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Summary 

To study how emotions affect people in expressive writing, scientists require tools to 

aid them in their research. Studies of the handwriting process use HandSpy to store 

and analyze the written production of the participants. The input is stored as digital ink 

and then displayed on a web-based interface. 

 

HandSpy integrates with new sources of information to help researchers visualize the 

link between psychophysiological data and written input. The newly acquired data is 

synchronized with the existing models and represented on the UI of the platform. As 

proof of concept, two metrics were implemented. The first metric being speed, based 

on the trajectory of the smartpen, the second comprising of the heart rate, derived from 

an ECG reading. Those metrics lay the foundation for new developments in this 

direction and will prove to be useful in the future.  
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Resumo  

Para estudar a maneira que as emoções afetam pessoas durante escrita expressiva, 

os cientistas precisam ferramentas para ajudar lhes na pesquisa deles. Estudos de 

escrita usam a HandSpy para guardar e analisar as produções escritas por 

participantes em experiências. Os dados introduzidos estão guardados como tinta 

digital e disponibilizado numa interface web. 

 

HandSpy integra com novas fontes de informação, ajudando os cientistas visualizar a 

ligação entre dados psicofisiológicos e escrita. A informação adquirida está 

sincronizada com os modelos existentes e depois representados na UI da plataforma. 

Como prova de conceito, foram integradas duas métricas. A primeira é a velocidade de 

escrita, baseada na trajetória percorrida pela smartpen, e a segunda é o batimento do 

coração extraído de leituras de ECG. Estas métricas são as fundações para novos 

desenvolvimentos nesta área e que poderão  tornar-se essenciais no futuro. 
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1.  Introduction 

Gathering and processing data are crucial moments for every experiment. There are 

many invalid conclusions drawn from polluted data, human errors, or incorrect 

treatment of the results obtained. In the last decades, the scientific process is being 

migrated towards automatization, to avoid those pitfalls [1]. Good examples, amongst 

others, are the use of various tools, such as platforms and smart devices for collecting 

information, data warehouses for storing test results, and machine learning algorithms. 

While improving the existing process and resolving many of the currently existing 

issues, this change also brought a whole new set of problems. 

 

Many innovative research areas still suffer from a lack of proper software to support the 

experimental process, which results in the need to either create a personal toolkit or in 

the use of expensive generic software that provides only partial coverage of the 

requirements. Many of those existing platforms use proprietary software, which often 

comes with obfuscated protocols or lack of proper API support, which renders the 

information-gathering part of the experiments inefficient. This downside makes the 

entire process of using those products costly, slow, and implies manual treatment of 

data, which usually translates into possible introduction of human errors. It is required 

to use software that joins the information from all of the sources in a structured manner, 

which allows the researchers to obtain a clear and comprehensive view of the collected 

data, draw conclusions based on it and avoid unnecessary complications. For this 

purpose, the Experiment Management Systems (EMS) were created. While they have 

existed for quite some time, those platforms still need daily improvements so that they 

can support researchers. [1] 

 

The necessity for proper software increases with the complexity of the experiment. One 

of the factors that contribute to this is the number of measurements that are involved in 

the process. The studies on the cognitive process in writing suffer from this. The 

objective of this thesis is to improve the already existing software HandSpy, created at 

FCUP, by providing support for the integration with alternative sources for data. The 

approach decided upon is to provide a simple way of adapting the integration process 

between the platform and all of the current and future hardware and software that is 

related to the analysis of the target study. 
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1.1. Motivation 

Learning is not easy. People learn new things every day whether they realize it or not. 

For some people learning is easy, and for others - hard. Nowadays, lacking education 

is considered as a huge disadvantage and because of this everybody needs to obtain a 

minimal level of education to be able to cope with his everyday life. But what happens if 

someone is unable to understand what he’s being thought, or if a person is suffering 

from some disorder, such as dyslexia, which creates a handicap for his learning 

process? 

 

Educational Psychology is a branch of medical science that studies the learning 

process and tries to discover different approaches to address the issues which arise 

while studying. To improve the educational process, the psychologists involved in this 

process perform experiments and studies involving teachers, students, and other 

participants in the educational process. Thanks to their effort, we can cope with many 

of the issues and disorders related to learning. [2]  

 

Similarly to computers, humans pause to think about what are they going to write, and 

after processing this information, they follow up with a short burst of writing. The burst 

part of this interval begins when a participant starts writing and ends when the 

participant stops for a certain amount of time. The period during which the smartpen is 

not providing input, between two bursts, represents the pause segment. This definition 

of intervals of interest is a commonly used behavioral indicator used in the studies of 

writing. 

 

HandSpy is an EMS that can be used to manage experiments on cognitive processes 

occurring during writing. It uses pause-burst based intervals as the mean for measuring 

significant moments. It allows the researchers to view the representation of the written 

output of a study participant, together with data that represents certain data and helps 

with the identification of the words which provoked those events, 

1.2. Objectives 

HandSpy's goal is to represent the emotions of the participant next to the produce of 

his writing on a single screen. They are represented by using psychophysiological 

indicators imported into the platform. The required data has to be brought to the 
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platform and synced with the already existing one. Besides this, we will have to show 

only the parts considered useful, and in a way that will not clutter the view of the users. 

 

Our first task will be to bring the required psychophysiological data from other sources 

and join it with the existing one, captured on HandSpy’s side. This step must also 

include the translation from the other system’s standard of storing information to our 

system’s counterpart. The first type of data to be added this way is the heartbeat rate, 

measured in beats per minute (bpm). In this work, we are going to use the data that is 

obtained from Acknowledge, which is a software used to analyze physiological data. 

 

After we have the desired information, we must represent it visually on our EMS’s side. 

This should be done while taking into consideration the current graphical interface. 

Since adding new components may introduce distraction for the researchers, we might 

have to bring a considerable change to the way HandSpy is currently showing the 

obtained experimental data. 

 

While all the currently obtained data is important to the study, this is not guaranteed for 

the newly added one. There are going to be a lot of segments that should be filtered 

out, by the researchers. This will require us to provide the means, for them, to 

aggregate or filter the information that we are displaying on HandSpy’s side. 

1.3. Approach 

Currently, HandSpy, marks only the beginning and the end of the interval, on the 

picture. This is done to provide a clear graphical representation of the written input and 

the obtained data at the same time. While it is a non-intrusive method, it does come 

with shortcomings. It limits the ability to represent other types of information. To fulfill 

the objectives of the thesis, we need to improve this feature. This cannot be done 

without adding more methods of marking areas of the image. An interesting approach 

will be to implement various types of graphical markings. This way, the system, will 

allow the user to pick his preferred way of marking and improve the user experience. 

The other advantage of this approach is that it makes it will allow the system to be used 

by people with visual impairment. For example, picking a certain color schema, or 

marking method will allow users with color vision deficiency, to take full advantage of 

the tool. 
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After the information is obtained, it is stored on the client-side in the form of time series. 

For the second objective, this thesis considers the deployment of any special syntax for 

querying this information. This will allow us to filter the dataset and select only the part 

that is important to the researcher. This process will occur solely on the client-side and 

it will use a previously obtained dataset from the server. The query will consist of a 

short code representing semantically the point of interest and the type of output 

desired. This code will be parsed on the backend and transformed into a method used 

for filtering the received data. 

