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ABSTRACT

Background noise can potentially cause dissatisfaction, stress, and reduced performance in the
workplace. One type of background noise comes from background discussions. Many studies in
the literature exist on the effects of speech intelligibility, a common measure of speech compre-
hension. Presently, no unitary framework exists for describing the relationship between stress and
performance; furthermore, the exact constitution of stress response in terms of physiological and
subjectively measured characteristics is not yet determined.

This thesis investigates the impact of various speech intelligibility conditions on cognitive task
performance in a simulated office environment using electrodermal activity (EDA) and heart rate
(HR) physiological signals. It was hypothesized that increase in distraction causes increase in
stress, which causes decrease in performance, and thus distraction and performance are inversely
related. A user study was conducted in a simulated office setting where participants (N = 24, N =
29) performed different cognitive tasks listening to audio of variable speech intelligibility condi-
tions. Data collected from participants included EDA and HR signals and self-reported subjective
ratings during the experiment, and task performance scores. Correlations were computed to help
assess conformance of the data to the hypothesized relationships. Physiological signals and self-
reported subjective ratings were hypothesized as indicators of stress; correlations were computed
to help determine how stress could be measured between them. This thesis also aims to determine
which intelligibility conditions have a stronger effect on stress and performance, and how certain
findings are affected by the type of cognitive task and by experimental design variations, namely,
(1) Within-Subjects design and (2) Between-Groups (randomized) design.

The following were found from the analysis results. Distraction was not directly related to
stress in either experimental design. Stress was inversely related to performance in both designs.
Distraction was inversely related to performance in the second design. Physiological signals and
self-reported stress ratings were a more accurate stress indicator in the first and second design, re-

spectively. The high intelligibility condition overall affected performance strongest in the second
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design but not stress in either design. Overall the Between-Groups (randomized) design yielded

results more in line with our research hypotheses than the Within-Subjects design.
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1. INTRODUCTION

Exposure to prolonged noise can have a detrimental impact on productivity and cause a variety
of health problems, including stress and cardiovascular diseases [1]. Background noise is a com-
mon stressor and distractor, and it negatively affects tasks that involve cognition, attention, and
concentration, all of which are necessary to perform well in the workplace [2], [3], [4]. Previous
studies suggest that workers who are dissatisfied with the office environment are less productive
[5], [6], [7], [8], [9], [10], [11]. In addition, the more control people feel they have over their
environmental conditions, the more comfort and satisfaction they feel which leads to increased
perceived productivity [12]. Perceived noise annoyance has been shown to increase arousal lev-
els [13]. Noise in the work environment can induce the release of cortisol resulting in increased
arousal that can hinder reasoning and attention [14], [15]. In fact, noise distraction even at real-
istic levels in an open-plan office setting leads to increase in fatigue with negative effects on the
work performance [16]. All these results show that, not just background noise, but even perceived
noise, has a significant negative effect on performance. However various noise types do not affect
human performance in the same manner: noise energy concentrated in low frequencies may hin-
der verbal reasoning tasks [10], increased intelligibility of noise coming from speech can be more
detrimental to human performance [17], [18], while excessive noise absorption in open-plan office
environments might cause reduced acceptability to sporadic noises [19].

Background speech noise in particular can negatively impact speech processing ability [20],
while speech has been shown to negatively impact reading and short-term memory performance
[21]. Speech has also been perceived as the most distracting source of noise in office environments,
particularly in open-plan office settings [18], [22]. Further, high intelligibility background speech
negatively impacts performance on the basic cognitive tasks of verbal-logical reasoning, verbal
short-term memory, and sustained attention, more than lower intelligibility levels and silence [23].
In addition, it has been shown that increasing background speech intelligibility results in perfor-

mance decline in many cognitive tasks [24]. Reducing background noise in open-plan offices can



further alleviate the negative effects of psychological job stress [25]. These results indicate the
importance of reducing the negative effects of background speech noise, especially in open-plan
office environments.

Furthermore, the effect of environmental noise on productivity can be different across individ-
uals: the perceived sensation differs from person to person and therefore a single environmental
condition cannot have the same effect on all people [26]. These findings from psychological sci-
ences demonstrate the need for data-driven personalized approaches that can help identify the
levels of noise that can be tolerated by each person, which can contribute to customized solutions
and adaptive environments for mitigating noise. These are further amplified in the context of an
open-plan office environment due to high variability in the types of environmental stimuli and in-
dividual preferences.

The goal of this Master’s thesis is to investigate how various conditions of speech intelligibil-
ity of background discussions affect stress and work performance. A user study was conducted
in a simulated office setting where participants performed different cognitive tasks while simul-
taneously listening to audio simulating background discussions of variable conditions of speech
intelligibility. Various physiological signals were collected from the participants using sensors
during the tasks, and their various self-reported subjective ratings were obtained via self-reported
measures at various times of the experiment. The participants’ task performance scores were also
obtained. The speech intelligibility conditions employed in the study are, namely, high intelligi-
bility, low intelligibility, and silence conditions. The participants’ obtained physiological signals,
self-reported measures, and task performance measures were analyzed to understand the impact of
these background distractors on their performance and stress while performing the cognitive tasks.

To investigate the above, this thesis hypothesizes a set of relationships among distraction, stress,
and performance and examines these on data from the user study. (It is important to mention here
that distraction and performance are assumed in this research to refer to speech distraction and
work performance, respectively, and are thus used as so henceforth in this thesis.) Based on afore-

mentioned prior research, and given that research has shown that increase in stress can lead to de-



creased employee performance [27], it is hypothesized that increase in distraction causes increase
in stress, which in turn causes decrease in performance, and that thus distraction and performance
are inversely related. Assuming that distraction, represented by the speech intelligibility of the
background discussions, is X, and its outcome is the work performance under the various back-
ground discussions, Y, represented by the participants’ performance measures on the cognitive
tasks under the background distractors, and stress, represented by the participants’ self-reported
subjective ratings and their collected physiological signals during the tasks, is M, then we make

the following hypotheses:

1. Increase in distraction X causes increase in stress M.

2. Increase in stress M causes decrease in performance Y.

3. Distraction X and performance Y are thus inversely related.

In addition, it has been theorized in the literature that stress response constitutes physiological
characteristics, and also that one aspect of stress includes subjective responses to the stress [28];
based on these, it is hypothesized in this thesis that physiological signals and self-reported subjec-
tive ratings are two indicators of stress.

In my Master’s thesis, I aim to investigate whether the above hypotheses are reflected in data
collected from the aforementioned user study. Additionally, I aim to investigate how certain results
of the corresponding analyses are affected by the type of cognitive task as well as by experimen-
tal design variations. Furthermore, I also aim to determine which intelligibility conditions have a
stronger effect on stress and performance.

Thus, in this thesis I aim to answer the following research questions:

1. Is distraction related to stress?

2. Is stress related to performance?

3. Is distraction related to performance?



. Does it matter how stress is operationalized or measured between the self-reported subjective

ratings and the physiological signals?
. Does the specific type of task make a difference in any of the above results?
. Which intelligibility conditions have a stronger effect on stress and performance?

. Are these results consistent across different design variations of the experiment?



2. LITERATURE REVIEW AND RESEARCH CONTRIBUTIONS

2.1 Stress and relationship between stress and performance

There have been many theories in the literature aiming to describe how performance is affected
by stress, but there is no unitary framework that has consensus in the scientific community for the
same as of yet. One such theory is the Inverted-U hypothesis [28]. The Inverted-U hypothesis
describes performance as increasing with arousal, until a point after which performance decreases;
the hypothesis emerged from the postulate that the relationship between performance and arousal
is curvilinear in the shape of an inverted U, representing that moderate arousal leads to optimal
performance, while too much or too little arousal will lower performance. But later observations,
including one that the Inverted-U hypothesis does not explain how the curvilinear inverted U rela-
tionship is produced, as well as another that the hypothesis is based on seemingly psychologically
trivial research, to name a few, refuted this theory, leading to newer theories. Many of these latter
theories are supported by the literature. One of these theories suggests that performance is depen-
dent on the type of stress stimuli and how the performance is being measured. There is empirical
evidence for other models that likewise emerged later, attempting to describe performance under
stress, including those representing non-inverted U relationships, linear relationships (positive as
well as negative), and no or nearly no relationship at all. As stated earlier, there is no consensus
as of yet from the scientific community on a single unitary framework for describing how stress
impacts performance; there are currently only theories being proposed and disputed.

There is also no unitary definition for stress in the scientific community as of yet, includ-
ing its constitution [28]. However, there are many theories in the literature regarding the same.
Arousal theory states that arousal activates the stress response, which is usually a multidimen-
sional response that frequently includes physiological dimensions [28]. Wofford et al. defined
stress response in humans as comprising three domains, namely, physiological arousal, psycho-

logical responses, and behavioral responses [29]. Gaillard stated that stress is multi-dimensional,



with one aspect of stress being an output function that includes subjective and physiological re-
sponses to the stress [30]. Examples of physiological responses to stress are HR, skin conductance
response (SCR), or EDA, and electrocardiogram (ECG), while examples of subjective responses
to stress are comfort, cognitive demand, and frustration [28].

Relevance to this research: In the work of my thesis, I am not attempting to suggest or prove
any one of the aforementioned theories in the literature as being the unitary or superior one for de-
scribing the relationship between stress and performance or for defining the constitution of stress,
nor am [ attempting to suggest or prove a novel theory for these purposes; that is not the goal of
this thesis. However, some of these theories could help explain the potential patterns that might
emerge from the data analysis conducted for answering the research questions of this thesis. In this
research, as previously mentioned, it is hypothesized that the relationship between stress and per-
formance is positive linear, and that stress is indicated by physiological signals and self-reported
subjective ratings; these hypotheses are subsequently examined on the data for the purpose of

answering the research questions.
2.2 Relationship between physiological signals, and stress and subjective ratings

Bong et al. proposed a system to assess and classify the emotional stress levels of individuals
using their physiological signals, including ECG, and their perceived stress ratings [31]. Stud-
ies have shown that stress and fatigue can be reliably predicted from physiological signals [32].
One study has found that the physiological signals of ECG and galvanic skin response (GSR), or
SCR, are two of the more accurate predictors of an individual’s stress and fatigue while perform-
ing real-world driving tasks [32]. Another study showed the potential usefulness of real-time ECG
measurements for detecting sudden rise and high levels of emotional response, mental overload,
and physical activity for workers in professions that involved risks and/or responsibility for peo-
ple’s lives [33]. Heart rate, along with anxiety, are increased in response to acute psychological
stress [34]. Subjective workload is positively correlated with anxiety, which is in turn positively
correlated with heart rate [35]. Furthermore, a study in real flight showed that heart rate was sig-

nificantly positively correlated with mental workload and stress in the pilots; mental workload and



stress were found to be positively correlated with each other as well [36]. Brookhuis et al. showed
that, with the help of heart rate measures from ECG, obtaining drivers’ mental workload measure-
ments in driving simulators is relatively feasible using physiological signals [37]. Brookhuis ef al.
also stated that physiological measures are the most natural indicator for mental workload [37].
Mehler et al. showed that increase in task demands during simulated driving caused increases in
EDA, HR, and respiration rate [38]. Additionally, EDA was found to distinguish between cog-
nitive, or mental, workload and stress in a simulated office setting study with reasonably high
accuracy [39].

