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Abstract

The focus of this research is to investigate how science concepts are introduced 

when using e-learning at elementary schools. This is important because the use 

of technology to assist teaching has been proven beneficial and it is being pro-

moted around the world. Understanding what considerations should designers 

take into account when designing this kind of instruction, can help to develop 

successful e-learning environments. The research approach adopted in this dis-

sertation includes a literature review to identify the strategies to enhance learning 

that are being proposed by the learning sciences, and a systematic analysis of the 

case study: EDUciencias, an Uruguayan smartbook to support the science national 

curricula in the classroom. The findings from this research provide evidence that 

e-learning instruction is multimodal, and its objectives are similar to the ones of 

information design; that there is a relation between the product structure and the 

learning theory behind it; and that the strategies suggested by the learning sciences 

can be applied with design techniques on a micro, macro and meta level but they 

are affected by the context of use. This dissertation recommends designers to in-

corporate the knowledge generated by the cognitive and behavioural sciences, and 

psychology as a valuable input to design e-learning environments. Furthermore, 

there is a recommendation for further studies on the effectiveness of the tech-

niques applied by the case study described above.
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Chapter 1  Introduction

1.1 Background
E-learning has opened many doors to expand education. Some education philoso-

phers like Ivan Illich envisioned education being enhanced by internet and tech-

nology. These ideas are behind projects like the One Laptop per Child, a non-profit 

project where kids from developing countries receive a computer to empower 

them in their education (One laptop per child, 2016). This enthusiasm, shared by 

many educators, has created different strategies whose objective is to enhance 

learning using technology. Virtual classrooms, video tutorials, online communi-

ties, CDROMs and eBooks, to mention just a few, represent new tools focused on 

supporting learning.

E-learning was expected to be more efficient than live teachers or other media (like 

books or television). It, was also expected to be more motivating, to accommodate 

various learning styles maximising learning, and to give autonomy and control to 

students, among other good attributes (Clark & Mayer, 2011). However, e-learning 

success is not guaranteed;, as any other innovation it is related with good practices, 

research and appropriation.

E-learning did not reach its expected growth at the beginning of the century (Ma-

son & Rennie, 2006). However, its usage is still rising (Clark & Mayer, 2011) and 

there are many good examples and projects around the word. It is present in gov-

ernment’s agendas because technology-assisted education has proven beneficial 

for primary schools as well as for higher education and distance learning (Byrne & 

Sharp, 2015; Peters, 2014).

Nevertheless, to achieve the full potential of technology in education more re-

search and studies are needed (Clark & Mayer, 2011). Clark & Mayer (2011), Hsi & 

Soloway (1998), as well as Peters (2014), have emphasised the importance of a learn-

er-centred approach. They prioritise the design of this technology in a different 

way to finally address the distinctive needs of learners.

1.2 Research focus
The research focus is to investigate how science concepts are introduced in 

e-learning at primary school level. There are many dimensions to study related to 

e-learning: social interactions that take place through the computer, learning tasks 
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proposed like exercises or activities, strategies to motivate and engage students, the 

interface control and personification, assessment techniques, and also instruction 

exposition to remark a few. Particularly, as this work is part of a master in Informa-

tion Design the focus would be in the actual display of information, this means the 

instruction exposition, often referred to as a lecture.

Exposition is one part of the e-learning environment, and it is the delivery of 

information to learners. It is mainly a one-way interaction but it might include the 

participation of the learner with questions, by choosing the content and the form 

that exposition takes. Learners can interact with the information in many ways 

(Hubbard, 2013). The instructional material is the form that the exposition takes, 

and in e-learning it is sometimes called multimedia learning material because it 

naturally takes advantage of different media. Namely images, text, audio, anima-

tions, or video, when used together, are proven to be more efficient than using only 

words or images (Mayer, 2014).

This project focuses on how to present scientific information in the classroom 

using technological devices at the primary school level. Specifically, the project is 

intended for children capable of autonomous reading (students that can read flu-

ently by themselves) which is usually achieved at eight or nine years of age.

1.3 Overall research aim and individual research objectives
Two research questions motivate this work:

-- How Science concepts are presented in an e-learning environment like EDUCiencias?

-- What considerations should designers take into account to enhance learning?

The overall aim of this research is to explore the information design of e-learning 

environments introducing science concepts for children through a particular ex-

ample. The case study is EDUCiencias, an Uruguayan smartbook used in the class-

room supporting the national science curricula. However, to achieve the research 

aim it is has been divided into different research objectives:

1.	Gather all relevant matters to understand and identify strategies to enhance the 

learning of science concepts for primary school children in e-learning.

2.	Construct a framework for analysing an e-learning environment.

3.	 Analyse and outline some of the design considerations for enhancing learning in 

EDUCiencias.

Objective one will try to gather all the relevant matters to understand and analyse 

how to enhance learning through design. Objective two will structure the method 

used to analyse the case study. Objective three will apply the knowledge acquired 

in an analytical and constructive way. These objectives are not meant to be seen as 

independent, but rather as all linked to issues surrounding e-learning instructional 

design to support the understanding of science by children.

1.4 Outline research methods
The following research methods will be applied. First, the survey will start with a 
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literature review to understand and exhibit what was already written about this topic 

in particular, and to define key terms that will support the work. Then an analytical 

framework will be created to analyse e-learning environments. That framework 

will be applied to a case study because it is important to use a real word example to 

examine how and which strategies are implemented in a specific product.

1.5 Value of this research
This research work will hopefully contribute to e-learning development by:

--  providing a critical review of pertinent issues for the implementation of e-learning, 

particularly in the introduction of science concepts from a design point of view.

-- creating a framework that summarises the strategies of designing to enhance 

learning, which could be useful to other designers interested in addressing the 

learner’s needs.

The next chapter examines literature that defines e-learning, investigates how hu-

mans learn and finally what issues are important to teach science to children, to be 

able to understand e-learning strategies to enhance science learning.
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Chapter 2   Literature Review 

This literature review will introduce the main features of e-learning environments. 

It will present what is known about how we learn, some of the particularities of 

e-learning as a way of instructing knowledge, the design approach for it called 

learner-centred design, and general implications of teaching primary school 

science. Finally, it will outline main reasons why e-learning should be approached 

from an information design point of view. Some strategies to enhance learning 

through design techniques will also be presented. 

The study within this review of literature seeks to fulfil the first research objective 

and set the ground for the second one, both listed below:

1.	Gather all relevant matters to understand and identify strategies to enhance the 

learning of science concepts for primary school children in e-learning.

2.	Construct a framework for analysing an e-learning environment.

This chapter would also define the key concepts for this dissertation, drawing ref-

erences from learning sciences, e-learning designers and the special requirements 

of science teaching to primary school children. This chapter aims to form a critical 

understanding of how children learn and how their learning could be enhanced in 

online environments for teaching science.

2.1 What is e-learning
Before looking at how e-learning can be enhanced, it is important to understand 

what learning is. Learning refers to knowledge integration; according to Clark 

and Meyer (2011), there is an agreement between learning scientists who under-

stand that learning occurs when the learner’s knowledge changes as a result of an 

experience. This definition points out that the nature of learning is change, the 

transformation of knowledge and an experience. Learning as an experience has 

been especially important in the understanding of learning as not only a cognitive 

subject but also a sociological phenomenon, where motivation and context take an 

important role (Norman, 2004; Peters, 2014).

E-learning can be defined in many ways. Some authors understand e-learning as 

instruction that makes use of internet technologies (Mason & Rennie, 2006). Nev-

ertheless, although the internet is widely used in teaching and learning, it seems 
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more reasonable to consider Dorian Peters’s (2014) conception of e-learning as “an 

umbrella term for learning experiences that involve digital technology” (p. 4). Like-

wise, Clark and Mayer (2011) define e-learning as “instruction delivered on a digital 

device such as a computer or mobile device that is intended to support learning” 

(p. 8). Thus, what is unique to e-learning, and what separates it from traditional 

learning, is just the how: via a digital device.

Multimodality
E-learning is strongly associated with multimedia. Sometimes ‘multimedia envi-

ronment’ is used as a synonym of ‘e-learning environment’; this could be due to 

the easy integration of text, graphics, sound, video or animations provided by tech-

nology. This integration is called by semiotics the use of multiple modes ( Jewitt & 

Kress, 2008).  

Multimodality has proven to be more efficient than just using one mode for deliv-

ering information (Clark & Mayer, 2011). While in digital devices multimodality is 

implemented by multimedia material, in schools multimodal communication is 

always provided by teachers’ postures and gestures or using instructional materials 

such as images, posters or books (González & Salsamendi, 2016). 

Designers have a particular interest in multimodality; graphic designers especially 

in graphic multimodality as this is their subject matter. Many authors have de-

scribed the power of images, the importance of the relationship of them with text 

or other modes to deliver effective messages (Hartley, 1994; Neurath, 1936; Twy-

man, 1979; Waller, 1985). This specialisation makes designers useful professionals 

for the development of multimedia instructional material.

Blended learning
Learning can take place and be distributed in many ways and contexts. Depending 

on the delivery channel it could be distance, online, face-to-face, or blended learn-

ing. E-learning also gives the possibility of asynchronous or synchronous learning 

Furthermore, it can involve tutors or be self-explanatory for independent learning 

that is when the learners interact only with the device or each other. In her book, 

Interface Design for Learning, Peters (2014) refers to this diversity as the ‘eLearning 

landscape’, and she emphasises that there are not clear boundaries between the 

different types.

Diverse forms of instruction have different requirements for the design of the en-

vironment. This needs to be considered during the development or analysis of the 

systems depending on each situation (Hubbard, 2013). 

One type of e-learning is blended learning. It is generally referred as a mix of 

complementary teaching methods delivered, where one of them is digitally-based. 

Digital technology in this context is used to generate a more engaging and efficient 

experience than traditional classroom learning (Hubbard, 2013). This type of deliv-

ery is the focus of this dissertation because there is clear evidence of its effective-

ness (Byrne & Sharp, 2015). 
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Table 1 The three metaphors of Learning (Clark & Mayer, 2011) 

Metaphor of learning Learning is... Learner is... Instructor is...

Response strengthening Strengthening or 
weakening associations

Passive recipient of rewards 
of rewards and punishments

Dispenser or rewards and 
punishments

Information acquisition Adding information to 
memory

Passive recipient of 
information

Dispenser of information

Knowledge construction Building a mental 
representation

Active sense maker Cognitive guide
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In e-learning, there are three different kinds of interactions and all of them are 

necessary for an effective learning experience: the learner with other participants 

interaction (i.e., other learners or the teacher); learner-interface; and learner-con-

tent. There is even a theory that goes further and describes an interaction between 

the learner and the course designer (Sims, 2012).