 

 

Besides the visual component of HandSpy, we will have to work on the backend part of 

the system. For this part, we will have to create a data pre-processing mechanism that 

should produce synchronize and transform the data we bring to our EMS. This will be 

separated into 2 parts. First, we will have to preprocess some of the data we obtain, if 

we need to. In some cases, the information will come in a non-representable way, and 

it will require adapting before we show it. For example, when the Heartbeats per minute 

are requested, a predetermined process will transform the ECG  signal function into 

beats per minute. In this work, we will calculate the rate, using a Moving Average 

based Filtering System with its Application to Real-time QRS1 Detection algorithm. [3] 

After the preprocessing step is done we will have to find a way to synchronize it with 

the preexisting data since it will have different granularity. 

 

The thesis is based mainly on usability. To prove that the implemented features serve 

their purpose we will resort to quiz-based evaluation. The improvements will be 

presented to the involved researchers from the Mind-Body Interactions in Writing (M-

BW) project and the result will be based on their opinion about the improvements. 

1.4. Initial Baseline plan of the Thesis 

At the beginning of the process, an initial plan for the development was proposed, so 

that we can monitor the progress and forecast delivery date. The entire feature was 

separated into one-week sprints and expected the work to be completed, by the fifth of 

June, 2020, as seen in Figure 1. The planning also included the creation of a 

conference article [4] that was proposed for publishing on the SLATE'20 [5]. 

 

1 QRS is not an acronym. It stands for the combination of Q-wave, followed by a R-wave, followed by a S wave. This 

region of the ECG function is commonly referred to as a QRS complex  
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The work related to the thesis is split into 4 milestones, which can be adjusted along 

the development process if such need arises. The first milestone will be to study the 

code base, perform refactoring of the code, and adjust the planning if needed. 

 

The second milestone will hold the implementation of the new feature, referenced in 

this thesis. It is forecasted to be the most time-consuming part and, as such, it is split 

into 4 tasks, to simplify the detection of possible delays. It is planned that we start with 

the visual component of the platform, which will allow us to mark the lines in different 

manners. Followed by adding a data filtering functionality that will allow us to mark only 

the area of interest. After the front-end part is completed the development will move 

towards implementing a generic data integration module, which will allow us to easily 

add new data types and sources to HandSpy. The development process will be 

finished by implementing a proof of concept, by integrating heartbeat rate data into the 

system. 

 

The third milestone will cover the feedback and evaluation of the implemented features, 

which will be done by researchers who use HandSpy in their studies. The last 

milestone is going to consist of a buffer that can be used to do finishing work on the 

platform and the documentation. 

 

Tasks and Milestones: 

• Milestone 1: Planning and Preparation 

• Milestone 2: Implementation 

o Task 2.1: Finish the graphical part 

o Task 2.2: Creation of data filtering completed 

o Task 2.3: Data Integration functionality 

o Task 2.4: Heartbeat Rate 

• Milestone 3: Collecting Feedback 

• Milestone 4: Dissertation documentation 

 

Figure 1 Baseline plan 
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1.5. Organization of Thesis 

The thesis starts with a brief introduction to the area and some brief introduction into 

some core concepts. It hints at the reason for the creation of EMS and introduces 

HandSpy. There is also a segment that describes the objectives of the work and a 

proposed approach on how to implement the requested functionalities, together with 

baseline planning. It is important to note that the planning was done before the start of 

the actual work and as such it does not represent the actual distribution of work. 

 

The second chapter introduces the area in more depth and gives a brief history of the 

studies of psychophysiological data. Followed by the introduction to what exactly 

EMS’s are, and what alternatives to them exist. This chapter also includes a short 

presentation of the existing EMS’s that were developed for the area of study and 

comparison amongst them.  

 

In the third chapter, called HandSpy, the software is presented with more depth, and on 

a more technical level. This part holds information about the main components of the 

platform and the technology used in them. 

 

The fourth chapter contains an explanation about the implemented functionalities which 

form the new feature described in the first chapter. It focuses on the technical aspect of 

the implementations and the issues faced during the development process. It starts 

with the refactoring performed before the development, moves on to the server-side 

improvements, continues with the front end changes, and ends with a description of the 

constraints which were considered during the development process. 

 

The fifth chapter explains how the new feature was accepted by the M-BW researchers 

and how good it performs the tasks it was required to do. It is split into 2 parts that 

describe the different processes of evaluating the work. 

 

The last chapter covers the conclusions and future works that could be added to 

HandSpy. It is limited to work that can be done to improve the current functionalities 

and doesn’t suggest new functionalities as this is to be requested by the researchers 

themselves. 
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2. State of the Art 

Without the use of proper tools, a trivial task can become time-consuming. This is 

undesirable for any workflow, including scientific experiments. While commercial 

Management Software exists, the currently existing platforms are directed towards the 

business use of a product. They are useful for their mainstream usage, but they are not 

entirely adequate for scientific usage. They also require a significant monetary and 

human resource investment, not to mention the proprietary restrictions, which restrain 

their distribution within the research community. [6] Because of this scientists have to 

create their toolkits and platforms. 

 

This thesis is based on one of those tools, HandSpy. To understand why we need this 

platform and why we need to improve it, we should also look at the other existing 

alternative solutions and analyze their benefits and shortcomings. 

2.1. Brief History of Cognitive Psychology and Writing  

Writing is one of the most basic forms of communication, with which everybody is 

familiar. It is a simple process of inscribing symbols that represent information in a 

certain language. Even though this method existed for thousands of years, the 

cognitive processes which occur while doing this activity were barely studied until the 

19th century, when a French physician, named  Pierre Paul Broca determined that a 

certain part of the brain was responsible for the language production process. [7] Later, 

a colleague of his, Carl Wernicke, discovered which part of the brain is responsible for 

language comprehension. [8] Those 2 discoveries gave start to what we call cognitive 

psychology. 

 

While, for the following few decades, cognitive psychology studies were based mainly 

on behaviorism, in the 2nd half of the 20th century, with the advance of medical 

science, a link was established between the psychophysiological factors occurring 

inside the human body, and the emotions. Currently, there are many types of 

measurements used in those studies, and they are usually divided into 3 categories: 

reports, readings, and behavior. [9] Usually those 3 types of measurements are 

collected with many different types of machinery, which have their internal structure of 

the data, independent, often incompatible standards, and require a lot of work to join 

the data into understandable samples and draw conclusions from the observed results. 
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With the advancement of technology, every day new means of obtaining 

psychophysiological measurements appear. One of those methods, and the focus of 

the project towards which this thesis is oriented, is the usage of smartpens. This 

method allows the collection of data, in real-time, without inconveniencing the users, as 

the sensors used to obtain the readings are disguised as an everyday common tool. 

 

Just like most data collection equipment, smartpens require software. It manages data 

and store it in a usable and convenient way, and allow its representation, in at least 

near real-time, and without any unnecessary noise. In our case, we will be focusing 

mostly on the platform HandSpy, currently in development, at the Faculty of Science of 

the University of Porto (FCUP). Currently, the platform is collecting only behavioral 

indicators. One of the objectives of this thesis is to integrate the currently existing 

information with psychophysiological data from multiple sources. 