Exposure to high-intensity aperiodic noise can lead to increase in electrodermal activity and
decreased task performance when workers believe stopping the noise is not in their control, than
when they do believe that stopping the noise is in their control under the exact same setup condi-
tions [40]. Previous research has also explored the effect of short-term acoustic stimuli on human
physiology, indicating increased electrodermal activity and decreased heart rate under steady-state
noise [41], [42]. Recent studies have examined this association in real-life residential building
noises, indicating that individuals with higher noise sensitivity are physiologically more reactive
and depict slower habituation to noisy conditions compared to the low sensitivity group [42], [43],
[44]. Such associations are moderated by age, sex, and personality [45].

Relevance to this research: This thesis analyzes the impact of distractors on stress and cogni-
tive task performance using EDA and HR data and self-reported subjective ratings. As mentioned
previously, stress is hypothesized in this research to be indicated by physiological signals and
self-reported subjective ratings under the distractor conditions, and this hypothesis is subsequently

examined on the data.
2.3 Effects of speech intelligibility on performance

One study reported that, among intelligibility conditions of background speech noise, where
the speech intelligibility was measured using Speech Transmission Index (STI), varying from STI
= 0.0 to STI = 1.0, the greatest decline in performance occurred under the perfectly intelligible

speech condition (STI = 1.0), while performance was the best when speech was absent from back-



ground noise (STI = 0.0) [20]. Additionally, increasing background speech intelligibility results
in performance decline in many cognitive tasks [23]. Background speech has been shown to have
harmful effects on short-term memory and working memory cognitive performance [23]. Hongisto
et al. stated that the distracting power of speech, in terms of effect on performance, is determined
by the speech intelligibility, which can be measured using STI [20]. Jahncke et al. showed that
the relationship between STI and performance, as well as the amount of change in performance,
in an open-plan office, are dependent on the type of cognitive task being considered [46]. Further,
the results of the aforementioned study by Jahncke et al. showed that the magnitude of increase
in cognitive performance from minimizing speech intelligibility would vary depending on the task
type [46].

Relevance to this research: This work aims to analyze the impact of different speech intelli-
gibility conditions on stress and cognitive task performance, and also at the task-type level. Based
on the aforementioned prior work, it is premised in this research that greater intelligibility condi-
tions result in greater distraction, and the subsequent analysis in this thesis as well as answering

the research questions are based on this premise.
2.4 Assessing speech using physiological signals

Physiological stress responses such as the activation of the sympathetic nervous system (SNS)
and the disengagement of the parasympathetic nervous system (PNS) may be evoked by cognitive
and emotional challenges [47]. These physiological changes occur in the autonomic nervous sys-
tem (ANS), which consists of the SNS and the PNS [47]. The SNS is associated with preparing
the body for fight or flight in response to stress, while the PNS tries to restore the body to a calm
state [47]. According to Mackersie et al., EDA is known to reflect sympathetic activity, while
high-frequency heart rate variability (HF-HRV) is known to reflect parasympathetic activity [47].
A study by Mackersie et al. showed that an increase in speech rate of background speech during
auditory tasks, which results in an increase in auditory task demand, led to an increase in skin
conductance levels (signifying the arousal of the SNS) and a decrease in HF-HRV (signifying the

disengagement of the PNS) [47].



A study by Francis et al. reported that certain masked speech conditions instituted higher task
demands and were significantly less intelligible than unmasked natural speech settings [48]. In
the aforementioned study by Francis et al., although the subjective task demand ratings and per-
formance measures were comparable across two masked speech conditions differing in how the
maskers were created, SCR was significantly greater in the condition where the masker had higher
speech intelligibility [48].

Relevance to this research: This thesis analyzes cognitive task performance under different
speech intelligibility conditions of simulated background discussions. It also hypothesizes that
physiological signals are an indicator of stress response under the different speech intelligibility
conditions and examines how the data reflects this.

Research contributions: This Master’s thesis will examine physiological responses to noisy
stimuli in association with task performance. The research design is modeled after prior work
that has attempted to quantify task performance from physiological data (i.e., SWELL-KW dataset
[49]), including tasks similar to those in this Master’s thesis study, such as preparing reports and
presentations, searching for information, and reading emails. Instead of audio distractors, prior
work [49] has used stressors of time pressure and email interruptions for providing distraction.
Furthermore, to the best of my knowledge, the work as part of my thesis is the first in the liter-
ature to use physiological signals as indicators of stress to analyze impact of background speech

intelligibility on cognitive task performance.



3. USER STUDY

3.1 User study structure

The data analyzed in this thesis are part of a user study that was conducted in a research labora-
tory in the Department of Psychological & Brain Sciences at Texas A&M University. Participants
with the following eligibility requirements were recruited: (1) being at least 18 years of age; (2)
being a Native English speaker; and (3) having normal hearing capabilities. A controlled lab set-
ting which simulated an office environment was set up, where participants spent approximately
3 hours performing different cognitive tasks in front of a desktop computer. The tasks included
the following: (1) Proofreading/Catalog task (comprising of Proofreading and Catalog sub-tasks),
(2) Presentation task, and (3) Prioritizing Task. During the tasks, the participants listened to var-
ious audio provided for them with correspondingly assigned speech intelligibility conditions, and
various physiological data were recorded using sensors. In addition to guidelines regarding the
requirements for the reports and presentations, they were given Internet access and auxiliary re-
sources for completing the tasks. Participants were told in advance of signing up for the study that

they would be given a $30 Amazon gift card for their participation in the research.
3.1.1 Speech intelligibility conditions

As mentioned previously, the speech intelligibility conditions used in the study are high intel-
ligibility, low intelligibility, and silence conditions. Audio files to be used for simulating back-
ground discussions corresponding to the different speech intelligibility conditions were chosen by
the research team. The process in which this was done involved first carefully listening to various
candidate audio files for each intelligibility condition, and then eliminating any files with content
that was not neutral and unbiased, both in terms of information conveyed and emotion, as well
as files wherein a speaker had a discernible accent. The purpose of this elimination was to avoid
any audio that would cause confounding distraction and/or reactions in the participants. The team

then chose files for each speech intelligibility condition from the remaining candidates based on a
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consensus on perceived intelligibility. The STIs of the candidate audio files were also calculated;
these STI values were inspected on the basis of how reasonable they were for the assigned intelli-
gibility condition, the results of which were taken into consideration as well in selecting the final
audio files for each intelligibility condition. The silence condition was intended to contain no back-
ground discussions (as well as no background noise) and be of zero intelligibility; hence, in order
to simulate this condition, no audio files were selected for it. The final set of assigned audio files
were of variable STIs corresponding to the high and low intelligibility conditions, respectively, and
it was these files that were finally employed in the study. The STIs of these final files used for each
intelligibility condition fell within different ranges corresponding to the condition. Specifically,
the STIs of the audio files used for the high intelligibility condition were in the approximate range
of STI = 0.24 to STI = 0.27, while the STIs of those used for the low intelligibility condition were
in the approximate range of STI = 0.2 to STI = 0.22. The STI of the silence condition is taken to
be 0.0.

3.1.2 Experimental design variations

The experiment protocol was divided into three blocks, where each block was assigned one
cognitive task and one speech intelligibility condition. The experiment was conducted with two
variations in this design, with different participants recruited for each: (1) Within-Subjects design,
where all the participants performed each task under each speech intelligibility condition, and the
task order was the same for all the participants, but the order of the intelligibility conditions was
varied among them, and (2) Between-Groups (randomized) design, where each group of partici-
pants performed all the tasks under only one specific intelligibility condition, and the task order
was varied randomly within the assigned groups. In the first experimental design, exactly one-third
of the total number of participants were assigned in each order of speech intelligibility conditions.
In both experimental designs, the Proofreading/Catalog task was 22 minutes long, whereas the Pre-
sentation and Prioritizing tasks were 20 minutes long each. Different participants were recruited
for each of the design variations, namely, 24 subjects participated in the first design of the exper-

iment, while the second design of the experiment had 29 participants. The second experimental
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design was conducted after the completion of the first experimental design.
Figures 3.1 and 3.2 show the setups followed for participants in the first and second experi-

mental design variations, respectively, in tabular form.

Protocol
A
High Low MNone
[8 participants]
B
None High Low
[8 participants]
cC
Low MNone High
[8 participants]
Task Proofreading/Catalog Presentation Prioritizing

Figure 3.1: The setup followed in the first experimental design of the user study (24 total partici-
pants).

In the below subsections, we describe the procedure of the experiment followed for both ex-

perimental design variations.
3.2 Pre-study

At the start of the experiment, participants were made to go through Covid-19 screening and
review and sign a Covid-19 screening consent form. After this they were told to review and sign
an Informed Consent form regarding the study. In order to test whether their hearing capabilities
satisfied the eligibility requirements, they were made to take a hearing test, after which only those
who passed the test were allowed to stay for the experiment. Subsequently, general mental ability
(GMA) was captured via a cognitive assessment. They further filled out a set of measures to

capture other individual differences measures, as listed below:
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No. of Participants Intellig_it:_rility Task Order
Condition

5 Proof/Cat, Pres, Prior
11 High

6 Prior, Pres, Proof/Cat

3 Proof/Cat, Pres, Prior
6 — Low

3 Prior, Pres, Proof/Cat

6 Proof/Cat, Pres, Prior
12 MNone

6 Prior, Pres, Proof/Cat

Figure 3.2: The setup followed in the second experimental design of the user study (29 total par-
ticipants); the abbreviations of the task names in the figure, namely, Proof/Cat, Pres, and Prior,
correspond to the tasks of Proofreading/Catalog, Presentation, and Prioritization, respectively.

* Trait form of the State-Trait Anxiety Inventory (STAI-Trait) [50], [S1]: This is a 20-item
measure for assessing trait anxiety, rated on a 4-point scale. Higher scores represent higher

levels of anxiety. Examples of questions are "I feel rested" and "I feel inadequate".

