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Abstract. This paper presents a system component, so called AFFectIX, as an 
affix to an e-learning system which was that way enhanced with affective 
abilities. AFFectIX is based on an emotion recognition sensor system and aims 
to reply negative emotions during human-computer interaction and to provoke 
an optimum emotional level for the learning process. It was implemented as a 
first prototype and evaluated by an ad-hoc sample of ten participants. First 
findings indicate a slight tendency for more satisfaction and learning success.  

Keywords: Affective Computing, Usability, Emotion Recognition, E-Learning. 

1   Introduction 

Despite the ongoing development in technology over the past decades, computers 
widely still do not consider emotions of their users, even though many studies showed 
how important they are for communication, cognition and more satisfied and effective 
human-computer interaction [8] [11]. In particular e-learning systems concentrate 
mainly on the learning target up to now, whereas human expert tutors also focus on 
the emotional component of learning [5] and current research [2] [4] [1] demonstrate 
that negative emotions like boredom or angriness reduce cognitive effort, cause 
performance problems and in consequence hinder the achievement of learning goals 
whereas positive emotions increase the learning success and improve abilities for 
problem solving significantly.  

In this paper we are focusing on the interplay between emotions and computers in 
the learning domain and present an affective component, so called AFFectIX, as an 
affix to an e-learning system. AFFectIX recognizes emotions by the integration of a 
sensor system and the application of a classifier to model affective states, both were 
developed at Fraunhofer IGD Rostock [6]. Based on these results it is selecting and 
executing predefined actions during interaction with users to reply negative emotions 
and provoke an optimum emotional level for the learning process.  

In an empirical study three questions should be clarified: (1) Are users more 
pleased when using the affixed system? (2) Will a greater learning success achieved? 
(3) Do users of the affixed system have more positive and less negative emotions? 
The first two questions were proofed by using questionnaires regarding satisfaction 
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and factual knowledge respectively. Question three was checked by the Affective 
Monitor, which was implemented to log affective states, their residence time, and the 
status of AFFectIX as well.  

2   Emotion Recognition 

2.1   Model of Emotions 

Valence-Arousal-Performance. AFFectIX and the used sensor system as well are 
based on the most common circumplex model of emotions [13], a dimensional 
approach for classifying emotions. It assumes the existence of the dimensions valence 
(positive or negative) and arousal (the intensity of feeling) utilized to describe 
different emotions in a continuous manner (see fig. 1). The Yerkes-Dodson law 
demonstrates an empirical relationship between arousal and performance with a bell-
shaped curve. It dictates that performance increases with cognitive arousal but only to 
a certain point: when levels of arousal become too high, performance will decrease. A 
corollary is that there is an optimal level of arousal for a given task. In contrast, a 
slight positive valence seems to be the optimum for performing a task [2].  

 

Fig. 1. Regions of Emotion 

Negative Emotions. For the learning process, two negative regions in the valence-
arousal-space can be defined that should be avoided (see fig. 1). By negative valence 
and positive arousal region 1 is described, which stands for emotions like frustration 
and angriness. Emotions like boredom and sleepiness are represented by region 2, 
located in an emotion-space characterized by negative valence and negative arousal.  

Target Emotions. The target region for emotion (see fig. 1), specified by a slight 
positive valence and neutral arousal, provides a maximum of efficiency and 
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productivity in learning. Besides, the user will probably feel more comfortable during 
the learning process [2].  

2.2   Sensor System 

Emotion recognition represents the first step in building affective applications. To 
detect emotions and deduce emotional states we decided to analyze physiological data 
since emotions are coupled with changes of physiological parameters and needed bio-
sensors are convenient, requiring minimal effort on the user's part. The used emotion 
recognition sensor system EREC [6] belongs to so-called affective wearables, which 
can be intuitively operated with a battery pack and consists of a sensor glove, a chest 
belt and a data collection unit. Integrated in the glove are sensors for heart rate, 
galvanic skin response and skin temperature for real-time measurements. Evaluated 
sensor data are wirelessly sent to the data collection unit where they are subject to 
error checks and further analyses. The enhanced data are then available to a PC or 
stored on an exchangeable memory card. 

2.3   Classification  

To deduce affective states from physiological data a procedure is needed, which map 
sensor signals to valence- and arousal-values according to our emotional model. In the 
first processing step, measured data are delivered from sensors and made available for 
following processing steps while utilizing the OmniRoute framework developed at 
Fraunhofer IGD Rostock. In the next step, the same filters are applied, that were used 
in the data mining process before, in order to support same value ranges. Finally, 
trained classifiers are applied. It has shown, that output for the most probable emotion 
should not be given as a basic emotion (i.e. anger, joy), but rather as a continuous 
value lying between 0 to 1 respectively for valence and arousal. This helps to assess 
the results in relation to specific tasks. With data mining techniques we are able to 
fuse the acquired multi-modal data and derive the desired information on the user in 
real-time. Tests confirm a prediction performance for basic emotions up to 70% 
(random classifiers reaches about 20%).  

