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Abstract. Knowing the level of complexity of digital resources is crucial to de-
limit their use in the educational context. This paper summarizes the contribu-
tions of my thesis and focuses on strategies to build conceptual networks based
on the content of digital resources; identifying metrics and features to measure
complexity in conceptual networks accurately; and, proposes new approaches
to level digital resources complexity. The contributions of this thesis are exten-
sively evaluated with two large datasets containing resources in varied levels of
complexity. The results show that the proposed metrics and features are suitable
to estimate digital resources complexity and applicability in educational scenar-
ios. The outcomes of this thesis have been published in high-impact venues.

1. Introduction

One of the key factors for the selection of proper digital educational resources is the
level of complexity. The adequate complexity of the digital resource can keep students
engaged in learning tasks, provoke their curiosity [Wu and Miao 2013][Berlyne 1960],
and affect their interest [Silvia 2005] and how they interact with the information
[Zyngier et al. 2007].

Complexity is a multi-faceted phenomenon that has no predefined and unique set
of dimensions and features to capture our intuitive ideas about what is meant by complex-
ity [Gell-Mann 1995]. Moreover, a complexity feature can take different forms depend-
ing on the context and scientific domains. Therefore, there is often more than one way by
which to measure any given complexity feature [Gell-Mann 1995].

Some researchers have investigated the complexity of digital resources through
features such as readability, amount of information, coherence, content over-
lap and presentation [van der Sluis and van den Broek 2010] [Van der Sluis et al. 2014]
[Benjamin 2012] [Collins-Thompson et al. 2011] [Sweller and Chandler 1994]. While
all of these perspectives address relevant characteristics, they ignore the complexity of
the concepts that need to be presented. Even studies that consider the concepts often
underestimate the additional complexity caused by the relationships among concepts.

The central problem addressed in this research is focused on identifying appropri-
ate (1) features of complexity and (2) strategies to deal with the complexity of a digital
resource considering concepts included in it and their interrelatedness. The following
activities were established to deal with these problems:
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• to investigate ontologies, vocabularies, knowledge graphs available to build a con-
ceptual network associated with digital resources;

• to identify the state-of-the-art metrics and features of complexity through a litera-
ture review;

• to propose features and metrics applicable to conceptual networks;
• to evaluate these features and metrics;
• to investigate strategies to adapt the complexity of digital resources;
• to propose strategies to deal with the complexity of digital resources based on their

conceptual networks;
• to evaluate the impacts of the strategies on the features of complexity;
• to demonstrate multiple applicability in the real educational scenario.

Our approach supports educational stakeholders in recognizing, estimating and
adapting the complexity of digital resources. Besides, its relevance for the Computers in
Education has been already demonstrated through some publications obtained:

• a comprehensive systematic mapping about use of linked data in
Education[Pereira et al. 2017b][Pereira et al. 2017a] produced to define the
process for building the conceptual network;

• an analysis of differences in features of complexity according to the precedence
of pairs of prerequisites [Pereira et al. 2019]

• an approach to structure a course‘s content as a conceptual network and to create
visual representations to assist educational stakeholders to minimize the effects of
oversimplification and compartmentalization of knowledge [Pereira et al. 2020].

2. State of the art
A literature review1 was conducted on two main fields: (1) Complexity Theory and its em-
ployment in contexts such as complex systems, complex networks, tasks, and health, and
(2) Education, in which the focus was on teaching and learning of complex educational
subjects.

The definitions of complexity and complex systems, as well as their applications
in task complexity and education context, indicate that factors such as the number of com-
ponents of the systems, the interactivity between them, and the variety and diversity are
studied as features that influence the complexity. These features are adapted and mea-
sured differently for each research field, emphasizing the subjectivity [Gell-Mann 1995]
and context-dependency [Mainzer and Landauer 1995] of complexity.

From an educational perspective, studies focus on analyzing educational environ-
ments and structure as complex systems, including the relationship between educational
stakeholders, political and pedagogical challenges. Few studies presented measurable and
applicable features in real scenarios regarding the complexity of the educational domains
to be learned or of digital resources. However, theoretical discussions indicate factors that
influence the complexity and challenge the learning of complex domains.

