system must thus recognize and adapt the system contents to
the Internet user’s profile. Duque and Ovalle (2011) consider adaptiveness to be the system’s capacity to
dynamically meet the requirements of  the user-system interaction, in an attempt to reach the proposed
objectives for which it was designed. Brusilovsky and Maybury (2002) propose that adaptive systems (AS)
refer to those systems that have the capacity to adjust how they function in response to the goals, tasks,
interest and other characteristics of  the users or groups of  users. 

Arteaga and Fabregat (2002), in turn, state that for the creation of  an adaptive digital educational material,
efforts must be focused on permitting the user to view the information dynamically, with a particular
guide directed and oriented towards the interests of  the students. According to Prieto (2006), this consists
of  determining the necessary attributes and metrics for each of  the users, in such a way that permits
measuring the presence and form of  interaction between the student and the DER.

In light of  this,  some authors, such as Duque, Ovalle,  Vicari and Azambuja (2008) and Mérida et al.
(2010), take into account Oppermann’s  user characteristics, which can be divided into two different types:
adaptable systems and adaptive systems.  Adaptable  systems are those  that  permit  the user  to change
certain system characteristics to adjust their behavior. One way of  recognizing these user characteristics,
according to Pereira, García and Romero (2003), is through personalization by means of  defining the user
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parameters, a list of  options that lets the student select his or her characteristics pertaining to how the
service operates, selecting preferences from a list of  options.

Adaptive systems are those that automatically adapt to the user in light of  suppositions made by the
system in accordance with the user’s needs. In this latter case, the user model is created based on the
interaction  with  the  system  through  its  interface,  capable  of  presenting  users  a  series  of  trends  and
characteristics that are a reflection of  their personality, interests, difficulties, opportunities and learning
styles,  that  ultimately  consolidate  the  resource  as  their  own.  In  this  sense,  the  challenge consists  of
determining how to work and present the contents so that they cannot just be considered a series of  initial
instructions, rather they make it possible to energize the resource throughout its development.

Therefore, in order to consider a resource adaptive, Brusilovsky (1996) establishes five elements that must
be  considered:  knowledge,  the  objectives,  user  characteristics,  user  navigation  experience  and  user
preferences. This author also proposes an operating scheme for an adaptive system, as shown in Figure 3
(Brusilovsky & Maybury, 2002).

The Figure 3 shows how the data related to the user characteristics are collected and how when identified
by the adaptive system, they are synthesized into a user model that determines the contents, the navigation
and their presentation in the system. A mechanism is devised to regulate information and design adaptive
tools that demonstrates a concern for user peculiarities and also question during the process the impact
the system has, not only in terms of  interaction, but also with regard to the conceptual and pedagogical
goals that constitute it as an adaptive digital educational resource that responds to different learning styles.

Within the same scheme, Brusilovsky and Maybury (2002) establish three dynamic elements that come
into play in the construction of  the user model: contents, navigation and presentation. With regard to the
contents, the authors describe the different ways of  presenting the contents and of  accessing them, taking
into account that the information must be dynamic and able to be presented gradually, according to the
student’s  progress  and  pace.  Navigation  refers  to  topics  of  usability  and  accessibility  that  simplify
interaction with the  system for  the  user.  These two elements  make up the  last  aspect,  designated as
presentation, which is the way in which the system adapts itself  and is presented according to each of  the
user groups that can be identified, offering a personalized space and generating empathy with the student. 

Table 5 shows some of  the considerations to keep in mind when setting out to make a resource adaptive.
For this  purpose,  a comparison has been made of  elements  of  the proposals  by Brusilovsky (1996),
Kobsa (2001) and Karampiperis and Sampson (2005).

As shown in the table, it is important to consider the characteristics of  the users, as well as their prior
experience, followed by the clarity of  the system objectives and the educational experience that we wish to
provide. However, there is a factor that so far has not emerged from the data and the proposals, but that is
coherent with the proposal and with what has been discussed so far: the topic of  feedback, which will be
addressed later  on.  It  is  understood that  the  evaluation  process  must  be  a  formative  process  that  is
coherent with the experience of  each student.