2.2. Experiment Management Systems 

One of the problems faced by the experimental sciences is the lack of proper software. 

Many of the studies require proper software tailored specifically to satisfy the 

requirements of the area of study. There have been many attempts to identify what are 

the proper requirements for an EMS. They have been narrowed down to the following 

requirements [6]: 

 

• Abstraction from the users – The system should be as abstract as possible 

and, ideally, require no programming knowledge from the users. 

• System Integration – The integration should be handled only at the highest 

level by the user. All the implementation details should already be provided by 

the EMS programmer and be readily available to the researchers. 

• Data Integration – All of the data should be integrated in a manner that will 

allow it to be handled without requiring any knowledge of the source. 

• Remote Collaboration Facilities – The platform should be available for access 

remotely. Web technologies are a natural choice for this goal. 

• Advanced DataType Management – Should handle on its own all the types of 

data required by the experiment.  

• Intelligent and adaptive UI – The interface should be intuitive and with as less 

unneeded information as possible. 
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While simple, those requirements are hard to fulfill. Some commercial solutions fill in a 

part of those criteria, but their cost limits the possibility of them being used. They will be 

discussed below.  

2.3. Business Intelligence and ETL software 

As in the Experiment environment, the business world requires to analyze indicators to 

reach conclusions. There are several tools already in existence which automatize the 

entire process and satisfy the needs of corporate management. While Business 

intelligence (BI) and the Experiment Management sound familiar there are several 

differences between them. 

 

In a business environment, most of the products require skilled professionals with 

programming skills to manage them and implement new scenarios. This is viable in the 

situation because, unlike in the cases of scientific research, in the corporate world of 

business intelligence, the rules required to build analysis are not standardized and 

every company has its own mostly unique environments. In the meantime, in the 

scientific background, the rules are mostly the same, and most of the required 

operations are the same across the specific branch of science. This allows for the 

process to be managed even without the need for skilled programmers. 

 

Another important part is the standards. Most of the “extract, transform, load” (ETL) 

software is directed towards standard data sources, such as popular database engines 

or APIs. They collect and preprocess the data required by the BI software. Then the 

later only shows the information in an aggregated state to the person performing the 

analysis.  On the other side, the BI software usually requires only to observe a single 

source of data. 

 

One of the other disadvantages of this kind of software is that it usually requires 

various modules to perform the required work. For example, in some BI solutions, to 

have both an analysis module and a visualization module, you need to purchase 2 

separate platforms to cover the required functionality, which is costly. 

 

While it is possible to use enterprise software to manage experiments, it is unpractical. 

It also fails to address all the requirements for proper EMS. Therefore, it is important to 

have a proper system that can perform the tasks specific to scientific research. Ideally, 

this system should also be oriented towards the desired area of the studies. [6]  
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2.4. Eye and Pen 

Eye and Pen is a system that is mainly, but not exclusively, used in the context of 

handwriting studies. It supports various types of graphical format, ranging from text to 

drawings. The platform was created to record the gaze, synchronously, and the 

process of handwriting. For the writing part, the researchers used a digitizing tablet, to 

obtain the location and state of the pen. An eye-tracking system is used to record the 

writer’s gaze while performing tasks. The main purpose of the system is to study the 

synchronization between eye and pen movements writing periods. The devices used 

are focused on allowing users to participate in the investigation, without hindering the 

activity or increasing cognitive load. 

 

The main objective of the experiments, that involve Eye and Pen, is to establish a link 

between visual input during writing. This is measured in various indicators produced by 

the writing equipment and storing them inside the software itself. The readings are 

based on pause-writing phases which are detected by the special pens used by the 

researchers. The system can be considered as a type of digital video recorder, which 

allows scientists to watch and replay the entire process while observing the results. 

This platform also contains a semi-automated process of characterization of specific 

ocular and graphomotor events. 

 

While the main objective of Eye and Pen is to measure the hand and eye-related 

behavior during writing, it can be used even without the eye-tracking hardware. This 

gives more flexibility for the experiment. This system can be used outside of a 

laboratory, for example inside of a school classroom. The system was created for a 

specific type of tablet but can currently be used with various types of tablets and even 

true inking smartpens. 

 

The platform has 2 modes of operation. The first is an acquisition mode which is used 

to obtain the measurements and stimuli presentation, such as videos, text, or pictures. 

The second mode is analysis mode, which is used by the researchers to observe and 

edit the data. This mode supports various features, such as formatting, filtering, and 

even export of the data. [10] 
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2.5. Dictus 

Dictus is a software that combines stimulus presentation and movement analysis. Data 

collection is performed with a module that acquires the measures from a hand-writing 

movement using only a Wacom tablet. This approach has the downside of bringing us 

information from only 1 source. The main advantage of this method is that the 

information gathering process is more flexible. Because of this, the system is usable in 

any environment without the need for more sophisticated machinery. This leaves us 

with many advantages. For example, it can be used in both schoolroom and a 

laboratory. Another advantage is that it does not involve any obstructing equipment 

which allows the experiments to be carried with the target population while maintaining 

the feeling of writing, as they usually do in their everyday life. 

 

The other module is focused on visualization and analysis of data. The data collected is 

based on pause based intervals, but unlike other software, it also stores the position of 

the pen, during both pauses and writing. Besides this, the software also measures: 

 

● the pressure made on the tablet 

● latency - the interval between the beginning of an event (like a stimulus) and the 

pen touching the tablet 

● event landmark - a when a predefined event occurs. [11] 

2.6. Biopac 

Biopac is a commercial EMS, usually used for medical research, and other related 

areas such as Psychology. It is directed towards acquiring and analyzing data from 

various types of equipment. It comes with hardware components that complement its 

functions and simplify the integration with other scientific equipment that is used in the 

experiments. Besides the initial hardware, Biopac offers a variety of other modules 

which can be added later, for a price. 

 

Biopac comes with a data processing module called Acqknowledge which can be used 

to edit and filter the input. It also allows the creation of events, for which the system will 

monitor the input data. It also supports a set of other predefined functions which 

simplify some trivial tasks from the transformation of data, such as the calculation of 

heartbeats per minute. 
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Acqknowledge has the following features: 

● Acquisition Features with pause mode, variable sample rates, and stimulation 

design and control 

● Display Features with an advanced grid system, textual event markers, 

measurement tools and journal facility for note-taking 

● Analysis Features with signal averaging, filtering, histograms, automatic data 

reduction, template analysis, peak detection features, find rate settings, and so 

on. 

● User-Interface with which scientists can easily search and operate the software. 

 

The downside of using Biopac is its commercial license and its proprietary 

functionalities. Commercial software tends to limit the usage of a system since not all 

research laboratories have the budget to support it. Another arises from the fact that 

the code is closed source. That way if we need to integrate another EMS with Biopac, 

we need to implement an entire system just to communicate with the platform. Another 

approach will be paying for the API integration, thus increasing greatly the costs of the 

studies. This hinders the experimental process. It also removes some of the 

advantages of the platform, by adding the necessity of researchers with programming 

skills. Biopac is also supporting a finite set of distinct devices. This means that if we 

need to use a tool that is not already supported, we will face the same problem as with 

integrating with other EMS. 