However, in blended learning instruction, the interaction with other participants 

is face-to-face and not through the e-learning environment. The relevant interac-

tions to be designed are the learner-content and learner-interface. Particularly this 

work will focus on the learner-content interaction,

Learning theories
Instruction always takes place within a general theory. There is no way of truly 

condensing all the content generated by sciences and psychology. However, it is 

possible to summarise two basic ways of envisaging the learner: the objectivist and 

constructivist. Objectivists see the student as an empty vessel, and the teacher is 

in charge of imparting the knowledge. Constructivists see the student as a ‘build-

er’; the knowledge is constructed by him as the teacher is considered a facilitator 

(Peters, 2014). Many authors (Clark & Mayer, 2011; Mason & Rennie, 2006; Peters, 

2014) seem to agree that Constructivism is the theory most implemented in learn-

ing technologies, enhancing the independence and autonomy of pupils. Technolo-

gy, on one hand, gives the possibility to learners to have control over their learning 

experience, and conversely, it has a huge potential through the Internet, to build 

communities where learners can socialise, help each other and get involved. In 

other words, technology can facilitate student’s active engagement with learning.

There appears to be a parallelism between constructivism, learner-centred and 

user-centred design. Constructivists seems to put the learners in the focus, and 

then the instruction is delivered depending on their requirement and capabilities; 

user-centred design does the same although not specifically for learning (Norman, 

1990). Learner-centred is a user-centred approach focused on learner needs. The 

learner-centred approach is shared by many authors (Hsi & Soloway, 1998; Nor-

man & Spohrer, 1996; Mayer, 2014) and underscores the importance of under-

standing the characteristics of learning to design for instruction.

The Constructivist understanding of learners as active actors (‘builders’) in their in-

struction is reflected in the third metaphor of learning (Mayer, 2014) where active 

learning is needed for knowledge construction. In Table 1 the metaphors and the 

roles of learner and instructor are summarised.

How we learn
After defining e-learning and how the learner is conceived, it is now important to 

understand learning. There are three aspects related to it: acquisition of knowl-

edge, memory’s limitations, and motivation (Mayer, 2014).
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Perception Organization Integration Retrieval

LEARNING KNOWLEDGE USE

Words Ears Sounds Verbal mode

Pictures

Prior
Knowledge

Eyes Images Pictorial mode

Selecting 
Words

Organising 
Words

Integrating

Selecting 
Images

Organising  
Images

MULTIMEDIA
PRESENTATION

MULTIMEDIA
PRESENTATIONSENSES WORKING 

MEMORY

Figure 1 Cognitive Theory of Multimedia Learning (Clark & Mayer, 2011)

Figure 2 An attempt by Twyman to accommodate the different approaches to language 
(adapted from Twyman, 1985)

Figure 3 Learning process

Language

CHANNEL

MODE

Aural Visual

Graphic

Verbal Non-verbal Verbal

Hand-made
writing

Machine-made
printing, videotex

Pictorial Schematic

Non-graphic
paralinguistic
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To understand how knowledge is acquired, how is that process, cognitive sciences 

divide it into five stages:

1.	Selecting words

2.	Selecting images

3.	Organizing words

4.	Organizing images

The diagram in Figure 1 illustrates the process of learning and demonstrates it is 

an active one. It also shows the importance of memory and prior knowledge for 

making the connections that will construct the knowledge. The diagram also shows 

that learning takes place through two channels: a verbal and a non-verbal. This di-

agram also implies the potential importance of graphic designers’ role in instruc-

tional design as creators for the visual channel principally.

The graphic designer Michael Twyman (1985) shares this dual channel view. He 

suggests aural and visual information takes place in most communicational sit-

uations. Furthermore, he suggests that designers study, within the visual line of 

language, the graphics representations of language. Figure 2 represent his under-

standing.

To put it more simple, the learning process it has three main steps, the perception 

of the information through words and pictures (the two channels), the organisa-

tion of that information, and then integration of it in prior knowledge. Once those 

steps are achieved the learner should be able to retrieve that information. This 

process is summarised in Figure 3.

The cognitive sciences understand that our mind has a limited capacity in memory 

and attention (Mayer, 2012). This result in demands in each of the learning steps, 

the three demands of our cognitive capacity that take an important place in learn-

ing are: 

“Extraneous processing—is cognitive processing that does not support the 

instructional objective and is created by poor instructional layout (such 

as having a lot of extraneous text and pictures); 

Essential processing—is cognitive processing aimed at mentally represent-

ing the core material (consisting mainly of selecting the relevant materi-

al) and is created by the inherent complexity of the material; and

Generative processing—is cognitive processing aimed at deeper under-

standing of the core material (consisting mainly of organizing and inte-

grating) and is created by the motivation of the learner to make sense of 

the material.” (Clark & Mayer, 2011, p. 37)

Finally, motivation takes an important role because learning is an emotional activ-

ity (Hsi & Soloway, 1998; Norman & Spohrer, 1996). This means that the engage-
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ment with learning will condition the learners’ attention and their actual knowl-

edge integration. Deci and Rayan (1975) claim that motivation could be intrinsic 

or extrinsic. Intrinsic motivation is related to naturally enjoyable activities, and 

extrinsic motivation relates to doing something that will achieve a separate out-

come (as cited in Peters, 2014). Peters (2014) argues that despite both are important; 

extrinsic motivation has some limitations. For this reason, it is always better to try 

to reach intrinsic motivation that can be related to human beings motivators, such 

as autonomy, mastery, competence, connectedness and purpose, among others.

Therefore, the three aspects involved in knowledge acquisition introduced in this 

section are:

-- The memory system studied by psychological sciences and represents the limitations 

of the mind.

-- The information processing system studied by cognitive theories and explains the 

process of integrating knowledge.

-- Motivation studied by behavioural sciences to engage learners in active learning.

2.2 Designing e-learning for children 
E-learning environments making good use of multimedia material can be very 

beneficial for kids as they can be illustrative and they also could support kids’ nat-

ural curiosity (Druin & Solomon, 1996). This assumption has probably driven the 

efforts of designing technology for kids.

To design e-learning for children could be relevant to know what they expect from 

it. However, it appears to be a lack of references about the design of interfaces for 

kids. Allison Druin criticises this in her book The design of children’s technology (1999) 

and suggests three things children want from technology. First, control, as they feel 

empowered by it. Then, social experiences that could be online or face to face; for 

example, they tend to form groups around a computer to share the experience. Fi-

nally, an ‘expressive tools’ as they enjoy different forms of expression. These points 

were made for any kind of technology not only for e-learning. Nonetheless, they 

are also relevant for learning technologies for children.

Druin (1999) regrets some designers think that designing for children is only 

adding colours and loud sounds; in reaction, she points out what kids notice from 

technology. They care about what is ‘cool’ in technology; they also want what 

others have, and they are sensible to trends. They also note how easy they learn 

with multimedia tools and how many multimedia does the tool provide as they 

genuinely enjoy multisensory experiences. Furthermore, they seem to be sensible 

to aesthetics, enjoying aesthetic-pleasant environments. Children are commonly 

underestimated as users but with these statements Druin tries to show that they 

should be considered as any other user.

Moreover, usability research in designing computational products for children is as 

important as it is for adults (Druin, 1999). There are many usability methods such 
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Table 2 User interface guidelines for children’s computer products (Adapted from Druin, 1999).

Areas of product design Guidelines for design Further information

Instruction Present instructions in an age-
appropriate format

Children and not used to read text on screen, they 
would not read it if it is not totally necessary

Design instructions to be easy to 
comprehend and remember

Language should be simple and clear, be careful not 
to include concept they have not learn yet. Highlight 
elements mentioned in the instruction. 

On-screen character intervention 
should be supportive rather than 
distracting

Young children pay more attention to on-screen 
characters giving instruction that only audio. But, 
they need to be coordinated with the instruction, to 
prepare the learner for what is coming, and if there 
is more that one they shouldn’t compete or talk at 
the same time.

Allow children control access 
to access to instructional 
information

They should be able to stop animations. 
Instructions can be repeated in form of feedback or 
with help features.

Screen layout Design icons to be visually 
meaningful to children

Best icons for children are representation of 
everyday objects for them. If clickable make them 
look clickable using 3D. Don’t have a /return’ and a 
‘quit’ button on the same window, they tend to use 
the ‘quit’ one

Use cursor design to hep 
communicate functionality

Make use of the three states of the cursor: resting, 
‘hot’ and ‘waiting’. Use for them metaphors that the 
kid will find familiar.

Use roll-over audio, animation 
and highlighting to indicate 
where to find functionality 

This way they can see what is clickable or not. It is 
important to coordinate animations or audio with 
the cursor so they can make a correct connection.

Table 3 Piaget’s stages of development (adapted from Peter’s, 2014)

Stage Period (commonly between) Characteristics

Sensorimotor birth to 2 years We construct our understanding of the world based on 
information from our senses and movement.

Pre-operational 2 to 7 years We are self-centred and can act on objects and represent 
them with words and symbols, but we cannot fully think 
through our actions.

Concrete operational 7 to 11 years We can use logic to solve actual nonabstract problems 
and we discover that viewpoints beyond our own exist.

Formal operational 12 years and more We can think abstractly, hypothesize and draw 
conclusions
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as card sorting, paper prototypes, site visits, and surveys to use to design for and 

with children, as they are the ones that actually know what they want. Druin (1999) 

illustrates this with many examples, and she highlights the advantage that they are 

willing to participate.

In addition, she proposes some guidelines for the design of children’s technology; 

the relevant guidelines for this survey are summarised in Table 2. The table shows 

general guidance that could be beneficial in the design of e-learning environments 

for children. As mentioned before, these directions cannot be extrapolated without 

context, they are just another input for the design. Further testing is necessary to fit 

a particular project.

As seen in the table, Druin proposes to take considerations for children equally 

than for other users. However, she also points out the importance of using pictori-

al representations of familiar objects or metaphors of our word rather than using 

abstract graphics. She also highlights the importance of using characters, and how 

to do it. All this she points out is closely related, with children’s cognitive develop-

ment introduced below.

How Children learn
Most of the educational theories related to children’s development, accept Piaget’s 

(1970) Cognitive Constructivism, where he explains the different stages of human 

development (as cited in Peters, 2014). He understood that human’s learning always 

moves through four progressively sophisticated stages while growing up. The fol-

lowing table (Table 3) presents Piaget’s stages of development.