3   AFFectIX 

3.1   Architecture 

Elements and Relations. AFFectIX consists of the following components: (1) a 
emotion recognition module which integrates the above mentioned sensor system and 
the classification scheme; (2) a catalogue of actions to reply negative emotions; (3) a 
module for selection of appropriate actions; (4) a module for execution of theses 
actions; and (5) a user model, from which (1) – (4) are implemented so far (see fig.2). 
Main source for the execution module is the selection module which gets input from 
the catalogue of actions. The learning environment and the affective component are 
connected via a special communication channel and represented by one user interface 
the learners are interacting with. 
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Fig. 2. Architecture of AFFectIX, (*) was not implemented 

Procedure. Before the interaction between learners and the affixed e-learning system 
can started, the preparation of the catalogue of actions has to be finished. After the 
system start1 AFFectIX is active and the permanent tracking of physiological data 
begins. Based on the physiological data the emotional states are recognized by the 
recognition module. Depending on these results the action selection module selects 
appropriate actions. Finally, the selected actions were executed. This process consists 
of three steps according to [4]: (1) the display of recognized emotion; (2) the offer of 
selected action; and (3) the performance of action.  

3.2   Basic System 

The learning environment SmartBLU [14] provides an e-learning system for the 
Internet. SmartBLU has been developed since 1996 at Fraunhofer IGD Rostock. It 
offers a wide range of functionality for learners, authors, tutors and administrators to 
create and provide online-courses.  

                                                           
1 The active mode of AFFectIX is recognizable as an icon in system tray and could be 

controlled by a special menu. 
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Fig. 3. Example for displaying a recognized emotion 

3.3   Catalogue of Actions 

A catalogue of affective actions describes actions to support the user in managing 
negative emotions. Besides a distinction of measures for both region 1 and 2, actions 
are separated into application-independent or application-dependent actions. 
Examples for application-independent actions used by AFFectIX are motivational 
statements, the possibility to express displeasure, the suggestion of a short break or 
even a way to treat the computer with hammer, flamethrower and chain saw to reduce 
stress. These actions could according to [3] further differentiated into passive supports 
that are used to manipulate moods without necessarily addressing or discussing the 
emotions themselves including media, activities etc. and active support that occurs 
when people's emotions were addressed directly. Application-dependent actions, 
bound to the given e-learning system or at least to the application domain, are mainly 
changes of lessons or of manner to present the subject (e.g. an animation instead of 
pure text) or the start of a questionnaire to check the learners learn progress. 

3.4   Selection of Actions 

With a technology for detecting different emotions, well-defined regions of negative 
and target emotions and a catalogue of actions as well, it is still open what the 
affective procedure looks like. We suppose to select replying actions depending on 
predominant emotions which are characterized by residence time mainly. Moreover 
the selection depends on the availability of actions: while application-independent 
actions could be continuously offered application-dependent actions have to consider 
constraints of application and relations between actions as well.  

3.5   Execution of Actions 

Step 1: Display of recognized emotion. To initialize the process for executing actions 
we decided to display the recognized emotion for 3 reasons: (1) to convey emotions as 
an essential ability of affective computing which could already motivate a change of 
mood; (2) to let the user verify the recognized emotion; and (3) to consider that in 
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learning environments the use of avatars who do not have to be necessarily virtual 
characters are obviously leads to a more effective, funny and motivated interaction. 
The display consist of a comic face (one per negative region), which illustrates the 
recognized emotion in combination with a color code for it and a verbal paraphrase 
(see fig. 3).  

 

Fig. 4. Changes of learning path 

Step 2: Offer of selected action. According to the display of recognized emotion (see 
fig.3) a selected action was offered whereas the comic face illustrates the target 
emotion. The proposed action could be confirmed or rejected by the user.   

Step 3: Execution of action. If the user confirms a selected action it will be executed 
whereas the observation of affective states is continued in case of rejection. Figure 4 
illustrates the change of learning path as main instrument for execution of application-
dependent actions.  

4   Experimental Study 

4.1   Setup 

To track and record the process of emotion recognition and the residence time in 
different emotional states or regions the Affective Monitor as a further module of 
AFFectIX was developed. The Affective Monitor displays the values of valence and 
arousal and the resulted mapping to one of the three emotional regions (see figure 1) 
for every classification. Furthermore the past time since last action and the dominance 
(percent) of one emotional region were shown. Additionally it presents the mean of 
residence time in each region, the average of valence and arousal, and the number of 
measures in the regions. Corresponding precise values were documented one in a 
second and reset after an execution of an action.  
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4.2   Method 

Participants and Tasks. Ten participants (3 female, 7 male), who were randomly 
separated into two groups, took part. Group 1 was supported by AFFectIX whereas 
group 2 was not. Both of them had to wear the sensor glove and execute 
representative tasks. The e-learning content (selected lessons for beginners about 
financial accounting) was able to explore within 30 minutes and do not require any 
further knowledge. It contains a set of different lessons, a test module and multimedia 
learning objects. 

