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Abstract. Teachers and educators have the mission of transmitting the best of 
their knowledge using the most from available resources and following estab-
lished programmatic guidelines. The continuous evolution of technology, pro-
posing new tools and apparatus for knowledge representation and transmission, 
has offered innumerous options for the mission of teaching. However, more 
then providing a wide set of experimental setups, or multimedia contents, would 
be important to determine the best content for each student. Hypothetically, the 
best content would be defined as the most suited to promote a seamless trans-
mission of knowledge, according to the student status and his readiness to re-
ceive those concepts. Human Computer Interfaces can promote a better intero-
perability between those who teach and those who learn and can better adapt 
contents and transmission methods to the needs and abilities of each student in 
class. The present paper proposes a framework for adapting knowledge trans-
mission, either local or remotely, to the needs and circumstances of each teach-
ing act. 
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1 Introduction 

The ages of paper and pencil, board and chalk or overhead projectors are overpast. 
With the diversity of online contents and multimedia options, it is plausible to ques-
tion at what point paper books will remain confined to libraries as objects of the past. 
Whatever the option each educator takes, the need to adjust contents to students was 
in the past a choice for the right books, and is today the choice for selected links. 
Nevertheless this is a reductionist question as with the growth of Internet contents, 
doubling every 18 months [1], it is necessary to address, not the existence of contents 
but, the right contents for each student under specific teaching circumstance. Next, we 
can assume that, if contents are diverse and adequate, attention should be provided to 
the process of transferring information and knowledge to learners. Since Internet in-
formation is accessed from a computer device, being a laptop or a portable device 
with computational capabilities, it is important to turn attention to Human-Computer 
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Interaction (HCI). The relationships between people (e.g. students and teachers) can 
have better moments and can be easier between some duplets of persons interacting. 
Nevertheless, people have the ability to sense how others are receiving the message 
and identifying the peaks of interaction. If other persons are bored or restless, it is 
within teacher’s perceptional capacities to identify those states and react accordingly 
in order to reestablish the learning process (e.g. change attitude, change message or 
even pause interaction). The authors propose a framework to adapt knowledge trans-
mission by adjusting HCI using lessons learned in Interoperability research area. The 
next section describes some aspects that support the hypothesis that emotional as-
sessment can intervene and contribute to improve the learning process. Then it is 
presented a framework to support the development of this hypothesis by exploring the 
implementation of such concepts. Finally, the last section provides some discussion 
and conclusions. 

2 Research Background 

From hundreds of years most of the great classical philosophers like Plato, Aristotle, 
Spinoza, Descartes, Hobbes and Hume, had recognizable theories of emotion [2] and 
tried to develop cognitive models and understand how the mind works. Since then no 
theory could be assumed as definite answer to what are emotions and how can they be 
represented. Plutchic’s wheel [3] represent one of the interesting possibilities by de-
picting some of the most consensual emotions that we experiment in life. Emotions 
play such an important role in our lives that raises the question of its importance in 
the cognitive process [4]. Different authors present theories on how visual cortex 
influences our perception and cognition. A growing number of neuroscientists accept 
the existence of two streams at human brain; one ventral that identifies what we are 
observing and another dorsal that determines the spatial context of what we are seeing 
[5].  The process of identifying what is seen is based on a comparison between ob-
served objects and what are previously stored objects, belonging to our memories, 
from past experiences. Furthermore, when we compare what we see with our memo-
ries, we bring to our mind objects, persons or scenes from the past and all that is  
attached to them. That includes whatever has established affective bonds, related exis-
tences and, most probably, the feelings attained will emerge promptly. These days we 
use computers and the Internet as extensions of our brains capabilities either for cal-
culations or to store what we want to save and recall later. At the Internet we store 
and share pictures sound and movies, people and objects from our lives are digitized 
with cameras or scanners as sound is captured and converted to digital. In our re-
search work some tools where developed in order to support representations of sen-
sorial and emotional information at the Internet [6]. The result from those exploratory 
actions consists in collections of selected sampling of real world objects and events. 
In the best chances, later when we view and listen those samples we can invoke what 
is in our brains, from that episode or person and revive the whole experience attained. 
Instead of adapting ourselves to that restricted internet sampling of human sensorial 
experiences, (e.g. images and sound) a new model could be defined where those two 
streams are considered along with wider sensorial and emotional information added to 
images and scenes [7].  
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Learning is about to acquire new knowledge, behaviors, skills, values or preferences, 
and it may involve the processing of different types of information. Learning functions 
can be performed by different brain learning processes, which depend on the mental 
capacities of the learning subject/agent, the type of knowledge, which has to be acquit-
ted, as well as on the socio-cognitive and environmental circumstances [8]. 

Instructional methodologies are founded on models for Instructional Design (ID). 
Such models provide procedural frameworks for the systematic production of instruc-
tion, and incorporate fundamental elements of the ID process including analysis of the 
intended audience or determining goals and objectives [9][10]. 