The other notable theory regarding children’s learning is the ‘zone of proximal 

development’ coined by Lev Vygotsky (Peters, 2014; Bransford, Brown, & Cock-

ing, 1999). The theory claims, that besides the importance of self-development 

and self-motivation, others serve as guides helping children to achieve things that 

they would not otherwise achieve alone. Vygotsky emphasises in the active and 

social nature of children learning, but Wright and Huston (1995) went further. They 

believed that not only people can be guided, other tools can also be. Take other 

cultural artefacts as an example, notably television, books, videos, and various 

technological devices (as cited in Bransford, Brown, & Cocking, 1999). This theory 

supports the importance of educational material in children’s learning process.

These two theories give a clear understanding of children cognitive development 

and sent precedents to base the design of e-learning environments. In this context, 

it is important to look especially into how children learn sciences and the peculiar-

ities of this subject of knowledge.

2.3 The drive of e-learning in science for children
Primary science seems to be a good area to apply e-learning for many reasons. 

There is evidence that it improves performance; as a tool technology gives special 

opportunities to sciences due to the scientific discourse characteristics; and nowa-

days there is also a political factor involved.
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The British Education Communication and Technology Agency (BECTa), using a 

range of different sources, found that schools that used technology resources for 

teaching sciences are achieving higher standards (Byrne & Sharp, 2015). Teachers 

using technology in class aid children’s learning. A successful example of this in 

blended classrooms was studied in 2009 by SEG Research. They run an experi-

ment to measure the effectiveness of BrainPOP, a web-based animated instruc-

tional tool. The research showed better improvement in the knowledge of sciences 

in the classes that used BrainPOP in comparison with the ones that did not (Elliot 

& Stubbs, 2010). These observations strongly suggest that e-learning can improve 

knowledge acquisition in sciences at the primary school level.

Another reason for the suitability of multimedia for science, is the scientific dis-

course itself. Lemke (1998), suggests that it is a multimodal discourse because to 

fully describe any scientific concept it is necessary to use simultaneously: verbal, 

visual, mathematical and actional modes (as cited in González & Salsamendi, 

2016). According to this view, multimedia computational resources are convenient 

to communicate scientific concepts.

E-learning environments provide specific opportunities to science education.  

Byrne & Sharp (2015) lists the main opportunities for the use of ICTs as follows: 

opportunity to model some of the way scientists work; to provide access to rich 

and varied source materials; to speed up processes that would normally take time; 

and to allow safe access to difficult, costly, or hazardous activities.

Furthermore, the use of ICTs (Information and Communication Technologies) in 

education, and especially in science, is globally on the public agenda. Two ex-

amples of this are UK (Byrne & Sharp, 2015) and Uruguay (Argentina, UNICEF & 

Vaillant, 2013) that promote their use in primary school. One of the reasons of the 

promotion is because they understand that “children should have the opportunity 

to use ICT as they will be expected to live and work in a world ever denominated 

by it” (Byrne & Sharp, 2015, p. 15).

Children learning science
Children are a special group of users; they have some cognitive and social features 

that make them have a particular attitude towards science. Druin and Solomon 

(1996) highlight some characteristics to consider for the design of multimedia 

environments: their natural curiosity and their love of repetition, but only when it 

is under their control.

These attributes seem to be reflected in their attitude to approach science. Chil-

dren in most cases enjoy practical science, to solve problems, and to understand 

how the world works (science concepts): is fascinating for them (Loxley et al., 2013). 

Their natural curiosity combined with their pleasure experienced finding out 

things makes learning science exciting for them. To maintain their enthusiasm, it 

is necessary to remember their active learning characteristics and involve them in 

the discovery. Learning science is a creative thinking activity that they find fun.
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On the other hand, learning primary sciences represents many challenges to 

scholars (Loxley et al., 2013). First, there is a difficulty in the vocabulary, as scien-

tific knowledge requires a new jargon that could be entirely new to the child. Also, 

some scientific explanations can be counterintuitive, because they might interfere 

with their everyday observations. For example, it is easy for a kid to think that a 

rolling ball that needed force to start moving, stops because it has run out of force; 

instead of thinking that other forces acting on it, namely friction, that make the 

ball stop. This explanation seems quite abstract and is related to another difficul-

ty in learning; school-age children are in a developing stage where they are not 

able to fully understand abstracts ideas, they need concrete examples to be able to 

apply logic. Therefore, there is a lot to learn, and it is easy to get it wrong as scien-

tific terms, cognitive limitations and counterintuitive explanations are related to 

learning science.

Teaching sciences for children
There are many aids to help scientific learning. Engagement is crucial, and one of 

the ways to do so it is to ask them questions and introduce concepts with storytell-

ing. Using familiar scenarios, different examples, and analogies help them to grasp 

the concepts; with these techniques the concept is taken into existence, is visualised 

and applied to practical situations by children. Kids also like to give their opinion, 

and explaining their ideas help them to clarify and order their prior knowledge, as 

well as evidencing miss-conceptions (Loxley et al., 2013).

Based on the difficulties and characteristics presented on how children integrate 

new concepts in their previous knowledge, the following framework has been de-

veloped to organise how children learn science (Loxley et al., 2013). The following 

list enumerates and describes the three-stage model:

1.	Exploratory stage. Setting the scene and discovering the puzzle. Here children 

are asked about their ideas about a topic, and they should be convinced of the 

importance of a scientific view. Scientific enquiry is also encouraged.

2.	Re-describing stage. Its aim is to make sense of scientific ideas. There is the usage of 

empirical evidence to create or adapt their old mental models about a topic. They are 

also persuade to appreciate scientific explanations to make sense of our world.

3.	Application stage. Allows kids to try out and experience the new knowledge. They 

retrieve their new understanding in other contexts.

In Uruguay, CEP (Consejo de Educación Primaria) is in charge of guiding educa-

tion at primary school stating the aims and objectives at this level. Science, named 

as ‘Knowledge of Nature’ because it studies the phenomena that occur in nature is 

commonly named as ‘Natural Sciences’. Scientific knowledge is essential to un-

derstand that phenomena and develop children’s critical thinking (CEP, 2009). To 

approach science and help children to associate which aspect of nature to study, it 

is divided into disciplines, also called branches of natural sciences:
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Table 4 Principles and strategies to enhance learning

Goal Principle Explanation Strategy References

MINIMISE 
EXTRANEOUS 
PROCESSING 
Direct attention 
and decrease 
extraneous 
processing

Coherence People learn better when extraneous material is excluded. This way 
they do not need to make-sense or evaluate to discard information 
that is not important to the topic.

Add only related material 
(audio or graphic)

Clark & Mayer, 
2011; González & 
Salsamendi, 2016; 
Mayer, 2014 

Signalling  People learn deeper if there are cues to highlight organisation and 
essential material. This offers them navigational support.

Highlight essential material Clark & Mayer, 
2011; Mayer, 2014;  

Redundancy Redundant material interferes with learning because it uses working 
memory load for the same information.

Do not use spoken and written 
text at the same time for 
explanation.

Clark & Mayer, 
2011; Mayer, 2014; 

Spatial Contiguity Learning is deeply when related images and words are presented 
near to each other. If they are not, people need to use extra cognitive 
resources to match them up.

Position related text and 
graphic, and words and 
graphics near to each other

Clark & Mayer, 
2011; Mayer, 2014; 

Temporal Contiguity Learning is deeply when related images and audio are presented 
at the same time. If they are not people need to use extra cognitive 
resources to match them up.

Present narration and graphics 
simultaneously

Clark & Mayer, 
2011; Mayer, 2014; 

Simplify explanatory 
visuals

People learn better from visuals with simplified forms; they let them 
focus on important details. But remember that children find difficult 
to understand abstraction.

Reduce visual elements Kali & Linn, 2008; 
Peters, 2014

MANAGE 
ESSENTIAL 
PROCESSING
Reduce content 
complexity 
understanding 
mind limited 
capacity

Multimedia Learning with words and graphics is better than only with words. This 
is based on the dual channel theory that explains that humans have 
two separate channels to process information, and they can work at 
the same time.

Include words and graphics 
rather than only words

Clark & Mayer, 
2011; Mayer, 2014

Modality Deliver words in audio instead of on-screen text can generate 
significant learning gains. Specially if there are also graphic, this way 
the visual channel is not overload.

Use audio rather than on-screen 
text 

Clark & Mayer, 
2011; Mayer, 2014

Pre-training The learner could be overwhelmed by the amount of essential 
processing needed to comprehend complex lessons.
Complicated material could be more understandable by assuring the 
most important concepts are known first.

Introduce key concepts and 
specific vocabulary first

Clark & Mayer, 
2011

Segmenting Complex material is easy to understand if it is divided into simpler 
comprehensible bits.

Break a continuous lesson 
or material into manageable 
segments

Clark & Mayer, 
2011

Limited short memory Short memory is essential for processing information, but it has a 
very limited capacity. We can not remember more that ‘Seven plus or 
minus two’ pieces of information.

Organize information to stay 
within memory limits:
- Chunk information into ‘Seven 
plus or minus two’
-Recode: group chunks of 
information  

Horn, 1989; Clark 
& Mayer, 2011; 
Mayer, 2014

FOSTER 
GENERATIVE 
PROCESSING
Help knowledge 
integration by 
engaging learners

Personalization People make more effort to understand material when they feel they 
are in a conversation, rather than just receiving information.

Put words in conversation style 
and use polite speech

Clark & Mayer, 
2011; Mayer, 2014; 
Wendel, 2014

Voice People learn deeper when words are presented with human voice 
rather than a machine one. 

Use human voice for audio 
narrations

Clark & Mayer, 
2011; Mayer, 2014

Embodiment People learn better when pedagogical agents (virtual coaches or 
characters) have human attributes, because they feel identified.

Use human characteristics for 
characters, better if they are 
similar to learners

Clark & Mayer, 
2011; Mayer, 2014; 
Wendel, 2014

Image People do not necessary learn better when the speaker is on screen; 
but children prefer it.

Not necessary to include a 
visual character

Druin 1999; Mayer, 
2014; 

Storytelling Stories are a known format for children, aligned with scientific 
thinking and engaging for them.

Use storytelling Loxley et al., 2013

Learner control The control over the learning experience depends on the prior 
knowledge of the learner. Novice learners are sometimes not mature 
enough to make wise control decisions; they also need some more 
time to acquire knowledge.

Promote self-pacing control in 
novice learners

Clark & Mayer, 
2011; Mayer, 2014

Prior-Knowledge 
activation

The activation of prior knowledge has positive effects on learning, as 
knowledge is integrated into long term memory.

Activate prior knowledge first; 
make children think about what 
they already know about the 
topic

Mayer, 2014; 
Loxley et al., 2013

Dynamic visualisation Not necessarily animations enhance learning more than static 
pictures.