Procedure. The test started by a short introduction and the activation of the sensor 
system and the Affective Monitor. Then a short slideshow of pictures using the 
International Affective Picture System (IAPS) was shown to determine the individual 
classification space. After that the tasks were executed and questionnaires have to be 
fulfilled finally.  

Measures and Questionnaires. The state of emotion was acquired by the emotion 
recognition module and represented by the Affective Monitor. For user satisfaction a 
questionnaire was used containing 8 questions to be rated on a 5point scale. Moreover 
there were additionally questions for group 1 (affective group) to get assessments 
especially for the use of AFFectIX. The learning success was evaluated by using 
multiple choice questions within the test module. 

5   Preliminary Results 

5.1   Results  

State of Emotion. Measures for the affective group were more often in negative 
region 1 as for group 2, but for region 2 it was contrary (see table 1). Moreover 
emotional states of participants of control group were more often measured in the 
target region than it is for group 1. So we could not see that learners supported by 
AFFectIX are less of negative emotions or more often in positive or neutral mood.  

Table 1. Results for state of emotion  

participants (ID) 
group 1 (affective group) group 2 (control group) 

 

0 2 4 6 9 Ø 1 3 5 7 9 Ø 
valence -

0.65 
-

0.98 
-

0.83 
-

0.67 
-

0.30 
-

0.42 
0.67 0.51 0.31 0.01 0.37 0.17 

arousal -
0.48 

0.30 0.17 0.03 0.07 0.09 -0.49 0.14 0.51 0.79 0.70 0.33 

region 1 0 23 24 0 21 14 7 31 5 34 15 18 

region 2 41 0 5 0 7 11 0 0 1 1 1 1 

target 
region 

0 0 0 0 0 0 0 0 1 0 1 0 
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User Satisfaction. The questionnaire data show that the fun factor of the course was 
rated higher by the affective group whereas the participants of the control group were 
more satisfied with the course and rated it's worth higher (see table 2).  

Table 2. Results for user satisfaction (abstract)  

participants (ID) 
group 1 (affective group) group 2 (control group) 

 
questions 

0 2 4 6 9 Ø 1 3 5 7 9 Ø 
relevance of course -1 0 1 1 1 0.4 1 -2 1 2 1 0.6 

fun 0 1 1 1 0 0.6 0 0 0 1 -1 0.0 

satisfaction 0 -1 0 1 1 0.2 1 -1 1 1 1 0.6 

accuracy of recognition 1 0 -2 - 2 0.2 - - - - - - 

helpfulness of actions -1 - - - -1 -1.0 - - - - - - 

Learning Success. Table 3 shows that a greater learning success was achieved by 
group 1 and that the actions of AFFectIX apparently do not hinder the learning or 
exploring process. 

Table 3. Results for learning success 

participants (ID) 
group 1 (affective group) group 2 (control group) 

 

0 2 4 6 9 Ø 1 3 5 7 9 Ø 
test results  72

% 
97% 94% 74% 97% 87% 97% 51% 90% 92% 62% 78

% 

5.2   Discussion  

The obtained data indicate a slight tendency for more satisfaction and learning 
success as well by participants using AFFectIX, even though neither less negative 
emotions nor more positive ones could be measured. Taken together, the provided 
results can be considered as first assumptions regarding interaction with an affective 
e-learning system which have to be examined more closely. They also point at the 
difficulties of designing an interactive system what is not only affective but also 
adaptive regarding the users and tasks. Moreover, the current research reveal some 
important issues to be dealt with if constructive work for an affective system has be 
done: (1) What does emotions recognition rates below 100 percent mean for strategies 
of emotion response?; (2) What strategy should be applied if emotion response failed 
or was rejected by user?; (3) What and wherefrom information about application and 
user should be obtained to generate adequate system response?; (4) Are possibly 
domain-specific models of emotion relevant?   

6   Conclusions 

The presented paper demonstrates AFFectIX as our first prototype of a system 
component that seems capable of providing active emotional support to learners 
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interacting with an affective e-learning system. AFFectIX couples emotion 
recognition technology with a new approach for emotional response that potentially 
leads to an engaging and productive interaction. Still even from our small explorative 
study some lessons for how to design an affective system can be extracted. First, 
convey of recognized emotion to the user seems to be good strategies for emotional 
dialogue in HCI and help to overcome the problem of emotion recognition rates of 
about 70 percent as well. Second, selection and control of application-depended 
actions for emotional response are possibly main challenges of building affective 
systems that require a deep understanding of respective application domain and 
application-specific criteria (e.g. dialogue elements, alternative or redundant 
navigation paths, hierarchy and priority of content). Third, the affective system will 
probably work best when it learns the individual preferences of its user, including 
possibly characteristics of the user's personality.  
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