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Executive Summary 

PROJECT SUMMARY 

The MindSee (Symbiotic Mind Computer Interaction for Information Seeking) project’s main 
objective is to exemplify the fruitful symbiosis of modern BCI technology with a recent real-
world HCI application to obtain a cutting-edge information retrieval system that outperforms 
state-of-the art tools by more than doubling the performance of information seeking in 
realistic tasks. 

More specifically MindSee will develop techniques to co-adapt user and computing systems 

utilizing implicit information such as EEG phenomena coupled with peripheral physiology 
during search to detect comprehensive user responses ranging from preconscious 
perception, cognition and emotion. Such implicit information feeds into a user model in 
reinforcement learning allowing to co-adapt exploration and exploitation in information 
seeking in relevance of information, complexity and aesthetic aspects. MindSee will capitalize 

on recent advances in BCI combined with peripheral physiological signals (EDR, facial EMG, 

eye gaze and pupillometry) for an unobtrusive registration of user states at a highly resolved 
level with respect to perception, cognition and emotions. Combined with machine learning 
based co-adaptation approaches this will allow predicting user intention for an 
unprecedented man-machine symbiosis. 

 

DELIVERABLE SUMMARY 

The document reports on the final MindSee application prototype system. The prototype has 

been developed by simplifying previous design ideas for EEG compatibility. The report 
presents an overview of the final system and the main considerations that led to the specific 
design. The final system involves two phases of user engagement, the calibration phase that 
ends with training the system to infer the relevance of topical keywords based on EEG 
signals and an interactive search phase that direct the search partly using implicit relevance 
feedback based on system predictions of EEG signals. The application integrates three 
system components, namely 1) the peripheral inputs, 2) the user interface that shows 

keywords and documents during calibration and search phases and 3) the MindSee engine 
that consists of the controller information search engine and physiological classifier. 

The deliverable also summarizes other prototypes that are developed under specific work 
packages and that demonstrate integration of physiological and multimodal user input. One 
of the prototypes targets eliciting user’s affective responses towards textual content through 
electrodermal activity (EDA). EDA was found to be different when users read relevant 

content than when they read irrelevant content and was found to be lower when reading 
texts with negative emotional content than when reading texts with neutral content. Another 
prototype proposes a novel way of integrating eye tracking and manual input with the 
purpose of facilitating input with decreased visual guidance in multifocus interaction 
scenarios, such as information visualizations. 
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1 Progress for the Year  

1.1 Progress on MindSee Application 
Prototypes 

1.1.1 Pursued objectives 

The scope of work package 4 (WP4), which D4.3 is a part of, is “Integration in symbiotic 
interaction and visualization”. The objectives listed under this work package are: 

• Ensures transferability of set ups of physiological techniques to a deployable set up 

• Provide integration of techniques developed in WP2 and WP3 in the information 

retrieval engine 

• Provide interface techniques to elicit implicit and explicit relevance feedback 

• Interactive visualisations and Adaptations for Relevance, Complexity and Aesthetic 
Engagement 

• Develop Multimodal interaction and Visualization set ups 

The section 2 describes the MindSee prototype, which integrates physiological prediction of 
relevance using EEG, a search engine that is able to handle uncertain relevance predictions 
and a visual user interface that displays keywords and document abstracts. The section 
provides an overview of the system components and user interaction with the system.  

Section 3 describes an experimental setup that target inferring the relevance and affect 
information of textual documents through electrodermal activity (EDA). The results show 
that EDA can be used to distinguish between relevant and irrelevant content, as well as texts 

with negative and neutral emotional content, further demonstrating the viability of EDA as an 
implicit input for personalized systems. 

Section 4 describes multimodal interaction setups that involve multitouch interaction, eye 
tracking and also above-surface interaction. The setups have been adapted to various 
interaction scenarios such as using visualizations or content creation tools. The main design 
strategy is flexible handling of user input based on gaze and hand gesture information to 

support multifocus interactions on large surfaces. 