State the function of the 
animation (representational or 
directing function)

Mayer, 2014;
Peters, 2014

Aesthetic-usability Aesthetics affect emotions and emotions affect learning. Make the content aesthetically 
pleasant for your learner

Norman, 2004; 
Peters, 2014; 
Wendel, 2014
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-- Astronomy

-- Biology

-- Geology

-- Physics

-- Chemistry

To teach these disciplines, they are divided into many subjects called units, and 

methodologically it is advised to use a sequential experimental approach where 

scientific events can be demonstrated, and compared with prior knowledge. This 

approach is similar to the framework previously presented and tries to boost scien-

tific attitudes such as observation, questioning, curiosity, investigation, and respect 

for nature and results (CEP, 2009),

2.4 Enhance e-learning
Each aspect of e-learning is relevant but for the aim of this dissertation the work 

would focus mainly on the information processing system. Notwithstanding, the 

memory system, and the motivation would be taken into account as they are all in-

terconnected. This interconnection is reflected in the goals of multimedia e-learn-

ing stated by Mayer (2014):

-- Minimise extraneous processing (directing the attention to the relevant information)

-- Manage essential processing (making the content accessible and understandable, 

taking into account the mind limitations)

-- Foster generative processing (help knowledge integration by engaging the student)

This means that the instruction needs to be designed in the first place to avoid 

cognitive overload, leading the student to what is relevant to the instructional goal. 

Then, the second requirement is to design to prevent essential overload; the learn-

er is overloaded when the material is too complicated for them to understand. 

Finally, if the design manages to focus learners’ attention on the important things 

and the content is understandable for them, therefore, the cognitive capacity is 

available for the generative processing. The challenge here is to help the learner to 

engage with learning. Fostering generative processing is about motivation.

Strategies to support instruction
To support the presentation of information in e-learning, learners should be guid-

ed to detect pictures and words that are presented in lessons; then both are organ-

ised to be incorporated into the existing memory (Clark & Mayer, 2011). To sup-

port this process, the design of the information should be aligned with the goals 

of multimedia e-learning introduced before: minimise extraneous processing, 

manage essential processing, and foster generative processing. Cognitive sciences, 

psychology and behaviour sciences have developed various strategies to support 

them. Table 4 summarises the principles related to support the presentation of 

information and their corresponding strategies to achieve each of the multimedia 

e-learning goals for children to learn science.
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Table 5 Strategies to enhance learning supported by design techniques 

Goal Principle and strategy Design techniques Reference

MINIMIZE 
EXTRANEOUS 
PROCESSING 
Direct 
attention 
and decrease 
extraneous 
processing

Coherence
Add only related material (audio 
or graphic)

Make information clear without embellishments Frascara, 2015

Isotype method everything should be meaningful in their illustrations. Neurath, 1936

Relevance Principle “Include in one chunk, only information that relates to one 
main point based on that information’s purpose or function for the reader“. 

Horn, 1989

Signalling
Highlight essential material

Typography differentiation (weight, slope, expansion (height and width), 
curvature, connectivity, orientation, regularity, size, colour, upper and lower 
case, letterspacing)

Frascara, 2015; van Leeuwen, 
2006; Waller, 1991;

Type hierarchy use of different typographic styles Waller, 1991; 

Space structured text or lists to arrange text, show hierarchy and convey 
meaning

Hartley, 1994; Twyman, 1981; 
Waller, 1991

Visual hierarchy use of size, shape, texture, directionality, depth, movement, 
colour or luminescence to achieve differentiation and grab attention

Bertin, 2011; Twyman, 1985; 
Peters, 2014 

Pointed words such as because, so, then, first, etc. for ‘easyfication’ of the text and 
content structure such as introductions and conclusions, content lists, etc.

Horn, 1989; Waller, 2011

Redundancy
Spoken and written text ---- -

Spatial Contiguity
Position related text and 
graphic, and words and graphics 
near to each other

Gestalt principles continuation, proximity, similarity, closure, and figure strengths Koffka, 1935/50; Peters, 2014; 

Use of labels and captions based on Gestalt principles Peters, 2014

Graphics and running text composition Kress & Van Leeuwen 2006; 
Hartley, 1994

Temporal Contiguity
Narration and graphics together

---- -

Simplification
Reduce visual elements, careful 
that children have difficulties 
with abstract concepts

Thoughtful reduction or minimalism, taking the unnecessary things out Carroll, 1990; Peters, 2014

Use of pictograms and simple representations (line drawings, silhouettes) Frascara, 2015; Peters, 2014

Isotype principles usage of clear and simple graphics Neurath, 1936

Hide make things not visible at first (use of hover, layers, etc.) Peters, 2014

MANAGE 
ESSENTIAL 
PROCESSING
Reduce 
content 
complexity 
understanding 
mind limited 
capacity

Multimedia
Include words and graphics 
rather than only words

Visualisations images can summarise much information Tufte, 1990

Isotype principles visual education could enhance learning and teaching in 
schools. Usage of many used many different methods of visual representation

Burke, Kindel and Walker, 2013

Different type of graphics representational, relational, organisers, transitional, 
to place learning in context, to show things that otherwise are invisible

Hartley, 1994; Peters, 2014; 
Twyman, 1985

Modality
Use audio rather than on-screen text ---- -

Pre-training
Key concepts and vocabulary first ---- -

Segmenting
Break a continuous lesson 
or material into manageable 
segments

Use of chunks and blocks of information Chunks are small and processable 
pieces of information and blocks is information laid out in a consistent way. 

Horn, 1989; Murray, 2012

Sequencing and segmenting to avoid introducing all the information at once Norman & Spohrer, 1996; Peters, 2014

Interactive layers use of layers to access to more information Peters, 2014; Garrett, 2011

Limited short memory
Organize information to stay 
within memory limits

Use of chunks and blocks of information Chunks are small and processable 
pieces of information and blocks is information laid out in a consistent way. 

Horn, 1989; Murray, 2012

Use of repetition in text and structure content with summaries, key-facts, etc. Horn, 1989; Peters, 2014; Waller 1991

FOSTER 
GENERATIVE 
PROCESSING
 
help 
knowledge 
integration 
by engaging 
learners

Personalization
User conversational style ---- -

Voice
Use human voice ---- -

Embodiment
Human like characters ---- -

Image 
No need for a visual character ---- -

Storytelling
Use storytelling

Narration Wendel, 2014

Narrative representations graphics, storyboards, movies, animations, etc. Kress & van Leeuwen, 2006; 
Twyman, 1985

Learner control
Promote self pacing control

Include noticeable controls to navigate the content, allowing the user to 
control his time with the information.

Peters, 2014

Prior-Knowledge activation
Activate prior knowledge first. ---- -

Dynamic visualisation ---- -

Aesthetic-usability
aesthetically pleasant for your 
learner

User-centred design know your user to know what he likes by applying user 
research methods.

Garrett, 2011; Norman, 1990

Harmony and proportion design elements fitting well together Pettersson, 2002; Norman, 1990
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2.5 Information design in e-learning design
The design of e-learning environments for children is a multidisciplinary task 

where the design of the content to support instruction is crucial. In this literature 

review, it is revealed that designer can have an active role in designing for instruc-

tion. Particularly, Kazmierczak (2002) emphasises the role of designers in present-

ing scientific information:

“… people trained and experienced in form development and familiar 

with visual perception should be the ones who translate scientific struc-

tures into comprehensive visual models.” (p. 186)

Designers frequently make use of research from other disciplines to aid their de-

cision making. Handling users’ characteristics, the implications of teaching science 

for children, and the strategies to support knowledge integration, designers can 

contribute to the learning experience. This shows the inherently multidisciplinary 

nature of design (Waller, 2011).

Particularly, information design is linked with the design of instructional materials. 

The goal of informations design was discussed by many author. The following is 

just one example:

“Information design aims at the creation of effective communications 

through the facilitation of the processes of perception, reading, compre-

hension, memorization and use of the information presented.” (Frascara, 

2015, p. 5)

The aim of information design provided by Frascara seems to be aligned with the 

goals of multimedia learning to facilitate knowledge integration:

-- Minimise extraneous processing (facilitation of the process of perception)

-- Manage essential processing (facilitation of the process of comprehension and 

memorization)

-- Foster generative processing (integration to memory and effective communication)

In this context, seems interesting to explore and analyse how designers can aid 

multimedia learning aims. Information designers had developed through practice 

and research some techniques that can help to implement those learning sciences’ 

strategies. Table 5, identifies many commonly used design methods that can be 

used to reach the strategies proposed. It shows the instructional goal, the learn-

ing principles and strategies proposed by the learning sciences and then possible 

design techniques supported by some authors in the design field to achieve the 

strategies.
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Chapter 3  Research Methods

The current chapter tries to fulfil the third research aim:

2.	Construct a framework for analysing an e-learning environment

The framework will also try to contribute to answering the research questions:

-- How Science concepts are presented in an e-learning environment like EDUCiencias?

-- What considerations should designers take into account to enhance learning?

3.1 Research strategy
The aim of the research is to see what designers can do to enhance learning. To 

this end, strategies to support information were identified in the previous chap-

ter, which are invaluable outputs for designers as they summarise evidence-based 

advice from the learning sciences in how to support information. Furthermore, it 

is important to see how these strategies could be translated into design features.

A case study is the methodological approach for this dissertation. Applying a case 

study will contribute to see the strategies translated and implemented in a particu-

lar context. The strategies listed in Table 4 Principles and strategies to enhance learning 

are the ones to seek, but they are just separate pieces of advice. There is evidence 

that each of them is beneficial individually, but there is no clear proof of how 

many of them must be used or when each of them is suitable for a project. A case 

study will help to see the strategies applied in a real example.

The case study is an e-learning software; the analysis of it would be based on the 

observation of its screens. To guide the observation and analysis of these screens, 

a methodological approach is mandatory. An analytical framework would direct 

the analysis to identifying design methods are applied that improve learning. The 

framework will try to guide and organise the observation and analysis of the case 

study.

3.2 Case study selection
EDUciencias is an educational product created in Uruguay for Uruguayan primary 

school students. It was conceived as a product to support primary science curric-

ulum in school-aged children at fifth and sixth-grade, that is for 10 to 12 years old 

children. 
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This product was selected for several reasons. First, this product was picked be-

cause EDUciencias coincided with the selected criterion. It is an e-learning envi-

ronment for primary school children to learn science. Matching perfectly the cri-

teria as it also intended to be used in the classroom in a blended learning modality.

Second, because this is a product developed for Plan Ceibal, a national organisa-

tion that applied the One Laptop per Child scheme in Uruguay; for the first time in 

a whole country with free access for all students in public education (EDU Editori-

al, 2016). This means that all school-aged children in the country will have access 

to this product on their computer. Hence, the impact of it is potentially huge.