2.7. InkML 

Handwriting is a powerful and versatile mean of information transfer that is very familiar 

for most users since people tend to learn to write in school. With the evolution of the 

pen-based electronic devices, arose the requirement for a data structure oriented 

towards the representation of drawing or writing input. InkML is the W3C recommended 

format for storing such information. It offers an effective way for applications to store 

this method of input, which is usually used by any writing analysis software. 

 

The main goal of the format is to capture the movements of a pen and store its 

movements as a “digital ink”. Several methods may be used to capture the input. 

Including but not limited to radiofrequency, optical tracking, and physical pressure. 

Digital ink format can be passed to recognition software so that it can be adapted for 

the intended usage. Alternatively, the input can be persisted as ink documents and 

stored for later use.  
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The Ink Markup Language (InkML) was created in response to the lack of a standard 

for storing drawing data. It provides a simple XML, example for which can be seen in 

figure 2, platform-independent representation of the pen movement, which can be 

easily stored in any kind of database. Before its creation, hardware and software 

vendors stored and represented digital ink in proprietary or restrictive formats. This has 

impacted the evolution of the data capture from writing and the evolution of the writing 

recognition software. 

 

 

Figure 2 Example of InkML [12] 

 

InkML allows us to represent the digital ink completely and accurately, by allowing us to 

store all information related solely to the movement of the pen. The format supports the 

recording of information about the device used and the details about the dynamic 

behavior of the person wielding it. Good examples for that are supported such as 

authentication, accuracy, dynamic distortion, and additional information such as pen tilt 

and pen tip pressure. InkML also stores information that helps the rendering oy the 

digital ink captured, which can be used to optically approximate the original 

appearance, as seen in figure 3. This data includes stroke width and color information. 
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Figure 3 Example of InkML rendering [12] 

 

InkML’s main purpose is solely storing the movement of a pen interface. By design, it 

does not store any semantic information, not directly related to its main purpose. None 

the less, since it is stored as XML it does provide the means to be extended. Another 

advantage of the XML format is that it allows being easily stored inside any kind of 

database. [12] 

 

2.8. QRS detection 

Displaying the Heartbeat metric requires that we implement an algorithm for 

transforming the ECG signal into bpm. The algorithm that is going to be implemented is 

based on a Moving Average based Filtering System [3]. It has, according to the original 

publication, a satisfactory detection rate of 99.5% which will allow us to identify and 

filter out possible mistakes easily. The algorithm is based on 3 steps, Linear High-Pass 

Filter, Non-Linear Low-Pass Filter, and Decision-making phase. The combination of the 

2 filters is called a band-pass filter and is a common strategy used by scientists to 

normalize the ECG signal before analysis. [13] The transformation of data can be seen 

in Fig. 3 bellow. 
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Figure 4 Raw ECG signal (top); bandpass filtered ECG signal (bottom) with the characteristic points (P, Q, R, S, and T) 
identified on the signal [13] 

After filtering out the noise, the output is passed to the decision-making part, which 

determines if a certain entry is a part of a QRS interval and marks its beginning. 

Afterward, those points are used for the calculation of the heartbeat rate. 
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3. HandSpy 

HandSpy is a web-based EMS, that manages and supports handwriting research 

studies. It supports large amounts of datasets. It is designed as a web platform to 

support remote usage and to eliminate the need for installation on multiple interfaces 

and accommodate collaborative and remote work. It currently supports only the 

collections of behavioral data observed during the writing process such as the 

write/pause intervals. 

 

HandSpy consists of two components, a server based on Java Servlets [14] and Client, 

based on Google Web Toolkit (GWT) [15]. The database used by the platform is 

ExistDB, which is an open-source software project for NoSQL databases built on XML 

technology [16]. The platform is developed a few years back and developed solely by 

university students throughout the last few years. 

 

The server obtains the data from various sources and preprocesses it. Upon 

completing this process, the data is sent to the local client, which then allows users to 

filter, based on a pause time threshold. This method reduces the load on the server 

that can be caused by repeated calls for preprocessing the same request. At the same 

time, it allows it to store only the raw data, thus saving space. Another advantage of 

this method is that the client can filter data without the need to request it again from the 

server. 

 

As shown in Fig.5, the client is used to filter the dataset sent form the server and 

represent it. This allows the researchers to determine the desired precision for their 

analysis, by increasing or reducing the amount of text contained inside an interval. The 

front end also features a representation of the start and end of the intervals, on top of a 

scanned image of the input. This type of representation is important to the analysis of 

the experiment since it allows us to easily link the indicators with the segment of the 

input to which they are referring. 
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Figure 5 HandSpy v2.3 Interface, showing some of the previously calculated static metrics, written output, and the time 
threshold setting 

HandSpy supports input from smartpens, combined with micro dotted paper, to provide 

input for the studies. The method used, allows researchers to collect data without 

affecting the normal writing process of the collaborators. This way the data collected is 

not polluted by the usage of unfamiliar tools or devices. Another advantage of the 

method is the cost of the data-collecting interfaces. Smartpens are cheaper than the 

commonly used digitizing tablets, and easier to transport. This allows the researchers 

to obtain a higher amount of information at the same time, at a moderate cost. 

 

HandSpy is also integrated with other M-BW projects such as EmoSpell. This 

integration allows the researchers to link the words written, and the behavior of the 

collaborator, while taking advantage of the UI that the system provides. 

3.1. Server 

The server is separated into 3 layers, Core, Commands, and Protocol. The core part 

takes care of the communication between the different parts of the platform. The 

commands act as controllers and handle the incoming communication from the front-

end. They interact with the domain elements located inside the protocol Module, via the 

core, which acts as the glue between the different parts of the platform. The entire 

request treatment process can be seen in Figure 6. 

 

The protocol module handles the request processing and the response generation, for 

the different controllers. Most of the business logic is stored here, inside the Protocol 
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class. This class obtains the connection information from the core, fetches information 

from the database, parses the requests, generates responses, calculates intervals, and 

so on. Due to its development cycles by different people this section of the platform 

suffers from a serious case of Broken Window Problem [17]. The term is an analogy to 

the abandoned building in the USA, where if an apartment is abandoned, and has a 

broken window, passers-by will break the other windows of the building, because they 

will consider the entire building abandoned, thus destroying it in the process. In 

programming, it represents the anomaly that if a code is already in a bad state, people 

tend to make it worse, instead of improving it, usually due to time constraints. 

 

Figure 6 - HandSpy Request-Response Model 

 

HandSpy stores the data related to the written productions. They are stored as trace 

entries, using InkML format, inside the database. Each trace contains a set of points 

and represents the movement of the pen, starting from the moment the pen touches 

the micro dotted paper and ends when the pen leaves the paper. It consists of a set of 

points that describe the trajectory of the movement. Each point holds 3 values, the 

InkML bi-dimensional coordinates for X and Y, combined with the timestamp in which 

the point was measured. This list of points is used by the platform to calculate the 

distance covered by the pen and the intervals of interest on which the research 

calculations are based. 
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3.2. Client 

The client is based on the GWT framework which is centered around using Java to 

develop web pages. It features various useful functionalities, for example, a compiler 

that automatically transforms Java code into JavaScript. This allows fast development 

of web interfaces, by offering a rich library of widgets and representation structures. 