1.1.2 Progress and accomplishment of 

objectives 

Task 4.1 Transferring physiology based techniques to deployable set ups  

Final MindSee prototype described in section 2 processes EEG signals as an online system, 
for immediate prediction of subjective relevance. To generate predictions, the system detects 
senses fixations over topical keywords using eye tracking and couples them with concurrent 
signals from the EEG amplifier. These inputs are then used to classify the relevance of the 
keyword (as binary relevant, irrelevant) along with a linear value of prediction certainty. The 

predictions are made based on the individual training data of the user. 

The system described in section 3 utilizes EDA to predict relevance and affect for textual 
content (news articles). An experimental setup that let users annotate news articles using 
predefined set emotions is built to train a system that classifies EDA signals data through 
these annotations. 

Task 4.2 Model Integration in Relevance Feedback Retrieval Engine  
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The MindSee prototype uses relevance predictions based on EEG signals as implicit inputs for 

a dedicated information retrieval engine. At the end of every search iteration, the implicit 
relevance feedback on keywords is forwarded to the retrieval engine along with an explicitly 
selected user feedback. The search engine has been developed to handle uncertainty in the 
predicted relevance of the user feedback.    

Task 4.4 Interactive visualizations with relevance, complexity and aesthetic 

engagement adaptations  

The MindSee final prototype visualizes keywords and documents. The visualization has been 
simplified when compared to SciNet engine to accommodate robust association of eye 
fixations with keywords. Another simplification is the presentation of keywords and document 
abstracts in two separate screens. This is implemented to decrease the amount of noise on 
EEG signals by controlling the user behaviour while viewing the keywords. 

Task 4.5 Multimodal interaction and visualization set ups  

Multimodal interaction setups described in section 4 demonstrates the combination of eye 
tracking with touch and also above-surface hover sensing. These are large screen setups 
that support interaction with visualization and content creation tools.  
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2 MindSee Application 

MindSee final application is a fully integrated system that makes use of real time implicit 
relevance feedback from the brain activity, as measured through electroencephalography 
(EEG). The implicit relevance feedback, together with explicit relevance feedback is fed into 
the information retrieval engine, updating the user model accordingly, in order to refine the 
next iteration of results shown to the user. In this section we detail the main functionalities 
of the system. We also provide details on its architecture and the technologies used to 
implement the system. 

 

Fig. 1 -  Control loop representation of the MindSee application. 

2.1 Overview of the Application 

The MindSee Online system is comprised of three main blocks: The MindSee peripheral 
inputs, which are in charge of collecting physiological data from the users, the MindSee 
interface, which is in charge of presenting the stimuli and information items to the users, and 
the MindSee engine, which is in charge of processing the physiological inputs as well as 

generating the content to be presented to the user (Fig. 2 - System Components). 

 

 

Fig. 2 -  Components of the MindSee Online system. 
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2.2 MindSee Peripheral Inputs 

The MindSee system uses the SMI RED500 eye tracker, interfaced through the SMI iViewX 
SDK [1]. For the EEG amplifier, the MindSee system supports both the BrainProducts 
QuickAmp [2] and BrainAmp [3] amplifiers, both recording 32 EEG channels at a sampling 
rate of 1000 Hz. 

The MindSee physiological classifier is implemented in MATLAB and its function is to predict, 
for every fixation detected from the eye tracker, a relevance value based on the EEG signals. 
The prediction is based on user-specific that is gathered through a calibration , which the 
actual system use follows. The implementation and procedure of the calibration phase is 
explained in deliverable 5.3. A thorough and detailed description of the MindSee physiological 
classifier and its implementation is presented in deliverable D2.3. The classification of eye 

fixations is binary (relevant, irrelevant) but includes a confidence value (or certainty) that is 
taken into account for processing user feedback in the information retrieval engine.  

2.3 MindSee Interface and Interaction 

The MindSee interface is implemented as a web application with a local backend providing 
communication with the physiological classifier and the information retrieval engine. The user 
initiates the search by entering a query. Then the system presents a list of results (title, 

authors, abstract). The users are allowed to bookmark articles, which are saved in a list of 
bookmarked articles for later use.  