* Five-Factor Model of Personality [52], [53]: This assessment measures the "Big Five" per-
sonality dimensions, namely, Extraversion, Agreeableness, Conscientiousness, Neuroticism,

and Openness to Experience.

* Coping Inventory for Stressful Situations Short Form [54], [55]: This measure assesses a per-
son’s coping in terms of three coping methods: task-oriented coping, emotion-oriented cop-
ing, and avoidance coping. Task-oriented coping is coping through applying task-oriented
actions for the purpose of solving the task or problem. Emotion-oriented coping is coping
through self-oriented emotional responses aimed to alleviate stress. Avoidance coping is

coping through distraction from the task in order to avoid or reduce the stress.

* Weinstein’s Noise Sensitivity Scale [56]: This is a measure for assessing a person’s sensitiv-

ity to noise, rated on a 6-point scale. Examples of questions are "I am easily awakened by
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noise." and "There are often times when I want complete silence."

3.2.1 Wearable sensors

After filling out the above individual differences measures, participants were equipped with
the Empatica E4 [57] and the Actiwave Cardio [58] sensors, which were used for recording par-
ticipants’ various physiological signals during the performance tasks. These devices are described

below, along with measures they recorded in the user study:

* Empatica E4 wristband: This sensor allows various physiological data to be obtained in real-
time and is worn on the wrist [57]. Participants’ EDA, HR, and blood volume pulse (BVP)

signals were recorded using this sensor during the cognitive tasks.

» Actiwave Cardio: This is a chest sensor and was used for recording participants’ ECG wave-

forms during the cognitive tasks [58].
3.3 In-study
Next the participants followed the respective protocol assigned to them.

1. At the beginning of each block, they watched a 5-minute psychological relaxation video and

then were asked to fill out the State form of STAI (STAI-State).

2. After that, they proceeded with completing the cognitive task, during which they performed
the assigned task while listening to audio of the assigned intelligibility condition for the
specific block and were also asked to rate their current stress levels via a pop-up single-item

question every 5 mins.

3. After the task, participants also provided subjective ratings of stress, discomfort, and cogni-
tive workload via STAI-State [50], a single-item discomfort scale, and the NASA Task Load

Index (NASA-TLX) [59], in that order, respectively.

Participants were given a 5S-minute break between blocks. Performance measures on the cognitive

tasks were also obtained after the end of the experiment.
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3.3.1 In-study assessments

The assessments filled out by the participants during the study are described below:

Pop-up stress rating: This is a single-item measure developed for assessing the participants’

subjective stress rating during the cognitive tasks in 5S-minute intervals.

 State form of the State-Trait Anxiety Inventory (STAI-State) [50], [51]: This is a 20-item
measure for assessing state anxiety, rated on a 4-point scale. Higher scores represent higher

levels of anxiety. Examples of questions are "I feel strained" and "I am jittery".

* Discomfort: This is a single-item measure for assessing the subjective discomfort rating.

e NASA Task Load Index (NASA-TLX) [59]: This measure assesses 6 dimensions of work-
load, namely, Mental Demand, Physical Demand, Temporal Demand, Performance, Effort,

and Frustration.

3.3.2 Cognitive tasks

Here we describe the three cognitive tasks used in the experiment, as well as corresponding

evaluation and task performance measures relevant to the data analysis of the thesis:

* Proofreading/Catalog: This task comprised of two sub-tasks as follows:

— In the Proofreading sub-task, participants were required to correctly proofread three
cover letters. The errors were geared more towards aspects like grammar, spelling,
sentence structure, and punctuation than towards form or structure of the entire docu-
ment.

For each cover letter, a point was added for each error corrected correctly, and a point
was deducted for each error unaddressed or improperly corrected as well as for each
new error that was made. The total score for this task was the sum of the scores of each

of the three cover letters.
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— In the Catalog sub-task, participants were given four orders, as well as a product catalog
containing all available items, their order numbers, and their prices. They were then
required to correctly process the orders by correctly calculating each of their prices.
Each order was given one point if its price was correctly calculated and O if not. The

total score for this task was the sum of the scores of each of the four orders.

* Presentation: In this task, participants were required to make a brief oral presentation on the
history and significance of Gobekli Tepe by preparing a Microsoft PowerPoint Presentation
and a short script using Microsoft Word, which they were then required to present at the end
of the session. Copy-and-paste was not allowed in the task.

The presentation slides and the Word script were jointly given a basic criteria score as well as
a quality score according to how well they matched certain preset basic and quality criteria,
respectively. The total score for this task was the sum of the basic criteria score and the

quality score.

* Prioritizing: In this task, participants were provided a set of tasks to prioritize for a hypo-
thetical day, given that they had just arrived for work at 8 am on that particular day. They
were required to list the tasks in the order that they would complete them on that day, and list
tasks they would not have time for as those that would be done the next day (in no particular
order).

A predefined key was used to score the prioritization ranks both in terms of match to the key
(scoring in absolute terms) and in terms of distance from the key (scoring in relative terms).
The total absolute and relative scores of the task were the sum of prioritization rank absolute

and relative scores, respectively.

The procedure of the in-study experiment, which was common to both experimental design varia-

tions, is summarized as a flowchart in Figure 3.3.
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Figure 3.3: Flowchart describing the procedure of the experiment followed during in-study for
both experimental designs.
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4. METHODOLOGY

4.1 Data description

The data used for computing the analysis results of this Master’s thesis is outlined as follows:

1. Physiological signals:

* EDA: This is a measure of the changes in the electrical conductance of skin as a re-
sponse to sweat secretion, recorded in microSiemens. Experiencing emotional arousal

results in increase in skin conductance levels.

* HR: This is a measure of the heart rate, recorded in beats per minute.

2. Self-reported measures (as described previously):

» State Anxiety (from STAI-State)
* Trait Anxiety (from STAI-Trait)
* Pop-up stress

* Discomfort

* Cognitive workload from NASA-TLX

3. Task performance measures:

* Proofreading total score: This is the total score for the Proofreading sub-task. The max-
imum possible values of the total scores for each of the three cover letters are 16, 16,
and 14, respectively. Thus, based on this and the aforementioned evaluation procedure
for the Proofreading sub-task, the maximum possible value of the total score is 46, the
minimum possible value is negative infinity, and the possible values are separated by a

step size of 1.
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* Catalog total score: This is the total score for the Catalog sub-task and represents the
total number of orders priced correctly out of the total four. Based on the aforemen-
tioned evaluation procedure for the Catalog sub-task, the maximum possible value of
this score is 4, the minimum is 0, and the possible values are separated by a step size

of 1.

* Presentation total score: This is the total score for the Presentation task. The basic
criteria score was rated across 6 dimensions on a 3-point scale (0 - not met, 1 - partially
met, and 2 - fully met) for a minimum possible of 0 and a maximum possible of 18,
and the latter score was rated across 6 dimensions on a 5-point scale (0 - basic, 0.5, 1 -
proficient, 1.5, 2 - advanced) for a minimum possible of 0 and a maximum possible of
12. Thus, based on this and the aforementioned evaluation procedure for the Presenta-
tion task, the possible values for the total score ranges from 0 to 30, separated by a step

size of 0.5.

* Prioritizing total absolute score: This is the total absolute score for the Prioritizing
task. Based on the aforementioned evaluation procedure for the Prioritizing task, the
maximum possible value of this score is 10, the minimum is 0, and the possible values

are separated by a step size of 1.

Figure 4.1 summarizes the relevant evaluation procedure and relevant score calculations and ranges
for the tasks.

4.2 Physiological signal processing

4.2.1 Signal segmentation

The EDA and HR signals were first segmented per task, separately for each experimental de-

sign.
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Name of Task Evaluation and Scores

Score of each letter = # errors
corrected - # errors missed - # new
Proofreading | errors made

Total score = sum of scores of

Proofreading 3letters
! Max: 46; Min: - O ; Step: 1

Catalog

Score of each order = 1 if carrect, 0
if incorrect

Catalo
g Total score = sum of scores of

4 orders
Max: 4; Min: 0; Step: 1

Slides and script jointly given
® 3 basic criteria score
Presentation * aquality score
Total score = basic + quality

Max: 30; Min: 0; Step: 0.5

Prioritization scored in terms of

* match to key (absolute)

e distance from key (relative)
Prioritizing
Total absolute score = sum of
prioritization absolute scores

Max: 10; Min: 0; Step: 1

Figure 4.1: Summary of relevant evaluation procedure and relevant score calculations and ranges
for each cognitive task/sub-task.

4.2.2 Signal pre-processing

The segmented signals were then inspected to make sure that unusable signals (for example,
with abnormally low levels) were removed from the data prior to processing. Due to issues that
were observed by inspection from a particular E4 sensor in the second experimental design that
resulted in plausible inaccurate signal data recorded, all EDA signals obtained from that sensor in
the second experimental design were removed. Specifically, that particular sensor was used by a
total of 14 participants in the second experimental design; hence, the EDA signals from those 14
participants were removed from the subsequent analysis.

The remaining segmented EDA signals were pre-processed with a low-pass filter (smoothing
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size N = 32 samples). This helped to de-noise the signals.
4.2.3 Feature extraction

From the EDA data, the following measures were extracted:

* Mean SCR: The mean of the EDA signal. The unit was microSiemens.

* SCR Amplitude: The amplitude of the EDA signal. The unit was microSiemens.

* SCR Frequency: The frequency of the EDA signal (number of peaks of the signal per

minute). The unit was peaks per minute.

From the HR data, the following measures were extracted:

* Mean HR: The mean of the HR signal. The unit was beats per minute (bpm).

 Standard Deviation of HR: The standard deviation of the HR signal. The unit was bpm.

After completion of EDA and HR signal processing, the final sample sizes (equivalent to the num-
ber of participants) in the EDA and HR datasets for the first experimental design were 24 each,
while for the second experimental design they were 15 in the EDA dataset and 29 in the HR
dataset. This is due to the elimination of the 14 EDA signals due to sensor issues as previously
discussed; no other signals were removed during pre-processing.

The subsequent research analysis of this thesis was conducted on the final samples of partici-

pants with the aforementioned sample sizes.
4.3 Investigating impact of background discussions on stress and performance

The following results quoted in subsection 4.1 were computed for all participants, separately

for each experimental design:

1. Means and standard deviations of the following for each intelligibility condition:

(a) self-reported measures
(b) task performance measures
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(c) EDA and HR measures

2. Task-wise correlations of the following:

(a) self-reported measures as a function of physiological measures
(b) task performance measures as a function of physiological measures

(c) task performance measures as a function of self-reported measures

3. Task-wise means and standard deviations of the following for each intelligibility condition:

(a) self-reported measures

(b) physiological measures

We subsequently analyze above results in order to help understand the impact that background
discussions have on stress and work performance, as well as to help answer the research questions
of this thesis, based on insights from the patterns observed from the analyses. It is important to
mention that the standard deviation results delineated above will not be included in the thesis anal-
ysis, though they will be reported in the thesis along with the other results.

