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Abstract 

Remote collaboration has many benefits; however, 
due to the geographical distribution of learners, many 
misunderstandings can occur during interaction. For 
example, learners may miss the context of the 
discussion or do not hear parts of it, leading to 
inefficient discussions. In this paper, we propose an 
“Enriched Cyberspace” approach for dependable web 
based computer supported collaborative learning 
(CSCL) to overcome these problems. The system based 
on the approach assesses the situations of remote 
users through fusing information of multiple biological 
sensors and the related general contexts to enrich the 
cyberspace. A formative scenario evaluation demonstrates 
the feasibility and usefulness of the approach for developing 
effective web-based CSCL systems. 
 
1. Introduction 

In today’s global environment, remote collaboration 
has become a norm. Despite its many benefits, there is 
a lack of tools that could adaptively support effective 
interaction among users to make such collaboration a 
success. In remote collaboration, misunderstandings 
can occur during interaction due to different user 
backgrounds, different competency levels and different 
personal agendas as well as their existence in remote 
and unreliable communication sites. 

In the literature, general guidelines are available for 
these problems. For example, Kamel [1] discussed 
existing features of computer supported collaborative 
work systems which can solve general problems in 
group interaction. Lewkowicz [2] elaborated general 
guidelines for humans to avoid misunderstandings in 
cross-cultural communication in virtual engineering 
teams and discussed the role that IT tools can play to 
solve such misunderstandings. When looking at 
extensions of synchronous communication 
environment, research works focus more on providing 
personal assistance rather than dealing with 
misunderstandings. For example, Enembreck [3] 

developed a personal assistant to improve 
collaborations among group members, which provides 
intelligent access to documents, communication tools 
and domain tasks, fosters group awareness, and helps 
sharing information among team members. 

This paper proposes a framework for enriching 
Web based CSCL systems with added functionality to 
deal with misunderstandings during remote 
interactions among learners. Such misunderstandings 
easily occur, for example, if preferences or interest of a 
learner are not matched with others or if learners lack 
competence. 

The proposed framework enables CSCL systems to 
detect various misunderstandings during discussions, 
identify situations for potential misunderstandings, 
provide adaptivity to clear the already occurred 
misunderstandings, and provide a tool to prevent them. 
Situation assessment to identify misunderstandings is 
based on extensive learner profiling techniques, using 
various inputs such as user profile, cognitive profile, 
biomedical data, etc. The approach aims at developing 
effective web-based CSCL systems. Thus, support of 
learners’ remote interactions is important and 
misunderstandings due to remoteness are considered.  

The next section deals with situation assessment to 
identify misunderstandings. Section 3 describes 
adaptivity features to help learners cope with 
misunderstandings. This is followed by the software 
architecture of the proposed framework and its 
evaluation. Section 6 concludes the paper. 
2. Situation assessment and identification 
of misunderstanding 

This research is influenced by the Situation Theory 
[4] which stipulates that the objects in the world do not 
exist on their own; they have properties and stand in 
relations to one another. In addition, there are parts of 
the world that are clearly recognized in common sense 
and human language even if they are not precisely 
individuated. These parts of the world are called 
situations. Events and episodes are situations in time, 
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scenes are visually perceived situations, changes are 
sequences of situations, and facts are situations 
enriched (or polluted) by language [5]. Various 
personal factors, environmental conditions, and 
differences among individuals can result in various 
misunderstandings that could create these situations.  

These misunderstandings can be identified through 
the following steps: (1) monitoring of various input 
parameters during an interaction, (2) situation 
assessment to identify certain types of 
misunderstandings during interaction, on the basis of 
various input parameters, and (3) cross-checking of 
information from various sources to validate the 
reliability of analysis of misunderstanding. 

In order to get indications for situation assessment, 
several input parameters are considered. The user 
profile includes background information about the 
learners such as their location information, preference 
for medium of message, learning styles, and domain 
competence. Furthermore, the user profile contains 
information about learners’ areas of interest, the 
learners’ past history of data from various sensors such 
as heartbeat, skin temperature, perspiration, and head 
movement during the remote interactions, the learners’ 
cognitive profile including their working memory 
capacity, inductive reasoning ability, associative 
learning skills and information processing speed, and 
the current speaker’s assessment about individual 
learner’s understanding level during the remote 
interaction. Biomedical information including 

heartbeat, brain waves measurement, skin temperature, 
perspiration, eye view and movement, voice, head 
movement, facial expressions, and chair movement are 
stored in order to identify negative sentiment (bored, 
sleepy, angry, dim/dull, disappointed), excitement 
level, gestures (e.g., yawn), concentration level, and 
indifferent attitude. Furthermore, textual information 
(via keyboard) and visual information (via 
sketchpad/whiteboards) are stored as input parameters. 
In addition, other information such as interaction 
patterns from voice, keyboard and mouse, the 
frequency of communication, the number of tasks 
performed by the learners at the same time, and the 
urgency of other tasks that are performed by the 
learner during the current discussion are considered as 
input parameters. 

