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Abstract 
 

Long COVID is a clinical syndrome characterised by the presence of certain symptoms 

related to SARS-CoV-2 infection, which occur or persist for weeks or months after 

recovery from the acute infection. The clinical picture may vary from patient to patient 

and the symptoms experienced are not always immediately traced back to the previous 

infection.  

This study deals with the measurement, management and analysis of data on 

neurological consequences in individuals with long COVID, within the 'Happy Again' 

study (https://www.essex.ac.uk/research-projects/happy-again), a project developed 

by the University of Essex.  

Within the 'Happy Again' platform (https://happyagain.essex.ac.uk/), participants can 

take part in a series of cognitive assessments. These assessments take place using 

questionnaires and a battery of sensory and cognitive tests, all designed to record 

behavioural markers that correlate with possible neuropsychological deficits.  

The results of these tests, together with the answers to the questionnaires, are 

systematically stored in the database for subsequent analysis. My role initially consisted 

of ensuring the integrity of the database in the face of, for example, computer intrusion 

attempts or internet connection interruptions that could cause duplicate tests.  

However, the heart of this thesis was the systematic analysis of the data, with a focus 

on the questionnaires and one of the tests, the word categorisation test.  

I was also involved in synthesising new Long Covid severity indices by means of factor 

analysis.  

My thesis consists of a comprehensive account of the work that led to the creation of 

the 'Happy Again' web application, detailing the evolution of the system's development, 

architectural choices and implementation strategies, highlighting the changes 

introduced, the data analysis, the implementation methods employed and the 

results obtained. 
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Chapter 1 
 

1.1 Introduction 
 

In recent history, a novel and highly contagious virus known as COVID-19 has emerged, 

leaving an indelible mark on global health. The genesis of this virus came into sharp focus 

in December 2019 when Chinese health authorities, keenly aware of a growing mystery 

in the city of Wuhan, alerted the World Health Organization (WHO). This alert centered 

around a cluster of pneumonia cases that presented with no apparent cause, 

confounding experts, and setting the stage for a scientific and medical race against the 

unknown. 

The days and weeks that followed saw a remarkable unravelling of the virus's genetic 

code. By January 2020, Chinese scientists had pinpointed a new coronavirus as the 

culprit behind the puzzling illness. WHO officially christened the respiratory disease as 

COVID-19, which stands for "Coronavirus Disease 2019." The virus itself received the 

name SARS-CoV-2 due to its close genetic resemblance to the severe acute respiratory 

syndrome coronaviruses, SARS-CoVs, that had previously threatened humanity. 

The virus, seemingly relentless in its quest for global reach, quickly transcended 

international boundaries. Within weeks of its initial discovery, COVID-19 had become a 

ubiquitous presence, defying geographical limitations. This marked a pivotal moment in 

global health, a moment when the world collectively braced itself for the challenges that 

lay ahead. 

March 11, 2020, stands out as a date etched in history, a momentous day when the 

WHO declared COVID-19 a pandemic [1]. The declaration, an acknowledgment of the 

virus's worldwide impact, serving as a reminder of the magnitude of the challenge 

humanity faced. 

Fast-forwarding to September 2022, the world continues to grapple with the COVID-19 

pandemic. Its effects have been profound, touching the lives of over 600 million 

individuals worldwide and leading to the tragic loss of approximately 6 million lives. The 

virus has exhibited a wide spectrum of clinical manifestations, from asymptomatic cases 

to severe respiratory distress and multiorgan failure. Fortunately, many individuals, 

irrespective of symptom severity, have successfully recovered from their infections, 

underscoring the resilience of the human body. 

Yet, the story of COVID-19 extends far beyond its initial impact. As the pandemic 

unfolded, a new adversary emerged the shadow of "Long COVID" or "Post-COVID-19 
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Syndrome." This condition has left countless survivors grappling with a myriad of 

lingering symptoms that persist for weeks, months, or even longer after the initial 

infection.  

In conclusion, the emergence of COVID-19 in late 2019 marked a turning point in global 

health, ushering in an era defined by unprecedented challenges and shared resilience. 

The ongoing battle against this novel disease underscores the vital importance of 

continued research, healthcare support, and vaccination efforts as we navigate the 

complex landscape of COVID-19 and its enduring impact on our world. 

The spectrum of symptoms linked to the COVID-19 virus is quite varied. It spans from 

instances where no noticeable symptoms are present to more severe cases that can 

provoke acute respiratory distress syndrome and multiorgan failure, carrying a 

heightened risk of mortality. Fortunately, the majority of individuals who contract 

COVID-19 tend to recover within a relatively brief period, ranging from a few days to 

several weeks, regardless of the initial seriousness of their symptoms. 

Yet, a puzzling facet of COVID-19 unfolds when we consider the experiences of some 

individuals. These individuals find themselves in the realm of "Long COVID" or "Post-

COVID-19 Syndrome." This enigmatic condition presents a complex tapestry of 

symptoms that can persist for weeks, months, or even extend into a much longer 

timeframe. It's like a persistent shadow of the initial infection, affecting various organs 

and systems within the body. 

The scientific community has pivoted its attention to the enigma of Post-COVID-19 

Syndrome. While Long COVID's impact on the population is evident, and it's formally 

recognized as a clinical entity, ongoing research endeavors seek to delve deeper into its 

characteristics. These include unraveling the prevalence, nature, and severity of the 

persistent effects, as well as understanding how they might interconnect with variables 

such as the initial disease's severity and the presence of preexisting medical conditions. 

The University of Essex, driven by these motivations, has initiated a project named 

'Happy Again,' focused on investigating the health impacts on COVID-19 patients, 

spanning from physical to psychological aspects. Individuals affected by this syndrome 

can exhibit a wide range of symptoms, from the common, such as fever, cough, and cold, 

to more severe symptoms like shortness of breath or difficulty in performing daily tasks. 

Specifically, my contribution to this study aims to analyze the information gathered 

regarding the conditions and symptoms of patients to better understand cognitive and 

neurological aspects. 

The primary goal of the research is to determine if these markers of cognitive 

functioning and neural integrity are influenced by COVID-19 and if such effects are 

systematically related to the experience and severity of persistent symptoms. By 
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addressing these issues, we can provide support to researchers, medical professionals, 

and rehabilitation therapists in better understanding which aspects of neural 

functioning to target for assessing risk and recovery, with the aim of restoring optimal 

mental and physical functioning after COVID-19. 

The behavioral markers under study include response speed and accuracy to visual and 

auditory stimuli, the "temporal binding window" of sensory integration, sensory 

adaptation responses, and retention of verbal information. The project involves the 

development of a web application through which participants will be asked to perform 

various tasks and respond to surveys to collect the markers. The main idea was to deliver 

a fully developed, tested, and ready-to-use web application that benefits participants, 

allowing them to complete tasks from the comfort of their homes worldwide, and 

researchers, who gain access to a fully operational tool usable for future studies. 

This work delineates my role within the collaborative research conducted in partnership 

with the University of Essex. Throughout this project, I had the opportunity to work 

within a team comprised of fellow students from the University of Essex. Each member 

of our team assumed specific responsibilities, with my primary focus encompassing data 

analysis. However, my involvement extended beyond this role to include aspects of 

security, maintenance, and innovation pertaining to the web application. 

My initial contributions centered on the development of an administrative area, 

designed to facilitate the work of psychologists by providing them with streamlined 

access to the collected data. Subsequently, I worked on the implementation of user 

reminder systems aimed at prompting participants to complete their assigned tasks. The 

project then evolved to encompass robust security measures to safeguard against 

potential attacks or intrusions. This included the creation of a multi-layered security 

system incorporating one-time password (OTP) registration and CAPTCHA mechanisms. 

In summary, my role within this research project was multifaceted, encompassing data 

analysis, security enhancement, and the development of user-friendly features within 

the web application. These efforts collectively contribute to the comprehensive 

investigation and analysis of cognitive functions and neural integrity in the context of 

COVID-19. 
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Chapter 2 
 

2.1 Overview 
 

COVID-19 is the disease caused by the SARS-CoV-2 coronavirus [2]. This virus primarily 

spreads through close human-to-human contact.  

Coronaviruses represent a family of viruses known as Coronaviridae. What distinguishes 

these viruses is their appearance under a microscope – they exhibit a distinctive crown-

like or coronal shape, attributed to the presence of club-shaped glycoprotein spikes on 

their envelopes. This unique feature is the origin of their name. 

In terms of genetic makeup, coronaviruses possess a genome comprising a single strand 

of positive-sense RNA (ribonucleic acid). This genetic material serves as the blueprin for 

the virus's replication and functions as a vital component of its structure and life cycle. 

 

2.1.1 SARS 
 

Severe Acute Respiratory Syndrome (SARS) is a viral respiratory illness caused by a 

specific type of coronavirus known as SARS-associated coronavirus.  

SARS is classified as an airborne virus, primarily disseminating through tiny saliva 

droplets, much like the transmission mode of the common cold and influenza. Notably, 

it marked the emergence of the first severe and highly transmissible novel disease in the 

21st century. Moreover, it demonstrated a remarkable capacity to traverse international 

borders facilitated by global air travel networks. 

In addition to direct airborne transmission, SARS can also be indirectly transmitted via 

contaminated surfaces that have been touched by individuals carrying the virus. 

Coronaviruses, including those responsible for SARS, share common characteristics such 

as their ability to infect the respiratory system, leading to symptoms like fever, cough, 

and difficulty breathing. They are also known for their capacity to spread from person 

to person through respiratory droplets, making them contagious. 
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Figure 1. SARS-CoV-2 [3]. 

 

 

2.2 Symptomatology 
 

COVID-19 symptoms vary among individuals and typically appear 5–6 days after 

exposure, lasting up to 14 days. Common symptoms include fever, chills, and a sore 

throat. Less frequent symptoms encompass muscle aches, fatigue, headache, cough, 

shortness of breath, and changes in taste or smell. 

Urgent medical attention is necessary if experiencing severe breathing difficulties, 

confusion, chest pain, cold/clammy skin, or loss of speech/movement. Individuals with 

underlying health issues (e.g., immunosuppression, chronic conditions) should promptly 

seek medical advice when concerned about their COVID-19 condition. 

Severe COVID-19 consequences may include death, respiratory failure, sepsis, blood 

clots, and organ damage (heart, liver, kidneys). In rare cases, children may develop an 

inflammatory syndrome a few weeks after infection. 
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Some COVID-19 survivors experience persistent symptoms, known as long COVID. 

Common long COVID symptoms include fatigue, breathlessness, and cognitive issues, 

impacting daily functioning like work and chores. 

 

2.3 Coronavirus and the impact on the Nervous System: 

Understanding Neurological Aspects 
 

Research findings indicate that the numerous neurological symptoms associated with 

COVID-19 may not be a direct result of the virus infiltrating the brain or nervous system. 

Instead, these symptoms are likely linked to the body's robust immune response when 

combating the infection. In some cases, the immune system's reaction to SARS-CoV-2 

can be overly aggressive, potentially causing harm to various bodily systems. 

Studies examining the cerebrospinal fluid, which envelops the brain, in individuals 

infected with SARS-CoV-2 have revealed alterations in the immune system. Notably, 

antibodies produced by the immune system to combat the virus have been detected in 

this fluid. These antibodies may also interact with the nervous system. Importantly, 

there is currently no substantial evidence of widespread viral infection occurring within 

the brain. 

Understanding how the virus impacts the brain and other organs over the long term is 

an ongoing area of scientific investigation. Researchers are only beginning to delve into 

the role of autoimmune reactions and other mechanisms that may underlie the 

collection of symptoms some individuals experience post-recovery. 

The ultimate question remains unanswered: whether any damage inflicted on the 

nervous system or other bodily organs leads to lingering effects that will naturally 

resolve with time, or if COVID-19 may establish a more enduring, possibly chronic, 

disorder. 

The majority of individuals infected with the SARS-CoV-2 virus typically encounter either 

no symptoms or experience only mild to moderate manifestations linked to the brain or 

nervous system.  

In contrast, a significant proportion of individuals requiring hospitalization due to the 

virus do present with symptoms associated with the brain or nervous system. These 

frequently observed symptoms among hospitalized patients encompass muscle 

discomfort, headaches, sensations of dizziness, and alterations in the sense of taste and 

smell. 
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COVID-19 has the potential to trigger seizures or significant strokes. Among those who 

need intensive care due to the infection, it is common to encounter muscular weakness, 

nerve damage, and various forms of pain syndromes [4]. 