The toolkit also supports JSNI (JavaScript Native Interface), to communicate with other 

libraries or implement custom features in JavaScript. 

 

The internal structure is based on a per-page view, having every landing page situated 

in different folders. In most cases, every location contains 1 class per segment of the 

screen. The only exception of this rule is the “Analysis tab”, which holds an additional 

class called Display Protocol. This is done to separate the JSNI implementation, from 

the rest of the display logic.  
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4. Refactoring and Development 

Coding standards change all the time, the changes of the definition of what is 

considered good code require programmers to occasionally refactor systems, 

completely. The normal refactoring life cycle of software is 1-2 years [17]. This issue is 

usually tackled by applying strategies for partially improving the code base, such as the 

“Boy Scout2” rule [17]. Those strategies are hard to use when you do not have a 

consistent, dedicated team, which is the case with HandSpy.  

 

To address the issue with the aging code, version 3.0 of the platform is in development, 

but this situation causes a new set of issues with the refactoring by causing a “Tiger 

Team3” [17] like the situation. 

 

When working with legacy software, programmers often opt to implement new structure 

designs to reduce future development time, which leads to an initial delay in producing 

value for a project. Good examples are the SOLID design principles or the refactoring 

of comments [17]. For now, due to the ongoing development of version 3.0, the 

development of the new integration was limited to changing small portions of the code 

to fit those new standards. 

 

The SOLID principles usually dictate us to spend more time on refactoring or creating 

classes and features, so that we can easily change them in the future. The name 

stands for: 

 

• Single Responsibility Principle – A class should hold only 1 responsibility 

• Open Closed Principle – A class should be opened for extension and closed 

for modification 

• Liskov Substitution Principle – Objects should be replaceable with their 

subtypes without altering the correctness of the program 

• Interface Segregation Principle – Many client-specific interfaces should be 

implemented instead of a single general-purpose one 

 

2 The Boy Scout Rule can be summarized as: Leave your code better than you found it 
3 This is a term borrowed from the “Clean Code” book. It is used for the situation when two parallel teams are working 

on different versions of the same platform. One to rewrite the code base, and the other to implement new features. In 
many cases, when this occurs, due to the rate amount of work increases for the team that works on the new version, the 
second team might never catch up to the first one and causes a lot of troubles in the future stages of development 
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• Dependency Inversion Principle – Classes should depend on abstraction, not 

concretion 

 

They offer a set of solutions which dictate that we separate and manage the 

responsibilities and properties of a class. This is often achieved by splitting it multiple 

classes in a way that allows us to reduce the time we spend reading and reduces the 

risks of changes causing issues, by managing its content. Applying this strategy for 

improving the code is useful, but unfortunately had to be limited due to the ongoing 

development of version 3.0 in parallel with this integration. 

 

Another possible action is the refactoring of documentation comments. Nowadays the 

usage of comments is considered, expensive, and cluttering for the programmers [17]. 

For this reason, comments are usually being abandoned in favor of more descriptive 

naming rules for classes and methods inside of the code. The main advantage of this is 

the fact that you can easily maintain the names, using an IDE like Eclipse or IntelliJ, 

while comments require dedicated time. The documentation value of the classes is 

preserved by using descriptive naming strategies that transform the codebase into a 

more humanly readable text. On the other side comments are often abandoned by the 

development teams, due to various reasons including, but not limited to deadlines, and 

lack of attention to the detail, and so on. When this happens, the documentation 

becomes outdated and brings misinformation.  

 

During the development of the new features, some of those strategies were applied to 

both the old and the new code. While almost no old comments were removed, the 

ideology widely affected the restructuring of the existing codebase. 

4.1. Interval Entities 

HandSpy is storing the data related to the written input is stored as InkML inside the 

database. Those readings are used for dimensional calculations, by the pre-existing 

indicators, examples for which can be seen in Figure 5. The v2.3 implementation 

required refactoring and structural changes, before the implementation of the new 

functionality. 

 

In the previous version of HandSpy (2.3), the metrics include, but are not limited to the 

average speed, total distance (in mm), total time (in seconds), and starting and ending 

coordinates. They are all derived from the points sorted in the database and share the 
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same granularity. Thanks to this, the implementation required that all calculations be 

made once, soon after the points were obtained from the database.  

 

While the existing annotations, such as the beginning and the end of the intervals, 

served their purpose at the time, the platform lacks certain characteristics, namely the 

integration with additional sources of data. This is important because an integration is 

one of the requirements for a fully functioning experiment data management system. 

[6] To support this feature, a dedicated entity, which represents the intervals, was 

created. This separation was created so that it can be used as a baseline for the 

implementation of all future metrics. 

 

Another reason to extract the metric is due to the breach of the Single Responsibility 

Principle (SRP)4 principle of SOLID. Currently, all the business logic is stored inside the 

Protocol class, which is both a potential future issue and a hindering factor for future 

development. The current Protocol class holds multiple responsibilities, including all the 

business logic. This is a potential issue due to the danger of alteration to the class due 

to a new implementation, breaking unrelated code. Another problem is the size of the 

code. The more responsibilities a class has, the more code it contains. The more code 

a class has, the more time programmers spend reading and searching through it. 

 

This required us to extract the calculation of the metrics from the current protocol 

module and recreate it all into a separate feature. This allowed us to perform more 

calculations and split the extraction of data and the metric calculation. Another side 

benefit of this action is that it allows us to reiterate over the bursts at any moment of the 

response generation. This is opposed to the previous codebase which, upon 

calculating, stored bursts directly into the response layer instantly. 

 

The newly created module, which holds the new structure, consists of separate classes 

that represent the different elements of the studies, namely pauses and bursts. An 

interval holds the logic needed to extract the currently existing metrics and all the 

points that are used for this calculation. Burst objects are identical to the previously 

calculated pause-bursts, and pauses represent the interval between them. A burst 

consists of traces, or parts of traces, obtained from a smartpen. The first of those 

 

4 The SRP dictates that every class should have only one responsibility. This is done to make classes manageable, in 

aspects of both size and content. 
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traces starts with the first point that occurs since the last pause and ends when the 

time within 2 points is greater than a certain configured interval. 

 

In the new code, upon iterating the content of the stored traces, instead of performing 

the calculations, the contents are redirected to a trace parser class (Fig 7). The parser 

class on its own, groups the points in Pause and Burst entities, which represent the 

logical intervals of the study. During this aggregation process, the groups also calculate 

the required data, such as duration and distance passed, to calculate the already 

existing metrics. One of the improvements of the process includes storing references to 

the previous and following interval entities, to simplify iterations of the collection of 

observed data. 

 

 

Figure 7 The protocol sends Trace readings to the newly created class which generates Burst entities 

 

After the parsing of the traces, the intervals are sent to the newly created Metric 

modules, described below, to decorate the bursts classes by adding the requested 

metric entities. After that, the intervals are transformed into XML entities that are 

attached to the response object. 