This thesis proposes and investigates a new perspective of complexity analysis,
which considers the intertwined conceptual network of a digital resource and, based on it,
offers measurable features to estimate and deal with complexity.

1Details and results from the literature review are under submission to an international journal.
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3. The conceptual network of a digital resource
We propose to structure the digital resources’ content as a conceptual network in which
“nodes” of the network are concepts extracted from the resources, and the “edges” are
semantic relationships among the concepts. This conceptual network can increase the un-
derstanding of digital resources and represent their complex structure formed by multiple
intertwined concepts. The conceptual networks are composed of multiple and interrelated
concepts that can have many attributes, and the relationships that can have diverse types,
meanings and hierarchical levels.

To exemplify how the proposed process works, we used a topic extracted from
Wikipedia - the Apartheid article 2. The content of the Apartheid article is composed of
unstructured information. They neither have an explicit representation of their concepts
nor the structured design of how they are related. A comprehensive understanding of
this article includes an understanding of varied concepts, such as ideologies, countries’
history, notable leaders or institutions. For a meaningful understanding of this topic, such
concepts have to be learned not only through their characteristics as isolated concepts;
they inevitably need to be recognized as part of a network of concepts representing how
they are related to each other. Therefore, a deep understanding of this subject can become
complex since each concept must be learned with several other components.

To automatically extract structured information from digital resources, we pro-
posed a framework called DRC-NR Framework 3, which takes advantage of named-entity
recognition services, knowledge graphs, ontologies and taxonomies to extract a set of
concepts included in digital resources, semantically enrich them, recognize their types
and the relationships among them.

Figure 1 shows part of the conceptual network of a Wikipedia article about
Apartheid, built through the DRC-NR Framework components. In this example, firstly,
we submitted the article text to a Named Entities Recognition (NER) service to detect
entities. Next, we used knowledge graphs to obtain attributes, relationships, classes and
categories for each identified entity. Finally, we used ontologies/taxonomies to identify
hierarchical relationships and group the entities 4.

After receiving digital resources constituted by unstructured information and mod-
eling the digital resources’ content as a semantically enriched conceptual network, the
DRC-NR Framework provides: (1) an overview of the concepts inserted in digital re-
sources, (2) a representation showing how concepts are related to each other, reveal-
ing connections and combinations, conceptual dependencies, and conceptual variations
across contexts, (3) groups of concepts into different classes and categories, (4) analyz-
able dimensions, such as size, interrelatedness, clustering and diversity, (5) a comparative
analysis among different digital resources in terms of the conceptual networks and fea-
tures related to complexity, (6) adaptable conceptual networks based on features related
to complexity and (7) user-friendly representations based on some instructional design
principles to deal with complex topics.

2https://en.wikipedia.org/wiki/Apartheid
3Details from the steps included in DRC-NR can be seen in [Pereira et al. 2020][Pereira et al. 2019]
4In this example, we used the DBpedia Spotlight tool (https://www.dbpedia-spotlight.org/) to support

the Named Entities Recognition task, and DBpedia Knowledge graph and ontology to identify their rela-
tionships and attributes
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Figure 1. Example of the conceptual network about Apartheid

4. Features and metrics of complexity

To analyze and estimate the complexity of digital resources, considering concepts and
their interrelatedness, we addressed two research questions:

• (RQ1): How can features and metrics of complexity be applied in conceptual
networks of digital resources?

• (RQ2): What features applicable to conceptual networks best distinguish the com-
plexity of digital resources?

4.1. Methodology

We performed an extensive literature review on Complexity Theory to understanding the
diverse dimensions, features and metrics associated with complexity and their applicabil-
ity in varied contexts. As a result of the literature review, we proposed a set of features
and metrics that could also be applied in conceptual networks to estimate the complexity
of digital resources.