These post-complications often manifest as an overwhelming sense of fatigue coupled 

with an array of associated symptoms. These may encompass difficulties in maintaining 

focus and memory, disruptions in sleep patterns, fluctuations in heart rate, persistent 

cough, shortness of breath, challenges in achieving restful sleep, an inability to engage 

in physical activities at previous levels, and discomfort in muscles, joints, and the chest 

region. 

The precise mechanisms through which the infection gives rise to these enduring 

symptoms and why they affect certain individuals and not others remain a subject of 

ongoing investigation and remain shrouded in uncertainty. This research is actively 

exploring these aspects to gain a deeper understanding of the complexities surrounding 

post-acute complications of COVID-19. 

 

2.4 Long Covid 
 

As we discussed before, some individuals who have contracted the virus responsible for 

COVID-19 may encounter enduring repercussions from their infection, recognized as 

Long COVID or Post-COVID Conditions (PCC). Long COVID encompasses a wide spectrum 

of signs, symptoms, and health issues that persist or develop following the resolution of 

acute COVID-19 infection. This comprehensive definition of Long COVID has been 

collaboratively established by the Department of Health and Human Services (HHS), in 

partnership with the CDC and various other stakeholders.[5] 
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Figure 2. An umbrella of symptoms and comorbidities have been documented in relation 

to Long COVID [6]. 

 

 

Individuals grappling with Long COVID can endure a broad spectrum of symptoms that 

may persist for weeks, months, or even extend into years following the initial infection. 

Notably, these symptoms can exhibit a perplexing pattern, occasionally subsiding only 

to resurface later. 

It is imperative to acknowledge that Long COVID does not manifest uniformly among all 

affected individuals. The constellation of symptoms can vary widely, with different types 

and combinations emerging, lingering, resolving, and reappearing over variable 

durations. 

Commonly reported symptoms in individuals with Long COVID encompass: 
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General Symptoms : 

1. Persistent Fatigue: Overwhelming tiredness or fatigue that significantly disrupts 

daily life. 

2. Post-Exertional Malaise: Symptoms exacerbating following physical or mental 

exertion. 

3. Fever: Occasional fever episodes. 

Respiratory and Cardiac Symptoms: 

1. Breathing Challenges: Difficulty in breathing or shortness of breath. 

2. Cough: Persistent coughing. 

3. Chest Discomfort: Chest pain. 

4. Heart Palpitations: Experiencing a rapid or pounding heart rate. 

Neurological Symptoms: 

1. Cognitive Impairment: Difficulty with thinking or concentration, often referred 

to as "brain fog." 

2. Headaches: Frequent or persistent headaches. 

3. Sleep Disturbances: Problems with sleep patterns. 

4. Lightheadedness: Dizziness upon standing up. 

5. Pins-and-Needles Sensations: Abnormal tingling sensations. 

6. Altered Taste or Smell: Changes in the sense of taste or smell. 

7. Mood Disorders: Instances of depression or anxiety. 

Digestive Symptoms: 

1. Diarrhea: Frequent episodes of diarrhea. 

2. Abdominal Pain: Stomach discomfort or pain. 

Other Symptoms: 

1. Muscle or Joint Pain: Aching in muscles or joints. 

2. Skin Rash: Occurrence of rashes on the skin. 

3. Hair Loss 

4. Menstrual Changes: Alterations in menstrual cycles. 
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March 5, 2023, reports [7] indicate that Long COVID symptoms have been observed to 

last anywhere from three months to two years or more. The precise duration of the 

condition remains a subject of ongoing investigation and varies among affected 

individuals. 

In the United Kingdom, as of the same date, it was estimated that approximately 1.9 

million people were self-reporting as having Long COVID. Among these individuals: 

• 92% had been experiencing Long COVID symptoms for a minimum of 3 months. 

• 69% had been grappling with Long COVID symptoms for at least a year. 

• 41% had been enduring Long COVID symptoms for a duration of at least two 

years. 

These statistics highlight the significant and, in some cases, protracted impact that Long 

COVID can have on individuals' lives, reinforcing the importance of ongoing research and 

healthcare support for those affected. 

 

2.5 The diagnosis 
 

the diagnosis of Long COVID involves a multifaceted approach that does not rely on a 

single definitive test. Instead, it encompasses a thorough clinical evaluation and a 

meticulous examination of the individual's medical history and symptomatology.  

The first step is a detailed medical history: The initial step in diagnosing Long COVID 

entails an in-depth exploration of the patient's medical history. This includes a 

comprehensive inquiry into their past COVID-19 infection, encompassing the nature and 

severity of initial symptoms and any complications encountered during the acute phase 

of the disease. 

Healthcare practitioners engage in a meticulous assessment of the multitude of 

symptoms that the individual has been experiencing. Long COVID typically presents with 

a diverse array of symptoms affecting various bodily systems. This evaluation seeks to 

capture the full spectrum of these manifestations. 

The diagnostic process for Long COVID necessitates the exclusion of other underlying 

medical conditions that could potentially account for the persistent symptoms. This may 

involve a battery of tests and screenings aimed at ruling out alternative diagnoses. 

In certain instances, individuals grappling with Long COVID may be referred to specialists 

who possess expertise in managing the specific symptoms they are experiencing. This 
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interdisciplinary approach ensures that the diverse range of symptoms is addressed 

comprehensively. 

Given the evolving and enduring nature of Long COVID, continuous monitoring of 

symptoms over an extended period is integral to its diagnosis. This extended 

observation helps in confirming the persistence of symptoms and tracking any changes 

that may occur over time. Healthcare providers may recommend periodic follow-up 

assessments to gauge the progress of the condition. 

While there is no singular, definitive test for Long COVID, ongoing research is dedicated 

to the development of objective diagnostic tools and biomarkers that can facilitate its 

identification. Such potential diagnostic measures may encompass blood tests, 

advanced imaging studies, and other assessments designed to pinpoint specific 

physiological or biochemical alterations associated with Long COVID. 

 

2.6  Behavioural Traits 
 

It has been observed, within the clinical context, that individuals afflicted by COVID-19 

may manifest neurological and cognitive ramifications. Consequently, a compelling 

imperative has arisen to harness a set of systematic and objective metrics, rooted in 

behavioral manifestations, for the comprehensive delineation of these repercussions. 

In this pursuit, a concerted effort is dedicated to the scrutiny of an array of behavioral 

metrics, each of which serves as a window into the intricate tapestry of these effects: 

1. Responsiveness: The velocity and precision with which individuals respond to 

both visual and auditory stimuli, ascertaining their cognitive acuity and 

processing capabilities. 

2. Temporal Integration: Delving into the 'temporal binding window' within the 

realm of sensory integration, unraveling the nuances of how sensory information 

converges over time. 

3. Sensory Adaptation: Exploring the adaptational responses exhibited by sensory 

faculties, shedding light on the adaptive mechanisms that come into play. 

4. Verbal Information Retention: A comprehensive examination of the capacity to 

retain and retrieve verbal information, elucidating potential memory and 

cognitive deficits. 
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In order to meticulously capture these behavioral facets, the Happy Again web 

application employs a battery of scientifically validated behavioral assessments. A 

comprehensive exposition of each behavioral evaluation utilized within the application, 

elucidating the specific markers acquired through these assessments, is elaborated upon 

in the ensuing sections. 

 

2.6.1 Word Categorization 
 

The Word Categorization Task defines the so called ‘Memory Experiment’. The primary 

aim of this empirical study is to meticulously examine the implicit memory patterns in 

Covid-19 patients by analyzing their responses to item recognition confidence, focusing 

on Event-Related Potentials (ERPs) [8]. This multifaceted experiment is composed of two 

distinctive phases: Word Categorization and Word Recognition, each designed to delve 

into various aspects of memory and cognition. 

Experimental Phases: 

1. Word Categorization: In the initial stage, known as Word Categorization, participants 

are presented with a series of uppercase words sourced from the esteemed Medical 

Research Council Psycholinguistics Database. These words, characterized by an average 

length of 4.89 letters (with a range from 3 to 8 letters), serve as the stimuli for this phase. 

Participants are tasked with categorizing each word as representing either a living or 

artificial entity. This phase is bifurcated into two blocks, each comprising 65 distinct 

words. Participants respond with a binary choice, signaling 'yes' or 'no' based on the 

word's association with living or artificial objects. 

2. Word Recognition: Subsequently, participants progress to the Word Recognition 

phase, called also Memory Task, where they confront a set of 130 words carried over 

from the Word Categorization task, alongside 70 entirely new words drawn from the 

same database. These words are presented in four separate blocks, with each block 

containing 50 words. Participants are initially required to indicate their confidence in 

recognizing each word on a 5-point scale, ranging from 'I'm sure it's new' to 'I'm sure it's 

old,' thereby offering a nuanced evaluation of their memory recall. If respondents rate 

a word as 'old' (i.e., they believe they have encountered it before), they are further 

prompted to identify the specific category it belongs to, based on the earlier distinctions 

of 'alive vs. not alive' or 'manmade vs. not man-made.' This categorization is carried out 

on a similar 5-point scale, ranging from 'I'm sure it's from alive list' to 'I'm sure it's from 

manmade list,' enabling a fine-grained assessment of their memory retrieval processes. 
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This experiment serves as an essential exploration into the intricate workings of memory 

and cognition, particularly within the context of Covid-19 patients. By scrutinizing item 

recognition confidence responses and their implicit memory implications, we aim to 

contribute valuable insights to the field of neuropsychology. Each phase of this study, 

from Word Categorization to Word Recognition, has been meticulously designed to 

unravel the nuances of memory retention and retrieval, ultimately shedding light on the 

cognitive repercussions of Covid-19. 

 

2.6.2 Movement Perception 
 

The primary aim of this experiment is to delve into the realm of multisensory awareness 

by assessing an individual's capacity to discern and interpret the speed and trajectory of 

objects within a visual scene. This intricate process involves the integration of sensory 

information from various sources, including visual cues, vestibular signals, and 

proprioceptive feedback. 

The experiment commences with a critical phase where participants are instructed to 

maintain their gaze upon a central fixation point, presented briefly to establish a 

baseline for visual attention. 

Subsequently, participants are exposed to a dynamic visual pattern that unfolds on the 

screen. This visual scenario introduces a layer of complexity, as it incorporates elements 

moving at varying speeds and directions. Importantly, after an approximately 3-second 

interval, a brief test stimulus is introduced, characterized by motion in a distinct 

direction. 

Participants are then tasked with the pivotal role of identifying the perceived direction 

of motion. This critical element of the experiment requires participants to translate their 

multisensory inputs into a conscious perception of the motion's trajectory. It is essential 

to note that this dynamic pattern may initiate randomly either from the left or the right 

side, and this direction will remain consistent for half of the total trials. The remaining 

trials will involve motion in the opposite direction. This variation adds an additional layer 

of complexity to the task, necessitating the integration of multisensory cues to make 

accurate judgments. 

The experiment is systematically repeated to ensure comprehensive data collection. In 

total, participants are subjected to 10 trials, each designed to capture the nuances of 

their multisensory perception capabilities. 
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2.6.3 Target Detection 
 

This experimental task centers around the Posner Paradigm, a widely recognized 

framework for the investigation of visual attention dynamics. Within this paradigm, the 

primary objective is to probe participants' ability to swiftly detect and respond to target 

stimuli. Specifically, the stimuli in question consist of circles, each exhibiting a distinct 

contrast pattern, either darker on the upper or lower segment. Participants are tasked 

with precisely identifying the side of the circle displaying greater darkness. 

The stimuli are strategically presented on either the left or right side of the screen, a 

crucial factor in this experiment. Participants are provided with cues that precede the 

appearance of the stimuli, serving as directional guides for their attention. 

These directional cues come in two forms: valid and invalid. A valid cue accurately directs 

participants' attention toward the same side as the impending target stimulus. 

Conversely, an invalid cue purposefully misleads participants by pointing in the opposite 

direction of the forthcoming target. For instance, an arrow indicating the left side of the 

screen may precede a target appearing on the right side, posing a cognitive challenge 

for participants. 