It must be mentioned here that, in the above-mentioned analyses, by task-wise it is meant that
the means and correlations were computed per type of cognitive task. Hence going forward in this
thesis, the term task-wise will be meant in so manner.

All the correlations computed in this thesis as delineated above are Spearman’s correlations.

It must also be mentioned here that, in the process of computing the results delineated above
that pertain to the self-reported measures, except that of the task-wise means and standard devia-
tions of the self-reported measures for each of the intelligibility conditions, the State Anxiety self-
reported measure used was obtained as the absolute difference between the self-reported measure
of State Anxiety provided before a particular cognitive task and the corresponding self-reported
measure of State Anxiety provided after the cognitive task. In the process of computing the task-
wise means and standard deviations of the self-reported measures for each of the intelligibility

conditions, the State Anxiety self-reported measure used was the self-reported measure of State
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Anxiety provided after the cognitive task.

Since we aim to determine the effect of the different speech intelligibility conditions per task
type as a part of the thesis research as well, the individual Proofreading and Catalog sub-task total
scores were aggregated to give a single score for the Proofreading/Catalog task (by first standard-
izing them to give them equal weights and then adding them together), and this aggregated score,
instead of the individual sub-task scores, was used in computing the results delineated above that

pertain to the task performance measures.
4.3.1 Hypotheses of the research questions

Based on the discussion until now, including based on this thesis’s review of prior work, the

following hypotheses were formulated for the research questions of this thesis:

1. Is distraction related to stress?

¢ Increase in distraction causes increase in stress.

2. Is stress related to performance?

* Increase in stress causes decrease in performance.

3. Is distraction related to performance?

* Distraction and performance are inversely related (from the hypotheses of the previous

two research questions).

4. Does it matter how stress is operationalized or measured between the self-reported subjective

ratings and the physiological signals?

* Based on the literature review discussed in this thesis, it is hypothesized that phys-
iological signals are a more accurate indicator of stress than self-reported subjective

ratings.

5. Does the specific type of task make a difference in any of the above results?
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* The type of task is hypothesized in this thesis to have an effect on stress and perfor-
mance, and thus on the above results. Correlations between each cognitive task and
GMA were calculated, and it was found that the Proofreading/Catalog task overall
gave the highest positive correlations with GMA, followed by the Presentation task,
and then the Prioritizing task which gave the worst correlations. Based on this finding
it is hypothesized in this thesis that the Proofreading/Catalog task will give results most
in line with the hypotheses for the earlier results, followed by the Presentation task, and

then the Prioritizing task.

6. Which intelligibility conditions have a stronger effect on stress and performance?

* It is premised in this thesis that higher speech intelligibility corresponds to greater
distraction. Thus, the high intelligibility condition will yield higher stress and lower

performance compared to the low intelligibility and silence conditions.

7. Are these results consistent across different design variations of the experiment?

* Due to the inherent definitions of the two experimental designs, the second experimen-
tal design, namely, Between-Groups (randomized), is hypothesized to be methodolog-
ically better than the first experimental design, namely, Within-Subjects, as the former
is more interpretable, and therefore the Between-Groups (randomized) design variation

is expected to yield results more in line with above hypotheses.
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5. RESULTS

5.1 Means of the physiological signals, self-reported measures, and task performance mea-

sures

As discussed in the previous section, the means and standard deviations of the physiological
signal measures, the self-reported measures, and the task performance measures across all par-
ticipants in each experimental design were calculated for each intelligibility condition. All the
results in this thesis are presented for the following physiological signal measures, namely, Mean
SCR, SCR Amplitude, and SCR Frequency for EDA, and Mean HR and Standard Deviation of HR
for HR, for the following self-reported measures, namely, State Anxiety, Trait Anxiety, Discom-
fort, Pop-up Stress, and cognitive workload from NASA-TLX, and for the following task perfor-
mance measures, namely, Proofreading/Catalog total score, Presentation total score, and Prioritiz-
ing total absolute score. The codes of these task performance measures, as included in the table
column headings in the relevant results in this thesis, are, respectively: Proofread/Catalog_Tot,
Present_Tot, and Prior_Abs_Tot.

The ranges of values of each of the physiological measures, self-reported measures, and task
performance measures used in computing all the results in this thesis, for each experimental de-
sign, are provided in Tables 5.1, 5.2, and 5.3, respectively. (The total number of values for which
each range corresponds to is the corresponding sample size N, which will be provided in the rele-
vant tables for each of the results in this thesis.) The values of the measures are unchanged from
how they were obtained from the user study. As implied from the discussion in the previous sec-
tion, two measures of the State Anxiety self-reported measure were used in computing results in
this thesis, one obtained as the absolute difference between the State Anxiety measure provided
before and after a cognitive task, and the other the State Anxiety measure provided after a cogni-
tive task. The codes of these two State Anxiety measures will be assigned as State Anxiety (diff.)

and State Anxiety (post), respectively, and these codes are included in the column headings of the
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aforementioned tables for the columns pertaining to the State Anxiety measures they respectively

correspond to.

Exp. Design | Mean SCR | SCR Amplitude | SCR Frequency | Mean HR | Std. Dev. of HR

Ist 0.02-1.15 0.007 - 0.19 0-4.87 63.19 - 110.47 2.02-243
2nd 0.02-2.13 0.007 - 0.13 0-35 68.58 - 92.99 2.12-20.58

Table 5.1: Ranges (approx.) of dataset values of physiological measures in each experimental
design.

Exp. Design | State Anx. (diff.) | State Anx. (post) | Trait Anx. | Discomf. | Pop-up Str. | NASA-TLX |

Ist -46 - 13 20-70 25 - 68 1-7 14-6.8 -95 - 495
2nd -40 - 22 20-76 24-72 1-7 1.2-6.8 -83 - 402

Table 5.2: Ranges of dataset values of self-reported measures in each experimental design.

| Exp. Design | Proofread/Catalog_Tot | Present_Tot | Abs_Basket_Tot |

Ist 0.21-1.5 3-14 0-4
2nd 0.15-2 4-17 0-6

Table 5.3: Ranges of dataset values of task performance measures in each experimental design.

The mean and standard deviation values of the EDA measures for each intelligibility condition
for the first and second experimental design are shown in Tables 5.4 and 5.5, respectively, and the
mean and standard deviation values of the HR measures for each intelligibility condition for the

first and second experimental design are shown in Tables 5.6 and 5.7, respectively. The relevant
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sample sizes are provided in the tables as well. For the first experimental design, sample size N =
24 for each intelligibility condition for both the EDA and HR measures. For the second experimen-
tal design, N = 5 for the high intelligibility condition, N= 3 for the low intelligibility condition,
and N = 7 for the silence condition for the EDA measures, while for the HR measures, N = 11
for the high intelligibility condition, N = 6 for the low intelligibility condition, and N = 12 for the
silence condition. In both experimental designs for the EDA measures, the means increase overall
from the high intelligibility condition to the silence condition, with the silence condition having
the greatest means overall. However, in the first design variation for the HR measures, we see
that the means decrease overall from the high to the silence condition, with the silence condition
having the lowest means. In the second design variation, Mean HR is the highest in the silence
condition, whereas Standard Deviation of HR is highest in the low intelligibility condition. Thus,
only the means of the HR measures in the first design variation show patterns that are in line with
our hypothesis that increase in distraction causes increase in stress.

It is important to mention here that, while analyzing the variations across intelligibility condi-
tions in the results of this thesis, we will also be using extreme contrast as a hypothesis; thus, our
extreme contrast hypothesis will be that the high intelligibility condition will yield higher stress
and lower performance than will the silence condition.

In both the first and second experimental designs, considering both the EDA and HR measures
together, we see that, overall, mean values are higher in the silence condition than in the high in-
telligibility condition across the measures. This is not in line with our extreme contrast hypothesis
as well as our hypothesis that increase in distraction (intelligibility) causes increase in stress.

The mean and standard deviation values of the self-reported measures for each intelligibility
condition for the first and second experimental design are shown in Tables 5.8 and 5.9, respectively,
along with the relevant sample sizes. Here as well, the sample size N = 24 for each intelligibility
condition for the first experimental design, while for the second experimental design, N = 11 for
the high intelligibility condition, N = 6 for the low intelligibility condition, and N = 12 for the

silence condition. (It is important to mention that the code, NASA-TLX, included in the column
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headings of the aforementioned tables refers to the cognitive workload measure from the NASA-
TLX assessment. This is also the case for all the tabular results in this thesis that contain the code,
NASA-TLX, either as a column heading or a row heading.) During the first experimental design,
cognitive load (i.e, as measured by NASA-TLX), discomfort, and state anxiety (i.e., as measured
by STAI-State) are reported the highest during the silence condition, a finding which is in contrast
to our expected hypothesis (i.e., higher levels of stress, discomfort, and cognitive load are expected
in noisy environments). A potential reason for this might be the fact that both the type of task and
intelligibility were varying as part of the first experimental design, therefore these results might
be confounded by the varying demand levels of the cognitive tasks. During the second experi-
mental design, cognitive load and stress levels (i.e., captured by both STAI-State and the pop-up
questions) are found to be the lowest during the low intelligibility condition, as compared to the
silence and high intelligibility conditions. This finding is potentially in line with prior work that
demonstrates that while high speech intelligibility is more detrimental to human performance [16],
[17], excessive noise absorption might cause reduced acceptability to sporadic noises and also hin-
der performance [18]. Lastly, it is important to mention that, in general, while trying to look for
patterns in stress or performance across the intelligibility conditions or across tasks, trait anxiety is
relatively not very relevant as it is a trait measure and does not change over short periods of time.
Thus we ignore analyzing trait anxiety in this thesis.

In the first experimental design (Table 5.8), we see that the extreme contrast hypothesis is
reflected in the means of only one measure, namely pop-up stress. In the second experimental
design (Table 5.9), however, the extreme contrast hypothesis is reflected in the means of half of the
measures, namely, pop-up stress and cognitive load.