In order to direct the search, users can open a view that displays keywords that are possibly 
related with the user search intents (as returned from the information retrieval system). The 
users can examine these keywords and provide explicit relevance feedback on one of the 
keywords (by clicking on it). The number of keywords shown to the user at each iteration is 
consistent with the calibration phase that precedes the search. The keywords are positioned 

on the middle of the screen, where the eye tracker is most accurate. Additionally, keywords 
are laid out to maximize the distance between each other, so that each eye fixation can be 
confidently associated with a keyword. This is calculated by a physical simulation (collision 
detection algorithm with 800 iterations, taking approximately 150ms). The position 

information of the keywords is forwarded to the controller.  

While users examine the keywords, implicit relevance feedback is generated from the brain 

activity using the physiological classifier. The system then updates the user model taking 
into account both the explicit relevance feedback, and the implicit feedback generated from 
the brain activity. The system then returns the next iteration of results. This process is 
repeated until the user decides to change the query or end the search task. Fig. 3 - Interface 
illustrates the different screens presented to the user during the online phase. 
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Fig. 3 -  Upon submitting a query, the system returns a list of results (1). Then, in 
order to direct the search, the user browses a set of keywords while the system 

gathers implicit relevance feedback on them from the brain activity (2). The user 
clicks on one of the keywords, which triggers the next iteration of results taking into 

account both in the implicit and explicit feedback. 

2.4 MindSee Engine 

The MindSee engine is the core of the MindSee online system and comprises three main 

components: the controller, which coordinates the different components of the MindSee 

system, the physiological classifier which generates real time implicit relevance feedback 

based on brain activity, and the information retrieval system, which handles the user model 

and the information items of the MindSee system. Below, we elaborate on the 

implementation details of each of these components, as well as on the communication 

between them. 

2.4.1 Controller 

The main function of the controller is to coordinate the communication between the different 

components within the MindSee online system. Controller is implemented as a web server, 

communicating with the MindSee interface following a client-server architecture. The 

controller communicates the search results to the MindSee interface and receives back the 

exact location of the items rendered in the screen in order to map eye fixations to the on-

screen keywords. 

A dedicated thread listens to a TCP/UDP socket communicating with the physiological 

amplifier. The Physiological classifier sends a relevance value to the controller, for each gaze-

fixation. For each fixation received, the controller checks whether the fixation falls on a 

keyword visible on the screen, and in case it does, it associates the relevance prediction to 

the keyword. Several fixations might fall on the same keyword if the keyword is long or 

composed of more than one word, even including several revisits to the same keyword. The 

system supports several modes to handle multiple fixations (hence multiple relevance 

predictions) on the same keyword, such as computing the average predictions on all fixations 
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for a keyword, the average predictions of the first visit, the first prediction of the last visit, 

etc. 

2.4.2 Information Retrieval System 

The MindSee information retrieval system is based on the complete reinforcement learning 

solution introduced in WP3 (details can be found in Annex II of D3.3).  

The MindSee user model is built by integrating two components, namely, coupled feedback 

model [4] and the concept drift model [5][6]. The coupled feedback model is a method for 

integrating different types of feedbacks, in particular user feedback on documents and 

keywords, with the goal to improve the performance of exploratory search. The concept drift 

model, on the other hand, is a user model that predicts the accuracy of each individual user 

feedback and is able to find outliers in the feedback data set. The model is able to estimate 

both the current search intent of the user and also the accuracy of the relevance feedback 

provided by the user. 

Generally, in the user model (Annex II of D3.3) we assumed that the accuracies of the 

observations (user feedback on keywords and documents) are unknown and drawn from a 

Gamma distribution with two parameters alpha and beta. Since the controller (is always 

aware of which feedbacks are coming from implicit sources (like EEG) and which ones are 

coming from explicit user feedback, it is able to differentiate them by using different 

accuracy assumptions (different sets of hyperparameters for accuracy distribution). The 

explicit feedback is considered very accurate (Gamma distribution with mean 1 and very 

small variance, i.e. alpha=beta=100). On the other hand, the implicit feedbacks are a priori 

uncertain (Gamma distribution with mean 0.5 and large variance, i.e. alpha=1, beta=2). 