Adding an additional layer of complexity, some target stimuli are accompanied by the 

introduction of white noise sounds, functioning as distractor stimuli. These auditory 

elements serve to further test participants' capacity to discern and respond to the visual 

targets amidst competing sensory information. 

The experiment unfolds in two distinct blocks, each originally designed to encompass 

128 trials. However, a unique feature of this task is the incorporation of a learning 

mechanism. Upon the completion of each block, any trials answered incorrectly are 

systematically reintroduced until participants achieve perfect accuracy. This feature 

ensures a comprehensive evaluation of each participant's visual attention capabilities. 

 

2.6.4 Loudness Perception 
 

The primary objective of this assessment is to investigate the potential decline in sensory 

adaptation among individuals affected by Covid-19. This examination delves into the 

realm of loudness perception and how it evolves over time in response to auditory 

stimuli. 
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Participants are exposed to a continuous auditory stimulus—a soft, continuous pure 

tone characterized by its low volume, typically registering below 40 decibels SPL (Sound 

Pressure Level). [9] This auditory baseline sets the stage for the ensuing investigation. 

To assess loudness perception and sensory adaptation, a high-pitched beep, interwoven 

with subtle white noise elements, is intermittently introduced into the soundscape. This 

dynamic auditory challenge unfolds over an approximate duration of 3 minutes. 

At precise intervals of 20 seconds, this perceptual exploration takes shape as 

participants are prompted, a total of 9 times, to engage in a comparative analysis. They 

are tasked with evaluating whether the high-pitched beep they currently hear is of equal 

loudness to a predetermined reference beep or if it registers as quieter. 

 

2.6.5 Flash Beep 
 

This research endeavor centers on a Temporal Order Discrimination (TOD) task that aims 

to delve into the realm of multisensory integration, seeking a profound understanding 

of how individuals perceive the sequencing of auditory and visual stimuli. 

Participants engage in a sensory sequencing assessment wherein they are presented 

with two distinct sensory cues—an auditory beep and a visual flash. The core objective 

is to determine the temporal order in which these cues were presented. 

Adding a layer of complexity, the experiment introduces a variable known as Stimulus 

Onset Asynchrony (SOA), which encompasses a spectrum of 15 diverse temporal 

intervals, measured in milliseconds. These intervals span a range from -400 to 400 

milliseconds (-400, -240, -200, -160, -120, -80, -40, 0, 40, 80, 120, 160, 200, 240, 400). 

The positive values signify instances where the visual flash preceded the auditory beep, 

while the negative values denote cases where the auditory beep preceded the visual 

flash. This variability in SOA creates a rich landscape for investigating the intricate 

dynamics of sensory integration. 

To ensure a comprehensive exploration of multisensory integrity, participants undergo 

a total of 120 trials, each presenting a unique combination of auditory and visual stimuli. 

This extensive trial design allows for the collection of detailed data on individuals' ability 

to discern the temporal order of sensory events. 
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2.7 Questionnaires 
 

In the pursuit of precision and the acquisition of a holistic comprehension of each 

participant's unique circumstances, a series of meticulously crafted questionnaires serve 

as invaluable instruments. These questionnaires play a pivotal role in this study, 

contributing to the comprehensive profiling of participants and the generation of 

profound insights into their conditions. 

Unlike traditional questionnaires with predetermined fixed sets of questions, this study 

employs a dynamic approach. The number of questions within each questionnaire is not 

preordained; rather, it adapts and evolves in real-time, tailored to the participant's 

individual responses. This dynamic adaptation ensures that every questionnaire is a 

bespoke experience, modelled by the participant's previous answers. 

These questionnaires serve as windows into the tapestry of each participant's 

experiences, thoughts, and perceptions. By presenting one question at a time and 

allowing responses to influence subsequent queries, a nuanced narrative unfolds. 

Participants are guided through a personalized journey that explores their cognitive 

processes, emotions, and unique perspectives. 

One of the primary functions of these questionnaires is to facilitate precise participant 

targeting. Through a careful and deliberate inquiry process, the study gains access to 

valuable information that aids in the identification and selection of participants whose 

profiles align with the study's objectives. 

In essence, these questionnaires are not just tools for data collection; they are dynamic 

instruments of inquiry, carefully designed to unlock the full spectrum of participant 

experiences and perceptions, ultimately enriching the study's outcomes and enhancing 

our understanding of the complex human factors at play. 

 

2.7.1 Covid 
 

Within the framework of this study, a comprehensive questionnaire has been 

meticulously crafted to unravel the multifaceted aspects of participants' encounters 

with Covid-19 and the enduring impact it may have left in its wake. 

Overview of Questionnaire Components: 

1. Covid-19 Encounter: At the heart of the questionnaire lies a series of inquiries 

designed to discern the nature of participants' interactions with Covid-19. Participants 
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are prompted to elucidate whether they have directly experienced Covid-19, specifying 

if it was confirmed through testing, suspected but not confirmed, or if they have 

remained untouched by the virus. 

2. Multiple Episodes: The questionnaire also explores the possibility of recurrent Covid-

19 encounters, inquiring if participants have faced the virus on multiple occasions. 

3. Symptom Severity Assessment: Participants are tasked with reflecting upon the 

severity of their Covid-19 symptoms, considering the most severe episode they have 

endured. This allows for a nuanced evaluation of symptomatology. 

4. Symptom Hierarchy: An innovative drag-and-drop interface is introduced, enabling 

participants to meticulously rank their experienced symptoms in order of severity, from 

the most debilitating to the least impactful. 

5. Additional Symptoms: The questionnaire delves into the realm of additional 

symptoms, inviting participants to recount any symptoms beyond the conventional 

spectrum. 

6. Recovery Duration: Duration of recovery becomes a pivotal point of inquiry, offering 

insights into the temporal aspects of participants' post-Covid-19 journey. 

7. Vaccination History: The questionnaire inquires about participants' vaccination 

history, encompassing whether they have received the full array of available 

vaccinations or have opted to abstain. 

8. Vaccination and Subsequent Infection: For those who have had Covid-19, an 

additional exploration is undertaken to ascertain if the infection occurred following 

vaccination. 

9. Post-Covid-19 Syndrome Examination: A critical facet of the questionnaire revolves 

around the presence of Post-Covid-19 Syndrome, with options to validate a diagnosis, 

suspect without confirmation, or report a complete absence of symptoms extending 

beyond the 12-week threshold. 

10. Coping Strategies: The questionnaire is attuned to the diverse strategies employed 

by participants in managing the enduring effects of Long Covid, including devices, 

medications, or therapeutic approaches. 

11. Cataloging Long-Lasting Symptoms: A comprehensive list of potential long-lasting 

symptoms or effects is presented, allowing participants to select all that resonate with 

their experience. 

12. Persistent Symptoms Inquiry: Participants are prompted to divulge if they continue 

to experience any of the aforementioned long-lasting symptoms. 
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13. Impact on Daily Life: A critical aspect of the questionnaire probes the extent to which 

enduring symptoms affect participants' daily lives, spanning from no discernible 

limitations to severe restrictions necessitating nursing care or support. 

14. Participant Narratives: Finally, participants are afforded the opportunity to share 

their unique narratives, adding a qualitative layer to their journey with Covid-19 and its 

enduring effects. 

In essence, this questionnaire transcends mere data collection, serving as a dynamic and 

insightful instrument that strives to illuminate the diverse dimensions of participants' 

experiences with Covid-19, enriching our comprehension of the intricate aftermath of 

this global health challenge. 

In essence, this questionnaire transcends mere data collection, serving as a dynamic and 

insightful tool that seeks to illuminate participants' diverse experiences with Covid-19, 

enriching our understanding and leveraging this data for future factor analysis. 

 

2.7.2 Quality of life 
 

Within the framework of this study, the quality of life questionnaire has been designed 

to explore the multifaceted dimensions of participants' contentment and happiness 

across various facets of their lives. 

1. Material Well-Being: This questionnaire delves into participants' feelings of 

contentment regarding their material comforts. It examines aspects such as their living 

environment, access to nourishing food, daily conveniences, and the security of their 

financial situation. 

2. Health and Vitality: Participants' physical well-being and vitality. 

3. Family and Interpersonal Relationships: The questionnaire scrutinizes the quality of 

relationships participants share with their parents, siblings, and other relatives.  

4. Parenthood and Child-Rearing 

5. Intimate Partnerships: Close relationships with spouses or significant others are 

examined, exploring the depth of emotional connection and contentment within these 

bonds. 

6. Friendship and Social Circles 

7. Contributions to Society 

8. Civic Engagement: Participants' involvement in organizations and public affairs 
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9. Lifelong Learning: The questionnaire delves into the pursuit of knowledge and 

personal growth, including participation in educational pursuits and self-improvement. 

10. Self-Understanding: Participants are invited to reflect on their awareness of 

themselves, encompassing their recognition of personal strengths, limitations, and a 

sense of life's purpose. 

11. Employment and Vocational Satisfaction: Work-related contentment is explored, 

including participants' feelings about their jobs or in-home work responsibilities. 

12. Creative Expression: The extent to which participants engage in creative self-

expression is assessed, including their satisfaction with artistic and expressive outlets. 

13. Social Activities: The questionnaire inquires about participants' satisfaction with 

their social lives, encompassing socializing, attending events, and participating in 

gatherings and parties. 

14. Cultural and Entertainment Engagement: Participants' contentment with leisure 

activities such as reading, listening to music, and enjoying entertainment is examined. 

15. Physical Activity and Recreation: The extent to which participants engage in active 

recreation and physical activities is explored. 

16. Independence and Self-Sufficiency: The questionnaire investigates participants' 

sense of independence and self-sufficiency in daily life. 

 

2.7.3 Fatigue 
 

This questionnaire serves as a comprehensive tool to explore a spectrum of facets 

related to fatigue, energy levels, concentration, and cognitive abilities in participants. 

Through a carefully constructed series of questions, it delves into these critical 

dimensions using a response scale that ranges from “Better than usual” (3) to “Much 

worse than usual” (0).  

Overview of Questionnaire Topics: 

1. Fatigue Management: Participants are invited to reflect on their experiences with 

tiredness and the strategies they employ to manage it. This encompasses issues related 

to the need for more rest and feelings of sleepiness or drowsiness. 

2. Initiation and Energy: The questionnaire delves into participants' ability to initiate 

tasks and their overall energy levels. It explores whether they encounter difficulties 
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starting activities and if they perceive a lack of energy, including muscle weakness and a 

sense of physical weakness. 

3. Concentration and Cognitive Abilities: Participants' cognitive function is a central 

focus of the questionnaire. It probes their ability to concentrate, communicate 

effectively, and recall information. This includes making slips of the tongue when 

speaking, finding it challenging to locate the right words, and assessing memory 

performance. 

 

2.7.4 Personality 
 

This questionnaire serves as a robust tool designed to delve into various dimensions of 

participants' social behaviour, beliefs, thought perceptions, emotional expressions, and 

trust. It comprises a series of statements that invite participants to reflect on these 

diverse facets. 

Overview of Questionnaire Topics: 

1. Social Anxiety Assessment: Participants are encouraged to consider their experiences 

with social anxiety, specifically whether they sometimes avoid crowded places due to 

anxiety and if they feel nervous when meeting new people. 

2. Eccentricity and Beliefs: The questionnaire explores perceptions of eccentricity and 

belief in paranormal phenomena. Participants are prompted to assess whether others 

perceive them as slightly eccentric and if they hold beliefs in telepathy, clairvoyance, 

and other psychic forces. 

3. Thought Perception and Expression: Participants are invited to reflect on their 

thought perception and emotional expression. This includes inquiries about whether 

people comment on their unusual mannerisms and habits, if they have ever experienced 

thought perception related to telepathy, and if they struggle to express true feelings 

through speech and facial expressions. 

4. Trust and Beliefs in Paranormal: The questionnaire delves into participants' trust-

related concerns, such as worries about the loyalty or trustworthiness of friends or 

coworkers. It also assesses beliefs in paranormal phenomena like mind-reading, fortune-

telling, and experiences with astrology, UFOs, ESP, or a sixth sense. 