Similarly, the means and standard deviations of the task performance measures for each intel-
ligibility condition for the first and second experimental design are reported in Tables 5.10 and
5.11, along with the relevant sample sizes. Here, the sample size N = 8 for each intelligibility
condition for the first experimental design, while for the second experimental design, N = 11 for

the high intelligibility condition, N = 6 for the low intelligibility condition, and N = 12 for the
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silence condition. During the first experimental design, Prioritizing total absolute score is reported
to be the highest during the silence condition and the lowest during the low intelligibility condition.
Proofreading/Catalog total score and Presentation total score are both reported to be the highest
during the high intelligibility condition, while Presentation total score is reported to be the lowest
during the silence condition. Thus, in the first design variation, only the Prioritizing total absolute
score shows a pattern in line with our extreme contrast hypothesis. However, we see an overall
increase in the means of the Prioritizing total absolute score from the high intelligibility condi-
tion to the silence condition, which is in line with our hypothesis that increase in distraction cause
decrease in performance. During the second experimental design, only Presentation total score is
reported to be the highest during the silence condition. Performance scores were found the lowest
in the silence condition for the Proofreading/Catalog task. Thus, only the patterns we see in the
Presentation total score are in line with our extreme contrast hypothesis as well as our hypothesis
that increase in distraction cause decrease in performance. An overall decrease in the means of the
Prioritizing total absolute score shows that this pattern is in line with the latter hypothesis. The
accuracy of the results from a Between-Groups (randomized) design is dependent on the efficacy
of the random assignment used, a factor not present in a Within-Subjects design. This is a possi-
ble explanation for the findings from the second experimental design that are not in line with our

hypothesis that increase in distraction causes decrease in performance.

Intelligibility Cond. | Mean SCR | SCR Amplitude | SCR Frequency |

high [24] 0.14,0.12 0.02, 0.01 0.77, 1.01
low [24] 0.15,0.13 0.02, 0.01 0.92,1.23
none [24] 0.2,0.25 0.03, 0.05 0.87, 1.25

Table 5.4: Means and standard deviations of EDA measures across the three speech intelligibility
conditions in the first experimental design.
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Intelligibility Cond. | Mean SCR | SCR Amplitude | SCR Frequency |

high [5]
low [3]
none [7]

0.15, 0.06
0.27,0.25
0.45, 0.67

0.03,0.02
0.04, 0.04
0.04, 0.03

0.89,1
1.53,1.31
1.64,1.14

Table 5.5: Means and standard deviations of EDA measures across the three speech intelligibility
conditions in the second experimental design.

| Intelligibility Cond. | Mean HR | Standard Deviation of HR

high [24]
low [24]
none [24]

77.25,6.43
78.43,10.51
77.1,7.75

9.08, 4.19
9.04, 6
8.04, 4.67

Table 5.6: Means and standard deviations of HR measures across the three speech intelligibility
conditions in the first experimental design.

| Intelligibility Cond. | Mean HR | Standard Deviation of HR |

high [11]
low [6]
none [12]

78.59, 6.06
78.52,7.17
79.64, 4.82

6.87,4.8
9.63, 4.86
8.57,4.34

Table 5.7: Means and standard deviations of HR measures across the three speech intelligibility
conditions in the second experimental design.

Intelligibility Cond. | State Anxiety | Trait Anxiety | Discomf. | Pop-up Stress | NASA-TLX |

high [24]
low [24]
none [24]

6,11.12
5.67,12.71
10.79, 10.33

45.67,9.71
45.67,9.71
45.67,9.71

3.04,1.57 4.37,1.33
3.38,1.72 4.24,1.44
3.67, 1.44 4.13,1.18

145.58, 140.91
171.5, 155
173.29,116.74

Table 5.8: Means and standard deviations of self-reported ratings across the three speech intelligi-
bility conditions in the first experimental design.

| Intelligibility Cond. | State Anxiety | Trait Anxiety | Discomf. | Pop-up Stress | NASA-TLX |

high [11]
low [6]
none [12]

6.03, 8.43
4.28,9.23
6.19, 12.15

41.27,9.39
46, 14.95
44.58, 10.81

3.52,1.5 4.04,1.5
3.95,1.47 3.49,1.16
3.53,15 4.03,1.11

175.3, 122.06
117.22, 124.62
132.17, 108.12

Table 5.9: Means and standard deviations of self-reported ratings across the three speech intelligi-
bility conditions in the second experimental design.
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Intelligibility Cond. | Proofread/Catalog_Tot | Present_Tot | Abs_Basket_Tot |

high [8] 1.01,0.34 10.19, 1.98 1.75,1.04
low [8] 0.63, 0.37 9.38,4.21 1.57,1.27
none [8] 0.91, 0.37 9.19,2.12 2.88,1.13

Table 5.10: Means and standard deviations of task performance measures across the three speech
intelligibility conditions in the first experimental design.

Intelligibility Cond. | Proofread/Catalog_Tot | Present_Tot | Abs_Basket_Tot |

high [11] 1.04,0.5 941, 3.27 1.64,1.86
low [6] 1.07,0.5 9.5,4.1 3.33, 1.75
none [12] 0.82,0.47 11.79, 2.96 1.83,1.4

Table 5.11: Means and standard deviations of task performance measures across the three speech
intelligibility conditions in the second experimental design.

5.2 Task-wise correlations between the physiological measures and the self-reported mea-

sures

The task-wise correlations between the physiological measures of all participants and their
self-reported measures were computed for each experimental design as well. Sample size N = 24
per task for the first experimental design with the EDA measures and the HR measures each, while
for the second experimental design, N = 15 per task with the EDA measures and N = 29 per task
with the HR measures. Correlations were computed between each self-reported measure for each
task and the corresponding EDA and HR physiological measure for that task.

The task-wise correlation values between the EDA measures and the self-reported measures
for the first and second experimental design are shown in Tables 5.12 and 5.13, respectively. The
task-wise correlation values between the HR measures and the self-reported measures for the first
and second experimental design are shown in Tables 5.14 and 5.15, respectively. The correspond-
ing sample sizes as aforementioned are reported in the respective tables as well. In the tables, the

1, 2, 3’ next to the name of each self-reported measure in the column headings represents the
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Proofreading/Catalog task, the Presentation task, and the Prioritizing task, respectively; thus each
column heading denotes one of the self-reported measures for each of the three task types.

In the first experimental design, considering both the EDA and HR measures together, we see
an overall positive correlation with all self-reported measures. We also see a majority of relatively
high-magnitude negative correlation values among the negative correlation values in the first de-
sign variation. In the second experimental design, considering both the EDA and HR measures
together, we see an overall positive correlation with all self-reported measures (we see an overall
negative correlation with discomfort). We also see here that most of the negative correlation val-
ues with all self-reported measures are relatively low-magnitude. Thus, the correlation values in
the second experimental design suggest more than those in the first experimental design that both
physiological measures and self-reported measures are equivalently indicative of stress.

When analysing the results task-wise, we see that, in the first experimental design, the cases
where we do not see a preponderance of positive and relatively low magnitude negative corre-
lation values are the correlations of the physiological measures with pop-up stress in the Proof-
reading/Catalog and Presentation tasks. In the second experimental design, we do not see any
individual cases where we do not see a preponderance of positive and relatively low magnitude

negative correlation values.

\ EDA Meas. | State Anxiety 1, 2, 3 [ Trait Anxiety 1, 2, 3 | Discomf. 1,2, 3 | Pop-up Stress 1,2,3 [ NASA-TLX 1,2,3 |
Mean SCR [24 per task] 0.41, 0.06, -0.08 -0.04, -0.04, -0.09 0.43,0.29, 0.17 -0.31, -0.12, -0.04 0.43,0.38, -0.07
SCR Amplitude [24 per task] 0.31,-0.2, -0.02 -0.45, -0.22, -0.24 0.47,0.17, 0.04 -0.32, -0.46, 0.31 0.37,-0.13, -0.09
SCR Frequency [24 per task] 0.35,0.32,-0.17 -0.13, -0.14, -0.02 0.43,0.37,0.29 -0.36, -0.28, -0.14 0.4, 0.46, 0.04

Table 5.12: Task-wise correlations between EDA measures of the participants and their self-
reported measures in the first experimental design.
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\ EDA Meas. | State Anxiety 1, 2, 3 [ Trait Anxiety 1,2,3 | Discomf. 1,2,3 | Pop-up Stress 1,2,3 | NASA-TLX 1,2,3 |

Mean SCR [15 per task] 0.23, -0.14, -0.02 0.04, -0.09, -0.09 | -0.18, -0.04, -0.09 0.16, 0.57,0.21 0.19, 0.11, -0.03
SCR Amplitude [15 per task] 0.02, 0.05, -0.15 0.07,-0.31, 0.03 -0.27,-0.04, 0.01 0.26, 0.34, 0.19 0.03,0.32,0.01
SCR Frequency [15 per task] 0.23,0.07,0.1 0.03, -0.21, -0.15 -0.13,-0.07,-0.17 -0.05, 0.3, 0.32 0.15, 0.29, -0.06

Table 5.13: Task-wise correlations between EDA measures of the participants and their self-
reported measures in the second experimental design.

HR Meas. State Anxiety 1, 2, 3 | Trait Anxiety 1,2,3 | Discomf. 1,2,3 | Pop-up Stress 1, 2,3 | NASA-TLX 1, 2,3
Mean HR [24 per task] -0.05,-0.13,-0.14 -0.2,-0.01, -0.27 -0.25, -0.33, -0.37 0.09, 0.08, 0.52 -0.11, 0.16, -0.27
Std. Dev of HR [24 per task] 0.15,-0.13,-0.27 -0.08, 0.1, -0.12 0.14, -0.23,-0.29 -0.23,-0.27,0.31 0.15, 0.36, -0.03

Table 5.14: Task-wise correlations between HR measures of the participants and their self-reported
measures in the first experimental design.

HR Meas. State Anxiety 1, 2, 3 | Trait Anxiety 1, 2,3 | Discomf. 1,2,3 | Pop-up Stress 1,2,3 | NASA-TLX 1, 2,3
Mean HR [29 per task] 0.53,0.22,-0.08 -0.19, 0.02, -0.24 0.08, 0.06, 0.11 -0.05, -0.34, 0.02 0.24, 0.09, -0.1
Std. Dev of HR [29 per task] 0.18,0.29, -0.18 -0.12, 0.03, -0.1 0.24,-0.11,-0.19 | -0.22,-0.03, -0.01 0.16, 0.1, -0.25

Table 5.15: Task-wise correlations between HR measures of the participants and their self-reported
measures in the second experimental design.

5.3 Task-wise correlations between the physiological measures and the task performance

measures

The task-wise correlations between the physiological measures of all participants and their task
performance measures were computed for each experimental design as well. Sample size N = 24
for the first experimental design with the EDA measures and the HR measures each, while for the
second experimental design, N = 15 with the EDA measures and N = 29 with the HR measures.
Correlations were computed between each task performance measure and the corresponding EDA
and HR physiological measure for that task, namely, Proofreading/Catalog, Presentation, and Pri-
oritizing.