We evaluated the proposed features and metrics by an experimental study. First,
we selected equivalent articles (same topic) from two Wikipedia versions: Simple 5 and
Regular English 6 and built conceptual networks using the DRC-NR Framework. Next,
we calculated all the features/metrics to over 14,000 articles of diverse domains ex-
tracted from these two datasets with different complexity. After that, we statistically
compared the results using significance tests to verify if there was statistical difference be-
tween features values in the two datasets (non-parametric tests, using the Mann-Whitney
[Wilcoxon 1945] test) with a 95% confidence level (p-value < 0.05). We also measured
how the features differ between samples (we used the Vargha and Delaney’s A12 effect
size).

5https://simple.wikipedia.org/wiki/Main_Page
6https://en.wikipedia.org/wiki/Main_Page

X Congresso Brasileiro de Informática na Educação (CBIE 2021)

Anais dos Workshops do X Congresso Brasileiro de Informática na Educação (WCBIE 2021)

54



Finally, we applied a feature engineering process to identify the features’ impor-
tance to distinguish between simple and complex networks. The features engineering
process indicated the importance of the features analyzed and supported selecting the
most appropriate features to adjust the complexity of the concept network. To support the
features engineering process, we adopted the Boruta algorithm [Kursa et al. 2010]7.

4.2. Proposed features and metrics

We proposed using and adapting traditional complexity metrics and novel metrics applica-
ble to conceptual networks to estimate complexity features based on features and metrics
used in varied contexts (e.g., task complexity, complex network, complex systems). They
were associated with four dimensions of complexity in digital resources context - size,
interrelatedness, clustering, and uncertainty.

With this set of features and metrics, we answer the research question RQ1. Ta-
ble 1 summarizes this set of features and metrics associated with four dimensions. The
table also shows how these features and metrics can be applied or adapted to concep-
tual networks and their relationship and complexity (positive or negative) based on the
literature reviewed.

4.3. Results

The experimental study showed a statistically significant difference in all proposed fea-
tures and metrics, considering the datasets of resources with two distinct levels of com-
plexity. Moreover, the process of featuring engineering highlighted some of the most
important ones. The results answer the research question RQ2, showing that:

• All the features proposed were considered relevant. The coverage, exploratory
uncertainty (measured by diameter), number of concepts (measured by counting
of concepts), the clusters of concepts distribution (measured by entropy by com-
munity) and number of relationships are the five features with the highest levels
of importance.

Briefly, some findings associated with RQ2 are:

• the structure of the conceptual networks between articles with distinct complexity
is different in terms of size, interrelatedness, clustering, and uncertainty of inter-
actions and types of concepts;

• the density of simpler conceptual networks is greater than that of more complex
conceptual networks 8. However, it is worth mentioning that this is a measure
influenced by the number of concepts - the portion of the potential connections in
a network that are actual connections - therefore, the small number of concepts of
simple networks can have influenced the density;

• there is a substantial difference in the values of complexity features concerning
the domain;

• the simplification of digital resources decreases the coverage and the diversity of
topics covered;

7https://www.rdocumentation.org/packages/Boruta/versions/7.0.0/
topics/Boruta

8There is a statistical difference, however, it was not possible to state that conceptual density is higher
for Regular networks as presented in Table 1
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Table 1. Complexity dimensions, features and metrics for digital resources
Dimension Feature Metric Original/Applied/Adapted

Relationship
with complexity

Size Number of concepts Counting of concepts on the network
Adapted
number of elements
[Wiesner and Ladyman 2020]

Positive

Conceptual density
CDcn = CNc

NT(r)
∗ 100

Adapted
Keyword density[Malaga 2009]
[Bansal and Sharma 2015]

Positive

Number of relationships Counting of relationships on the network
Adapted
number of interactions
[Wiesner and Ladyman 2020]

Positive

Information load
Conceptual information load
CILc = number of properties with literal values of a concept Original Positive

Network information load: Sum of conceptual information load
NIL =

∑c=n
c=1CIL(c)

Original Positive

Coverage
Domain conceptual coverage: ratio of number concepts of the
conceptual network to conceptual network of the entire domain Original Positive

Interrelatedness Concept connectivity
Degree of a concept
out-degree and in-degree of nodes