Therefore, for implicit user feedbacks, which are usually noisy, the inference system decides 

on the real accuracy of feedbacks. For example, if the implicit feedback is in line with the 

previous history of feedbacks and with the explicit feedbacks then it will be inferred as 

accurate and it will contribute to the user model. However, if the implicit feedback is 

contradictory to the current belief of the system, then the inference system will consider it as 

an outlier. In a way, this means that wrong implicit feedbacks will not affect the user model 

that much.   

After receiving user feedback and having an estimate of the user model, the exploration and 

exploitation tradeoff for new set of recommendations is guaranteed by using Thompson 

Sampling [4]. 

Data We used a dataset from the following data sources: The Web of Science prepared by 

THOMSON REUTERS, Inc., the digital library of the Association of Computing Machinery 

(ACM), the Digital Library of Institute of Electrical and Electronics Engineers (IEEE), and the 

digital library of Springer. The dataset contains the following information about each 

document: title, abstract, keywords, author names, publication year and publication forum.  

Server The user model and data are available through a virtual private server (VPS with 8 

cores and 16GB ram) that is prepared for the MindSee project. In each iteration of the user 

interaction with the MindSee system, the controller sends the queries and user feedbacks 

(explicit and implicit) to the information retrieval system and the backend sends an updated 

list of suggested keywords and articles to the controller, so that they can be rendered in the 

MindSee interface. 
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3 Extracting Relevance and 

Affect Information from EDA  

 

Fig. 4 -  Physiological text annotation conceptual framework. First, the user makes a 
decision on the relevance of a text document. Then, once a document is deemed 

relevant, it is read, eliciting several affective responses. The prototype reported here  
investigates reliable changes in the physiology due to reading texts with affective 

content. 

This section reports a prototype built for measuring affect through electro dermal activity 

(EDA) while reading textual content and empirical data gathered from 19 participants that 
participated in a study. The prototype constitutes part of the effort for transferring 
physiology based techniques to deployable set and is reported in detail in a forthcoming 
publication [7]. The prototype at this stage is focused at finding correlates between EDA and 
affective responses (Fig. 4 - Framework). However, this is intended to facilitate potential 
future applications in information retrieval and affective recommender systems.  

The physical and the software setup that is described in this section is from the second 
experiment of the aforementioned of the publication. This experiment measured the 
physiological correlates of the affective responses of users when consuming relevant text 
items, as manifested in a news reading task. News is a type of text content that has 

intrinsically associated emotional content, while keeping the user engaged and interested in 
the content.  

The experimental setup allowed recording EDA signals while participants read the news and 

provided affective feedback according to how they felt after reading the article (Fig. 5 - 
Experimental screen). The goal of the experiment was to find out whether several affective 
categories could be reliably associated with distinct physiological annotations. In order to 
study how physiological responses were associated with the participants perceived affective 
content of the news articles, we compared physiological responses to articles where the 
participant felt happy, sad, or angry against articles where the participant felt neutral. 

 

Fig. 5 -  Experimental task and user interface. The participant selects a news portal 
of her choice, and browses the news freely. After reading a specific news article, the 
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participant clicks on one of the affective feedback icons (from left to right: “happy”, 

“sad”, “angry”, and “neutral”). 

3.1 Apparatus and Methods 

A ProComp Infinity (Thought Technology Ltd., Canada) amplifier record ed EDA at a sample 
rate of 2048 Hz. Sensors were placed on the middle phalanges of the index and middle 

fingers of each participant’s free hand (the one they did not use for the computer mouse). 
Stimuli were presented using the Google Chrome Browser. 

EDA was exported using the BioGraph INFINTI software down-sampled to 32Hz. The signal 
was then separated into phasic, and tonic components, through continuous deconvolution 
analysis as provided by the MATLAB-based Ledalab software [8]. 