5. Social Interaction: Participants' social interaction patterns are explored, including 

tendencies to quickly shift topics during conversations, rambling during discussions, and 

difficulties in forming emotional closeness with others. 
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6. Perceptions and Self-Image: The questionnaire delves into perceptions of how 

participants are perceived by others, including whether people take notice of them 

while shopping, feel that others have ill intentions towards them, or experience the 

sensation of being watched or talked about by others. It also explores self-image by 

asking participants to rate themselves as an odd, unusual person and whether they 

possess eccentric (odd) habits. 

7. Emotional Reservedness: Participants' emotional reservedness is investigated, 

including tendencies to keep their feelings to themselves and whether they often feel 

that others have ill intentions towards them. 
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Chapter 3 
 

The Study 
 

3.1 Introduction 
 

This research endeavor seeks to provide a robust methodology for assessing the 

repercussions of Covid-19 on various facets of cognitive function and neural integrity. 

The primary objective is to determine whether these alterations are correlated with the 

persistence and severity of symptoms experienced by individuals post-infection. To 

achieve this, we are embarking on the creation of a comprehensive system that 

welcomes participants worldwide, aged 18 and above, to engage in a series of activities 

and tasks, the results of which will undergo thorough evaluation by a consortium of 

dedicated researchers and medical experts. 

By extending participation to a global community, we aspire to attain a more 

encompassing and representative dataset. This approach ensures that the findings 

gleaned from this research reflect the collective experiences and impacts of Covid-19 on 

a global scale, transcending the confines of a single region or country. 

Participants are encouraged to engage in a diverse array of tasks and questionnaires 

thoughtfully designed to elicit valuable data. These data points are intended to serve as 

valuable insights for medical practitioners and researchers alike. Leveraging cutting-

edge technology, our project endeavors to streamline and expedite the data collection 

process, all the while maintaining the highest standards of data quality. 

 

3.1.2 System Framework and Research Endeavor 
 

The primary aim of this study is to elucidate the intricate effects of COVID-19 on various 

facets of cognitive function and neural integrity. Our mission is to uncover whether 

these changes correlate with the persistence of post-infection symptoms. To facilitate 

this mission, we have established a dynamic platform accessible to a diverse range of 

users aged 18 and above, enabling them to partake in an array of activities. 

Registered users will gain access to our interface that presents an assortment of five 

distinct tasks and five questionnaires, each to be undertaken at the participant's 
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discretion. One key aspect of our methodology is the utilization of responses from a 

normative sample, contributing to the creation of robust norms for each activity. This 

approach ensures the highest degree of reliability in the data collected. Researchers and 

lab assistants are granted comprehensive access to data generated by all activities, 

empowering them to make well-informed decisions and draw insightful conclusions 

based on the wealth of information at their disposal. 

 

3.1.3 Project Purpose 
 

Our endeavor centers on enhancing a versatile platform to ensure maximum 

accessibility and utility for users, administrators, and researchers. This comprehensive 

expansion encompasses various key aspects: 

Our web-based application is designed to seamlessly function across a wide spectrum of 

contemporary web browsers, including but not limited to Chrome, Firefox, and Edge. 

This commitment to compatibility ensures that users can engage with the platform 

regardless of their browser preference. 

The platform prioritizes a user-centric experience, ensuring that participants find task 

completion and questionnaire responses straightforward and intuitive. This focus on 

user-friendliness enhances engagement and data quality. 

Administrators play a pivotal role in overseeing user management within the platform. 

They are responsible for overseeing access, permissions, and user-related functions, 

ensuring a smooth user experience. 

Recognizing the diverse linguistic backgrounds of our participants, our platform offers 

multilingual support. Currently, users can engage with the platform in English, Italian, 

and Spanish, reflecting our commitment to inclusivity. 

In addition to platform enhancements, another fundamental objective of our work 

involves the management and analysis of data provided by participants. We employ 

statistical techniques, including factor analysis, to derive valuable insights from the data 

at our disposal. 

One pivotal outcome of this data analysis is the creation of a Long-COVID Severity Index. 

This index is meticulously constructed using the data gathered, allowing us to gauge the 

severity of long-lasting COVID-19 symptoms comprehensively. 
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3.2 Observations 
 

it is pertinent to highlight that following my integration into the team, the Happy Again 

project had already undergone global development and had undergone partial testing. 

An initial Alpha version was deployed and utilized for data collection and feedback 

gathering. Psychologists from the University of Essex, along with a limited group of 

authorized users, participated in this preliminary phase. 

This early deployment and feedback collection phase were essential in refining the 

project and ensuring that it meets its objectives effectively. It allowed for critical input 

from professionals in the field and real-world user testing to shape the platform's 

functionality and usability. 

The insights and feedback obtained during this phase have played a significant role in 

shaping the project's direction and enhancing its capabilities. 

 

3.2.1 Improvements and Innovation 
 

My role in this dynamic process encompassed the enhancement of pre-existing 

components, bug rectification, bolstering system security, and the seamless integration 

of novel features. It is paramount to acknowledge that each update was invariably 

accompanied by invaluable feedback from both psychologists and users, catalysing the 

continual enhancement and optimization of the application. 

It is essential to underscore that this developmental process adhered to a cyclical 

paradigm, wherein fresh feedback was continually solicited and integrated while 

preexisting concerns were meticulously categorized based on their priority levels: High, 

Medium, and Low. 

The subsequent tables furnish a comprehensive overview of the primary requisites and 

serve as a testament to my active contributions, as substantiated by the GitHub 

commits. 
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Task To fix or to implement 

General - Prevent participants from accessing and completing a 

task more than once through its URL. 

- Send reminders to the participants that successfully 

registered but didn’t complete the tasks. 

- Allow a registration only with an OTP valid code. 

- The information sheet must provide the informations 

about otp codes and the voucher for people of other 

countries. 

Registration - Add in the form the input for the otp code 

Word Categorization - The system must save the time of reaction 

LCSI - Compute long covid severity index for data analysis 

Table 1. High priority requests categorized by task 
 

 

Task To fix or to implement 

Admin Area -Add Statistics download for the word categorization 

task with IC,EC,IW,EW,NG information, information 

rate 

-Add users informations to download: language, 

unique subject code, voucher/no voucher, 

valid/invalid 

Users -Add no voucher users 

Registration -Added new otp code: ‘HappyAgainTrial’ 

Charlie -Add Charlie task in the download area with the info 

about the covid, fatigue, quality and WC statisctics for 

all users 

-Transform each answer to a scale value to 

successively perform the factor Analysis 

-Add LCSI and MT_C 

https://docs.google.com/document/d/1IIvSNIIFPeQx0kH7GW4GZUKTIfiyZ91xUMCmWB3CxOo/edit#bookmark=id.1gf8i83
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Factor Analysis -Implement the factor analysis by normalizing the 

matrix of the data and do the dot product with the 

resultant matrix score coefficients of spss 

MDS -Implemented the Multi Dimensional Scaling matrix 

Table 2. Medium priority requests categorized by task 
 

 

Task To fix or to implement 

Admin area - Downloads of all the tasks for all users 

- Add users info  

- Add correct responses to download of “Word 

Categorization Task” 

- Add word occurrences to download of “Word 

Categorization Task” 

- Update columns of the “Word Categorization Task” 

download with expected ang given responses and the 

name of the task: WC (Word Categorization), MT 

(Memory Task) 

- Update word recognition download with given and 

expected response  

Table 3. Low priority requests categorized by task 
 

3.3 Functional Requirements 
 

When we delve into the process of delineating requisites for a web application project, 

it becomes evident that there exist two distinct categories: Functional Requirements 

and Non-Functional Requirements. 

Functional Requirements are a set of guidelines that specify what a software system 

needs to do, defining its features, capabilities, and behavior. They outline the system's 

actions, interactions with users, and responses to different situations, answering the 

question, "What should the software system achieve?" In essence, they provide a 

detailed description of how the software should function in response to various inputs 

and scenarios. 

We encounter a diverse set of prerequisites born from the initial web application design 

and the iterative feedback process. These requirements, which form the backbone of 

https://docs.google.com/document/d/1IIvSNIIFPeQx0kH7GW4GZUKTIfiyZ91xUMCmWB3CxOo/edit#bookmark=id.1gf8i83
https://docs.google.com/document/d/1IIvSNIIFPeQx0kH7GW4GZUKTIfiyZ91xUMCmWB3CxOo/edit#bookmark=id.1gf8i83
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the application's functionality, have been assembled into a comprehensive framework 

together with the additional ones, as elaborated in the forthcoming section. 

 

Identifier Description 

FR-1 
The application must initiate with a welcoming window displaying study 
information for participants. 

FR-2 
The system is accountable for overseeing the registration process for all 
participants. 

FR-3 
The system is obligated to furnish participants with study information and a 
consent form. 

FR-4 
The system must enable user registration only after participants accept the 
consent. 

FR-5 
The system must transmit an email to the participant for email address 
confirmation and account validation. 

FR-6 
The system must offer the option of resending the confirmation email should it 
go undelivered or become untraceable for the participant. 

FR-7 The system must grant access to all registered participants for signing in. 

FR-8 
The system is mandated to differentiate between participant-users and 
administrator-users. 

FR-9 The system must incorporate a mechanism for password reset. 

FR-10 
The system must afford participants the ability to log in and log out at their 
discretion. 

FR-11 
The system is required to detect and retain metadata concerning the device(s) 
utilized by participants. 

FR-12 
The system must present the tasks and questionnaires in an intuitive and user-
friendly manner. 

FR-13 The system must facilitate participants' return to the home page at any point. 

FR-14 
The system must display the estimated time required to complete each task and 
questionnaire. 

FR-15 
The system must permit participants to complete the “Demographics” 
questionnaire only once and store the results. 

FR-16 
The system must display only the current question of the “Demographics” 
questionnaire. 
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FR-17 
The system must enable scrolling between questions of the “Demographics” 
questionnaire using “PREV” and “NEXT” buttons, which are activated only when 
the current question has been answered. 

FR-18 
The system must allow participants to complete the “Covid” survey only once and 
store the results. 

FR-19 The system must show solely the current question of the “Covid” survey. 

FR-20 
The system must facilitate scrolling between questions of the "Covid" survey using 
“PREV” and “NEXT” buttons, which are activated only when the current question 
has been answered. 

FR-21 
The system must block participants who declare not having had Covid-19 
so they are not able to proceed. 

FR-22 
The system must permit participants to complete the “Personality” survey only 
once and store the results. 

FR-23 
The system is responsible for presenting a comprehensive instructional 
description before participants can initiate the initial part of the “Word 
Categorisation” task. 

FR-24 
The system must afford participants a practice trial for the initial segment of the 
“Word Categorisation” task. 

FR-25 
The system shall enable participants to complete the initial part of the “Word 
Categorization” task following the demo and save the results. 

FR-26 
The system is mandated to present an extensive instructional description before 
participants can commence the second part of the “Word Categorisation” task. 

FR-27 
The system is authorized to allow participants to complete the second part of the 
“Word Categorisation” task and accurately store the results. 

FR-28 
The system must display a detailed instructional description for the "Flash Beep" 
task and prompt participants to select an audio device before they can start. 

FR-29 
The system must provide participants with a practice trial for the “Flash Beep” 
task. 

FR-30 
The system must permit participants to undertake the “Flash Beep” task following 
the demo and save the results. 

FR-31 
The system must present a detailed instructional description for the “Loudness 
Perception” task and prompt participants to select an audio device before 
allowing them to start. 

FR-32 
The system must provide participants with a practice trial for the “Loudness 
Perception” task. 
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FR-33 
The system will allow participants to undertake the “Loudness Perception” task 
following the demo and save the results. 

FR-34 
The system will display a detailed instructional description for the “Target 
Detection” task and prompt participants to select an audio device before allowing 
them to start. 

FR-35 
The system must provide participants with a practice trial for the “Target 
Detection” task . 

FR-36 
The system will enable participants to undertake the “Target Detection” task 
following the demo and save the results. 

FR-37 
The system must present a detailed instructional description for the “Movement 
Perception” task before participants can initiate. 

FR-38 
The system will request participants to configure the screen through a size 
matching exercise before allowing them to start the “Movement Perception” task. 

FR-39 
The system must provide participants with a practice trial for the “Movement 
Perception” task. 

FR-40 
The system shall permit participants to undertake the “Movement Perception” 
task following the demo and save the results. 