The task-wise correlation values between the EDA measures and the task performance mea-
sures for the first and second experimental design are shown in Tables 5.16 and 5.17, respectively.

The task-wise correlation values between the HR measures and the task performance measures
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for the first and second experimental design are shown in Tables 5.18 and 5.19, respectively. The
corresponding sample sizes as aforementioned are reported in the respective tables as well. Based
on our hypothesis that increase in stress causes decrease in performance, we would expect more
negative correlation values and relatively low magnitude positive correlation values. Considering
both tables for the EDA and HR measures for the first experimental design together, we see that
there are more negative and relatively low magnitude positive correlation values for all tasks over-
all. Considering both tables for the EDA and HR measures for the second experimental design
together, we see that, again, there are more negative and relatively low magnitude positive corre-

lation values for all tasks overall. Thus these findings from both design variations are in line with

our hypothesis.
| EDA Meas. | Proofread/Catalog_Tot | Present_Tot | Prior_Abs_Tot |
Mean SCR [24 per task] -0.17 0.02 -0.09
SCR Amplitude [24 per task] -0.22 0.03 -0.36
SCR Frequency [24 per task] -0.25 0.13 -0.15

Table 5.16: Task-wise correlations between EDA measures of the participants and their task per-
formance measures in the first experimental design.

EDA Meas. \ Proofread/Catalog_Tot \ Present_Tot \ Prior_Abs_Tot \
Mean SCR [15 per task] -0.25 0.09 0.0
SCR Amplitude [15 per task] -0.21 0.27 -0.49
SCR Frequency [15 per task] -0.22 0.06 -0.48

Table 5.17: Task-wise correlations between EDA measures of the participants and their task per-
formance measures in the second experimental design.
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] HR Meas. \ Proofread/Catalog_Tot \ Present_Tot \ Prior_Abs_Tot \

Mean HR [24 per task] -0.05 -0.31 0.5
Std. Dev. of HR [24 per task] -0.19 -0.28 0.42

Table 5.18: Task-wise correlations between HR measures of the participants and their task perfor-
mance measures in the first experimental design.

HR Meas. \ Proofread/Catalog_Tot | Present_Tot | Prior_Abs_Tot
Mean HR [29 per task] 0.13 -0.03 -0.28
Std. Dev. of HR [29 per task] 0.12 0.15 0.18

Table 5.19: Task-wise correlations between HR measures of the participants and their task perfor-
mance measures in the second experimental design.

5.4 Task-wise correlations between the self-reported measures and the task performance

measures

The task-wise correlations between the self-reported measures of all participants and their task
performance measures were computed for each experimental design as well. Sample size N = 24
for the first experimental design, while N = 29 for the second experimental design. Correlations
were computed between each self-reported measure for each task, namely, Proofreading/Catalog,
Presentation, and Prioritizing, and the corresponding task performance measure.

The task-wise correlation values for the first and second experimental design are shown in
Tables 5.20 and 5.21, respectively, along with the corresponding aforementioned sample sizes.
Based on our hypothesis that increase in stress causes decrease in performance, we would expect
more negative correlation values and relatively low magnitude positive correlation values. In the
first design variation, we see a preponderance of negative correlation values and relatively low
magnitude positive correlation values, which is in line with our hypothesis. In the second design
variation, we see a similar scenario, thus in line with our hypothesis; however, we see more negative

correlation values than in the first design variation.
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] Self-rep. Sub. Rating \Proofread/Catalog_Tot Present_Tot | Abs_Basket_Tot

State Anx. [24 per task] 0.12 0.14 0.29
Trait Anx. [24 per task] -0.08 -0.25 -0.2
Discomf. [24 per task] -0.12 0.46 0.01
Pop-up Stress [24 per task] 0.26 -0.32 -0.07
NASA-TLX [24 per task] -0.09 0.02 0.14

Table 5.20: Task-wise correlations between self-reported measures of the participants and their
task performance measures in the first experimental design.

Self-rep. Sub. Rating \Proofread/Catalog_Tot Present_Tot | Abs_Basket_Tot

State Anxiety [29 per task] -0.22 0.1 -0.07
Trait Anxiety [29 per task] -0.16 -0.09 0.13

Discomfort [29 per task] -0.08 0.06 -0.02
Pop-up Stress [29 per task] -0.06 0.28 -0.19
NASA-TLX [29 per task] -0.26 -0.4 -0.13

Table 5.21: Task-wise correlations between self-reported measures of the participants and their
task performance measures in the second experimental design.

5.5 Task-wise means and standard deviations of the physiological measures per intelligibil-

ity condition

Means and standard deviations of the physiological measures across all participants were com-
puted for each intelligibility condition per task as well. Sample size N = 8 per intelligibility
condition per task for the first experimental design for the EDA measures and the HR measures
each, while for the second experimental design, N = 5 per task for the high intelligibility condition,
N = 3 per task for the low intelligibility condition, and N = 7 per task for the silence condition for
the EDA measures, and N = 11 per task for the high intelligibility condition, N = 6 per task for the
low intelligibility condition, and N = 12 per task for the silence condition for the HR measures.
Means and standard deviations of each EDA and HR physiological measure were computed for

each intelligibility condition per task.
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The task-wise mean values for the EDA measures per intelligibility condition for the first and
second experimental design are shown in Tables 5.22 and 5.24, respectively, while the task-wise
standard deviation values for the EDA measures per intelligibility condition for the first and second
experimental design are shown in Tables 5.23 and 5.25, respectively. The task-wise mean values
per intelligibility condition for the HR measures for the first and second experimental design are
shown in Tables 5.26 and 5.28, respectively, while the task-wise standard deviation values per in-
telligibility condition for the HR measures for the first and second experimental design are shown
in Tables 5.27 and 5.29, respectively. The corresponding sample sizes as aforementioned are re-
ported in the respective tables as well. In the tables, the 1, 2, 3’ next to the name of each EDA and
HR physiological measure in the column headings represents the Proofreading/Catalog task, the
Presentation task, and the Prioritizing task, respectively; thus each column heading denotes one of
the physiological measures for each of the three task types.

In the first experimental design, considering both the EDA and HR measures together, we see
that the mean values increase overall from the high intelligibility condition to the silence condition.
In the second experimental design, again considering both the EDA and HR measures together, the
mean values increase overall from the high intelligibility condition to the silence condition across
the measures here as well. These findings from both design variations are not in line with our hy-
pothesis that increase in distraction causes increase in stress, nor are they in line with our extreme
contrast hypothesis. However, considering the EDA and HR measures separately, we see that, in
the first experimental design, the mean values of only the EDA measures and Standard Deviation
of HR from the Prioritizing task, and the mean values of the HR measures from the Proofread-
ing/Catalog task, show a pattern which is in line with our extreme contrast hypothesis, and thus
our hypothesis that increase in distraction causes increase in stress. In the second experimental
design, we see that the mean values of only Mean HR from the Proofreading/Catalog task show a
pattern which is in line with our extreme contrast hypothesis, and thus our hypothesis that increase

in distraction causes increase in stress.
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| Intelligibility Cond. | Mean SCR 1, 2,3 | SCR Amplitude 1,2, 3 | SCR Frequency 1,2, 3 |

high [8 per task] 0.14,0.13,0.15 0.03, 0.02, 0.02 0.73, 0.67, 0.93
low [8 per task] 0.18,0.13,0.14 0.01, 0.02, 0.03 0.95,0.69, 1.1
none [8 per task] 0.25,0.2,0.13 0.06, 0.02, 0.01 1.04,0.82,0.71

Table 5.22: Task-wise means of EDA measures of the participants for each intelligibility condition

in the first experimental design.

| Intelligibility Cond. | Mean SCR 1, 2,3 | SCR Amplitude 1, 2, 3 | SCR Frequency 1,2, 3 |

high [8 per task] 0.14, 0.13, 0.1 0.02, 0.01, 0.01 1.16, 0.93, 1.08
low [8 per task] 0.15,0.11, 0.15 0.01, 0.01, 0.01 0.98, 1.22,1.54
none [8 per task] 0.39,0.17,0.12 0.09, 0.01, 0.01 1.66, 1.01, 1.08

Table 5.23: Task-wise standard deviations of EDA measures of the participants for each intelligi-
bility condition in the first experimental design.

| Intelligibility Cond. | Mean SCR 1, 2,3 | SCR Amplitude 1, 2, 3 | SCR Frequency 1,2, 3 |

high [5 per task] 0.17, 0.16, 0.11 0.03, 0.03, 0.02 1.05,0.5,1.11
low [3 per task] 0.19,0.17, 0.43 0.04, 0.03, 0.05 1.52,1.15,1.92
none [7 per task] 0.36, 0.53, 0.46 0.04, 0.03, 0.04 1.58, 1.42,1.92

Table 5.24: Task-wise means of EDA measures of the participants for each intelligibility condition

in the second experimental design.

| Intelligibility Cond. | Mean SCR 1, 2,3 | SCR Amplitude 1,2, 3 | SCR Frequency 1,2, 3 |

high [5 per task] 0.04, 0.05, 0.07 0.02, 0.02, 0.01 0.85, 0.42, 1.57
low [3 per task] 0.06, 0.12,0.42 0.02, 0.02, 0.06 1.22,1.86, 1.2
none [7 per task] 0.44,0.81,0.78 0.03, 0.02, 0.04 1.22,1.33,1.01

Table 5.25: Task-wise standard deviations of EDA measures of the participants for each intelligi-
bility condition in the second experimental design.

| Intelligibility Cond. | Mean HR 1,2,3 | Standard Deviation of HR 1,2, 3 |

high [8 per task] 80.48, 73.49, 71.77 9.89, 7.04, 10.3
low [8 per task] 81.66, 79.94, 73.69 7.4, 10.69, 9.03
none [8 per task] 74.36, 76.18, 80.75 5.96, 8.5, 9.67

Table 5.26: Task-wise means of HR measures of the participants for each intelligibility condition
in the first experimental design.
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| Intelligibility Cond. | Mean HR 1, 2, 3 | Standard Deviation of HR 1,2, 3 |

high [8 per task] 6.46, 4.21, 6.94 5.42,2.28, 3.99
low [8 per task] 14.13,9.24, 6.16 6.14, 5.26, 6.83
none [8 per task] 4.51,7.86,9.5 3.27,4.54, 5.65

Table 5.27: Task-wise standard deviations of HR measures of the participants for each intelligibil-
ity condition in the first experimental design.

| Intelligibility Cond. | Mean HR 1,2,3 | Standard Deviation of HR 1,2, 3 |

high [11 per task] | 80.35, 78.81, 76.76 6.25,7.78, 6.52
low [6 per task] 77.99, 79.59, 77.99 8.42,10.29, 10.19
none [12 per task] | 79.33,79.78, 79.79 7.84,9.64, 8.16

Table 5.28: Task-wise means of HR measures of the participants for each intelligibility condition
in the second experimental design.

| Intelligibility Cond. | Mean HR 1, 2, 3 | Standard Deviation of HR 1,2, 3 |

high [11 per task] 7.39, 6.68, 3.77 4.81,5.65,4.22
low [6 per task] 5.81, 8.49, 8.19 3.62, 6.41, 4.86
none [12 per task] 5.25,5.41, 4.23 3.85,4.81,4.48

Table 5.29: Task-wise standard deviations of HR measures of the participants for each intelligibil-
ity condition in the second experimental design.
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5.6 Task-wise means and standard deviations of the self-reported measures per intelligibil-

ity condition

Means and standard deviations of the self-reported measures across all participants were com-
puted for each intelligibility condition per task as well. Sample size N = 8 per intelligibility
condition task for the first experimental design, while for the second experimental design, N = 11
per task for the high intelligibility condition, N = 6 per task for the low intelligibility condition,
and N = 12 per task for the silence condition. Means and standard deviations of each self-reported
measure were computed for each intelligibility condition per task.