The third reason is that it is a product conceived by a multidisciplinary team. What, 

as seen in the Chapter 2 Literature Review, it is desirable for the development of 

educational products. In the team, there were designers, developers, and educators 

involved (EDU Editorial, 2016).

The final reason is that after contacting the developers, they offered full access to the 

product, what it is not easy to find in licenced educational products. Their collabora-

tive attitude and accessibility are also an advantage to work on this case study.

One particular product of EDUciencias will be analysed. There are two versions of 

the product, one for the teachers and other for pupils. This case study is based on the 

students’ version, as the focus is to assist learners rather than teaching. Also, there are 

two smartbooks developed, one for fifth-grade and other for sixth-grade. The anal-

ysis will be of the one for sixth-grade, as this is the one that it has been emulated for 

Windows especially for this project. Otherwise, a computer from Plan Ceibal with 

Sugar operative system is needed to run the books; that was impossible to access for 

the timing of this dissertation.

3.3 Analytical framework
The framework for analysis has a particular emphasis in the analysis of the strat-

egies to support information, but before that it is important to understand the 

context of the product and where within the product the information is provided. 

The framework will look into three things:

-- 	Context and type of product (strategy)

-- 	Product to assist science teaching (structure)

-- 	Strategies to support instruction (delivery of information)

Context and type of product
First, it is important to understand the context of the product. Who and when the 

product was developed and to which educational theories it subscribes. It is also 

crucial to now who is going to use it the product. Knowing the characteristics of the 

users will help to analyse the software from a user-centred approach.

Then, it is important to know what kind of product it is. What are the educational 

objectives, and how and where it is supposed to be used. As seen in chapter one 



38 | Design techniques to enhance e-Learning strategies

 
Table 6 Matrix for analysis by strategies applied

Goal Principle Application on 
micro level

Application on 
macro level

Application on 
meta level

MINIMIZE 
EXTRANEOUS 
PROCESSING 

Coherence

Signalling

Redundancy

Spatial Contiguity

Temporal Contiguity

Simplification

MANAGE 
ESSENTIAL 
PROCESSING
 

Multimedia

Modality

Pre-training

Segmenting

Limited short memory

FOSTER 
GENERATIVE 
PROCESSING
 

Personalization

Voice

Embodiment

Image 

Storytelling

Learner control

Prior-Knowledge activation

Dynamic visualisation

Aesthetic-usability
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e-learning is a versatile medium. This part of the analysis is the only one reached 

by researching materials provided by the developer and others, and not in obser-

vation as the other two parts.

Product to assist primary science teaching
This analysis will look into the structure of the product, and how that is related 

with the framework of how children learn science, introduced in Chapter one Lit-

erature Review.

At this level it is relevant to inspect the:

-- Product structure (information flow and architecture)

-- Design maxims (patterns or style sheets)

-- Content structure (Elements and distribution)

-- Access structure (navigation of the product)

Different methods will be used to analyse the elements listed above. First, the 

structure of the product will be analysed by a screen flow diagram, and it will re-

veal the structure of the product and how the user can move within it. Second, an 

overlook of all the screens will lead to a graphic comparison to find patterns and 

stylesheets (Gillieson, 2008). Third, the content of the structure will be analysed; 

firstly by categorising the different types of elements used for instruction. Then, 

the relation of these elements will be studied by looking into their granularity and 

density (Gillieson, 2008). Also, the page layout will be analysed to find the grid 

system which will reveal the way in which content is structured (Garrett, 2003). Fi-

nally, the navigation of the product will suffer a visual analysis revealing the access 

structure; these are cues that help the users know where they are and how to move 

through the book (Waller, 1985).

Strategies to support instruction
This part of the analysis will look directly to the instructional content. It will at-

tempt to identify the principles and strategies proposed by the learning sciences 

and how are these strategies recognised in the product itself through its design. 

Table 5 Strategies to enhance learning supported by design techniques already introduced 

some techniques used for these purposes.

The critical analysis will try to identify the use of these strategies on a micro, 

macro and meta level. The micro level is related to the components of the design, 

while the macro level is the content structure, this means the relationship between 

the components. Finally, the meta level describes the principles behind the design 

(Gillieson, 2008). To do so, the matrix for analysis in Table 6 is going to be applied. 

The matrix intends to contrast the findings with what was discovered in the litera-

ture review.

Altogether, the analysis will look into the context the product, the structure of it, 

and finally how the strategies proposed by the learning science are traduced intro 

design at different levels.
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3.4 Limitations and potential problems
Despite the framework was designed for systematic analysis and looks into differ-

ent levels of the product, it mainly examines the formal attributes of the product 

and not the performance of it. This means that even detecting the strategies used 

the product they can be effective or not. To determinate the effectiveness, further 

analysis will be needed. It is also important to clarify that a particular number of 

strategies applied is also not necessarily related to the efficiency or success of the 

product.
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Chapter 4  Case Study: findings and discussion

In this chapter, the result of the case study will be revealed applying the three-stage meth-

od presented in Chapter 3 Research methods. The aim of the chapter is to contribute to 

the third research objective.

3.	 Analyse and outline some of the design considerations for enhancing learning in 

EDUCiencias.

EDUciencias’ smartbook will be described, analysed, and evaluated. First, the prod-

uct will be described and put into context. Then, the structure of it will be analysed 

in relation with how children learn science; and next, a matrix will be used to iden-

tify e-learning strategies on the content on a micro, macro and meta levels, and the 

results will be discussed. To sum up, at the end of the chapter there is a synthesis of 

the findings.

The analysis is based mainly on the observation of the product screens. Screen-

shots of the path of a user from the home page through a unit are shown in Ap-

pendix A.

4.1 Discussion of context and type of product
Context
The product was developed by EDU Editorial an Uruguayan enterprise for Plan 

Ceibal. In 2014 the first product was created for fifth-grade and in 2015 for sixth-

grade, they both can continuously be improved by the team with feedback provid-

ed online through the product, as once connected to the internet it sends infor-

mation about when and who used it (EDU Editorial, 2016). This means that it is 

a dynamic product; this is a desirable situation, as it can be linked with the spiral 

design methodology where products are in a continuous loop of evaluation and 

improvement (Wendel, 2014). Additionally, teachers can report children’s attitude 

towards the book as EDU Editorial regularly visits schools where the smartbook is 

used to evaluate it (EDU Editorial, 2016). These visits are opportunities that possi-

bly they use, or can use, to do usability research with kids as Druin (1999) suggests.

The product integrates the Constructivist model, as most of the e-learning envi-

ronments do (Clark & Mayer, 2011; Mason & Rennie, 2006; Peters, 2014) and tries 

to improve in an educational cognitive, and social level. This can be reflected in the 
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constant calls for reflection, group activities proposed, and the tasks recommended 

to apply the new knowledge in their communities. 

They also claim to try to boost scientific attitudes by using teaching sequenc-

es. These sequences involve experimentation, the arousal of curiosity and prior 

knowledge, lectures to introduce theoretical contents, exercises that increase in 

difficulty to apply the knowledge, and finally, tasks to use the knowledge in a new 

context (EDU Editorial, 2016). These would be seen in detail with the analysis of 

the structure of the product.

The product is designed to be used in a sixth-grade classroom, and it does not 

need an internet connection, which prevents any problem with connectivity, en-

suring uninterrupted use of the book. An e-learning product utilised in the class-

room, as seen in the literature review, is considered as a blended modality. This 

means that the interactions experienced with other students and the teacher are 

not through the computer, providing the possibility to do for example introduc-

tions, add more material and give personal feedback to the pupils face-to-face.

The users of the product are children in sixth-grade (10 to 12 years old children) 

in Uruguay’s public primary schools. In 2015, there were more than 42,000 chil-

dren in this grade from different social and economic backgrounds- this number 

includes rural and urban schools (ANEP, 2016). It is expected that at this grade the 

children would have reached the level of autonomous reading and writing, and 

they are in Piaget’s Concreate Operational Stage which means that they can apply 

logic to concrete things, but not abstract ones (as cited in Peters, 2014).

Type of product
EDU Editorial, the creator, defines EDUciencias as ‘smartbooks’. They are similar 

to books but with more graphics than traditional curricular classroom books, with 

exercises with increasing difficulty, in a digital format. EDU Editorial (2016) states 

that this format was chosen on account of, nowadays, books are still the most used 

tool in the classroom. Thus, using smartbooks is a way of gradually introduce tech-

nology in the classroom in a natural way.

The smartbooks, also called ‘e-books’, only run in the ‘XOs’ laptops specially pro-

vided by Plan Ceibal, with the ‘Sugar’ operating system (Plan Ceibal, 2014). The 

computers have a small display measuring 7.5” diagonally and a 1200×900 pixel 

resolution; this means that the display of information is challenging due to the 

limited space.

All the findings presented in this stage are a valuable input to analyse in context 

the structure of the product and the enhancing strategies applied. They also verify 

that the product chosen is adequate as it has a constructivist approach, and it is 

designed to support instructions inside the school classroom. 



46 | Design techniques to enhance e-Learning strategies

Figure 3 Screen flow
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4.2 Discussion of structure
Product structure
The first method to analyse the structure of the product is the screen flow showed 

in Figure 3. The diagram reveals that the product is organised into five curricular 

disciplines (CEP, 2009), and inside each, there are different units. Exceptionally, 

two disciplines also include sensor experiments. Disciplines are accessible from the 

homepage, where there also is introductory information about the characters of 

the smartbook and the credits. The other leading part of the smartbook is the Ad-

venture, a linear story experienced by the characters, which is unlocked by doing 

the exercises, and accessible from the discipline’s index.

Each of the units is arranged in a pedagogical sequence. Firstly, there is an experi-

ment or activity to trigger the curiosity and retrieve their prior knowledge, guided 

by a familiar situation experienced by the characters. Secondly, there is a lecture, 

to make sense of scientific ideas involved. Thirdly, there are various exercises which 

are presented in a progressive difficulty. Finally, there are one or more tasks to ap-

ply the knowledge in a different context, usually outside the school.

Specifically, in the lectures, there is a linear sequence, where learners can move just 

forwards and backwards between the different screens. The lectures have between 

four and 13 screens. Within the unit, children can always go to the beginning of the 

lecture. Moreover, the sequence of the units is similar to the framework seen in the 

literature review. Figure 4 shows the parallelism between the framework and the 

units’ structure. This demonstrates that the structure of the EDUciencias supports 

the framework for learning science and should be adequate for children learning 

sciences.

Figure 4 Units structure and framework for teaching children science

Explanatory 
stage

Setting the scene 
and discovering 

the puzzle.

Experiment
Introductory 

activity guided 
by a familiar 

situation.