Input parameters are used to provide indications for 
assessing the situation and then providing suitable 
actions to cope with the identified misunderstanding. 
Three types of situations are identified in this research: 
(1) personal situations resulting from the effects of 
individual learner’s personal profile, competency, and 
biomedical conditions, (2) global situations resulting 
from the effects of other learners and particular 
meeting/discussion situation, for example, wrong 
interpretation of gestures that may have resulted from 
another context of a participant (e.g., laughing on 
something read in an email, which could be seen and 
misinterpreted by other participants), and (3) device 
situations resulting from the effect of devices being 

Table 1: Misunderstandings due to personal situation 
Type Description Indication Cause Input parameters 

Misapplying 
knowledge 

Misconceptions: Problems in 
understanding the essence of 
current discussion 

•  Puzzled look 
•  Trying to read previous notes 
•  Asking clarifications 

•  Low working memory 
•  Low associative 

learning skill 

•  Webcam 
•  Microphone (voice signal/ interaction) 
•  Cognitive profile (via interaction pattern)
• Domain competence 

Missing 
context 

No previous knowledge on the 
subject matter to associate/link 

•  Puzzled look 
•  Stressed 
•  Asking background information 

•  Low domain 
competence 

•  Tiredness 

•  Webcam, Microphone (voice signal) 
•  Cognitive profile (via interaction pattern)
•  Heartbeat change, Skin temperature 
• Domain competence 

Mis-hearing Missing parts of other learner’s 
talk 

•  Interrupting with phrases such as 
“what?” and “sorry?” 

•  Sad look 
•  Yawn, Sleepy 

•  External disturbance 
•  Low information 

processing speed 

•  Heartbeat change, Skin temperature 
•  Webcam 
• Acceleration meter (head movement) 
•  Microphone (voice signal) 

Misreading Missing information in 
discussion (e.g. not paying full 
attention due to external 
diversion) 

•  Looking at something else •  Low information 
processing speed 

•  Low working memory 

•  Webcam 
•  Angle of chair movement 

Not hearing Missing completely other 
person’s talk 

•  Indifferent look 
•  Yawn, Sleepy 

•  External disturbance 
•  Tiredness 

•  Heartbeat change, Skin temperature 
•  Webcam,  Microphone (voice signal) 

Not reading Missing complete information in 
current discussion (e.g. not 
paying attention due to some 
external diversion) 

•  Looking at something else 
•  Doing some external action 
•  Bored 

•  External disturbance •  Webcam, Angle of chair 
•  Acceleration meter (head movement) 
•  KB/mouse action on non-related window
•  Frequency of chair movement 

Information 
decay 

Forgetting previous information •  Lost look 
•  Asking clarifications 
•  Checking past interaction 

history 

•  Low working memory 
•  Low long term 

memory 

•  Domain competence 
•  Voice interaction 
•  User interaction 

Not 
thinking 

 •  Indifferent 
•  Bored 

•  Low concentration 
level 

•  Webcam, Chair movement frequency 
•  Acceleration meter (head movement) 
•  KB/mouse action on non-related window
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used by the learners. 
Current phase of this research is focused on 

identifying misunderstandings due to personal 
situations. Table 1 shows the investigated types of 
misunderstandings, brief descriptions, typical 
indications for such misunderstandings, their causes, 
and the input parameters necessary for identifying the 
respective type of misunderstanding.  

 
3. Adaptivity in human interface 

Once a misunderstanding is identified, the 
collaborative learning system should respond to this 
situation and provide learners with various adaptivity 
features. In the following paragraphs, eight features are 
described for helping learners to cope with 
misunderstandings during an interaction. 

Keyword presentation feature presents keywords of 
the current discussion on the learner’s device. This 
feature is automatically provided for learners with low 
working memory capacity; however it can be switched 
on and off by the learners. It can also be activated by 
the system in particular situations, such as learner’s 
mishearing possibilities. In order to provide learners 
with keywords, the current speaker’s conversation is 
analyzed by the keyword parser module. Keywords 
can be converted by the voice-to-text module and 
presented as text, though voice keywords can also be 
presented. 