It could be stated that instructional models are guidelines or sets of strategies on 
which the approaches to teaching by instructors are based. Effective instructional 
models are based on learning theories. Learning Theories describe the ways that 
theorists believe people learn new ideas and concepts [10]. Theories about human 
learning can be grouped into four broad "perspectives": 1) Behaviorism - focus on 
observable behavior; 2) Cognitive - learning as purely a mental/ neurological process; 
3) Humanistic - emotions and affect play a role in learning; and 4) Social - humans 
learn best in-group activities [11]. In our research, a highlight is made on a human 
centric learning environment. That is underlined by Damasio when he states that we 
feel therefore we learn [12] reinforcing that tendency to take emotion and affect with 
central role in Humanistic theories. This emotional enrolment is clearly identified in 
the traditional classroom, but that may not be the case for eLearning or for the classes 
supported by computational interfaces. 

The proliferation of technical information at the Internet with its complex insides 
to very specific subjects could lessen, in a simplistic assessment, the role of the teach-
er, as he can no longer be considered the supreme knower of some matter. However, 
this would be a fundamental mistake as we are neglecting both his experience as edu-
cator and his abilities interpret and react to other human beings. Thus, we cannot for-
get that once in a classical classroom, teachers are able to regulate the teaching 
process by delivering less knowledge to a less attentive class or finding some funny 
examples to illustrate some tedious content. A teacher could also emphasize how 
important those subjects are for future studies and for that he would request special 
attention from the class. In this case, the teacher acts as a living sensor of students 
emotional states. Then, how can we have that same emotional assessment when we 
remove the teacher from the equation, as in eLearning or blended learning, or if the 
teacher is in class but students are interacting with a computational device?  

Rosalind Picard has been studying aspects of affective computing and the emotion-
al relation that humans have with computers [13]. Affective Computing is computing 
that relates to, arises from, or deliberately influences emotion or other affective phe-
nomena [14]. Emerging areas are addressing human aspects, like affectivity and emo-
tions to the human computer interactions, as in affective computing or Affective HCI 
[15]. This emotional assessment, which can be applied, either to eLearning with a 
student remotely displaced or in local setups where student use computational equip-
ment, can be achieved by different measurements. Text assessment [16] or reading 
facial expressions [17], as most laptops have cameras, can be used locally or remotely 
to give emotional information to professors and trainers. Using those emotional clues, 
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teachers can introduce new topics or relate matters to aspects of students life’s and 
later verify how that is affecting their attention and their motivation.  

Despite the intention of understanding emotional signals from students, that can 
become a complex task, teaching process involves sometimes a degree of misunders-
tanding between both parties. This has some similarities to the interoperability prob-
lems already identified between technological systems. Usually interoperability is 
mentioned in relation to enterprise systems and software applications as they struggle 
to manage and progress in collaborative business [18][19]. Interoperability is the ca-
pacity of performing any kind of operation (could be through communication) across 
over certain boundaries [20]. One of the classical definitions describes interoperability 
around three main aspects: organizational, technical, and semantic [21]. 

Organizational is related to business processes and internal organization structures 
appliance for better exchange of data. Technical is focused in how systems are linked 
up, which could be with agreed standards for presenting, collecting, exchanging, 
processing, transporting data. Semantic aspects are related to the ensuring that trans-
ported data shares the same meaning between the linked systems or actors. 

The proposed framework mainly relates to semantic and technical aspects of the in-
teroperability concept. In accordance to existent semantic interoperability developed 
solutions it is needed to have a system with knowledge management capabilities. To 
reach this purpose it is needed to understand how to organize, in this case, learning 
contents and transform it in appropriate and appellative eLearning objects. In addi-
tional, such related knowledge should be organized to assure such eLearning objects 
handling. Thus, the build of an ontology to represent the learning theme and its meta-
data is an appropriate goal [22]. All this to notice that, as already known, computers 
accomplished with these approaches can bring added value to the teaching process but 
they can also add new concepts, tools and artifacts, to the dynamics of teaching envi-
ronment. It is also known that, unlike people, computers and multimedia contents are 
highly configurable and adapted to specific needs.  

In align with this, Sarraipa et Al. In [23] proposed a methodology focused in the 
creation of training materials in a structured and formal way, supported by ontologies, 
which enables specific reasoning over the developed training materials facilitating the 
creation of web services able to provide adaptable training programs from the devel-
oped materials for specific purposes or profiles. That could address part of the prob-
lem when dealing with remote classes but still needs the contribution from emotional 
assessment either local or remotely accessed. 

In this case, we propose a framework with the goal to answer the research question, 
which asks if the transmission of knowledge can be adapted by HCI adjustment based 
on interoperability concepts.  