Lecture
Introduction of 

unit information.

Adaptive 
Exercises 

activities in the 
computer.

Task
Activities to do in 

other contexts.

Re-describing 
stage

Here there is talk 
involve in make 

sense of scientif-
ic ideas.

Application 
stage

Allows kids to try 
out and expe-
rience the new 

knowledge. 

How children 
learn science 

framework
Loxley et al., 2013

Unit sequence
EDUciencias

SETTING INSTRUCTION RETRIEVAL

Design maxims
There are four different patterns of screens (see Figure 5, next spread). The lecture 

has pattern D that includes a white background with text and sometimes images 

that would be analysed deeper in the next section. 
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Table 7 Elements

Purpose Type Variations Example

DISPLAY 
CONTENT

Text 
block

Paragraphs 

Lists

Images Illustration or 
photography 

No background

Images with 
text

Diagrams Only images

Only text

Mixed

Boxes Only text

Text and 
images

Tables Only text

Text and 
Images

NAVIGATION Labels

Purpose Type Variations Example

Tabs

Buttons Text 

Icons
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Figure 5 Style screens

Pattern D is used for most of the screens. There is no differentiation in the style for 

activities, experiments, lectures or tasks; this could be seen as a drawback, but on 

the contrary, this could help to avoid predisposing the kid to a passive mode and 

maintain the engagement throughout the unit. Nevertheless, there are other cues 

that signpost in which part of the unit the learner currently is, this is discussed in 

the access structure analysis section.

Content structure
Table 7 visualises the different types of elements that are in the eBook, and they are 

classified in terms of their purpose: the ones used for presenting information and 

the ones used to define the navigation.

The elements used to present information employ different modes of representa-

tion. As seen in the theory, scientific concepts are based on a multimodal discourse, 

and this is reflected in the various representational modes used. Moreover, each 

type of element uses more than one mode of representation: words, images, sym-

bols and graphic positioning.

However, all the elements use only graphic modalities; there is no use of sound or 

movement to convey meaning. It seems obvious the decision to avoid sound, as 

the product is used by many children in the same room, where sounds reproduced 

uncoordinatedly can be very distracting. The reason why no animations are used is 

not clear at this stage of the analysis. It could be related to technical issues or logis-

tics, but withal in theory animations could be beneficial to introduce and clarify 

some concepts especially for complex processes.

Pattern A - Home

Pattern C  - Characters illustrations

Pattern B - Index

Pattern D  - Unit
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Figure 7 Layout structure

Two symmetric columns with gutter

Two symmetric columns with gutter mixed with one column

Two asymmetric columns with gutter

One column

Two column no gutter

Figure 8 clusters
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Granularity and density are used to evaluate the elements’ distribution on screen. 

Granularity refers to the sizes of graphic clusters on-screen, and density is related 

to the amount of them about the screen space (Gillieson, 2008). Figure 6 shows 

the relation between these two variables in Style Screen D, the one that supports 

the lectures. Generally, content screens are dense, but they do not have many 

elements, what is beneficial regarding focus and retention. A high density with few 

elements could be due to the small screen. What is relevant is to detect if such den-

sity is perceived as too much information encumbering the learner’s extraneous 

processing as Mayer (2014) suggests.

Figure 6 Granularity vs. Density

The structure and flow of the content are generally organised by a grid; a tech-

nique borrowed from printing that guarantees uniformity (Garrett, 2003). The use 

of grids for consistency helps to minimise the extraneous processing because the 

learners know what to expect. In this case, the content seems to be organised in a 

two column grid with slight margins and gutters, however, once analysed the two 

columns are flexible and modified to arrange the content on-screen, only the mar-

gins and titles are fixed (Figure 7).

The small screen display seems to be the major constraint. To fit the desired con-

tent on the screen, small margins are used. However, small margins can lead to a 

sensation that it is too full or dense. The short gutter has the same implications 

that the margins, besides, it can result in problems on the cluster of information, 

as it shown in Figure 8, where information can be directly related to the paragraph 

rather than the graphics.

Granularity

Density
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Area A
Book navigation row

It’s in every page.
Bellow, button on hover.

Discipline icon menu

Extra information

Back and 
forward 
controls

Discipline 
drop-down 

menu

Menu HOME PAGE

SECTION INDEX
SCREEN

UNIT
SCREEN

Unit index

Units drop-down menu Title of the page
Menu, discipline, unit or 
nothing

Exit button
To quit the software

Screen name label
It’s in every page.

Instructions label

Letter system for units

Amount of exercises 
done over total

Colour coding 
To know if exercises 

are correct, incorrect or 
incomplete

Icon of the discipline and menu

Buttons
On hover they have 
colour

Stars system 
Provided if they do well 
on the exercises

Area B
Unit navigation row

In every unit’s page

Content area

Unit letter

Clickable tabs 
Showing in which part of the unit 

you are

Letter of the unit 
and screen number 

Next and previous 
controls

Figure 10 Access structure analysis
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Despite the grid’s absence, the layout system always structures the information in 

only one or two columns. The single column works appropriately for graphics or 

images but when used for paragraphs results on lines of text considered too long, 

with more than 100 characters (Peters, 2014). When two columns are used, para-

graphs are divided into columns or one column is used for text and the other for 

graphics. The relation between text and graphics is generally adjacent to each other 

or intercalated. There is no overlapping or integrated text, what results in visual 

blocks of information as Figure 9 shows.

Figure 9 Text/graphic relationships

Text/graphic relationship

Alternative integrated layouts

Access structure
There are three different screen patterns for navigation all with different require-

ments. The three of them are analysed in Figure 10:

There are two main navigation areas graphically differentiated from the content. 

In all of the screens, there is a row at the top (Area A) of the screen with options to 

navigate the book; this also gives information about in which discipline and unit 

the user is currently in. The other one is a bottom row (Area B) where children can 

navigate within the unit through tabs and arrows.

Both areas give control over the learning experience to the user, promoting 

self-pacing. This is one of the strategies that the cognitive sciences propose. How-

ever, as seen in the flow of the page, this control is limited, as the lesson has only 

the possibility to navigate it in a linear way. This is also aligned with the idea that 

novice learners need more guidance when faced with the information.
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Table 8 Strategies to minimise extraneous processing applied 

Goal Principle Application on micro level Application in macro level Application in meta level

MINIMISE 
EXTRANEOUS 
PROCESSING 

Coherence
Add only related 
material

Relevance principle All the material 
is related to the lecture. Sometimes 
the characters appear to introduce 
reflections or to emphasise and the 
adventure is clearly separated from 
the lecture.

Signalling
Highlight essential 
material 

Typography differentiation used of 
bold for highlighting in-text (not in 
all the screens or units)

Visual hierarchy used of colours and 
shapes for diagrams and tables

Type hierarchy use of different 
styles for labels and text (not enough 
differentiation between text and labels 
or captions sometimes) (not consistent 
the styles for labels and captions)

Visual hierarchy used of boxes, 
diagrams or tables

Space structured text use of lists

Content structure some units include 
a summary

Use of access structure to show the 
learner where he is 

Redundancy
No spoken and written 
text simultaneously

no use of audio

Spatial Contiguity
Position related text 
and graphic, and 
words and graphics 
near to each other

Diagrams labels are always used 
near the parts labelled, linked by a 
short line or over the diagram.

Diagrams and tables make use of 
gestalt rules to convey meaning.

Captions they are underneath the 
graphic (but could benefit from better 
proximity in some cases)

Relation text and graphics in general 
there is one picture per screen, 
generally the images are in a column 
or behind the text along the two 
columns. 

Gestalt use of columns (could benefit 
from bigger margins and gutter)

Temporal Contiguity
Narration and graphics 
simultaneously

no use of audio or videos

Simplification
Reduce visual 
elements

Use of simple forms and few colours 
for diagrams.

(Less variant could be used for labels 
-colour, filling, outline, shadow-).

Simplification in diagrams and 
images by eliminating the 
background or unnecessary 
information.

Most of the representations are 
pictorial representations. (Linear 
representations could be used) 

No many visual elements per page.

No use of layers or interactivity to hide 
info.
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Also, further information is provided about where and in which unit the learner is. 

For this purpose, a representational iconography for the subjects is introduced in 

the homepage, and then units are identified in the subject’s index by using letters. 

Both codes, as well as the rest of the iconography implemented, could be simply 

understood by the children as they use familiar elements for children as Druin 

(1999) suggests. EDUciencias also follows her suggestion with buttons with a ske-

uomorphic treatment supported by humans’ facility to detect depth (Peters, 2014). 

The letter coding for recognising the unit also enforces the idea of progression.

There are other aids provided. Like the title label present in most of the screens, ex-

cept the home and the characters illustrations pattern, and the instruction label used 

in some screens where the students are asked to do something. These are signifi-

cant features to signpost the smartbook helping learners to orientate and find what 

they are looking for easily (Waller, 1985). This could be seen as an extension of the 

application of the signalling principle to help the learner find the desired informa-

tion (Mayer, 2014).

Overall, the analysis of the structure revealed the importance of the structure in 

relation to the framework for learning sciences, the multimodality of its elements 

and the use of design to enhance learning by guiding the learner with the layout. 

This analysis would also be useful in the next section, to study the lessons as a part 

of the smartbook system.

4.3 Discussion of strategies to support instruction 
The Table 4 Matrix for analysis by strategies applied introduced in the last chapter 

Research Methods was applied to EDUciencias for sixth-grade. It is important to 

clarify that this analysis is not about the successfulness of their application, but 

only for checking if strategies are used or not; however, there are some reflections 

regarding their implementation. To organise the discussion on this level, it will be 

divided into the three e-learning goals; maximise extraneous processing, manage 

essential processing and foster generative processing.

Application of design techniques to minimise extraneous processing
The first goal is related to directing the attention to the relevant information; this 

is stretchy related to the design of on-screen information. On this basis, it is ap-

preciated in Table 8 that most of the design interventions to support the strategies 

are applied on a micro and macro level. For instance, on a micro level this are the 

techniques identified (see Figure 11, next page):

-- Typography differentiation and visual hierarchy for signalling

-- Labelling and gestalt rules in diagrams to convey spatial contiguity

-- Elimination of backgrounds to simplify graphics (seen in the analysis of elements in 

the previous section)

On a macro level (see Figure 12, next page):

-- Typography hierarchy, visual hierarchy, and space structured text for signalling.
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Figure 11 Examples of application of design techniques to minimise extraneous processing at micro level

Figure 11 Examples of application of design techniques to minimise extraneous processing at micro level

For signalling

For signalling

Typography differentiation

Typography hierarchy

Titles

Paragraph

Character

Labels

Labels next to parts named

Use of captions

Elimination of background

Visual hierarchy

Visual hierarchy Space structured text

Gestalt rules

Gestalt (columns)

Spacial contiguity

Spacial contiguity

Simplification
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-- Use of captions, graphic/text relations (seen in Figure 8) and application of Gestalt 

rules to lead to spatial continuity.