4.2. Lines 

The previous version of HandSpy (2.3) displays only the beginning and the end of the 

interval. This had to change due to the new functionalities implemented for the next 

version of the platform. To represent the metrics, improvements to the visual 

component were required. Upon discussing it with the researchers from M-BW, it was 

decided to create a visual representation of lines, using rectangles that encapsulate the 

points that the interval contains. The calculation of the bounding box is performed using 

a histogram, which contains all the traces belonging to a line of text, and a grouping 

mechanism based on a threshold. 
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The method of calculation is simplified since the visual representation does not require 

very high precision. For each burst interval, the InkML coordinate points are grouped 

by the ‘Y’ axis value to obtain the set of points that share the same horizontal line. After 

grouping them, the threshold set by the user is applied to the highest point count. The 

number obtained, determines if a horizontal line will or will not be part of the marker 

system. All the groups are compared to the threshold and if they are above the 

threshold, they are combined with the neighboring lines, until 2 consecutive lines are 

below the limit. When this happens, a line is considered as "finalized" and its 

coordinates are calculated, as a rectangle, based on the maximum and minimum 

values of the X and Y values (Fig 8). 

 

Figure 8 Example of line response calculated 

Since the data is stored on the server-side, the calculation of the lines happens on the 

server and only a summary of the result is sent to the client. This is done to reduce the 

server's load by caching the line calculation for later use, thus avoiding needless 

recalculation. The storing brings us one more change. Since we are increasing the 

number of entities we bring to the client, it requires a change to the storage method for 

analyzed protocols. In the past the key for identifying an existing analyzed protocol, 

HandSpy used only the pause threshold. In the new version, instead of just a threshold, 

we are constructing a key that is going to be used to identify if a protocol was already 

analyzed. 

4.3. Metrics 

After obtaining the lines, we have all the requirements to implement the new visual 

representation of any metric on the UI. A strategy was employed to reduce the calls to 

the server, by shifting a part of the interactions with the user, to the client. Since the 

calculation is done on the server-side and is used on the representation layer, the 

necessary aggregations are calculated and sent to the client. The results of the 

calculations are separated into indicators, called metrics. 

 

The metrics are separated into 2 types: Quantitative and Qualitative. Qualitative metrics 

have only value and name. They are used to flag intervals, by attributing a discrete 
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value to it. The quantitative metrics are used to measure various aggregations of the 

data on both Burst and Global level.  

 

To obtain a metric entity, we calculate various indicators based on the universe of 

entries, aggregated to the same time windows as the burst interval. Those entities 

represent the data on both burst and global levels, for the selected performance 

indicator. The calculation of every metric is implemented in a dedicated calculator 

class, which can be customized to suit the necessities of the researchers. 

 

The aggregations, for a Quantitative Metric, are calculated for every burst interval and 

are as follows: 

• Max – Maximum observed value 

• Min – Minimum observed value 

• Avg – Average of observed values 

• Sum – Sum of the observed values 

• Count – Number of points detected 

• Max Delta – The difference between the max and the min values 

• Delta – The difference between the first and the last values 

• Start to Max Delta – The difference between the first and the max values 

• Start to Min Delta – The difference between the first and the min values 

• Max to End Delta – The difference between the max and the last values 

• Min to End Delta – The difference between the min and the last values 

• Median – The statistical median of the sample 

• Lower Quartile Limit – the upper Quartile Bond, calculated using 1.5*IQR 

• Upper Quartile Limit – the lower Quartile Bond, calculated using 1.5*IQR 

• Derivative – Changes to the Delta per second 

• Quartiles – The global quartiles of all the samples of the study 

 



FCUP 
Integrating multi-source data into HandSpy 

36 

 
 

   
 

 

Figure 9 Metric generation Process 

 

Another segment required for this feature to work properly, in some cases, we need a 

mechanism to store the data for the new metrics. To accommodate this a generic 

metric storage schema was developed which will simplify the future implementation of 

new metrics. The system was already used for the Heartbeat metric. It consists of a 

simple structure that holds metadata and readings. The metadata holds information for 

the fields and the attributes of the import which are provided by either the import 

mechanism or the UI. 

 

Attributes consist of a name and value pairs. An example of them is the initial offset of 

the reading, which can be used to adjust the reading if the participant started to write if 

the collection of data has already started. The fields like the attributes hold 2 values, in 

this case, the name of the field and the units used for the data it contains. The readings 

contain the input that represents the data that will be used to calculate the metrics. 

4.4. Visual Component 

To allow the interaction between the user and the platform, a new tab was added to the 

Analysis Tab of HandSpy. The new component allows scientists to manipulate the 

metrics on the server-side. It allows the creation of a list of metrics that are to be 

requested from the server. It also allows them to select criteria, that will be later used to 

determine if it is to be marked on the written produce representation with a specific 
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color and opacity for the marker, which will be used to paint the lines related to the 

interval, as shown on fig 10. It also allows uploading readings on the server, to serve 

as a base for the metric calculations. 

 

 

Figure 10 Marking 2 intervals with different colors 

To display the data for the intervals, we had to make some changes to the column 

selection for the Data Grid. Instead of the dropdown menu with the columns, now we 

have a dialog for selecting the new data. This is done so that we can add an even 

greater amount of metrics without having to change the user interface. This dialog also 

allows us to search the columns per name and to change their order. 

 

The criteria are based on a pseudo programming language formula. They follow a 

specific structure, which is used to determine if an interval is supposed to be painted. 

They follow the pattern “Aggregation” -> “Comparison Symbol” -> “Target Value(s)” 

which is sent to the server together with the requested metric. The formula can also 

include the old indicators that existed in the previous version of HandSpy (v2.3). 

 

The color column accepts both hexadecimal color codes, such as #000000 or a simple 

color name written in English, such as “green” or “red”. This color represents the color 

used to paint an overlay, over the lines of the intervals. Next to it is the opacity column. 

During the selection of opacity, the users should take into consideration the visibility of 

the text under the overlay. The suggested opacity should be a floating-point number 

between 0 and 1, but the recommended value is below 0.25 so that you can guarantee 

that the text is still readable, under the marker. 
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To facilitate the usage of HandSpy, an interface was created to aid the definition of the 

formula. The menu allows the generation of the pseudo-code, by using a set of select 

boxes and radio buttons. The right part of the expression, in the end, can be written 

manually or generated using the menus, or via a combination of both. It can be: 

• Static Value – using a direct value, for example, 50) 

• Relative Value – for example, q(0.15) represents the Quartile 0.15 

• A combination of both – it can be a mathematical formula like 0.75*global_max. 

• Interval of values – for example [0;1] 

 

In the cases where a relative value or an interval is used, a menu is made available, to 

simplify the process and reduce the requirements for the training of users. The intervals 

are determined via a radio box, which is filled in with default values inside of the 

expression box. The Radio box becomes available only when the selected comparison 

method is “Belongs to Interval”. All other Comparison operators clear the right-side 

definition and substitute the Radio boxes with a select box, that contains the formulas 

for the relative value constants, and a button to add them to the right side of the 

expression. The payload of a metric for an interval can be seen in Fig. 11. 
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Figure 11 Structure of metric values for an interval 

4.5. Formula Parsing 

After defining the desired marker formula for the metrics, we have the option to either 

redraw the markers or to request the metrics from the server. Upon doing so, the 

intervals will be compared against the formula and if they meet the criteria from the 

formula, they will be marked with an overlay, based on the definition of the criteria for 

the metric. It is important to note that to calculate a metric, first we must get the data 

from the server. This means that the user should obtain it from the server, to be able to 

use it. Another important note is that the same metric can exist in more than one 

formula simultaneously. For example, we can mark the areas that have an average 

above 90% of the global average in green and a maximum below the global average in 

red. 
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To determine if an interval meets the requirements, the formulas of each metric are 

parsed and tokenized. After all the parts of the formula are identified, they are stored 

inside an expression class. This class is used, by the display protocol of HandSpy, to 

perform the formula validation, which substitutes the relative constants with the values 

from the intervals. The validation then evaluates the formula and returns a Boolean 

value which determines if the interval will be painted with an overlay. 