FR-42 
The system must allow participants to complete the “Quality Of Life” 
questionnaire only once and store the results. 

FR-43 
The system must display only the current question of the “Quality Of Life” 
questionnaire. 

FR-44 
The system shall facilitate scrolling between questions of the “Quality Of Life” 
questionnaire using “PREV” and “NEXT” buttons, which are activated only when 
the current question has been answered. 

FR-45 
The system must allow participants to complete the “Fatigue” questionnaire only 
once and store the results. 

FR-46 
The system must exhibit solely the current question of the “Fatigue” 
questionnaire. 

FR-47 
The system shall enable scrolling between questions of the “Fatigue” 
questionnaire using “PREV” and “NEXT” buttons, which are activated only when 
the current question has been answered. 

FR-48 
The system is mandated to clearly indicate to participants which tasks they have 
already completed and which ones are available. 

FR-49 
The system must notify researchers through an automated email mechanism as 
soon as a participant completes all the tasks and questionnaires. 

FR-50 The system must enable admin-users to access the dedicated Admin Area. 
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FR-51 
The system must enable admin-users to view the list of active users, the number 
of tasks they have completed, and the timestamp for each completed task. 

FR-52 
The system must enable admin-users to download participants' gathered data, 
both individually and collectively. 

FR-53 
The system must enable admin-users to search for specific participant 
information. 

FR-54 
The system is required to notify admin-users through a web app notification when 
new data becomes available. 

FR-55 
The system must send reminder emails to all the users that successfully registered 
but didn’t complete all the tasks after one week 

FR-56 
The application must inform participants, prior to registration, whether they are 
eligible for a voucher and provide them with a registration code in case they do 
not meet the voucher requirements. 

FR-57 The application must save the information if the user can have or not the voucher 

FR-58 The application must show the captcha before the participant perform the tasks 

FR-59 The application must allow a registration only with a valid otp code 

FR-60 
The application must guarantee a filter for the admins to navigate through 
different types of users 

FR-61 
The application must show in the admin area for each participant in the admin 
area if he can have or not the voucher and a check box to remind if it has been 
sent or not 

FR-62 The application must allow the admins to extend a partecipant  

FR-63 
The system must show in all downloads the information about the users, if is valid, 
if can have the voucher and his uid 

FR-64 
The application must insert in the “Word Categorization Task” download 
additional informations: statistics and word frequency 

FR-65 
The application must add a download called “Charlie” with all data regard the 
Covid, Fatigue and Quality questionnaires and Word Categorization statistics 

FR-66 
The system must perform the factor analysis and show the results in the “Charlie” 
download 

FR-67 
The system must calculate the LCSI severity indexes and show them in the 
“Charlie” download 

 

Table 4. Functional Requirements 
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3.4 Non-Functional Requirements 
 

Non-functional requirements (NFRs) are constraints and characteristics that outline the 

operational behavior and performance standards a software system must adhere to, 

apart from its core functionality. These requirements delineate the qualitative aspects 

governing the system's operation and serve as benchmarks for evaluating its overall 

quality and reliability. Their focus is on how it should perform, rather than what it should 

do. These requirements describe the system's qualities, characteristics, and constraints. 

They are crucial for ensuring the overall quality, performance, and usability of the 

software.  

 

3.4.1 Performance 
 

 The performance metrics quantify how the system should behave in terms of execution 

speed, responsiveness, and efficient resource utilization, often involving criteria such as 

response times, throughput, and scalability thresholds. 

 

Attribute Description 

Identifier NFR-01 

 Name Throughput 

Description The system's capacity to handle incoming requests within a specific 

timeframe. 

Metric 

Target 

30,000 requests/minute 

Priority Medium 

 

Table 5. Non-Functional Requirement 1 
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Attribute Description 

Identifier NFR-02 

 Name Front-end response time 

Description The duration required to execute a task that doesn't require 
interaction with the backend. 

Metric 
Target 

1 second 

Priority Medium 

Table 6. Non-Functional Requirement 2 

 

3.4.2 Reliability 
 

Reliability pertains to a system's or component's capacity to consistently execute its 

designated tasks without encountering failures or mistakes during a predetermined 

timeframe and within established circumstances. 

 

Attribute Description 

Identifier NFR-03 

 Name Connection Interruption Tolerance 

Description The system remains operational with on-site interactions even 

following a brief disruption in internet connection. 

Metric 

Target 

Availability percentage of 99.5%. 

Priority High 

Table 7. Non-Functional Requirement 3 
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3.4.3 Security 
 

Security requirements dictate the level of protection needed and the compliance with 

relevant security standards and regulations to mitigate risks and vulnerabilities 

effectively. 

 

Attribute Description 

Identifier NFR-04 

 Name Secure authentication token 

Description A robust encryption method is utilized to create the authentication 

token for user verification. 

Metric 

Target 

None 

Priority High 

Table 8. Non-Functional Requirement 4 

 

Attribute Description 

Identifier NFR-05 

 Name Secure connection to the backend 

Description All requests to the backend must employ the HTTPS security protocol, 

and any HTTP requests should be automatically redirected to use 

HTTPS. 

Metric 

Target 

None 
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Priority High 

Table 9. Non-Functional Requirement 5 

 

3.4.4 Scalability 
 

The Scalability is the capability of a system or application to handle a growing amount 

of work, while maintaining performance and efficiency. 

Attribute Description 

Identifier NFR-06 

 Name Auto Scaling 

Description The server must have the capability to adjust dynamically when there 

is an increase in client-side requests. 

Metric 

Target 

Configuration in order  to support 1000 requests/minute and scale up 

to 30,000 requests per minute. 

Priority High 

Table 10. Non-Functional Requirement 6 

 

3.4.5 Interoperability 
 

It specify how the system should interact and exchange data with other systems, both 

within and outside. 

Attribute Description 

Identifier NFR-07 

 Name Backend Server API Connectivity 
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Description The server should be able to perform queries on the backend server 

and possess the required permissions to make alterations to the 

existing database. 

Metric 

Target 

None 

Priority High 

Table 11. Non-Functional Requirement 7 

 

3.4.6 Resource Management 
 

Resource management encompasses the system's ability to efficiently allocate, utilize, 

and monitor its resources, this includes ensuring that resources are used optimally, 

preventing resource bottlenecks. 

Attribute Description 

Identifier NFR-08 

 Name Memory Limits 

Description This requirement sets the maximum allowable memory usage for the 

client-side operations of the web application. 

Metric 

Target 

2 GB of RAM 

Priority High 

Table 12. Non-Functional Requirement 8 
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3.4.7 Usability 
 

It defines how the system is “user friendly”, focusing on the user experience and the 

design of the interfaces. 

Attribute Description 

Identifier NFR-09 

 Name Participant-friendly interface 

Description The application must guarantee that all interfaces and activities 

accessible to users are intuitive and easy to navigate. 

Metric 

Target 

None 

Priority High 

Table 13. Non-Functional Requirement 9 

 

Attribute Description 

Identifier NFR-10 

 Name User-friendly interface for the administrators 

Description The application must ensure that all interfaces and activities available 

to administrative users are user-friendly and intuitive, facilitating 

straightforward usage. 

Metric 

Target 

None 

Priority Medium 

Table 14. Non-Functional Requirement 10 
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3.4.8 Avaiability 
 

This metrics guarantee that the system remains accessible and operational as needed. 

Attribute Description 

Identifier NFR-11 

Name Server availability 

Description The server should maintain high availability, minimizing downtimes 

and ensuring uninterrupted service for most of the time. 

Metric 

target 

Availability percentage of 99.5% 

Priority High 

Table 15. Non-Functional Requirement 11 

 

3.4.9 Maintainability 
 

Maintainability refers to the system's capacity for straightforward and cost-effective 

management, including the ability to identify and resolve problems, implement 

improvements, and adapt to evolving needs without causing major disruptions or 

incurring substantial expenses. 

 

Attribute Description 

Identifier NFR-12 

 Name Logs 

Description The system must retain a comprehensive log of every action and 

operation executed, enabling the transmission of this information in 

case of any errors or issues. 

Metric 

Target 

None 
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Priority High 

Table 16. Non-Functional Requirement 12 

 

Attribute Description 

Identifier NFR-13 

 Name Version Support 

Description The system must ensure continuous operation even when undergoing 

system upgrades or modifications. 

Metric 

Target 

None 

Priority High 

Table 17. Non-Functional Requirement 13 

 

3.4.10 Portability 
 

Metric that expose how the application be easily moved or adapted to different 

environments, platforms, or systems without significant modifications. 

Attribute Description 

Identifier NFR-14 

 Name Timestamps In International Format 

Description It is crucial to ensure that all timestamps gathered within the 

application are standardized and formatted according to the 

Coordinated Universal Time (UTC). 
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Metric 

Target 

None 

Priority High 

Table 18. Non-Functional Requirement 14 

 

Attribute Description 

Identifier NFR-15 

 Name Multi-platform 

Description The system must exhibit platform agnosticism and be compatible with 

widely used web browsers like Chrome, Firefox, Microsoft Edge, and 

Safari. 

Metric 

Target 

None 

Priority High 

Table 19. Non-Functional Requirement 15 
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Chapter 4 
 

Solution Development and Design 
 

This chapter provides an in-depth exploration of the steps taken to develop the web 

application, offering a comprehensive overview of the existing implementation along 

with the enhancements introduced. It also delves into the data analysis, which has been 

a focal point of my work. Within this section, we will describe the applied methodology 

and both the original and updated use cases that define the success scenarios. 

 

4.1 Strategy Adopted 
 

The software release lifecycle is a structured process that guides the journey of a 

software product from its conceptualization to its delivery to end-users. It encompasses 

a series of phases and activities aimed at ensuring the successful development, testing, 

and deployment of software applications. This lifecycle is essential for achieving quality, 

reliability, and user satisfaction. 

Our primary aim was to introduce substantial refinements to the existing version of the 

software. This involved augmenting its security measures and introducing a suite of 

supportive tools tailored to the needs of psychologists. The overarching goal was to 

transform the product into a significantly more secure, robust, and efficient solution 

that would cater to a wider range of user requirements. 

The strategic approach employed in this endeavor is deeply rooted in our overarching 

goal. In my case, this goal encompasses both the essential user requirements and the 

ultimate product that users must engage with. Furthermore, it extends to the proficient 

management of data, paving the way not only for the work of psychologists but also for 

the subsequent data analysis, which will be elucidated in subsequent sections of this 

paper. 

To gain a comprehensive understanding of our methodology, it is crucial to revisit the 

initial stages outlined in previous work regarding the development of the application. 

These stages include: 

1. Initiation and Planning 

2. Definition 

3. Develop 
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4. Prototype 

5. Test 

In this updated version, each of these foundational steps is infused with the insights and 

experiences garnered during our work. We embrace a top-down approach, a 

methodology that entails starting with a high-level perspective before delving into finer 

details. This approach provides a holistic view of the project, fostering effective decision-

making and comprehensive problem-solving. 

By adhering to this strategic and methodological framework, we aim to not only meet 

user needs but also enhance data management, ultimately supporting the endeavors of 

psychologists. Moreover, this approach aligns with the broader objective of facilitating 

the subsequent data analysis phase. The subsequent sections of this paper will delve 

deeper into these facets, providing a comprehensive account of our journey and its 

outcomes. 
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Figure 3. Schema of the Design Process 

We have gained an understanding of the technologies employed 

and the previous strategies for application management. We have 

not only familiarized ourselves with these technologies but have 

also learned how to effectively utilize them. Throughout this 

process, we have comprehended all the functionalities and 

objectives, aligning our efforts with the specific requirements of 

both the team and the psychologists, to deliver precisely what 

they needed. 

Initiation 

and 

Planning 

 

Definition 

Prototype 

We have defined improvements iteratively, tailoring them to the 

requests of psychologists, with an initial focus on those of 

paramount importance. 

Develop We have developed the requests based on the previously 

established models. 

For each change, we developed a local prototype implemented 

through both front-end and back-end components, and 

subsequently conducted local testing. 

Test 
The team of developers and psychologists conducted usability 

tests and provided feedback. 
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4.2 Use Cases 
 

A use case is a written description of how users will perform tasks on the website. 