Applied
Degree centrality Positive

Concept degree Frequency - Inverse Knowledge graphs Frequency
CDF − IKGF c =

log[CD(c)]
log[KGD(c)]

Original Positive

Conceptual Network
connectivity

Average degree
g = 1

n
∗∑c∈CNg(c)

Applied
Degree average Positive

Network density
DENCN = r

n∗(n−1)
2

Applied
Network density Positive

Degree distribution
P (g) = ng

n

Applied
Degree distribution Positive

Clustering Number of communities
Counting of communities in
the conceptual network

Applied
Louvain method
[Blondel et al. 2008]

Positive

Clusters of concepts distribution
Size of communities:
counting of concepts in each community

Applied
Louvain method
[Blondel et al. 2008]

Positive

Entropy using communities
H(p) = −∑nc

i=1 Pi ln(Pi)
Pi =probability of a random concept is of community i

Adapted
Shannon Entropy index
[Shannon 1948]

Positive

Uncertainty Diversity of types
Entropy using class
H(p) = −∑nc

i=1 Pi ln(Pi)
Pi =probability of a random concept is of class i

Adapted
Shannon entropy index
[Shannon 1948]

Positive

Entropy using categories
H(p) = −∑nc

i=1 Pi ln(Pi)
Pi =probability of a random concept is of category i

Adapted
Shannon entropy index
[Shannon 1948]

Positive

Coefficient of variation
cv =

σ
µ

Applied Negative

Exploratory uncertainty
Average path length
L = 1

N(N−1)
∑N
ij=1,i 6=j d(ci, cj)

Applied Positive

Number of shortest paths
Counting of number of shortest paths
between all pairs of concepts

Applied Positive

Diameter
The longest of all the shortest paths in a network Applied Positive

• in simple and complex conceptual networks, it is possible to highlight more repre-
sentative concepts by the degree of the nodes - power-law distribution;

• in simple and complex conceptual networks, prominent sets of concepts highly
connected (clusters) are achievable by community detection algorithms.

5. Strategies to adapt the complexity

In addition to a set of useful features and metrics to estimate the complexity of digital
resources, we also focused on identifying strategies to deal with complexity. Often, ed-
ucators and learning designers need to adjust the complexity of digital resources. It is
essential that they can do it, minimizing comprehension problems such as oversimplifica-
tion and compartmentalization of knowledge [Feltovich et al. 1993][Mandl et al. 1993].
Besides, it is relevant that they comprehend the impacts of the strategies on the com-
plexity features to make decisions about appropriate simplification strategies for varied
situations.

As part of the approach to address this problem, we focused on simplification
strategies and proposed investigating two research questions:
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• (RQ3): What strategies can be adopted to simplify the complexity of digital re-
sources considering their conceptual networks?

• (RQ4): What is the impact of the simplification strategies on the complexity fea-
tures of digital resources?

5.1. Methodology

We based on a literature review on Education to define simplification strategies to deal
with teaching and learning complex educational subjects. The strategies are based
and inspired by learning design principles to foster advanced knowledge acquisition
and minimize the effects of oversimplification, and knowledge compartmentalization
[Feltovich et al. 1993][Mandl et al. 1993].

We evaluated the strategies by an experimental study. After proposing strategies,
we applied them in the conceptual networks associated with Wikipedia articles. After
that, we recalculated these metrics and compared the result of the Original Conceptual
network and the Simplified Conceptual network by the strategies. In this experiment, we
considered a set of Regular Wikipedia articles with about 1,400 articles. We hypothesized
that the results would be statistically different for all the features after applying the sim-
plification strategy. We conducted hypothesis tests (Wilcoxon-Mann-Whitney test with a
95% confidence level) to compare the results and Vargha and Delaney’s A12 to measure
the effect size.