To annotate each article read, four features from the EDA signal were computed: a) The sum 

of the tonic activity per second, computed as the sum of tonic data within an abstract 
(centered with the mean tonic data of the first 10 seconds spent reading the article) divided 

by the time spent reading the article (sumTonic), b) the sum of the phasic activity per 
second, computed as the sum of the phasic data within an article, divided by the time spent 
reading the article (sumPhasic), c) the average amplitude of the SCRs, computed as the sum 
of the SCRs’ amplitudes within an article divided by the number of SCRs in the article 
(meanAmpSCR), and d) the number of SCRs per second, computed as the number of SCRs 

divided by the time spent reading the article (nSCR). The data for the participants were 
normalized around mean level. 

 

Fig. 6 -  Decomposed electrodermal activity (EDA) of one of the participants while 
reading one article. Grey and blue areas represent tonic and phasic activity 
respectively. Dashed ellipses represent skin conductance responses (SCRs). 

3.2 Results 

The results for the affective feedback can be summed up as follows: for all of the EDA 
features, there was no statistically significant difference between the “happy” and “neutral” 
categories. However, each EDA feature showed a significant decrease for “sad” or “angry” or 
both. Thus the rather interesting pattern emerges: news articles rated as eliciting negative 
emotions seemed to generate less arousal. In detail, for the tonic feature the difference 

between “angry” and “neutral” was statistically significant t(399.32) = 2.16, p = .032. The 
“sad” and “happy” categories did not differ from the control “neutral” category. For the sum 
of phasic activity feature the difference between “sad” and “neutral” was statistically 
significant t(419.77) = 3.30, p = .001. Also, the difference between “angry” and “neutral” 
was statistically significant t(420,96) = 2.43, p = .016. However, the difference between 

“happy” and “neutral” was not significant. For the mean amplitude feature the difference 
between “sad” and “neutral” was statistically significant t(392.76) = 2.50, p = .013. The 

value for “happy” was close to the control level and “angry” was somewhat below control, 
but the difference was not statistically significant. Finally, for the number of SCRs feature the 
difference between “sad” and “neutral” was statistically significant t(418.76) = 2.00, p = 
.047. Also, the difference between “angry” and “neutral” was statistically significant 
t(420.67) = 2.48, p = .013. The value for “sad” and “angry” were below the control 
“neutral”. However, the difference between “happy” and “neutral” was not significant.  
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4 Multimodal interaction using 

eye tracking and multitouch 

Eye tracking enables using gaze as a real-time input while interacting with graphical user 

interfaces. The prototypes described in this section explore the combination of eye tracking 
with manual input. They specifically address use situations that require users to split their 
visual attention between multiple regions on the interface, for example when exploring 
relationships or comparing between different areas in an information visualization. In these 
situations, the prototypes utilize eye tracking information to handle user input and provide 
visual feedback in a gaze-adaptive fashion. 

The first prototype featured the combination of multitouch interaction and eye tracking. The 

main strategy here is to distinguish between different touch actions based on the level of 
visual guidance they are conducted with (whether a user is attending to her own motor 

movements while performing touch interaction). Based on the level of visual guidance the 
system interprets touch actions as positionally accurate (when conducted with visual 
guidance) or ambiguous (when a touch is performed while visually attending somewhere else 
on the interface). This is based on the insight that touch input is much less accurate when 
not visually attending to one’s own touch and is empirically validated through a user study 

we conducted. In the case of low visual guidance, the system proactively adapts the 
interaction through an uncertain input handling framework and various novel visual feedback 
techniques. The detailed description of this study has been published [9] 

The second prototype extends the design strategy of adapting the interaction based on visual 
guidance to above-surface depth sensing. The system tracks not only user’s gaze and touch, 
but also mid-air motions. Similar to the first prototype, gaze information is used for the 

flexible handling of user’s input and provide visual feedback near where the user’s gaze is 
directed at. Additionally, above-surface sensing provides the system with additional gestural 
information such as hand posture, or specific finger actions that are used for distinguishing 
between different actions. The work related to second prototype is submitted and is currently 
under review. 

4.1 Apparatus 

The first prototype has been implemented using a 10 finger multi-touch screen (27”, 
2,560x1,440 pixels) combined with an SMI RED eye tracker [1] that is positioned below the 
touch screen running at 60Hz. The screen was tilted 30° to enable easier hand reach for 
touch input. The screen and eye tracker were positioned respectively 50cm and 70cm in 
front of the eyes (approximate values). 