Summary acquisition feature summarizes current 
discussion (either as text or sketch) when the system 
identifies problems in understanding the essence of 
current discussion. The system checks various input 
parameters such as learner’s working memory capacity 
and inductive reasoning ability from the cognitive 
profile, the degree of distractions through webcam data, 
if the learner has slow eye movement and narrow eye 
view through webcam data and if increase in skin 
temperature and perspiration is detected by sensors. If 
the system identifies potential misunderstanding (e.g., 
if a learner with low cognitive trait values is found to 
be tensed), the system summarizes or asks to 
summarize the most recent conversation of the current 
speaker. This identification is then sent to the speaker 
with a request to identify the learner’s level of 
understanding, which is then updated in the user 
profile. 

Individual prompts feature aims at calling the 
learner’s attention by using a pop-up window or voice 
prompting when the learner’s name or his/her areas of 
interest are mentioned in the speaker’s conversation. 
Therefore, the speaker’s conversation is analyzed with 
respect to participants’ names and areas of interest. 
Once an area of interest or the name of the learner is 

mentioned by the speaker, a prompt is delivered in text 
or audio format. The medium in which the prompt 
should be delivered is calculated based on the learner’s 
preference for medium of message, the functionality of 
the device, and the learner’s current location. 

Another feature deals with gestures and external 
user action handling and aims at preventing 
misunderstanding by other participants about possible 
changes of someone’s gestures due to outside contexts. 
For example, if a learner is reading an email besides 
taking part in the remote collaboration meeting, and 
laughs because of the content of email, other learners 
may misunderstand that gesture and treat it as an effect 
of current speaker’s conversation. Therefore, the 
system checks for distractions through the webcam 
data and the focus status of the CSCL environment 
window. If a distraction is identified or the CSCL 
environment window is out of focus, the learner’s 
webcam is frozen with the last image and the 
microphone is muted in order to prevent 
misinterpretations of the learner’s gestures by other 
learners. 

The individual opinion meter provides a symbolic 
representation of the meeting, showing avatars of each 
learner, with their face colors denoting their agreement 
or disagreement with the speaker’s current part of the 
conversation. Based on input parameters such as 
webcam data, skin temperature data, and perspiration 
measurement data, the learner’s agreement level with 
the current conversation is calculated and represented 
in his/her avatar with either green (100% agreement), 
or red (100% disagreement), or mixed of green and red 
colors (as per agreement level). 

Global opinion meter identifies the different 
opinions during discussion based on the agreement 
data of the individual opinion meter and displays them 
by a colored gradient bar, green at one side and red at 
another, and moving a slider to denote current level of 
agreement and disagreement. 

Individual understanding meter displays the 
understanding situation of individuals at the current 
discussion. The understanding level of learners is 
analyzed through cumulative effect of speaker’s 
assessment of learners’ understanding level, brain 
waves measurement, and working memory values. 
Furthermore, the level information is delivered to the 
individual learners, either as colored gradient bar or as 
voice message depending on their preferences for 
medium of message. If a learner’s understanding level 
is low, the current speaker is prompted with the 
learner’s understanding level. Thus, the speaker 
receives concrete messages (either text, images or 
voice), identifying who misunderstood in which parts 
of conversation in which way. 
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Global understanding meter identifies the global 
understanding level based on all learners’ cumulative 
understanding level during discussion and displays this 
level by a colored gradient bar or as voice message, 
according to individual learner’s preference for 
medium of message. Individual avatars could also be 
placed on the meter to show learners’ relative 
understanding levels. If global understanding level 
becomes lower than 60%, the speaker is prompted with 
appropriate notification. 
 
4. Software architecture 

The abovementioned approach for dealing with 
misunderstandings in web-based CSCL systems is 
realized and evaluated in an environment, known as 
ANTS-MOVE [6], where ANTS [7] is the underlying 
framework that facilitates support for decentralized 
collaboration and web system construction for 3D chat, 
and MOVE (Multiuser Oriented Visualization 
Environment) [8] is an environment that constructs 3D 
virtual space. In a nutshell, ANTS-MOVE is a three-
dimensional collaborative virtual environment that lets 
learners’ avatars interact with one another or with 
shared artifacts such as presenters/speakers or 3D 
simulations, mainly used as educational tool. 

Figure 1 shows the architecture embedded within 
the ANTS framework. Three Intelligent Actuators 
(IAs) groups are integrated into the ANTS framework, 
namely Project Manager (PM) Agents, Global Fusion 
/Augment Agents, and the reasoning environment. The 
three IAs as well as other actuators are invoked or 
dispatched as service programs for CSCL by Mediator 
in ANTS.AWS (Awareness service). 