-- Use of few elements per page to achieve simplification (seen in elements distribution 

in the previous section).

On the other hand, on a meta level, the main strategy applied in EDUciencias is 

based on the Coherence principle. This principle states that all the material should 

be related to the instruction; this is shared by many information designers Frascara 

(2015), Horn (1989) and in the principles of Isotype (Neurath, 1936) for example. 

The material to be included might be a decision not exclusively of the designer; it 

is a strategic principle– that is the reason why it is applied on the meta level. Still, 

designers have the opportunity to check if this principle is being abided, and also 

they have to resist the temptation of adding extraneous engaging material to avoid 

cognitive overload during the processing. EDUciencias only includes material that 

is relevant to the subject.

There is only one strategy that is not applied on any level; that is based on the 

redundancy principle that warns about using written and audio words at the same 

time. However, in EDUciencias no audio is used.

During the analysis, it was detected that it is possible to improve the application of 

some of the principles such as signalling, contiguity and simplification. Signalling 

could be improved by using the current typography differentiation consistently in 

all the units. For example, right now some units make use of bold type for differ-

entiation of key concepts, but it is not employed in all units. Regarding continuity, 

although it was used, on a macro level, some captions can be situated in closer 

proximity to the graphic. Also, a wider gutter could help to separate the two col-

umns and improved cluster identification. Finally, some of the graphics could be 

represented with fewer details, as an example, there is documentation that people 

can easily recognise linear representations (Peters, 2014), this kind of treatments 

for some complex diagrams could be used helping to focus on the most relevant 

information.

To finalise the discussion on this level, it was found that ‘good practices’ in design, 

and from the ‘practical wisdom’ of designers are not mentioned by the cognitive 

sciences. However, a text designed for comfortable reading and the Consistency 

principle can contribute to minimise extraneous processing.

Designers had developed many techniques to set text in a way that would help 

readers to make less effort. There is plenty of research regarding legibility and 

readability from the design field. It demonstrates that the decisions made in the ty-

pography used or design and the setting of the text improve fluency and can make 

reading more comfortable; this way less cognitive resources are needed to read the 

text, and they can be used for understanding the message. There are many exam-

ples of this like the series Typography Papers done by Hyphen Press on many issues 

related to text design, legibility and fluency (Hyphen Press, 2016). Furthermore, 
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Table 9 Strategies to manage essential processing applied  

Goal Principle Application on micro level Application on macro level Application on meta level

MANAGE 
ESSENTIAL 
PROCESSING
 

Multimedia
Include words and 
graphics rather than 
only words

Most of the graphics are labelled or 
they have captions.

Avoidance of abstract images.

Use of different type of graphics 
representational, relational, 
organizers, transitional.

Use of visualizations in almost every 
page photography, diagrams or 
illustrations.

Modality
Use audio rather than 
on-screen text

no use of audio or videos

Pre-training
Introduce key 
concepts and specific 
vocabulary first

There is no specific introduction of 
key concept but before the lecture 
there is an introductory activity that 
gives this opportunity. 

The lecture generally start defining 
the most relevant concepts.

Segmenting
Break a continuous 
lesson into 
manageable segments

(No use of layers or interactivity to 
hide info.)

The lesson is break down in many 
screens, with few concepts in each.

Limited short memory
Organize information 
for memory limits

Diagrams and text introduce and 
have less than 7 chunks, or they are 
grouped accordingly

There is a summary at the end of 
some units (but not all)
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there is specific research on how text layout can affect performance (Lonsdale, 

Dyson & Reynolds, 2006).

The other design contribution envisioned to help learners focus on the relevant 

material is the Consistency Principle that states that “For similar subject matters, 

use similar words, labels, format, organization and sequences” (Horn, 1989, p. 85). 

For example, if graphics are treated the same way, the language of a graphic is de-

coded just once and the next time the learner faces a graphic he already knows the 

language of it, and he can focus on the content. If there is no aesthetic or structural 

consistency, the learner needs to use extra cognitive processing. Consistency can 

be applied on many levels, from the organisation of the information, the structure 

of the content and in the elements itself. In this analysis it was revealed the consist-

ency at a structure level, using stylesheets and grids, and on a micro level using the 

same kind of illustrations and typography throughout the smartbook.  

Application of design techniques to manage essential processing
Table 9 shows how the case study applies techniques from the learning sciences to 

facilitate the processes of comprehension and memorization.

Just looking at the table it is possible to see that most of the strategies have been 

applied on a meta level. That means that the principles behind how to display the 

information are the major concern of the learning sciences. 

Nonetheless, some of the strategies were applied on micro and macro levels. On 

a macro level, it was detected that different kinds of graphics were used to com-

plement the text; and on a micro level, we can see that most of the graphics are 

labelled to secure the understanding of them. Also, it was found that micro level 

elements, generally, have less than seven parts, or they are grouped in chunks that 

are manageable for the short memory.

The paramount principle for enhancing e-learning is possible the Multimedia 

Principle, and it was applied on every level. Almost every page, except some sum-

mary screens, includes graphics. The different kinds of graphics used are relevant 

to the text. Furthermore, the graphics generally include pictures and words. The 

application of the multimedia principle on all levels shows the importance of mul-

timodality in the product. It is also important to mention that the graphics used 

rely on representational images, as children are not mature enough to fully under-

stand abstract concepts.  

Some strategies could be implemented further. Segmenting, for example, was im-

plemented only on a meta level by dividing the lecture into various screens. How-

ever, segmenting could be applied using clear layers of information to improve 

the accessibility to the information; these levels can be visual or interactive (Peters, 

2014 and Waller, 2011). Summaries aid the memory but withal, they are only used 

in some of the units. By using summaries in every unit, the consistency principle is 

enhanced.
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Table 9 Strategies to foster generative processing applied 

Goal Principle Application on micro level Application on macro level Application on meta level

FOSTER 
GENERATIVE 
PROCESSING
 

Personalization
Put words in 
conversation style and 
use polite speech

Texts are directed to the children. The story uses conversation and 
dialogues.
Some dialogues are added in the 
lectures.

Voice
Use human voice for 
audio narrations

no use of audio or videos

Embodiment
Use human 
characteristics

Use of human characters, three kids 
school-aged as they are, and the 
Grandpa. There is also a dog.

Image 
Not necessary to 
include a visual 
character 

there are characters, but when 
they are not the text is still directed 
to them, like another anonymous 
character.

Storytelling
Use storytelling

. Trigger activity guided by a familiar 
situation experienced by the 
characters. There is also a parallel 
illustrated story to engage the 
students

Learner control
Promote self pacing 
control in novice 
learners

Use of arrows, tabs and menus to 
navigate through the smartbook

Learners can stay as long as they 
want in each screen.

Prior-Knowledge 
activation
Activate prior 
knowledge first

Use of questions to trigger reflection 
and familiar situations

All units starts with an introductory 
activity to think about the topic

Dynamic visualisation
State the function of 
the animation

no use of animations

Aesthetic-usability
Make the content 
aesthetically pleasant 
for your learner

use of appealing and familiar 
illustrations
(diagrams can be improved, 
harmony of labels)
(typography aesthetics could be 
imrpoved)

Use of composition with clear white 
backgrounds (bigger margins)
(more composition in the page, more 
flexible grid)
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Application of design techniques to foster generative processing
The last e-learning goal aims to engage and motivate the learner for knowledge 

integration. In Table 10 the different principles to foster generative processing in 

EDUciencias are evaluated.

All the strategies, except the ones that include audio or animations, are imple-

mented in the product. Most of the principles namely personalisation, embod-

iment, image, storytelling, learner control, and prior knowledge are strategic 

principles and accordingly, applied on a meta level. Hence some were already 

examined with the structure of the product. 

Personalisation, learner control and, prior-knowledge were also applied to the ele-

ments. The text directed to the children the way of personalisation used in EDUc-

iencias on this level. Learner control principle is applied in the inclusion of clear 

controls to navigate the book; in this case with arrows, tabs and menus. Likewise 

the control, the strategy to activate what learners already know about the topic is 

used in the architecture of the lecture and a micro level with questions and calls for 

reflection. As seen ahead, giving control is important for constructivists because 

having control the learner becomes more active.

Aesthetics is difficult to evaluate, as its perception depends on the users. There-

fore, to do it is necessary further testing by the users. However, some aspects that 

contribute with aesthetics can be evaluated, such as harmony and proportions 

(Pettersson, 2002). On a micro level, there is a notable selection of carefully done 

cartoon-style illustrations that seem to be appealing and familiar to Uruguayan 

students. However, there are also other styles of illustrations and images. On a 

macro level, the composition of the screen with a balanced use of colour on a clear 

white background is harmonic. Yet, a flexible grid with bigger margins could help 

to the overall aesthetics; making a less crowded screen to positively predispose the 

learner. Typography wise, the use of appealing typefaces and typesetting with clear 

typography hierarchy could be improved with more consistency throughout the 

lessons influencing positively users’ impressions (Larson & Picard, 2005).   

For making an aesthetically appealing and hence engaging product, designers rely 

on a user-centred approach and tacit knowledge about the concept of aesthetics. In 

user-centred design, designers use many research methods to get to know the user, 

and ultimately they also test the design (Frascara, 2015). Regarding the understand-

ing of aesthetics, designers developed a sensibility where all the techniques used by 

design are used to reach a pleasant balance (Moggridge, 2007).

4.4 Synthesis of findings
After applying the analytical framework and discussing the findings, this section 

attempts to summarise the most important ones.

From the first part of the analysis, context and type of product, there are no par-

ticular findings, but the information gathered was a necessary input for the rest 

of the analysis. Particularly, in this part, it is discovered the blended nature of the 

product that explains why no audio is included in the lessons.
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The second part revealed the relevant and close relation between the architec-

ture of the product with how children learn science. The product is organised in 

the curricular disciplines proposed by the national science curricula. Within the 

disciplines, there are units, which are organised in a pedagogical sequence. The 

sequence first arises the curiosity and children’s prior knowledge; then exposes the 

scientific concepts. Afterwards, it gives them opportunities to apply the knowledge 

in exercises, and tasks to do in other contexts.

EDUciencias is a graphic multimodal smartbook. This was detected while analysing 

the elements of the book, but also with the strong application of the multimedia 

principle on every level. Yet, there is no use of motion modalities by unknown 

reasons.