In addition to the aforementioned touch screen, the second prototype used a commercial 
short range infrared sensor (Leap Motion [10]) for sensing hover (hands above the surface) 

and skeletal hand tracking. The coordinate system of above-surface depth sensing has been 
mapped to the screen coordinates using a 4 point calibration. The eye tracking was 
performed by Pupil Labs binocular tracking glasses running at 60Hz [11]. The applications 
consistently ran at 60fps, with the latest gaze data point synchronized at every frame. 

4.2 Example Applications 

4.2.1 Multitouch & Gaze applications 

A potential application case is multifocus interaction that involves spatial juxtaposition of 
multiple points of interest. As opposed to time multiplexed methods such as zooming, 



Deliverable 4.2: Prototype of MindSee application  MindSee (611570) 

-------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------
© Copyright 2013-2016 MindSee Consortium  30/10/2015 

Page 15 of 17 

multifocus interaction utilizes spatial multiplexing to display information. A common aim in 

juxtaposition is to compare and correlate between multiple foci and avoid redirecting gaze 
over long distances. The prototype uses gaze input both as a focus point and for supporting 
input with low visual guidance. 

The first example is a multifocus image exploration application that allows creating multiple 
lenses that are aligned edge to edge and controlled by individual touch points. The degree of 

visual guidance on different touch events is used to determine the primary touch point near 
the other lenses are aligned by its edge (Fig. 7 - left). Another example is exploring 
connection between different nodes on a relational data set (Fig. 7 - right). For touch actions 
with high visual guidance, the application visualizes the connections from a single node that 
the user is pointing to. Positional uncertainty is increased and the cursor is expanded for 
pointing actions with decreased visual guidance. In this case, the gaze context of the user is 

used to resolve positional uncertainty; only the connections between manual selection range 
and nodes near gaze point are visualized. 

  

Fig. 7 -  Two example applications that feature interaction with geospatial 
information visualization. The multifocus image exploration application (left) adapts 
the location of magnification lenses based on gaze point. Relational data application 

(right) adapts the selection radius of individual touch points and the location of visual 
feedback based on gaze point. 

 

4.2.2 Multitouch, Hover & Gaze applications 

The first example application using depth sensing allows for the parametric manipulation of a 
group of visual objects that have multiple parameters, namely shape, fill color, border color, 
size and orientation. The application demonstrates how these parameters can be modified 

without redirecting the gaze between the toolbar and canvas areas through above-surface 
sensing and warped visual feedback. Besides allowing continuous fixation on the canvas, 

warped feedback allows for the juxtaposition of an interactor with a specific region on the 
canvas. 

Another application is a real-time video manipulation tool that enables the user to apply a 
variety of visual filters to a video loop. Real-time video editing offers a relevant challenge, as 
the main feedback for most inputs results in real-time visual changes to the video picture 
away from the input location. In that case, being able to display essential interaction 
information at the gaze location allows users to keep their attention on the target when it is 

most critical. 

 

Fig. 8 -  Real-time video manipulation (left) and parametric object manipulation 
(right) applications that address the problem of split-attention on large surfaces. In 

both applications, visual feedback at the region of visual attention increases users’ 
awareness of their motor movements.  
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5 Related Tasks and Involved 

Partners 

Tab. 1 -  Tasks to which the Deliverable is related and Partners who contributed to it 

Task 
n. 

Task title Partner  

4.1 
Transferring physiology based 
techniques to deployable set up 

TUB, UH 

4.2 
Model Integration in Relevance 
Feedback Retrieval Engine 

AALTO, UH 

4.4 

Interactive visualizations with 
relevance, complexity and 
aesthetic engagement adaptation 

UH 

4.5 
Multimodal interaction and 
visualization set ups 

UH 

5.2 System Performance tests UH, AALTO 

5.3 
Measuring performances of users’ 

information exploration 

UH, TUB, AALTO, 

UNIPD 
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