The task-wise mean values for the self-reported measures per intelligibility condition for the
first and second experimental design are shown in Tables 5.30 and 5.32, respectively. The task-
wise standard deviation values for the self-reported measures for the first and second experimental
design are shown in Tables 5.31 and 5.33, respectively. The corresponding sample sizes as afore-
mentioned are reported in the respective tables as well. In the tables, the ’1, 2, 3’ next to the name
of each self-reported measure in the column headings represents the Proofreading/Catalog task, the
Presentation task, and the Prioritizing task, respectively; thus each column heading denotes one of
the self-reported measures for each of the three task types.

In the first experimental design, we see that overall, the means of the self-reported measures
increase from the high intelligibility condition to the silence condition. We see a similar scenario
in the second experimental design. These findings from both design variations are not in line
with our hypothesis that increase in distraction causes increase in stress, nor are they in line with
our extreme contrast hypothesis. When analysing the results task-wise, we see that, in the first
experimental design, the mean values of only state anxiety, discomfort, and cognitive load (from
NASA-TLX) from the Presentation task, and the mean values of only pop-up stress from the Proof-
reading/Catalog and Prioritizing tasks, show a pattern which is in line with our extreme contrast
hypothesis, and thus our hypothesis that increase in distraction causes increase in stress. In the
second experimental design, the mean values of only discomfort, pop-up stress, and cognitive load

from the Prioritizing task, the mean values of pop-up stress and discomfort from the Presentation
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task, and the mean values of cognitive load from the Proofreading/Catalog task, show a pattern

in line with our extreme contrast hypothesis, and thus our hypothesis that increase in distraction

cause increase in stress.

‘ Intelligibility Cond. ‘ State Anxiety 1, 2,3 ‘ Trait Anxiety 1,2, 3 ‘ Discomf. 1,2, 3 ‘ Pop-up Stress 1,2, 3 ‘ NASA-TLX 1,2,3 ‘
48.25,45.5,43.25 2.75,4.38,2.0 4.6,3.23,5.28 126.5, 273.88, 36.38

43.25,48.25,45.5 2.75,4.38,3.0 4.37,3.7,4.65 111.5, 337.88, 65.13

45.5,43.25,48.25 3.5,4.13,3.38 4.35,3.57,4.4 166.88, 237.13, 115.88

high [8 per task] 36.88, 44.5,27.88
low [8 per task] 35.38,47.88, 34.25
none [8 per task] 41.0, 41.0, 40.5

Table 5.30: Task-wise means of self-reported measures of the participants for each intelligibility

condition in the first experimental design.

‘ Intelligibility Cond. ‘ State Anxiety 1, 2, 3 ‘ Trait Anxiety 1, 2,3 ‘ Discomf. 1, 2,3 ‘ Pop-up Stress 1,2, 3 ‘ NASA-TLX 1,2,3
1.08, 1.17, 0.86 128.36, 82.72,95.2

9.25,13.25,5.87 1.04, 1.85, 0.54
5.87,9.25,13.25 1.17,1.92, 1.69 1.45,1.58, 1.31 717.44, 88.66, 128.05
134.55, 102.52, 87.73

13.25,5.87,9.25 1.69, 1.25, 1.41 1.23,1.22,1.08

high [8 per task] 11.91, 13.23, 4.55
low [8 per task] 5.95,11.26, 12.52
none [8 per task] 11.8, 8.32, 14.59

Table 5.31: Task-wise standard deviations of self-reported measures of the participants for each

intelligibility condition in the first experimental design.

[ Intelligibility Cond. | State Anxiety 1, 2, 3 | Trait Anxiety 1, 2, 3 | Discomf. 1,2, 3 | Pop-up Stress 1,2,3 | NASA-TLX1,2,3 |
high [11 per task] 32.1, 39.36, 37.73 41.27,41.27,41.27 2.8,4.18, 3.46 4.2,3.54,4.6 113.0, 248.82, 160.18
low [6 per task] 39.67, 47.83, 41.33 46.0, 46.0, 46.0 3.33,4.67,3.83 4.08,2.48,3.92 77.33,226.83, 47.5
none [12 per task] 35.83,43.58, 39.33 44.58, 44.58, 44.58 3.0,4.25,3.33 4.33,3.38,4.42 79.5, 216.5, 100.5

Table 5.32: Task-wise means of self-reported measures of the participants for each intelligibility

condition in the second experimental design.
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‘ Intelligibility Cond. ‘ State Anxiety 1, 2, 3 ‘ Trait Anxiety 1, 2,3 ‘ Discomf. 1,2, 3 ‘ Pop-up Stress 1,2, 3 ‘ NASA-TLX 1,2,3 ‘

high [11 per task]
low [6 per task]
none [12 per task]

11.12, 10.95, 7.98
10.21, 15.68, 16.99
11.8, 12.96, 13.96

9.7,9.7,9.7
1591, 15.91, 1591
11.13,11.13, 11.13

1.57,1.54,1.14
1.63,0.82,1.72
1.12,1.49, 1.62

1.39,1.72,1.23
0.68, 0.92, 1.08
1.1, 1.02, 0.94

124.6, 119.93, 90.41
131.73,70, 94.39
82.12,72.49, 116.35

Table 5.33: Task-wise standard deviations of self-reported measures of the participants for each
intelligibility condition in the second experimental design.
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6. DISCUSSION

From the work of this thesis and the ensuing results and analyses as discussed in the previous
section, we answer the aimed research questions as follows (the tables referenced subsequently
are denoted in square brackets where appropriate). It is important to mention here that we will
be using only our extreme contrast hypothesis while analyzing the variations across intelligibility
conditions in the results of this thesis, and our findings from this will be part of the base for deriving

conclusions from the results (as will be done subsequently in this section).

1. Is distraction related to stress?

* Considering the hypothesized stress indicator to be only physiological measures [Ta-
bles 5.4 - 5.7]: In the second experimental design, the means of both the EDA and HR
measures are inversely related overall to the intelligibility level. However, in the first
experimental design, the means of the HR measures are directly related overall to the
intelligibility level, while the means of the EDA measures are inversely related overall
to the intelligibility level. Thus, considering the physiological measures as a whole,
and considering both experimental designs, the means of the physiological measures
are inversely related overall to the intelligibility level (since a greater number of physi-

ological measures are inversely related overall to the intelligibility level).

* Considering the hypothesized stress indicator to be only self-reported subjective stress
ratings [Tables 5.8 - 5.9]: During the first experimental design, the means of state anxi-
ety (from STAI-State), discomfort, and cognitive load (from NASA-TLX) are inversely
related overall to the intelligibility level, whereas pop-up stress is directly related over-
all to the intelligibility level. During the second experimental design, the means of state
anxiety and discomfort are inversely related overall to the intelligibility level, while the
means of pop-up stress and cognitive load are directly related overall to the intelligibil-

ity level, a finding which partially conforms to our hypothesis for this research question
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(since exactly half the self-reported measures are directly related overall to the intelli-
gibility level). Since there is no majority of self-reported subjective measures whose
means show an overall direct relation with the intelligibility level in either experimen-
tal design, it is concluded that, considering both experimental designs, the means of
the self-reported subjective stress ratings as a whole are inversely related overall to the

intelligibility level.

Thus from the above results and observations, in general, the means per intelligibility con-
dition of both hypothesized stress indicators do not reflect our hypothesis completely. This
could be due to the fact the sample sizes for which the means were calculated in both experi-
mental designs are relatively small in general. However, we can see that in each experimental
design, the means of the self-reported measures fare better in terms of conforming to our hy-

pothesis than do the means of the physiological measures.

Thus, increase in distraction did not lead to increase in stress overall for either experimental
design; however the results in the second design were closer to being in line with this hypoth-
esis when considering self-reported subjective stress ratings as the only indicator of stress,
while the results in the first design were closer to being in line with the aforementioned

hypothesis when considering physiological measures as the only indicator of stress.

2. Is stress related to performance?

* Considering the hypothesized stress indicator to be only physiological measures [Ta-
bles 5.16 - 5.19]: In both experimental designs, a majority of negative and relatively
low magnitude positive correlations was shown overall between the task performance

measures and the EDA and HR measures.

* Considering the hypothesized stress indicator to be only self-reported subjective stress
ratings [Tables 5.20 - 5.21]: In both experimental designs, a majority of negative and
relatively low magnitude positive correlations was shown overall between the task per-

formance measures and the self-reported measures.
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Thus, in general, in both experimental designs, both hypothesized stress indicators show
overall an inverse relation to performance, which is in line with our hypothesis for this re-

search question.

. Is distraction related to performance? [Tables 5.10 - 5.11] In the first experimental design,
performance scores were overall directly related to the intelligibility level for the Proofread-
ing/Catalog and Presentation tasks, but were inversely related in the case of the Prioritizing
task. In the second experimental design, performance scores were overall directly related to
intelligibility for the Proofreading/Catalog task, but were overall inversely related in the case
of the Presentation and Prioritizing tasks. Thus, the Prioritizing task is the only task in both

design variations that conforms to our hypothesis for this question.

Moreover, a majority of the means of the task performance measures conforming with our
hypothesis is shown only in the second experimental design, but not in the first experimental
design. Thus, it is concluded that our hypothesis does not reflect in the first experimental de-
sign, but is reflected overall in the second experimental design. The relatively lower sample
sizes overall for which the means of the physiological measures were calculated in the first
experimental design, compared to the sample sizes overall for which the means of the self-
reported measures were calculated in the same design, could be a factor; however, further

analysis might need to be conducted in order to try and confirm this.