During the analysis of the applied strategies to enhance learning proposed by psy-

chology, cognitive and learning sciences, it was discovered that design could help 

to achieve them at various levels. The scrutiny was organised looking into each 

e-learning objective.

Accordingly, design can help to guide children to find relevant information, min-

imising extraneous processing. On a meta level, this can be achieved through the 

selection and presentation of relevant content only. On a micro and macro level, 

the contribution is made through screen design following various techniques, such 

as typographic variations and use of styles, visual hierarchy, the application of Ge-

stalt rules and simplification techniques.

Assistance to understand the material and memorization could also be boosted by 

design. This goal is about taking into account the cognitive limitations and design 

for it. To manage learner’s essential processing in EDUciencias, the techniques are 

mostly applied on a meta level. By making use of humans double channel capac-

ity, including words and graphic simultaneously. Moreover, the smartbook uses 

strategies to organise the content such as segmenting, sequencing, and memorable 

summaries. In a micro and macro level, the designs try to improve the quality of 

the material by using manageable chunks of information, using different kinds of 

graphics and using representational elements.

Engaging and motivating the students with learning is crucial, and design can help 

too. To foster generative processing at a strategic level, it is necessary to give con-

trol and know the learner. Designers do it through user research methods. At lower 

levels, design makes a great contribution with assuring an aesthetic and pleasant 

e-learning environment and giving clear and recognisable controls.

Finally, there were detected other design techniques that are not proposed by the 

learning sciences, but that designers use and which can be beneficial to reach the 

e-learning objectives. By providing a well-formatted text to assure comfortable 

reading, designers can avoid the use of extra cognitive resources in decoding the 

text. Hence, the processing capacity is free to understanding the content of the 

text. Correspondingly, the consistency in formatting each element and the screens 
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avoids distracting the student; being predictable gives satisfaction to the learner. 

Instead of exposing the student to understand a new language each time, it leaves 

its capacity free for learning the scientific concepts.
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Chapter 5  Conclusions  

This is the last chapter of the dissertation; it will conclude and end the research 

that was motivated by these two research questions:

-- How science concepts are presented in an e-learning environment like EDUCiencias?

-- What considerations should designers take into account to enhance learning?

A summary of findings and conclusion would be presented. To organise them, they 

will be presented in relation to each of the research objectives:

1.	Gather all relevant matters to understand and identify strategies to enhance the 

learning of science concepts for primary school children in e-learning.

2.	Construct a framework for analysing an e-learning environment.

3.	 Analyse and outline some of the design considerations for enhancing learning in 

EDUCiencias.

To conclude, recommendations will be proposed. They will be based on the find-

ings proposing further investigation on this topic. 

5.1 Summary of findings and conclusions
In relation to the first research objective, there are two main conclusions. The first 

one is the similarity between information design and e-learning instruction. The 

second one is the identification of the strategies to facilitate learning proposed by 

the learning sciences that can be supported by design techniques.

A major finding is the clear role of design to support e-learning due to its multi-

modality nature. The findings of this study suggest that particularly, information 

designer share the same goals that multimedia e-learning. It was also found that 

design can support e-learning principles.

Table 5 summarises the findings of this research objective, by showing how design 

can support e-learning. The table is divided, for a better understanding, in the 

three learning objectives. Also, it introduces many design techniques supported by 

various authors to enhance those strategies.

About the second research objective, an analytical framework was constructed. The 

framework intends to be applied in particular cases to juxtapose what it is found in 
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the theory with real examples. The three-level scrutiny helps to see how the theo-

retical strategies could be applied at various degrees in smartbooks. Furthermore, 

the framework was useful and easy to apply. Conceivably, it could be replicated in 

other e-learning environments. Particularly, the matrix that identifies the design 

techniques applied in the product (Table 5) could be a tool for either analysis or 

planning of the design decisions to enhance learning.

The findings of the case study and research objective four (Analyse and outline some 

of the design considerations for enhancing learning in EDUCiencias) are the result 

of the discussion. The investigation has shown the close relation between the prod-

uct’s structure with the theoretical approach; in this case, it was appreciated at two 

levels. On one side, the software was divided into the official disciplines suggested 

by the education regulatory body; and, on the other hand, an educational sequence 

was reflected in a linear flow among its unit’s screens. 

The analysis has identified that the context of use affects the product’s design; 

in this case, the e-book does not include any sounds owing to its context. As the 

product is intended to be in a class where each child has a computer, it is assumed 

that sounds could be distractive. For this reason, the smartbook appears to have 

abandoned the possibility of using one of the two channels for perceiving informa-

tion. Nonetheless, as the product is utilised in a classroom, the teacher can use the 

available channel. A multimodal graphic dimension enriches the visual channel; 

using text, images, graphics, and spatial relationships to convey meaning.

The discussion unveiled that design can contribute to enhancing e-learning at dif-

ferent levels. Most of the strategies to support e-learning are intended and applied 

in EDUciencias on a meta level, except the strategies to minimise the extraneous 

processing that are mostly related to the sensorial perception of the material. Al-

though, all of the strategies that do not include sound were applied, it was detected 

that some of the strategies could be implemented even further to support an even 

better learning experience.

5.2 Recommendations and future research
This study ends with two final recommendations. 

1.	The importance of incorporating the learning sciences know-how as an input for 

designers. 

2.	The suggestion for more investigation in this research. 

It was found that design naturally uses other disciplines’ knowledge to support 

design decisions. Particularly, in this study, the knowledge of cognitive and behav-

ioural sciences, and psychology to enhance science e-learning at primary school 

level is suggested. Their research is a valuable input to design e-learning environ-

ments.

Table 11 summarises the strategies from learning sciences to enhance e-learning 

for primary science; it also includes design strategies to enhance learning arose 
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Table 11 Matrix of strategies and design techniques at different levels

Goal Principle Application on micro level Application on macro level Application on meta level

MINIMIZE 
EXTRANEOUS 
PROCESSING 

Coherence •	 Isotype method  •	 Relevance Principle
•	 Isotype method 

Signalling •	 Typography differentiation
•	 Visual hierarchy
•	 Pointed words 
•	 Pointed elements
•	 Attention grabbers

•	 Typography styles 
•	 Type hierarchy
•	 Space structured text
•	 Visual hierarchy
•	 Content structure

•	 Access structure

Redundancy •	 No spoken and written text 
simultaneously

Spatial Contiguity •	 Use of Labels
•	 Gestalt principles

•	 Use of Captions
•	 Text/graphic relations
•	 Gestalt principles

Temporal Contiguity •	 Narration and graphics 
simultaneously

Simplification •	 Thoughtful reduction
•	 Simple representations and 

forms
•	 Isotype principles
•	 Background elimination

•	 Layers of information
•	 Interactive layers
•	 Clear backgrounds
•	 Low granularity and density

•	 Use of pictograms
•	 Selection of material according 

to learner’s knowledge

Consistency •	 Use of styles
•	 Labelling

•	 Use of grid or consistent layout •	 Being predictable

Comfortable reading •	 Typography settings
•	 Legibility

•	 Text/graphic relations
•	 Text layout
•	 Typography styles
•	 Type hierarchy

•	 Readability
•	 Use of relevant vocabulary and 

syntax

MANAGE 
ESSENTIAL 
PROCESSING
 

Multimedia •	 Use of Labels
•	 No abstract images

•	 Use of Captions
•	 Different type of graphics

•	 Use of Visualisations
•	 Isotype principles
•	 Different type of graphics

Modality •	 Use audio rather than on-
screen text

Pre-training •	 Content structure
•	 Product structure

Segmenting •	 Chunks and Blocks of information
•	 Sequencing and segmenting

•	 Interactive layers •	 Chunks and Blocks of information
•	 Sequencing and segmenting

Limited short memory •	 Chunks and Blocks of 
information

•	 Chunks and Blocks of information
•	 Repetition
•	 Content structure (summaries, 

key facts)

FOSTER 
GENERATIVE 
PROCESSING
 

Personalization •	 Conversational text style
•	 Balloon dialogue 

representations

•	 Appropriate text style
•	 Use of dialogues
•	 User centred design

Voice •	 Use human voice for audio 
narrations

Embodiment •	 Use human characteristics for 
characters

•	 Characters similar to learners
•	 User centred design

Image •	 Children like on-screen 
characters

Storytelling •	 Narrative representations
•	 Narrations

•	 Use a story or familiar situation 
as a thread

•	 Content structure
•	 Product structure

Learner control •	 Clear Controls •	 Give self-pacing control

Prior-Knowledge activation •	 Questions, familiar situations •	 Start introduction retrieving 
their prior knowledge

Dynamic visualisation •	 State the function (title, caption)

Aesthetic-usability •	 Harmony
•	 Proportion
•	 Appealing graphics
•	 Pleasant type setting

•	 Harmony
•	 Proportion
•	 Composition
•	 Use of grid

•	 User centred design
•	 Testing
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in the discussion. Furthermore, the matrix shows how to support these strategies  

with design techniques that are widely used and backed by many designers. Final-

ly, based on the reflection and extrapolation of how the strategies were employed 

in EDUciencias, the matrix classifies on what level can be the design techniques 

applied.

This matrix can be utilised either as a tool for design or as a tool for analysis. For 

teams designing e-learning instructional experiences, the matrix, as well as the lit-

erature review, serves as a summary of the relevant matters to design for this kind 

of products. To plan the principles and structure of the environment, designers can 

use the design techniques and strategies on a meta level. For the actual design and 

display of information on-screen, the techniques on a micro and macro level will 

help to achieve the e-learning objectives. 

The table can also serve as an analysis tool too. It is not intended as a checklist be-

cause not all the strategies need to be applied. However, it can be used to improve 

current environments by checking which strategies are used, which were con-

sciously avoided and to reflect on which ones can be introduced or applied further.

The second recommendation is related to further studies. The case study was ana-

lysed based on observation about which strategies were used to strengthen learning 

and until which state; however, this scrutiny does not infer regarding the useful-

ness of the strategies. No study was done to evaluate if the strategies chosen were 

successful; further testing is necessary regarding this matter. For instance, Norman 

and Spohrer (1996) suggest that three dimensions of instruction need to be evalu-

ated to develop a successful learner-centred e-learning environment: engagement, 

effectiveness and viability. Another example for evaluation, particularly for educa-

tional smart or e-books, as she called them, is developed by Paloma Díaz (2003). 

This framework is based on the educational usefulness and the usability, as it can 

be appreciated in Figure 11. Finally, user testing with children could be beneficial to 

compare the theory and the impact on the users.

In summary, this research contributes to envision the role of the designer in de-

veloping e-learning materia. It identifies important elements that designers can 

incorporate from the learning science community and can serve as a base for more 

in depth studies.
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