[10]. They constitute a systematic approach for comprehensively describing and 

documenting the intricate interactions and functionalities that end-users can engage 

with within a particular system. These interactions essentially encapsulate various 

scenarios and situations wherein the system comes into play to accomplish well-defined 

objectives. The overarching purpose of use cases is to provide a user-centric perspective 

that elucidates how the system will be utilized, thereby enabling the elicitation and 

elucidation of specific system requirements. In the following are shown a bunch of use 

cases that describes some of the application functionalities, not all of the use cases as 

the main focus of this work is the data analysis. 

 

ID UC1 
Name Register 
Functional 
requirement 

FR-1, FR-2, FR-3, FR-4, FR-5, FR-6. 

Goal The participant is able to register for the study. 
Pre-condition The participant was shown a Welcome page. 
Post-condition The system records the participant’s data in a secure stand-

alone database under a pseudo-nym. 
Main success 
scenario 

1. The participant clicks on the “Register” button. 
2. The information sheet on the study is presented. 
3. The participant reads the consent form and agrees to 

participate in the study. 
4. The participant clicks again on the “Register” button. 
5. The registration screen is shown. 
6. The participant fills all the entries, name, email, 

password and OTP code with valid data clicks on the 
“Confirm” button. 

7. The system stores the entered user data into a secure 
database. 

8. The application informs the participant that an email 
was sent to the provided address to verify their account. 

9. The participant clicks on the link and validates their 
account. 

10. The redirected page informs the participant about their 
successful registration. 

Includes/Extends Validation: 
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6.a.1. The participant’s email has already been used and it’s 
recorded in the database. The application informs the 
participant about their existing account. 
8.a.1. The participant is unable to find the email sent. The 
application offers to click on “Resend email”. 

Table 20. UC1 - Register. 

 

ID UC2A 
Name Log in 
Functional 
requirement 

FR-6, FR-7, FR-8, FR-9. 

Goal The participant is able to log into the application. 
Pre-condition The participant is successfully registered. 
Post-condition The system records the active session of the participant and 

redirects them to the Home page. 
Main success 
scenario 

1. The participant clicks on the “Log On” button. 
2. The log on screen is shown. 
3. The participant fills all the entries, email and password. 
4. The system authenticates the participant’s entered 

data. 
5. The participant is logged in and presented the Home 

page. 

Includes/Extends Password recovery: 
3.a.1. The participant does not remember their password. The 
application shows a “Forgot password” button to click on. 
3.a.2 The application presents a screen where the participant 
can enter their email and establish a new password in case they 
need to. 
 
Authentication: 
4.a.1. The system is unable to find the participant’s data. The 
application displays a “No user created with the inserted email” 
message. 
4.a.2. The entered password does not match the one 
registered. The application displays a “No user created with the 
inserted email” message. 

Table 21. UC2A – Login. 

 

 

ID UC2B 
Name Log Out 
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Functional 
requirement 

FR-10. 

Goal The participant is able to log out from the application. 
Pre-condition The participant is logged in. 
Post-condition The system records the ending of the session, and the 

participant is redirected to the Log on page. 
Main success 
scenario 

1. The participant clicks on the “Log Out” button. 
2. The system stores the ending session time. 
3. The application shows the “Log On” screen. 

Includes/Extends None 
Table 22: UC2B – Log Out. 

 

ID UC3 
Name Home 
Functional 
requirement 

FR-11, FR-12, FR-13, FR-14. 

Goal The participant is able to see the initial instructions, a full menu 
of tasks and questionnaires to work on. 

Pre-condition The participant is logged in. 
Post-condition None 
Main success 
scenario 

1. The application presents the first instructions of the 
study, including recommendations for completing tasks. 

2. The application displays 10 task options in the form of 
buttons, which each show the estimated time it requires 
to complete them. 

Includes/Extends None 
Table 23: UC3 - Home. 
 

ID UC4 
Name Admin 
Functional 
requirement 

FR-8,FR-50,FR-51,FR-52,FR-53. 

Goal The admin is able to see all the participant and the tasks they 
did and has the possibility to download the data 

Pre-condition The admin is logged in. 
Post-condition None 
Main success 
scenario 

1. The application presents the homepage. 
2. The user cliks on “Admin-area” in the top bar menu. 

3. The application shows all the users the tasks they 
completed. 
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4. The user select one user. 

5. The application shows the tasks of that specific user 
and a download button. 

6. The admin clicks on the download button for the tasks 
he need the informations about. 

7. The application start the download of the file. 

Includes/Extends None 
Table 24: UC4 - Admin. 

 

4.3 Architecture 
 

Based on the previous work, let us briefly elucidate the architecture that has been 

modeled for this project. The software employs a client-server architecture, where the 

client initiates requests to the server, and subsequently, the server provides requested 

information based on the permissions assigned to the client. This architecture is 

structured into three layers: presentation, application, and data. 

The presentation layer encompasses all elements visible to the user, including interfaces 

and thus the frontend. It is the layer through which user interaction primarily occurs. In 

contrast to the previous work, additional interfaces have been incorporated into the 

frontend. Notably, an admin interface has been introduced, accessible exclusively to 

users with specific requirements and permissions. This admin interface facilitates 

operations that are not available in a regular user interface. 

The application layer, on the other hand, represents the business logic that interacts 

with the presentation layer through APIs. For technical clarification, APIs (Application 

Programming Interfaces) are sets of protocols and tools that enable different software 

applications to communicate with each other. In this context, APIs serve as 

intermediaries connecting the presentation layer with the application layer. 

Furthermore, the application layer interacts with the underlying data layer to retrieve 

and provide the requested results to the frontend.  

The code is structured into two main folders: 

1. Models: This directory houses the data models corresponding to each of the 

experiments and questionnaires. 

2. APIs: It serves as the hub for handling and maintaining all the connections 

associated with the experiments and questionnaires. 
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Figure 4. models folder. 

 

 

 

 

 

 

 

 

Figure 5. apis folder. 

 

Lastly, we have the data layer, where all data is stored within a relational database. A 

relational database, in essence, is a type of database that organizes and stores data in 

structured tables with defined relationships between them. Within this database, 

various information is stored, including user details, codes, task creation data, user 

responses pertaining to different tasks, and relevant data for analysis. Notably, two 

primary databases are maintained: 
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1. Userdb: This database houses information related to users and administrators. 

2. Happyagaindb: This database stores information pertaining to tasks and analytical 

data. 

This architectural framework forms the backbone of our software solution, ensuring 

efficient data management, user interaction, and business logic implementation. 

 

 

 

 

 

 

 
 

Figure 6. happyagaindb database. 

 

 

 

 
 

Figure 7. userdb database. 
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Chapter 5 
 

Results 
 

For the development of this project, a diverse array of programming languages, 

frameworks, and libraries were employed, spanning across frontend, backend, and 

database management, as well as for data analysis. In this chapter, I will elucidate the 

technologies that were utilized, followed by an in-depth exposition of the data analysis 

work undertaken. 

5.1 Technologies 
 

5.1.1 Front-end 
 

In the realm of frontend development, we harnessed the Angular framework, a potent 

tool created and maintained by Google. It seamlessly integrates with RESTful APIs and 

works smoothly with various backend services. Its claim lies in its ability to expedite 

frontend development by simplifying the creation of components and essential services, 

sparing developers the need to build them from scratch, it produce dynamic content 

through templates enriched with variables and expressions, breaking free from the 

constraints of static HTML components. It's also versatile, ensuring compatibility with 

different platforms, web browsers, and operating systems. It excels in both unit testing 

and end-to-end testing. Angular is built on TypeScript, a programming language that 

optimizes development and is extensively used in the documentation. 

One of Angular's defining features is its adherence to the Model-View-ViewModel 

(MVVM) pattern, comprising these vital elements: 

• Model: These classes represent the data layer and aren't visible. 

• View: This defines the user interface's structure and appearance. 

• ViewModel: This component bridges data and notifies view status changes 

through logic and attributes, forming the backbone of the architecture. 
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Figure 8. MVVM [11]. 

 

5.1.1 Back-end 
 

In crafting the backend of the project, we turned to the Python Flask framework. Flask, 

a lightweight framework, provides a fundamental toolkit for developing backend web 

applications. It has the flexibility to import additional extension packages as needed. 

Notably, the extensions employed in this project include: 

1. Flask-MySQLdb: This extension facilitates the seamless connection between 

Flask and MySQL databases. 

2. Flask-SQLalchemy: It empowers the creation of data models and facilitates 

connectivity with the two essential MySQL databases. 

3. Flask-Mail: This extension simplifies the setup of the Simple Mail Transfer 

Protocol (SMTP), enabling the delivery of registration emails to participants. 

4. Flask-Cors: CORS, or Cross-Origin Resource Sharing, plays a pivotal role in 

configuring the server and controlling access rights to specific server resources. 

It serves as a gatekeeper for requests from other domains. 

5. Flask-JWT-Extended: This extension provides robust features for user 

authentication, as well as the secure storage and retrieval of security tokens for 

each user. 

6. The Passlib library is leveraged to support an extensive array of hash algorithms, 

with the application employing the pbkdf2 sha256 library class for hashing user 

passwords. 
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5.1.1 Database 
 

The Database that was chosen for the storage of the data is MySQL. It represents a 

prominent relational database management system, widely acclaimed for its robustness 

and adaptability. It distinguishes itself as an open-source solution, available for 

unrestricted download and utilization, rendering it an accessible choice for both 

software developers and enterprises. 

In its essence, MySQL is purpose-built for the structured storage and meticulous 

organization of data within tabular structures. This architectural foundation equips 

users with the capability to efficiently manage, query, and retrieve data, rendering it 

suitable for an extensive spectrum of applications, spanning from modest web 

applications to intricate corporate IT ecosystems. 

 

5.1.2 Data Analysis 
 

For data analysis, particularly in the context of factor analysis, which will be elaborated 

upon in the subsequent chapter, the software utilized is SPSS. 

SPSS, or Statistical Package for the Social Sciences, is a powerful software tool widely 

utilized for data analysis across various research domains. It serves as a comprehensive 

solution for statistical analysis and data management. It provides a wide range of 

statistical procedures, from basic descriptive statistics to advanced multivariate analyses 

like factor analysis, the one used in this work. Is a versatile and robust tool for data 

analysis and it also offers a wide range of statistical procedures, user-friendly 

functionality, and robust data management capabilities. 

 

5.2 Interfaces 
 

In this section, we will present a series of screenshots depicting the user interfaces that 

have been developed with our team. The selection of interfaces to be showcased 

primarily revolves around those linked to the prior phases of our project. However, the 

central emphasis will be placed on illustrating the various updates and enhancements 

that have been integrated into these interfaces. Notably, particular attention will be 

devoted to spotlighting the newly introduced functionalities specifically for admins. 

These screenshots serve as a visual representation to the evolution of our user 

interfaces, showcasing the innovation invested in optimizing the user experience, 

particularly for those with administrative roles. 
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5.2.1 Homepage 
 

 

Figure 9. no logged-in homepage. 

 

 

Figure 10. logged-in admin homepage. 
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Figure 11. logged-in user homepage. 

 

These three interfaces display the website's homepage, which has remained unchanged 

from the previously developed site, and respectively show the homepage for a non-

logged-in user, an administrator home page (logged-in), and a regular logged-in user. 

The only noticeable difference is the ability to access the admin area in the top menu 

for the administrator. 

It is also possible to notice that, the colour of the buttons for tasks changes depending 

on whether the task has been completed or not. If the task has been completed, it will 

be greyed out and no longer selectable. Conversely, if the task is incomplete, the button 

remains white and selectable, indicating a pending task. 
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5.2.2 Registration 
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Figure 12. consent form. 

The figure above shows the consent form that a user needs to sign if he wants to register 

for the participation of this study. 

 

 

Figure 13. registration page. 

The changes that have been made in the registration page regard the Security code. To 

prevent instances of malicious users registering and completing tasks superficially solely 

to receive a voucher, my team and I have implemented a system whereby users need a 

code provided by those who possess these secret codes, in our case, our team of 

psychologists, to register. This code system serves as a measure to ensure genuine 

engagement with the tasks and the platform. In the image there is an example of a filled 

form with a code that is just for trial purposes. 
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5.2.3 Admin Area 
 

 

 

 

 

     

     

 

 

 

Figure 14. admin-area, data by user. 