 

The parsing splits the formula into three tokens. The first token is called aggregation in 

the code and represents the left side of the formula. It contains a value that will be used 

for the calculation and during parsing is substituted with one or more static variables 

during the formula calculation. It is determined by the values that are pre-calculated on 

the server-side and arrive inside the response. For example, if the left side of the 

formula is Average(metric) (as seen in Fig 12), the parser will create an aggregate 

token, represented by the class Average, and store it inside the instance of the 

Expression class. Almost all aggregations result into a direct variable-to-variable 

substitution, besides with the only exceptions being the E and V operators, which stand 

for Exist and Universe, which are operators borrowed from the logical operators with 

similar functionality. For example, E(hbpm) > 100, translates to “Exists at least 1 value 

of the metric Heart Rate for the current variable, that is above 100 bpm”. This metric 

requires a more advanced approach to produce a formula that can be used to evaluate 

a metric for a certain interval. The left side of the equation can also be filled in with the 

values of the old metrics which existed in HandSpy v2.3. The value of this token is 

selected via the UI, so it does not require previous knowledge of the correct syntax for 

the aggregations or global variables. 
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Figure 12 Menu for selecting all intervals where the average is 10% above the global average 

 

Besides the aggregations, the menu also supports the marking of “Global Indicators” 

which are the fields that were available in HandSpy since before v2.4. 

 

The second token represents the comparison operator. To validate an expression, we 

need an operator. HandSpy accepts standard mathematical operators like ‘>’ and ‘=’. 

The only exception is the operator ‘~’ which is used to define that the value should be 

in a certain interval. After the operator is identified, the latter is corresponding class is 

passed to the expression class. Those operators are selected from a select box from a 

menu. The UI uses a description instead of the operator itself to simplify the usage of 

the platform. The available operators are:   

• Greater Than – Corresponds to the symbol “>” 

• Greater or Equal Than – Corresponds to the symbol “>=” 

• Less Than – Corresponds to the symbol “<” 

• Less or Equal Than – Corresponds to the symbol “<=” 

• Equal – Corresponds to the symbol “=” 

• Belongs to the Interval – Corresponds to the symbol “~” 
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The last token is the value to compare to, also previously called the right side of the 

formula. It can either be a static value, an interval, or a variable constant. The intervals 

are using a standard notation using ‘[’ and ‘]’ and the value is separated by ‘;’. To 

determine if you are using a quartile instead of a value interval, you just must prefix the 

formula with ‘q’ and use percentage values in the middle (Fig. 13). The values for the 

quartiles are calculated on the server-side and afterward are converted into a normal 

interval, on the client-side. The right side can also contain a variable constant, such as 

“global_avg” (Fig. 12) which is later substituted with the global average of all samples 

of the metric. When the right-side part is identified, the corresponding class is sent to 

the expression class. 

 

 

Figure 13 Using intervals 

When all 3 parts are identified, and the corresponding configuration of classes is stored 

inside the metric expression. When the display protocol determines the elements to be 

drawn, the bursts are sent to the metric expression classes. When the later receive the 

burst interval object, it substitutes specific elements of the expression with the values 

coming from the server. Afterward, the formula is evaluated and produces a Boolean 

response which is used as a flag to determine if the line is to be painted. 



FCUP 
Integrating multi-source data into HandSpy 

43 

 
 

   
 

4.6. Upload of Data 

To provide some metrics, in some cases it is required to import data from different 

sources. This is done via a new dialog which allows scientists to upload files with data, 

containing the readings from other systems. This approach allows scientists to add or 

edit the required information for the study after the reading is taken. 

 

When opened, the dialog contains only a single select box with the currently 

implemented metric sources. To add a new metric source, the programmers 

responsible for the future of the project must provide a source-specific source and 

respective handling on the server-side for that data source. The form for this metric 

should contain the required fields to store the metric on the server-side. (Fig 14) 

 

 

Figure 14 Upload form for the Heart Rate readings 

When the server receives the upload file and the field from the client, it parses the 

requests and redirects the data to the entity manager, which transforms it into a generic 

XML metric entity and stores it on the Database. 

 

4.7. Speed Metric 

As proof of concept, the first metric to be implemented was the user writing speed. This 

metric is important as there is a connection between writing speed and the cognitive 

processes occurring during writing [18]. It is a simple metric, which can be used as a 

baseline for the minimum implementation for future metrics. A list of all of the 

aggregations can be seen in Fig. 11. This metric is based on the InkML coordinates of 

the points and the timestamp stored when the point was stored. To obtain the metric, 
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the calculator class iterates over the bursts and calculates the metrics on burst level 

using the Euclidean distance between two consecutive readings, divided by the 

difference in the timestamps. The calculation results in a double data type value, which 

represents the speed in coordinate points per millisecond. 

 

 

Figure 15 Speed metric calculation process 

The Calculator Class (Fig 15) receives the bursts of the reading and iterates through 

them. For each burst, the points are extracted and ordered by timestamp, and then the 

speed is calculated, based on the distance and the time since the previous point. After 

that, all the observed indicators, for the current burst, are updated. Upon passing over 

the bursts, the global metrics, such as Medians and Quartiles are calculated. 

4.8. Heartbeat Metric 

Heartbeat can be used to detect if certain emotions are occurring [19] and are one of 

the psychophysiological indicators required by the M-BW project. To calculate this 

metric, we received raw readings of the ECG signal from Acqknowledge and integrate it 

with the existing data on our side. Heartbeat is the first complex metric implemented in 

HandSpy (Fig 16). Its complexity is due to the following reasons: 

• Requires the use of external data 

• Requires transformation of raw data into usable data 

• Requires knowledge of scientific knowledge 

• Requires synchronization of entries 
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Figure 16 Heart Rate package 

Unlike the speed metric, the heartbeat one required the full use of the data import 

feature. The data for the study must be imported from Acqknowledge export, containing 

only this metric, and uploaded on the UI. The only available option for this upload is 

currently the offset in milliseconds. Upon uploading the data, the server strips the 

unnecessary headers from the exports, generates the attributes and fields metadata for 

the readings, and stores them in a format that allows the platform to further use the 

information. 

 

The metric calculator module for this metric includes all of the components that the 

speed metric had, but due to the complex nature of the data, it required additional 

functionalities to be added. The raw data consisted of ECG readings in mV/ms which 

are transformed into BPM(Beats per Minute) using a Real-time QRS(heartbeat) 

Detection based on Moving Average based Filtering [3] to detect when the heartbeat of 

a participant in the study. The algorithm transformed the ECG signal into a list of 

timestamps in which a heartbeat was detected. Based on the distance since the last 

detected interval, HandSpy calculates the heart rate and passes is to the calculator. 