As  a  proposal  in  terms  of  information  management  within  the  resource,  adaptiveness  generates  an
advantage by permitting data to be obtained from the student, making the information more flexible and
showing a path for implementing the resource. This path must be characterized by showing content in a
dynamic manner and leading the student in search of  a satisfactory experience that allows him or her to
better understand the content offered by the resource. Therefore, the intent here is not merely to obtain a
software tool with a series of  links or simple changes, rather a complex system that aids and makes it
possible for each student to learn. 
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Figure 3. Adaptive systems according to Brusilovsky and Maybury (2002)

Elements

Author

Brusilovsky (1996) Kobsa (2001)
Karampiperis and
Sampson (2005)

Generation  of  the
user profile

• Knowledge.
• Objectives sought.
• Characteristics related to 

the user’s experience in 
other fields of  study. 

• User data: knowledge of  
the topic, skills, 
preferences, goals, etc. 

• Determining factors: 
aspects of  the learning 
experience that will 
determine the 
adaptation, i.e. what is 
the basis for the 
adaptation?

Resource use • Navigation experience.
• User preferences.

• Use data: how does the 
user interact with the 
AHS? 

• The constituents: 
aspects of  the 
educational experience 
that are subject to 
adaptation, i.e., what is 
going to be adapted?

Resource feedback • Does not apply • Environmental data: 
information from the 
technical environment of  
the user that affects the 
functioning of  the AHS. 

• Aspects of  the 
experience subject to 
adaptation and how they
are related to one 
another.

Table 5. Elements considered for the adaptation

3.4. User Model 

One of  the important aspects that has been considered in the previous categories is the creation of  a user
model that  makes it  possible to respond to the idiosyncrasies of  each subject that interacts with the
material. This model will permit collecting information on the characteristics, preferences and needs of
each student. In this regard, Berlanga (2006) revisits the proposal by Brusilovsky (2001) in which it is
suggested that an adaptive hypermedia system must include a user model where the goals, preferences and
knowledge of  each individual are defined, in order for the system to use this information throughout the
interaction with the user, adapting to his or her needs. According to Mérida et al. (2010), by defining a user
model, the system can monitor the user’s behavior and thus adapt the presentation of  the system to that
behavior.

The user model is a definitive element in the design of  educational resources. Mendoza (2014) proposes
that the modeling of  the DER must contemplate those processes that are performed to supply the system
with information about the student in such a way that permits it to adapt dynamically and automatically.
On  the  other  hand,  Duque  and  Ovalle  (2011)  explain  how  an  adaptive  system  must  function,
understanding that adaptation is based on the consolidation of  elements of  the user’s profile, for the
purpose of  conforming to the purposes of  the system. Erdoğmuş and Koç (2011) suggest that the author
of  the model must create elements that support learning, permitting the selection of  characteristics that
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facilitate the operability of  the digital material. In this sense, Vélez (2009) presents the approach used by
Brusilovsky and Millán (2007) to a “user model” based on the three questions shown in Figure 4: 

Figure 4. Brusilovsky and Maybury’s (2007) proposed user model questions

It is thus important to determine the user model, which will enable the adaptation strategy to be selected,
since the system methodology and how the information will be represented are defined here in terms of
the content presentation. These learning strategies must be anticipated by continuous guidance that allows
the learner to receive personalized feedback within the process.

It is there, in reciprocal information sharing as a fundamental exercise in the construction of  educational
resources, where the term feedback comes into play, which according to Dempsey and Sales (1993), refers
to the constant communication with the student who participates in the instructional practice and the
work done through the digital resource. According to this principle, students must be informed after the
completion  of  each process  about  their  performance,  with  the  primary  objective  of  establishing the
reinforcement, difficulties and plans for improvement that must be implemented, not only in relation to
the disciplinary knowledge, but also in the permanent construction of  the resource itself. The DER is
thus a work in progress and suggests a technological dynamism in its formulation. 