3 Framework for Adapting Knowledge Transmission Based on 
Emotional Assessment 

The integration of such concepts results in a framework that has the ultimate objective of 
supporting contents adjustment to students’ emotional status. In remote environments, 
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those contents can be tailored for each student and selected according to feedback re-
ceived at teaching institution. In a classroom, they can be shifted for better results of the 
group dynamics or to overcome identified problems with students motivation. With dif-
ferent levels of maturity and degrees of depth, the pursue of a better HCI is a permanent 
goal that is now stepping to a new level, the evaluation and adaptation to emotional status 
on the human side of the equation. This research drives two directions, on one side to 
promote the representation of objects on the Internet with emotional information and 
wider sensorial information, supported by specific ontologies [6]. The other direction is 
to monitor emotion as part of the learning process, using that information to establish a 
personalized class contents. 
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Fig. 1. Architecture of the framework for content generation, based on Emotional Assessment  

The source courseware material includes all different types of available contents 
for that course. It can range from traditional class contents to more elaborated multi-
media setups, and include labs or remote lab installations [24]. The innovation in the 
present work relies in the possibility of making an assessment in real-time of emotion 
related readings from students. In Fig. 1 an emotional assessment is organized using 
several options as available for a given course. Some of those are more likely to be 
measured in classroom others can be captured remotely with a recommended set of 
devices. If the student is using a computer with camera, either locally or remotely, 
facial expression can be used to assess his emotional state [17]. If he student is typing, 
it can be used to give clues about emotional state, either by speed rates or by the na-
ture of contents if available for assessment. In regard to physiological readings, in-
cluding heartbeat, they are becoming more accessible to get by the usage of mobile 
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phone specific applications1, even if they remain less practical than would be desira-
ble. Teachers become able to guide lessons based on what is the established curricu-
lum but also taking in account emotional information from devices, weighted with 
their knowledge about each student. As an example a History teacher can evoke some 
travel he made to an historic place when he feels like he is loosing attention, and 
present some slides or some recorded video. The core of the proposed framework is 
the contents generator and organizer that can assume diverse technological aspects 
depending on remote or local setup and a previous selection of adequate contents. It 
can work as a planning tool for the teacher allowing an organization of the teaching 
materials and preparing several options to react to students’ feedback in real-time. 
The course is adjusted in real-time providing multimedia content as needed by activa-
tion from the contents generator and organizer, serving teacher’s options for the class 
deployment. This framework can be created in a sophisticated environment with real-
time multimedia orchestration with multimodal assessment of student’s emotions but 
can also be downsized to the available technological means available. The best solu-
tion would be an elaborated assessment of emotions but that is not possible unless 
using sophisticated equipment like MRI of fMRI [25]. Those are pieces of equipment 
not suitable to have in a classroom; an elaborated measurement as described above or 
a simple face-reading algorithm would mean an opportunity of obtaining emotional 
and attention clues. Whatever the human computer interaction is being established, 
the current research aims to increase the interoperability between students and teach-
ers using emotional assessment to facilitate the learning process. 

4 Discussion 

Today’s immense availability of technological means and multimedia contents can 
make us suppose that capturing students’ attention is an infallible accomplishment. 
However, without a proper utilization of all those vehicles of knowledge transmission, 
it can become poorly efficient and give a false impression of success. The research 
work developed and presented in this paper relies on the premise that knowledge 
transmission can be adapted based on monitoring of students’ feedback and, in partic-
ular, evaluating emotional evidence from students’ assessment. That evaluation could 
be made by text mining, morphologic analysis of the face and by physiological mea-
surements, like the heartbeat monitoring or face reading assessment.  

Another perspective for the presented work puts an emphasis in the real-time eval-
uation and the possibility of immediately reacting and adjusting contents. There are 
many options for evaluating course effectiveness and the quality and substance of 
knowledge transmitted in teaching environments but an identifiable omission on real-
time assessment is explored in our current work. 

On the other hand, the concepts of interoperability are mostly applied to systems. 
IEEE defines Interoperability as the ability of two or more systems or components to 
exchange information and to use the information that has been exchanged[26]. In our 

                                                           
1 https://itunes.apple.com/us/app/iheart-pulse-reader/id300289653 
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approach, lessons learned from interoperability of systems can be adapted to HCI in 
particular regarding the learning process. The proposed framework has diverse types 
of possible usage, depending on the channels used and the users addressed. In re-
sponse to that diversity, some deployments where made for establishing learning en-
vironments either in Industrial context [27] or in scholar environment [24]. This ongo-
ing work has a main direction in the possibility of adapting contents for universal 
usage independently of cultural or linguistic differences. This perspective has been 
developed in the scope of our participation in Alter-Nativa2 project with different 
types of learners from diverse cultures. Our contribution is the development of a 
framework that is growing from the ontological scope to the emotional assessment.  

5 Concluding Remarks and Future Work 

The different between mood and emotion is that mood is a state with low intensity but 
lasting longer while emotions are limited in time and related with what an individual 
is experiencing [28]. A student can be in a good mood but the subject of study make 
him stressed or anxious about some topic. If a teacher is able to detect such problems, 
he can react in real-time. The growing interest in wearable devices will contribute to 
the simplicity of measurements making available diverse parameters on human physi-
ology and from that to infer emotional states. This is the challenge proposed by our 
work that is growing and suggesting new insights in the learning process. The main 
conclusion is that new media is available, resulting from permanently emerging tech-
nologies, but those disperse pieces need to be united for a new technology-driven 
learning environment. Technology is providing means that can be exploited for the 
benefit of parties in the learning process and would be a waste not using them to pro-
mote better interaction between teachers and students and, in summary, promote an 
emotionally balanced learning environment for the future. 
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