 

The calculator class uses the list of BPM readings to check the rate during the 

pause/burst intervals. The first step is to calculate the Inter Quartile Range (IQR) and 

use it to determine the outliers. The method used is the typical outlier detection method 

used in statistics. The IQR is the difference between the 1st Quartile (Q 0.25) and the 3rd 

Quartile (Q 0.75) quartiles. To determine the lower quartile limit, we subtract 1.5*IQR 

from the 1st Quartile and for the upper limit, we add the same value to the 3rd Quartile. 

The rules are applied, for the calculation of aggregates, is as follow: 

 

• If during an interval, no heartbeats were detected, the interval is considered as 

if it had only 1 reading which is the same as the last reading before the interval 

started. 
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• If at least 1 valid QRS interval was detected during the interval – all the 

readings are used to calculate the required aggregations. 

• If a QRS reading is an outlier, it is discarded – to remove noise, after speaking 

with the M-BW researchers, the outliers were removed. 

 

Figure 17 Heartbeat Metric calculation process 

 

After calculating the metrics, they are sent as a generic metric to the front-end. The 

results were validated by the MB-W researchers and were found to approximate, the 

readings they had on Acqknowledge, enough to aid the research. The implementation 

of the metric took around 2 weeks, including the validation, while the latter occupied 

most of the time. 

4.9. Versioning Issues 

Currently, a new major version (HandSpy v3) is developed independently from the 

current integration. This situation creates a set of issues that hinder the development 

process. Amongst many changes, the new version includes a complete remake of the 

Front-End component. The result being two single-person teams, working on the code. 

The restriction created by the situation is that the team developing the older version 

should keep in mind the progress of the other one and produce code that could easily 

be integrated into the new version. 



FCUP 
Integrating multi-source data into HandSpy 

47 

 
 

   
 

Another example of the issue created by the new version is the requirement to analyze 

the worth of refactoring. In some cases, the code refactoring affected the development 

time significantly. Those changes also made the code easier to debug or change. In 

other situations, the refactoring was not performed due to the code segment being 

completely remade in the next version. This additional limitation resulted in slowing 

down specific parts of the development and increased the difficulty of the process.  
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5. Evaluation Process 

This section addresses the validation of the usability of the new features. The validation 

was performed with a copy of HandSpy in the production environment. The HandSpy 

version, containing the new functionalities, was provided to the M-BW researchers, for 

this purpose. The evaluation process was separated into two parts:  

• Validations of the correctness of the data. 

• Evaluation of the User Experience (UX) of the new feature. 

5.1. Evaluation of Data Correctness 

Test protocols were provided, by the M-BW researchers for this part of the validation 

process. They were imported, using the front end, into the HandSpy v2.4. Those 

protocols were already previously analyzed by the scientists, so they had previous 

information on what the expected result should be. The imported data was then 

compared with the information previously analyzed on Acqknowledge. The difference 

between the two readings was then evaluated together with the M-BW researchers. 

 

After completing the import process, the validation of the readings was performed. 

Specific intervals were identified as "important" by the researchers, and the values 

related to them were analyzed separately. The results showed a slight deviation from 

the Acqknowledge values, but it was considered within "acceptable-range" by the 

researchers. Random QRS complexes were selected and compared with the ECG 

signal from the source. This investigation confirmed that there were QRS complexes 

detected in the approximate vicinity of the provided timestamps. 

 

The testing was performed according to the following scenario: 

1. M-BW Researcher: chooses a word (Example: ‘preocupados) 

2. HandSpy Team: 

a. The time interval which contains the windows. (Example: 16) 

b. The time frame of the interval. (Example: 11m 07sec  to 12m 08s) 

c. Identify the Min/Avg/Max of the interval  

(Example: 78.74/91.1/101.01 bpm) 

d. Approximate time of the top reading. (Example: 676.000s) 

3. M-BW Researcher: 

a. Shows the Acqknowledge screen for the interval 
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b. Validate the differenced for the interval on their side 

( Example: Min/Avg/Max - 80.1/91.2/102.1) 

c. Show the graphic representation of the function and validate the 

QRS complex (Example: Q wave starts at approximately 675.800s 

and S wave ends at approximately 676.200s)  

4. Repeat the test with another interval of interest. 

5.2. Evaluation of UX 

To test the usability of the new feature a questionnaire was sent to the researchers, 

together with instructional videos, containing a brief explanation of how it works. The 

objective was to determine if the M-BW researches find the new interface easy to use 

and intuitive enough to be helpful in future research.  

 

The questionnaire was split into different categories, each of which contained questions 

about a specific aspect of the new feature. For every question, the researchers could 

either respond with “N/A” or with a number grade between 0 and 5. In this scale, 0 is 

the lowest possible grade, and 5 is the highest. The groups are as follows: 

 

• Functionality – How close is the feature, to the requested implementation 

• User Interface – How intuitive and easy to use is the UI for the new feature 

• Flexibility – How flexible is the new feature to perform exploratory analysis and 

non-standard studies 

• Compatibility – How compatible is the new feature with older analyzed 

protocols. 

• Overall Classification – Appreciation/Personal opinion about the new feature 

and the time it takes to add new sources of data 

 

The results of the questionnaire showed that the new feature was positively accepted. 

It received an overall high average of 4.17 on the scale of 0 to 5. The lowest-ranked 

question and the only one answered with less than 3, was the evaluation of the new 

UI/UX for the feature. The low score is not a critical issue since HandSpy v3 comes 

with a completely new user interface. Due to the complete remake of the visual 
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component in the next version, any effort spent on improving the interface will be a 

waste of time and resources. 

 

Figure 18 Evaluation Questionaire results by category 
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6. Conclusions 

With this implementation of metrics on HandSpy, the platform is prepared to integrate 

with other platforms. This feature will be helpful for the evolution of the platform and the 

M-BW project because the more information we integrate into the platform, the 

smoother, the future of the project will be. With the new feature active, we can easily 

add new indicators, which can prove to be essential to the research in the future. 

Hopefully with the SLATE article submitted this year [4], and the progress of the MB-W 

project, HandSpy will gain enough attention to bring new requests for new 

implementations and the improvement of the existing features. 

 

This implementation is just one step towards showing psychophysiological data on 

HandSpy. Currently, HandSpy supports only the import of protocols from 

Acqknowledge, which is a static import process. There are ways to improve this 

process in the future in many ways, ranging from streaming data to APIs. Those 

changes can improve both the flexibility and the value of the platform. 

 

Another improvement is the integration of the new feature into HandSpy v3. The latter 

has greatly improved the UI, which also resulted in a complete rewrite of segments of 

the codebase. Thanks to this, the old version contains features that are incompatible 

with the new version. Because of this, the metrics representation module needs to 

adapt to the new front-end implementation. 

 

Due to the parallel development of the newer version of HandSpy (v3), a lot of the 

refactoring required was not applied. Besides integrating the new feature, the new code 

requires substantial improvement to the quality of the codebase. Unless this issue is 

addressed by the next development teams, the evolution of the platform will suffer in 

the future.  The implementation of the Heartrate metric was the first step towards 

allowing nearly effortless integration between HandSpy and other platforms. While 

there is still a lot to do, the base for the future evolution exists.   
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