Along  these  lines,  for  Dāboliņš  and  Grundspeņķis  (2013),  feedback  is  important  for  students  as  it
consolidates the learned material and constantly contrasts the information received. It is for this reason
that instructional  design must consider factors governing the feedback function and the influence of
concepts as an experiential relationship between the subject and learning. It thus becomes necessary to
design feedback following the student’s intervention, according to the work done and with the purpose of
demonstrating the competences attained after performing the activity. Individual student differences can
be met, understanding their learning styles, motivation control and prior knowledge. To accomplish this,
the resources used must prioritize these aspects through the analysis of  the information that is found
implicitly in the syllabi, community data and topic objectives, among others. The feedback must clearly
show the students the number of  mistakes made and the work time invested in completing the activities in
order to reveal measurable variables that enable them to recognize the progress made in their learning
process and, in turn, to identify a pattern of  errors, which would allow the system to learn from these
common errors and simplify the instruction or activity. 

An agent  supporting  the  feedback,  as  a  facilitator  within a  DER, is  the  Virtual  Tutor.  According  to
Valverde and Garrido (2005), the tutor process is described as the guidance given by the teacher to the
student, seeking comprehension of  the contents, the following of  instructions to complete the work and
the clarification of  concerns that arise during the course of  the activity. Accordingly, certain aspects must
be kept in mind for the projection of  a virtual tutor, as set out by Ortega (2007): knowledge of  the online
educational  system,  adaptation  of  the  student  to  the  system,  facilitating  methods  and techniques  of
self-study,  developing  a  sense  of  institutional  identification,  promoting  the  self-learning  process  and
detecting conditions of  solitude or isolation related to the periods of  time in which students show no
activity on the system or are concentrated on completing a single activity. According to Arias, Jiménez and
Demetrio (2008),  said processes must contain a structure with three important elements,  namely:  the
domain model, in which the knowledge to be taught is integrated; the pedagogical model, in which the
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teacher demonstrates pedagogical knowledge; and the student model, in which the recommended activities
will be monitored, in addition to student performance. 

According to Conati and Manske (2009), students lack the skills needed to self-regulate their own learning
process; for this reason, by including a tutor in the experience, better results can be obtained, since with
professional support for the activities, users have better control over the system. Ortega (2007) indicates
that one of  the important aspects of  the tutor is that it encourages relationships to be established between
the contents and their professional field; it also organizes activities with defined purposes and promotes
reflection and critical analysis. Once the tutor support strategy has been established, according to Martínez
(2004) it is important to provide pertinent information on the student’s development, allowing the learner
to  comprehend and integrate  their  experience.  Understanding  this  as  feedback  with  the  objective  of
generating internalization processes in students that permit boosting their capacities. 

According to Ortega (2007), Figure 5 shows some of  the competences that a virtual tutor must have:

Figure 5. Virtual tutor competences according to Ortega (2007)

Having said this, inferring about the construction of  adaptive DER, some considerations are presented on
how adaptiveness can be demonstrated, as well as the support for different student learning styles. For this
purpose, the goal of  consolidating DER as an assertive proposal in education must be set as a creative
path capable of  elucidating user models that recognize differences in learning. This would mean progress
in  the  analysis  of  the  differences  in  learning  styles  and  the  possibility  to  create  systems  capable  of
personalizing instructions, and beyond this, in questioning a homogenizing educational system that blocks
the generation of  new strategies for acquiring information and circumvents the creation of  knowledge
based on the subject’s experiential awareness. In this way, it means defining the ways in which learning is
configured,  and  the  intentions  that  can  be  originated  through  information.  It  is  understood  that
knowledge emerges from questioning one’s environment and the components that might be presented
from the DER. Therefore, the objective must be shared between the inroads made by the technological
resources and the increased criticality in the teaching approaches of  formal educational spaces. In this
regard, Beningni and Marcano (2014) propose three fundamental elements, such as recognizing changes in
users  according to their  interaction  with  the  system,  identifying  the  users’  objectives  when using the
resource, and finally, obtaining information about the users’ experience with the system.