 

 

Figure 15. admin-area, data by user, voucher sent. 
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Figure 16. admin-area, data by user, voucher not sent. 

Figure 14, 15, 16 shows the “Data by user” interface that is available only for the admins. 

In The first one there is a list of all the users and the number of tasks they completed 

while in the second, it is shown what happen when the admin clicks on one user, there 

is the possibility to see which tasks he finished, the time and also a button to download 

the data collected regarding that task for that user. The administrator has also the 

possibility to tick voucher sent to remind that this user has already obtained the 

voucher. In the figure 16 is shown a user that did not yet received the voucher. 

 

 

Figure 17. admin-area, data by user, filter. 

Through the filter is possible to select only a set of  users that accomplish a specific 

characteristic. 
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Figure 18. admin-area, data by user, no voucher. 

If a user cannot receive the voucher, for example in the case of an admin, that does not 

participate to the study but only work on it, in the figure 18 it can be seen the sentence 

“no voucher”. 

 

 

Figure 19. admin-area, data by task. 

In the “data by task” page an admin has the possibility to choose one task and download 

the file related to that task. In this case the file will contain the responses of all the users 

to that specific task.  

In the Figure 20 are shown all the option that are possible to select for the download. 

 



 
 
 

65 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 20. admin-area, data by task, task to download. 

 

  
Figure 21. word_categorization.zip download. 

We analyse in details the download of the word categorization task as it was one of the 

tasks for which I made some changes for my research work. 
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Figure 22. a part of the WC_MT_statistics file. 

I create this statistics file that, according to the answers each user provide, computes 

some variables: 

- user_id: represent the unique number of a user and define a specific subject. 

- voucher: if a user can receive a voucher (1) or not (0). 

- valid: if is a valid user and its data are useful for our research. 

- language: each language has an associated number, in this case 0 represents English. 

- WC_CorrAns_RT_mean: this value represents the mean of the number of correct 

answers that the subject gives in the word categorization task. 

- WC_CorrAns_RT_SD: this value represents the standard deviation of the number of 

correct answers that the subject gives in the word categorization task. 

- WC_correct_answers_percentage: percentage of correct answers. 

- WC_information: we used Shannon Information to quantify the amount of information 

processed by the brain when making a binary choice. We computed the Mutual 

Information between the Stimulus (the word to categorise) and the Choice.  

   

Where: 

• ACC represents the accuracy. 

• sgn(ACC−0.5) is the sign function, which returns 1 if ACC > 0.5, -1 if ACC < 0.5, 

and 0 if ACC = 0.5. 
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- WC_information_rate: it measures the amount of information processed by the brain 

per second, considering both the accuracy and the reaction time 

 

- MT_IC: MT defines the Memory Task while IC stands for Implicit Correct and it specify 

the percentage of when a user chooses “probably old” when that word is old or when 

chooses “probably new” and the word is new. 

- MT_EC: EC stands for Explicit Correct and it specify the percentage of when a user 

chooses “I’m sure it’s old” when that word is old or when chooses “I’m sure it’s new” 

and the word is new. 

- MT_IW: IW stands for Implicit Wrong and it specify the percentage of when a user 

chooses “Probably new” when that word is old or when chooses “Probably old” and the 

word is new. 

- MT_EW: EW stands for Explicit Wrong and it specify the percentage of when a user 

chooses “I’m sure it’s new” when that word is old or when chooses “I’m sure it’s old” 

and the word is new. 

- MT_NG: NG stands for Not Given, percentage of when the user chooses “I’m Not Sure”. 

- MT_C: represents the sum of MT_IC+MT_EC. 

 

 

Figure 23a. a part of the Charlie Download. 
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Figure 23b. a part of the Charlie Download. 

The "Charlie" Download file is named after a psychologist, vital to our team, and has 

been created for data analysis purposes. It contains information regarding user 

responses to all questionnaires items, including the total scores for the Quality of Life 

and Fatigue questionnaires. Additionally, it encompasses data also found in the 

WC_MT_statistics file, along with other specifics illustrated in Figure 23b, which we 

define as follows: 

To qualify as an LC (Long COVID) patient: 

Participants are required to answer YES to the question regarding having had COVID. 

Provided this condition is met, there are two LC severity indices calculated as follows: 

- LCSI1 (Long COVID Severity Index 1): Sum of the number of weeks to recover (Covid 

Question 6) + the count of lasting symptoms (Covid Question 11) + the number of 

limitations (Covid Question 15). 

- LCSI2: Sum of the LCSI1 score + fatigue score + reversed Quality of Life score. 

- Reversed Quality of Life score: Calculated as 112(maximum score of the Quality of Life 

questionnaire) - Quality of Life total score. 

While MT_C has been previously explained, the five factors will be elaborated upon in 

the subsequent chapter. 
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Chapter 6 
 

Data Analysis 
 

6.1 Dimensionality Reduction and Factor Analysis of 

Patient Data 
 

In the practical execution of the study, subsequent to the acquisition of patient data, 

the statistical software SPSS was employed to undertake a procedure known as 

dimensionality reduction, utilizing Principal Component Analysis (PCA) as the specific 

technique. The initial phase entailed the comprehensive compilation of patient data, 

encompassing their responses to inquiries within COVID-related questionnaires, as well 

as those concerning fatigue and quality of life. 

The data underwent a manipulation process wherein they were transformed into 

standardized scales, spanning from 0, signifying an entirely adverse condition, to MAX, 

representing the utmost positive state. Analogously, an equivalent transformation was 

applied to the binary responses, wherein 'Yes' was encoded as 1 and 'No' as 0. 

Primarily, the identification of valid subjects transpired by designating a validity 

parameter (valid=1), thereby excluding individuals that did not meet the stipulated 

criteria. The subsequent selection process was confined to respondents who provided 

an affirmative response to the query "Have you contracted COVID?" as documented in 

the COVID questionnaire. 

Central to our endeavour is the determination of a severity index denoted as LC. This 

investigation encompasses both individuals who contracted COVID without 

subsequently developing long COVID, as well as those who experienced protracted 

symptoms. It is conjectured that individuals who remain unaffected by long COVID will 

exhibit a lower severity index in comparison to their long COVID-afflicted counterparts. 

Accordingly, the analysis exclusively involves authentic patients, who have experienced 

COVID at a minimum. Each data entry corresponds to a distinct patient. It is imperative 

for the attributes under scrutiny to exhibit cardinal scaling properties, interspersed with 

specific categories of degeneration. Within the realm of statistics, the cardinal scale is 

characterized by the presence of a measurable unit. 
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6.1.1 Scale 
 

It is pertinent to elaborate on the cardinal scale's nuances by delineating various 

subtypes of scales: 

• Nominal or categorical scales: These scales lack inherent ordinal relationships 

between categories, as exemplified by preferences such as favourite colour, 

gender identity, or cultural background. These categories are not of concern 

within the scope of our analysis. 

• Ordinal scales: While exhibiting an order among values, these scales do not 

adhere to a quantifiable distance metric. For instance, educational levels 

present an order but lack a consistent interval metric, unlike attributes like 

height expressed in centimetres. 

• Cardinal scales: This category possesses both an order and a consistent 

distance metric, akin to attributes such as height. We exclusively employ this 

cardinal scale for our analytical purposes. 

All attributes, save for the initial row designating variable names, must conform to the 

cardinal scaling criterion. In the SPSS software, the cardinal scale is referred to as 'scale.' 

This study introduces certain exceptions, termed 'degenerations,' encompassing: 

• Count scales: Representing counts, such as the total number of symptoms 

reported by a patient. 

• Likert-type scales: Ranging from 'not at all' (0) to 'very much' (MAX). 

• Dichotomous presence-absence scales: These entail binary values, with 0 

signifying absence and 1 signifying presence. 

 

6.2 Factor Analysis 
 

Having executed requisite transformations using the Python programming language, a 

structured table facilitating subsequent analysis was formulated. The subsequent step 

entailed the importation of this table into the SPSS environment, followed by the 

deployment of factor analysis. Column selection was guided by predefined suitability 

criteria, and an iterative process involving various rotation methods was undertaken, 

culminating in the selection of Quatrimax rotation. The salient distinction associated 

with Quatrimax rotation lies in its capacity to better distribute values across the 

analyzed factors, thereby facilitating clearer interpretations. 
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6.2.1 Matrices 
 

The resulting matrices from the conducted Factor Analysis encompass: 

• Correlational Matrix: This matrix encapsulates inter-factor correlations, pivotal 

for the reduction of dimensionality. Our goal is to reduce dimensionality by 

synthesizing fewer factors that capture the most important aspects. We aim to 

group factors that share commonalities, which can be seen through clusters of 

the correlation matrix. A cluster emerges when two attributes are highly 

correlated. Positive values indicate similar attributes, while negative values 

indicate dissimilar attributes. Two attributes are the more correlated the closer 

the value of the Pearson correlation in absolute value approaches 1, it can be 

seen how the diagonal has all values equal to 1 because each attribute is 

perfectly correlated to itself. Values close to zero represent that those two 

attributes do not correlate therefore they will not end up in the same cluster, 

We can consider as relevant the values ranging in absolute value from 0.3 

onwards. The attributes leveraged for this study are: age, covidq1: Did you have 

covid?; covidq2: Have you had Covid-19 more than once?; covidq3: How severe 

were your symptoms?; all the symptoms of covidq4 (e.g. Dry continuous cough 

etc.); covidq4tot: total number of symptoms; covidq6: How many weeks did it 

take until you felt recovered?; covidq7: Have you had any Covid-19 

vaccinations?; covidq8: If you have had Covid-19, have you had it since any of 

your vaccinations?; covid9: Have you suffered from Post-Covid-19 Syndrome 

("Long Covid")?; covidq10: Are you using any devices, medication or other 

strategies to deal with your Long Covid symptoms?; all the symptoms of long-

covid (covidq11) symptoms the subject experienced; covidq11tot: : total number 

of long-covid symptoms; all the symptoms of long-covid (covidq13) symptoms 

the subject is still experiencing; covidq13tot: : total number of actual long-covid 

symptoms; covidq15: How much have you been affected in your everyday life by 

long-lasting symptoms of Covid-19?; qol_total_score: Total score of quality of life 

survey; qol11: Work - job or in home; qol16: Independence, doing for yourself; 

fatigue_total_score: Total score of fatigue survey; fatigue8: Do you have 

difficulties concentrating?; fatigue11: How is your memory? .  
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Table 25: a part of Correlational Matrix 
 

• Total Variance Explained Matrix: The matrix denoting the "total variance 

explained" serves to quantify the extent to which the variability inherent in the 

dataset is expounded by the distinct components. It encapsulates the 

percentage of data variability that can be succinctly explicated through a specific 

quantity of components. While acknowledging the constraints of a relatively 

limited dataset, the values therein, albeit modest, remain tenable in light of the 

dataset's scope. Given our possession of 83 variables, it is conventionally advised 

that the number of subjects should approximate tenfold the number of variables. 

As such, convergence toward a stable outcome is anticipated upon the 

accumulation of approximately 830 subjects. Presently, our contentment derives 

from the discernment of salient clusters that aptly delineate the underlying 

factors. The total number of subjects in this analysis is 135. 
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Component
Total % of Variance Cumulative %

1 11.420 13.759 13.759

2 8.730 10.518 24.277

3 8.023 9.666 33.943

4 3.449 4.156 38.099

5 2.884 3.475 41.574

6 2.661 3.207 44.780

7 2.651 3.194 47.975

8 2.553 3.075 51.050

9 2.515 3.030 54.081

10 2.484 2.993 57.073

11 2.142 2.581 59.654

12 2.102 2.532 62.187

13 2.056 2.477 64.663

14 1.924 2.319 66.982

15 1.869 2.252 69.234

16 1.841 2.218 71.452

17 1.834 2.210 73.661

18 1.589 1.915 75.576

19 1.536 1.851 77.427

20 1.480 1.783 79.210

21 1.461 1.760 80.970

Extraction 
Method: 

Total Variance Explained
Rotation Sums of Squared Loadings

 

Table 26: Total variance explained 
 

• Rotated Component Matrix: Within the "rotated component matrix", the 

employment of a quatrimax rotation method is deliberated, owing to its 

propensity for yielding well-demarcated clusters aligning with the five 

discerned factors. Each factor retains its independence from the others. The 

primary factor, LC1, is identified as the "influenza symptoms factor", 

encompassing maladies such as headache, cough, heightened temperature, 

and the like. Conversely, LC2 pertains to gastrointestinal symptoms, 

encapsulating phenomena like diminished appetite and abdominal discomfort. 