5.2. Proposed strategies to deal with the complexity of digital resources

We introduced four strategies to deal with the complexity of digital resources based on
their conceptual networks. These four strategies are not exhaustive, but they indicate suit-
able approaches that consider the conceptual network structure. The strategies focus on
reducing the conceptual networks maintaining the most relevant concepts and their re-
lations to understand them as an intertwined network of concepts. We also considered
strategies that allow expanding the conceptual network incrementally while the introduc-
tory learning is achieved. The following four strategies are an answer to the third research
question (RQ3):

• Focusing on clusters - proposes the simplification of the conceptual networks
through their largest communities. By this strategy, we aim to reduce the concep-
tual network and focus on the most connected concepts on the network;

• Focusing on the central cluster and most representative concepts - considers
the community composed of concepts strongly connected to a central concept.
Therefore, its feasibility depends on distinguishing a central concept in the con-
ceptual network. This strategy includes the main cluster - containing concepts
densely related to the main concept - and other most representative concepts.

• Focusing on paths to explore concepts - explores sequences of concepts and
aims to simplification by eliminating redundant or long paths between concepts.
We identify all the shortest paths between pairs of concepts in the network that
crosses the central concept. The selection of the shortest paths to explore the con-
cepts reduces the conceptual network through two approaches. First, the strategy
eliminates paths that do not include the central concept. Second, it eliminates
alternative, longer paths to understand how two pairs of concepts are related;
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• Focusing on patterns of concepts and their interactions - focuses on select-
ing concepts that follow patterns with high occurrence in the conceptual network.
The patterns are established through the relationships between types (classes) of
concepts.

5.3. Results
The results of statistic tests answered the fourth (research question RQ4), showing that
all strategies can be applied to simplify the complexity of digital resources through their
conceptual network, since each strategy could reduce some features that contribute to the
digital resource’s complexity, such as the number of concepts, relationships, and length
of paths. The analysis also revealed they vary in terms of the impact on the features,
advantages, and disadvantages. Some additional important findings concerning the fourth
question, RQ4, are:

• Strategy 1 - focusing on large clusters - has a low impact on interrelatedness
features since the concepts continue highly intertwined and interdependent;

• Strategy 2 - focusing on central and the most representative concepts - has a more
powerful impact on the number of concepts and also by relationships between
them than Strategy 1;

• Strategy 3 - Focusing on paths to explore concepts - has a significant impact on
the simplification of the concept network, mainly concerning the number of paths
among concepts;

• Strategy 4 - Focusing on patterns of concepts and their interactions - did not have
a significant reduction potential concerning the dimension and interrelatedness
among concepts.

6. Contributions
This research produced conceptual, methodological and technical contributions. The
main ones are highlighted in what follows:

• a set of features that contributes to estimating the complexity of digital resources;
• strategies that allow adapting the complexity following learning design principles

to support the learning process;
• a framework that includes components, services, tools, techniques, methods, on-

tologies and datasets to structure the information of digital resources as a concep-
tual network;

• a method for creating incremental conceptual networks of entire courses to assist
educational stakeholders (including learning designers) to minimize the effects of
oversimplification and compartmentalization of knowledge during the progress of
a course [Pereira et al. 2020];

• an approach to find the ideal order of presentation of information
[Pereira et al. 2019] using an initial set of features of complexity applied to
a dataset with pairs of prerequisites to analyze differences in each feature
according to the precedence of the concepts;

• an extensive systematic mapping about use of Linked Data in Education, including
ontologies, vocabularies and knowledge graphs [Pereira et al. 2017b];

• a graph database with about 14,000 graphs representative of Wikipedia articles and
graphs created from Computer Science courses that can be used as a benchmark
for comparative analysis of Linked Data and Knowledge Representation.
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7. Conclusion

The outcomes of this research benefit several educational stakeholders in dealing with the
complexity of digital resources and entire courses as well as open new research avenues
in the areas of Sequencing[Manrique et al. 2018], Knowledge Tracing[Piech et al. 2015],
and Searching as Learning[Gimenez et al. 2020].

In this paper we summarized the main scientific and technical contributions of
the thesis, including new approaches to level digital resources complexity; metrics and
features to determine the complexity of digital resources based on conceptual networks;
and datasets that can be used as benchmark. We also developed tools to visualize and
analyse the complexity of digital resources (available in the full thesis).
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