4. Conclusions

The categories addressed above made it possible to contemplate each of  the angles of  the subject of
study. In this sense, and based on a triangulation of  the categories, authors and articles, it was possible to
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identify the pedagogical elements that must be taken into account when designing and creating adaptive
digital educational resources. 

The first element for creating an adaptive DER is to establish the instructional design, something that is
nothing new, but that requires changes in its perception and the way in which it has been done, because if
the reason and purpose are observed, it is different and must respond to other elements not previously
contemplated. In this sense, the focus must be on selecting the pedagogical strategies or techniques best
suited to the individual characteristics of  the students in terms of  their objectives, learning styles and
mastery of  the knowledge associated with the DER. According to Berlanga (2006), there are five elements
commonly  used  for  adaptation:  knowledge,  objectives,  user  characteristics,  user  experience  during
navigation and user preferences. Relevant elements when creating the instructional design, which are quite
different from the linear focuses and unique navigation paths. 

After this,  it is necessary to establish a user model that permits the system to recognize the students’
characteristics and thus support their individual learning styles, bearing in mind that the topic of  learning
styles  is  a  current  topic  of  discussion  (Kirschner,  2017).  This  student  profile  (López,  Martínez  and
Moreno, 2004) can be constructed based on a diagnostic instrument according to the existing theories of
learning styles and that is enriched by interactions with the system, errors and recommendations that the
users make, as well as the monitoring of  behaviors, evolution and management of  information within the
DER, which will make it possible to recognize the student characteristics (Paredes, 2008; Carro et al.,
2002). 

After the user profile is defined, it is necessary to find the way to adapt the contents and the way in which
they will be presented, thus permitting, as Berlanga (2006) put it, to configure the information and the
oaths according to the characteristics of  each user, guiding them during the navigation and in the handling
of  important information within the resource. Part of  this necessary feedback so that students retain
concepts within the resource can be presented through feedback. As Martínez (2004) states, it is a matter
of  providing the pertinent information about what the students are developing so that they can internalize
it and assume it as part of  their personal experience.

So far, the elements presented are pedagogical in nature, and certainly some of  them are mediated by
technology,  but it  must  be  acknowledged that  all  of  the  above is  possible,  taking into account  both
existing and future technology. It must be clarified and stressed that the intent is not to make systems
adaptable,  rather adaptive,  a differentiation that was formulated in the results.  In this  sense,  adaptive
systems require a highly technological component that must be contemplated in the design, and which is
the system’s capacity to learn from the data and from interactions. In response to this, the system must
contemplate  a  database  design  that  enables  it  to  record  and  process  pertinent  information  on  the
behaviors, resource management and results of  the students. These data must be managed with the help
of  artificial intelligence techniques, and more specifically, learning analytics (CITA), in order to process the
data and generate help through expert systems, automatic learning and intelligent agents. 

For this reason, the existing techniques in the fields of  artificial intelligence and computer sciences must
be considered to integrate them correctly with these educational materials. The quest is to create artifacts
that  really  support  teaching  and  learning  strategies  (Peña  et  al.,  2002).  Obviously,  many  of  these
techniques help solve possible problems, provide solutions and open the door to possibilities that were
not previously possible, but that are now a reality (De Castro, García, Romero, De Castro & Ventura,
2004; Jiménez, 2006).

Likewise, a thorough evaluation should be made of  the DER that would make it possible to identify the
basic options of  usability and learning, as described by Pinto and Gómez (2011), since a resource should
not just be “usable” in terms of  its design, rather it should present a decisive pedagogical value within the
proposal.  Once the  previous  points  have  been consolidated,  the  resource  must  finally  strive  for  and
achieve the objective for which it was created, to be a didactic means that is potentially more robust as
compared  to  traditional  DERs,  using  adaptation  and user  modeling  as  a  tool  to  respond to student
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learning styles, strengthening the aforementioned process and creating a positive interaction between the
user and the system. 
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