The purview of LC3 encompasses "fatigue symptoms", which encapsulate 

difficulties with concentration and pervasive lethargy. LC4 that represent a 

mixture of symptoms and the severity. Lastly, LC5 encapsulates "psychological 

symptoms", embracing psychological conditions such as depression and 

anxiety. Notably, these five factors remain orthogonal, thereby signifying their 

mutual independence. The values contained herein span from 1 to -1, with 
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values of lesser magnitude than 0.5 being omitted for purposes of 

simplification. Specifically, a value of 1 signifies a robust correlation between 

the factor and responses to specific inquiries, while a value of 0 denotes the 

absence of correlation, and a value of -1 denotes a pronounced, albeit inversely 

aligned, correlation. It is pertinent to emphasize that, with regard to these 

findings, the program's capacity to discern the distinct grouping into the 

aforementioned five labels was achieved devoid of any explicit guidance on our 

part, underscoring the intrinsic significance of the factor analysis procedure. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Table 27: a part of Rotated Component Matrix 



 
 
 

75 
 

• Component Score Coefficients Matrix: In the realm of this matrix, the initial 

five rows are pivotal for the computation of the five distinct components. This 

matrix plays an important role in computing values corresponding to each of 

the components. By means of an illustrative example: to ascertain an individual 

subject's valuation for the LC1 component (pertaining to influenza symptoms), 

reference is made to the values within the matrix. LC1 is ascertained through 

the summation of products, each emanating from the first row, wherein these 

values are multiplied by the corresponding actual response values attributed to 

the given attributes. This computation yields LC1 = 0.003 * (response value for 

attribute 1) - 0.017 * (response value for attribute 2) + 0.023* (response value 

for attribute 3) + ... . Notably, these values undergo normalization, constrained 

within the spectrum spanning from 1 to -1. Ultimately, these normalized values 

delineate the foundational constituents of the five discerned factors. 

 

 

 

 

 

 

 

 
 

Table 28: A part of Component Score Coefficients Matrix 
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6.2.2 Factors 
 

In accordance with the predefined factors in SPSS, we have implemented the 

corresponding Python code within our application. After acquiring the data matrix, 

encompassing the responses of each user, we initiated a normalization procedure. This 

entailed subtracting each cell's value from the mean of its respective column and 

dividing it by the standard deviation of that column. Subsequent to this normalization 

process, we employed the matrix of component score coefficients to perform a matrix 

multiplication operation, resulting in the derivation of 21 distinct factors. From this set 

of factors, we specifically selected the initial five, which are directly relevant to this 

study. These selected factors have seamlessly integrated as supplementary columns in 

the downloadable datasets for the Covid Questionnaire, Fatigue, Quality, and Charlie. 

Upon downloading these files, users will readily observe the presence of these new 

columns, representing the extracted factors. 

 

6.3 MDS 
 

Multidimensional Scaling (MDS) is a statistical method used for data analysis and 

visualization. Its main purpose is to represent complex data in a simpler, lower-

dimensional space while maintaining the relationships between data points. MDS is 

valuable for creating visualizations that reveal data patterns. It comes in two types: 

classical MDS and metric MDS, each with specific applications. MDS finds use in various 

fields, aiding in tasks like clustering and similarity modeling. In essence, MDS simplifies 

data for insightful visualization and analysis. 

The procedure undertaken involved the utilization of the normalized user data matrix 

for factor analysis. Instead of opting for the traditional correlation matrix, the approach 

involved the computation of a dissimilarity matrix. This particular dissimilarity matrix 

was generated by analyzing the responses to questionnaires, encompassing 83 columns, 

utilizing Python. 

One noteworthy aspect of this dissimilarity matrix is that it quantifies the dissimilarity 

or distinctness between every pair of columns within the dataset. To achieve this, the 

distance between each pair of attributes, or questionnaire responses, was meticulously 

calculated. The resulting dissimilarity matrix contains values that represent the 

dissimilarity between these pairs of attributes. 
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It's important to highlight the diagonal of zeros within this matrix. This diagonal signifies 

that each column exhibits perfect self-similarity, which aligns with the inherent nature 

of a dissimilarity metric.  

 

 

Table 29: A part of the dissimilarity matrix 

Subsequent to obtaining the dissimilarity matrix, it was imported into IBM SPSS, where 

the ALSCAL (Alternative Least Squares Scaling) algorithm was employed. ALSCAL is a 

multidimensional scaling (MDS) technique used to uncover underlying patterns and 

structures in data by transforming high-dimensional dissimilarity information into a 

lower-dimensional representation. 

 
Figure 24: ALSCAL algorithm 

The study was performed according to different kind of LEVEL: RATIO, INTERVAL, 

ORDINAL, and NOMINAL. This categorization reflects the varying degrees of 

measurement precision and scale characteristics associated with each attribute. 

The ALSCAL algorithm was executed separately for each attribute level, encompassing a 

range of dimensions from 5 down to 1. This dimensionality reduction process aimed to 

focus on finding significant LC factors. 
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The algorithm, configured to interpret dissimilarity data in Euclidean space, was 

equipped with specific convergence criteria, stress minimization thresholds, and 

iteration limits. These parameters were carefully fine-tuned to ensure the accuracy of 

the transformation process. 

Upon executing the ALSCAL algorithm, a series of Stimulus Coordinates tables were 

generated. These tables provided insights into the spatial relationships and 

configurations of the data points in the lower-dimensional space. By scrutinizing these 

tables, LC factors that held statistical significance were identified, akin to the approach 

previously employed with the Rotated Component Matrix. 

This comprehensive procedure, involving the application of ALSCAL across various 

attribute levels and dimensionalities, facilitated the exploration of intricate patterns and 

the extraction of valuable insights from the dataset. It served as an important step in 

the data analysis pipeline. 

 

6.3.1 Test with 5 dimensions 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 30: Stimulus Coordinates, /LEVEL=RATIO, 5 dimensions 
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Table 31: Stimulus Coordinates, /LEVEL=INTERVAL, 5 dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 32: Stimulus Coordinates, /LEVEL=ORDINAL, 5 dimensions 
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Table 33: Stimulus Coordinates, /LEVEL=NOMINAL, 5 dimensions 

For the ratio and interval attribute levels, the results appeared highly similar, if not 

identical, making it challenging to discern clear-cut divisions. 

Conversely, the ordinal attribute level displayed more pronounced distinctions right 

from the initial stages of analysis. This was evident in the spatial separation of data 

points, suggesting a more structured and clustered arrangement within the reduced-

dimensional representation. 

In the case of the nominal attribute level, it became even more apparent that distinct 

divisions and groupings could be discerned.  

The individuated dimensions are: 

1: covid and severity 

2: influenza symptoms 

3: gastrointestinal  

4: psychological 

5: fatigue 
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6.3.2 Test with 4 dimensions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 34: Stimulus Coordinates, /LEVEL=RATIO, 4 dimensions 

 

 

 

 

 

 

 

 

 

 

  

 

 

Table 35: Stimulus Coordinates, /LEVEL=INTERVAL, 4 dimensions 
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Table 36: Stimulus Coordinates, /LEVEL=ORDINAL, 4 dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 37: Stimulus Coordinates, /LEVEL=NOMINAL, 4 dimensions 
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In this case the dimensions individuated are: 

1: covid and recover 

2: influenza 

3: gastrointestinal 

4: fatigue/memory 

 

6.3.3 Test with 3 dimensions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 38: Stimulus Coordinates, /LEVEL=RATIO, 3 dimensions 
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Table 39: Stimulus Coordinates, /LEVEL=INTERVAL, 3 dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 40: Stimulus Coordinates, /LEVEL=ORDINAL, 3 dimensions 
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Table 41: Stimulus Coordinates, /LEVEL=NOMINAL, 3 dimensions 

 

The factors individuated are slightly different for the different kind of levels: 

For ratio e interval we have: 

1: psychological  

2: influenza 

3: gastrointestinal 

Ordinal: 

1: influenza 

2:psychological  

3: gastrointestinal  

Nominal: 

1: covid and recovery 

2: influenza 

3: gastrointestinal 
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6.3.4 Test with 2 dimensions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 42: Stimulus Coordinates, /LEVEL=RATIO, 2 dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 43: Stimulus Coordinates, /LEVEL=INTERVAL, 2 dimensions 
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Table 44: Stimulus Coordinates, /LEVEL=ORDINAL, 2 dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 45: Stimulus Coordinates, /LEVEL=NOMINAL, 2 dimensions 
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Also here it can be noticed differences: 

Ratio e interval: 

1: influenza 

2: fatigue e recover 

Ordinal: 

1: covid and influenza 

2: anxiety 

And nominal: 

1: covid and influenza 

2: memory and anxiety 

 

6.3.5 Test with 1 dimension 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 46: Stimulus Coordinates, /LEVEL=RATIO, 1 dimension 
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Table 47: Stimulus Coordinates, /LEVEL=INTERVAL, 1 dimension 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 48: Stimulus Coordinates, /LEVEL=ORDINAL, 1 dimension 
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Table 49: Stimulus Coordinates, /LEVEL=NOMINAL, 1 dimension 

Conducting a one-dimensional ALSCAL analysis through the algorithm serves to simplify 

complex data by summarizing it into a single dimension. This is valuable for simplifying 

data interpretation, highlighting primary trends, and facilitating visual representation. It 

aids in identifying significant differences and relationships within the data, making it a 

useful tool for data reduction and visualization. 
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Chapter 7 
 

Conclusions 
 

7.1 Future Steps 
 

The current study has made significant advancements in the enhancement and 

refinement of the ‘Happy Again’ study. It has introduced novel security measures and 

data analysis strategies to ensure the robustness and reliability of the platform. 

Additionally, we have implemented efficient data management practices and improved 

the usability of the admin area, making it user-friendly for administrators. 

As we move forward, there are several future steps and improvements that can be 

considered to further enhance the effectiveness and reach of this research endeavor: 

One of the primary future steps should involve enhancing the scalability of the website. 

This would involve optimizing the platform's infrastructure to handle a larger volume of 

participants and data seamlessly. Accommodating a larger user base can lead to more 

comprehensive and statistically significant results. 

In an era of increasing cyber threats, continuously improving and updating security 

measures is imperative. Future efforts should focus on staying ahead of potential 

vulnerabilities and protecting the integrity of the data collected. Collaborating with 

cybersecurity experts can be beneficial in this regard. 

Expanding the reach of the voucher program to participants from other nations can 

significantly enrich the dataset and broaden the study's applicability. This step would 

require adapting the platform to accommodate multiple languages, currency options, 

and international regulations. 

Increasing the number of available translations for the website can break down language 

barriers and encourage participation from diverse linguistic backgrounds. This inclusivity 

can lead to a more comprehensive dataset and broader insights into Long covid’s global 

impact. 

As the participant base grows, performing more extensive and nuanced data analysis 

becomes essential. Collaborating with a team of experts can help unlock deeper insights 

into Long covid’s various aspects. 

Raising public awareness about Long COVID and the research study is vital. Future steps 

should include developing educational materials, collaborating with healthcare 
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organizations, and utilizing social media and other communication channels to reach a 

broader audience. 

 

7.2 Conclusions 
 

In conclusion, this study represents a significant step forward in Long COVID research by 

improving and advancing a dedicated website for data collection and analysis. The 

introduction of enhanced security measures and data analysis strategies ensures the 

integrity and reliability of the collected data. However, the journey towards 

understanding Long COVID is ongoing, and there are numerous opportunities for further 

improvement and expansion. 

As we look to the future, the scalability of the platform, increased security measures, 

and global participation will be essential in maximizing the impact of this research. 

Multilingual support and collaboration with experts will enable a deeper exploration of 

Long COVID's complexities. 

In summary, this research represents a significant milestone, but it is only the beginning 

of a broader effort to comprehensively understand and address the challenges posed by 

Long COVID. By continuously improving our methods and expanding our reach, we can 

work to achieve better information, more effective treatments and better support for 

people affected by this condition around the world. 
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