 
The reasoning environment includes four engines: 

Case Based Reasoning (CBR) Engine uses previously 
stored profile and other information about the learner 
to identify and retrieve other similar cases from the 
system in order to solve a current problem. Context 
Based Reasoning (CxBR) Engine imitates the human 
intelligence to recognize in which context participants 
are and selects suitable behaviors such as actions for 
the context. Cognition Based Reasoning (CgBR) 

Engine identifies individual learner’s various cognitive 
abilities based on their past interaction pattern 
information so that the system’s tasks can be adapted 
to maximize the benefits for the learner. Fusion Engine 
imitates human intelligence for situation assessment 
through a lot of diverse information, including multiple 
sensor information. For reliable situation assessment, 
two kinds of knowledge are interpreted: Information 
synthesis knowledge synthesizes information from 
input parameters to synthesize information related to 
symptoms (e.g., concentration and flashing in the 
brain). Next, information on situations is synthesized 
from these symptoms. Information analysis knowledge 
analyzes synthesized symptoms and situations, which 
can be used for the system to predict and acquire 
information necessary for solving contradictions, 
interpolating the lost information, or just confirmation.  

 

 
5. Evaluation 

A formative scenario evaluation has been conducted 
in order to verify the feasibility of the “Enriched 
Cyberspace” approach. For this purpose, a scenario has 
been designed where 4 learners (A, B, C and D) are 
attending a remote collaborative meeting session, for 
designing a rocket with the help of RocketModeler 
simulator (Figure 2) within ANTS-MOVE 
environment. 

Three test cases have been elaborated, based on the 
situation that the speaker (group leader) is giving an 
explanation to all learners. The agenda is to design a 

Figure 2. Rocket Modeler 

Figure 3. Adaptive features 

Figure 1. Architecture embedded in ANTS framework 

Rocket 
Modeler 

Summary Keyword Agree meter
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new rocket. All learners are running RocketModeler. 
Learners A and B are in the same room. Figure 3 
illustrates adaptivity features evaluated in the scenario. 

Test Case 1: Learner B talks to learner A and 
therefore learner A mishears the explanation by the 
speaker. The system has access to data about the sound 
level of each learner through learners’ microphones 
and the face direction of each learner through their 
webcams. If the system identifies that the sound levels 
of the speaker and learner B are high at the same time 
and that the learner A’s face direction changes since 
he/she is looking towards learner B rather than the 
speaker, the system activates the keyword presentation 
feature and presents learner A with keywords of the 
part of the speaker’s conversation which was misheard 
and therefore helps learner A to keep up with the 
speaker’s explanation. 

Test Case 2: Learner C is bored and therefore is not 
thinking about the explanation being given by the 
speaker. The system has access to the data about the 
frequency of chair movements of every learner through 
the acceleration meters, the direction of the learners’ 
faces through the webcams, the head movement of 
every learner through the acceleration meters, 
keyboard/mouse actions of every learner through 
tracking of interaction patterns, and the currently 
focused window on the PC of every learner through 
tracking of interaction patterns. The system detects if 
there is an increase in the frequency of chair 
movements, if the face direction is not towards the 
display, if there is an increase in the frequency of head 
movements, if the focus is not on the CSCL window, 
and if the keyboard/mouse is moving in another 
window. These are indications for boredom of a 
learner. If more than half of the indications are true for 
learner C, the system considers the learner as bored. 
The system then makes an alert sound and activates the 
summary acquisition feature in order to check if 
learner C understands the speaker’s explanation. 
Hence, the system helps to check that all learners 
understand the speaker’s explanation. 

Test Case 3: Learner D is sleepy and therefore is 
not hearing the explanation by the speaker. The system 
has access to the learners’ face direction through the 
webcams, the skin temperature of every learner 
through skin temperature sensors, and the heartbeat 
frequency change of every learner through the 
learners’ blood pulse sensors. If the system identifies 
that learner D’s skin temperature is decreasing and his 
frequency of heartbeat change increases, the system 
considers the learner as sleepy. The system then makes 
an alert sound and activates the summary acquisition 
feature in order to check if learner D understands the 
speaker’s explanation. Hence, the system helps to 

check that all learners understand the speaker’s 
explanation.  

 
6. Conclusions and Future Work 

This paper aims to deal with misunderstandings in 
CSCL environments by providing various adaptive 
functions to augment or enrich cyberspace. Learner’s 
biological state is monitored through various biological 
sensors and the information is combined with 
extensive learner profiling techniques to develop an 
effective misunderstanding handling framework for 
CSCL systems. Future work will deal with summative 
evaluation, verifying the effectiveness of the 
framework in handling misunderstandings. 
Furthermore, as a future research direction, integration 
of mobile adaptation is planned. 
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