. Does it matter how stress is operationalized or measured between self-reported sub-
jective ratings and physiological measures? [Tables 5.12 - 5.15] In both experimental
designs, a majority of positive and low-magnitude negative correlations was shown overall
between the physiological measures and the self-reported measures. Thus the physiological
measures were overall positively correlated with the self-reported measures for both design
variation, based on this finding, suggesting that they are both equivalent indicators of stress

response.

However, to answer this research question, we consider additional results as well (which,
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if analyzing them to answer the question proves conclusive, will provide a more decisive
answer to the question): the mean values per intelligibility condition of the physiological
measures and of the self-reported measures [Tables 5.4 - 5.9], the task-wise correlations be-
tween the physiological measures and the task performance measures [Tables 5.16 - 5.19],
and the task-wise correlations between the self-reported measures and the task performance
measures [5.20 - 5.21]. Based on these results and the analyses and inferences based on
them as discussed thus far, in the first experimental design the means per intelligibility con-
dition of the physiological measures were more in line with the corresponding hypothesis
than the self-reported measures, while the scenario was vice versa in the the second exper-
imental design. The task-wise correlations of the task performance measures between both
the physiological measures and the self-reported measures were overall in line with the cor-
responding hypothesis in both experimental designs. Thus, considering all these results and
observations (as were mentioned as relevant to answering this research question), it is con-
cluded that physiological measures are a more accurate indicator of stress than self-reported
subjective stress ratings in the first experimental design, while in the second experimental
design self-reported subjective ratings are a more accurate indicator of stress. The latter ob-
servation goes against our hypothesis that physiological measures are a more accurate stress
indicator than self-reported subjective stress ratings, while the former observation is in line

with the hypothesis.

Though the sample sizes for which the means of the HR measures were calculated per in-
telligibility condition in the second design are the same as the sample sizes for which the
means of the self-reported measures were calculated in the same design, the sample sizes for
which the means of the EDA measures were calculated in this design are relatively lower,
with the EDA measures being a greater proportion of the total set of physiological measures
than the HR measures, and this could be a factor in why we do not see the mean values per
intelligibility condition in the second experimental design conforming to our hypothesis that

physiological measures are a more accurate indicator of stress.
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5. Does the specific type of task make a difference in any of the above results?

* Analyzing the means per intelligibility condition of the task performance measures
[Tables 5.10 - 5.11], we had seen a difference among the task types. Specifically, the
means of only Prioritizing total absolute score conform to our corresponding hypothesis
in the first experimental design, while in the second experimental design the means
of only Presentation total score and Prioritizing total absolute score conform to the

hypothesis.

* Analyzing the task-wise correlations between the physiological measures and the self-
reported measures [Tables 5.12 - 5.15], we see in both experimental designs some dif-
ferences among the task types at the individual correlation value level as well as at the
level of the self-reported measure (an example of the latter of which was discussed in
subsection 5.2); however, further analysis on these differences might need to be con-
ducted in order to come to a conclusion as to whether these differences are significant

and/or worth considering.

* Analyzing the task-wise correlations between the physiological measures and the task
performance measures [Tables 5.16 - 5.19], we see that, in the first experimental design,
the correlation values with Proofreading/Catalog total score are all negative, while the
correlation values with Presentation total score are all either negative or of relatively
low positive magnitude, and the correlation values with Prioritizing total absolute score
only show a majority of negative and relatively low magnitude positive correlation val-
ues. In the second experimental design, the correlation values with the total scores of
all the tasks are predominantly negative and relatively low magnitude positive. Thus,
based on these findings, in the first experimental design the task-wise correlation values
between the physiological measures and the Proofreading/Catalog total scores show a
pattern most in line with the corresponding hypothesis, followed by the task-wise corre-
lation values with the Presentation total scores, and then followed last by the task-wise

correlation values with the Prioritizing total absolute scores. In the second experimen-

47



tal design, the task-wise correlation values are overall in line with the corresponding

hypothesis for all the task types.

Analyzing the task-wise correlations between the self-reported measures and the task
performance measures [Tables 5.20 - 5.21], we see that, in the first experimental design,
the correlation values with all three tasks show a majority of negative and relatively
low magnitude positive correlation values, while in the second experimental design,
the correlation values with Proofreading/Catalog total score are all negative, the corre-
lation values with Prioritizing total absolute score are all either negative or of relatively
low positive magnitude, and the correlation values with Presentation total score only
show a majority of negative and relatively low magnitude positive correlation values.
Thus, based on these findings, in the first experimental design, the task-wise correla-
tion values are overall in line with the corresponding hypothesis for all the task types,
while in the second experimental design the task-wise correlation values between the
physiological measures and the Proofreading/Catalog total scores show a pattern most
in line with the corresponding hypothesis, followed by the task-wise correlation val-
ues with the Prioritizing total absolute scores, and then followed last by the task-wise

correlation values with the Presentation total scores.

When we look at the results and observations (as discussed as part of this research question

thus far) pertaining to the means of the task performance measures per intelligibility condi-

tion, we do see differences among the three tasks, a finding which is in line with our hypoth-

esis that the specific type of task does make a difference in the earlier results. However, we

do not see our hypothesis that these results will be most in line with the corresponding hy-

pothesis for the Proofreading/Catalog task, followed by the Presentation task, and followed

last by the Prioritizing task, reflected in these results.

When we look at the results and observations (as discussed as part of this research question

thus far) pertaining to the task-wise correlations between the physiological measures and the
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self-reported measures, we again do see differences among the three tasks (thus being in
line with our hypothesis that the specific type of task does make a difference in the earlier

results), but at the level of analysis done as part of this thesis.

When we look at the results and observations (as discussed as part of this research question
thus far) pertaining to the task-wise correlations between the task performance measures and
the physiological measures, and the task-wise correlations between the task performance
measures and the self-reported measures, we see that, either it is shown obviously that the
results with respect to the Proofreading/Catalog task are most in line with the corresponding
hypothesis when compared to the respective results of the Presentation and Prioritizing tasks,
or the results are overall in line with the corresponding hypotheses for all three tasks. Thus,
it is concluded that, in the former case, the specific type of task did have an obvious effect
on the corresponding results compared to the latter case, where the specific type of task
did not have a comparatively obvious effect on the corresponding results. (Further analysis
can be done on the individual correlation values in results pertaining to the latter case to
identify differences in patterns among the three tasks.) Thus, our hypotheses for this research
question are reflected in the former case, while they are not reflected in the latter case as per

the level of analysis done in this thesis.

However, in order to answer this research question, we also consider the task-wise means of

the physiological measures and the self-reported measures per intelligibility condition.

* From the task-wise means of the physiological measures per intelligibility condition
[Tables 5.22 - 5.29], we saw that, in the first experimental design, the mean values of
some of the physiological measures in the Proofreading/Catalog task and the Prioritiz-
ing task show a pattern which is in line with the hypothesis that increase in distraction
causes increase in stress. In the second experimental design, we saw that only the mean
values of one of the physiological measures in the Proofreading/Catalog task show a

pattern which is in line with the aforementioned hypothesis. Thus, from these find-
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ings it can be seen that the Proofreading/Catalog and Prioritizing tasks show results
more in line with the aforementioned hypothesis in the first experimental design, while
only the Proofreading/Catalog task shows results more in line with the aforementioned
hypothesis in the second experimental design. However, when comparing between
the Proofreading/Catalog and Prioritizing tasks from these findings, it is clear that, in
the first experimental design a greater number of physiological measures show results
in line with the aforementioned hypothesis in the latter task than in the former task,
whereas in the second experimental design the former task is the only task where a

physiological measure shows results in line with the aforementioned hypothesis.

From the task-wise means of the self-reported measures per intelligibility condition
[5.30 - 5.33], we saw that, in each experimental design, there are self-reported mea-
sures in all three tasks for which their mean values show a pattern which is in line with
the hypothesis that increase in distraction causes increase in stress. However, when
comparing among the three tasks from this finding, it is clear that, in the first experi-
mental design a greater number of self-reported measures show results in line with the
aforementioned hypothesis in the Presentation task than in the Proofreading/Catalog
and Prioritizing tasks each, whereas in the second experimental design the greatest
number of self-reported measures that show results in line with the aforementioned hy-
pothesis is from the Prioritizing task, followed by the Presentation task, and followed

last by the Proofreading/Catalog task.

It is clear that these latter findings have outlined differences in results among the task types,

thus reflecting our hypothesis at least in these outlined cases that the specific type of task does

have an effect on the earlier results. It is also clear that the task-wise mean values are most in

line with the aforementioned hypothesis in the Proofreading/Catalog task (when compared

to the other two tasks) only when these mean values are of the physiological measures in the

first experimental design. Thus it is concluded that our hypothesis that these results (i.e, the

task-wise means of the physiological measures and the self-reported measures) will be most
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in line with the corresponding hypothesis for the Proofreading/Catalog task is reflected only

in the task-wise mean values of the physiological measures in the first experimental design.

Results might depend on the specific cognitive task type, for example, on the properties of the
specific cognitive task type. One such property of cognitive task type is cognitive load (i.e,
mental workload, as measured via NASA-TLX) [60], [61], [62]. Further analysis to study
this and other such properties with respect to the cognitive tasks used in the study of this
thesis and how these properties vary among the tasks might be crucial towards understanding
if and/or how the properties might have affected results in this thesis. This analysis might
provide additional insights for explaining certain findings from the results in this thesis (and

not only the results discussed as part of answering this research question).

. Which intelligibility condition has a stronger effect on stress and performance? We
consider all the means and task-wise means computed as part of the results of this thesis

together in order to answer this research question.

* From the means and task-wise means of the physiological measures computed per in-
telligibility condition, or in other words in this case, when we consider physiological
measures as the sole indicator of stress [Tables 5.4 - 5.7, 5.22 - 5.29], we see that, in
both the first and the second experimental designs, the silence condition overall causes
stress to be the highest. These findings are not in line with our hypothesis that higher
stress would be yielded in the high intelligibility condition when compared to the low

intelligibility and silence conditions.

* From the means and task-wise means of the self-reported measures computed per in-
telligibility condition, or in other words in this case, when we consider self-reported
subjective stress ratings as the sole stress indicator [Tables 5.8 - 5.9, 5.30 - 5.33], we
see that, in the first experimental design, the silence condition overall causes stress to
be the highest. However, in the second experimental design, we see that the low in-

telligibility condition overall causes stress to be the highest. Again, we see that these
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findings are not in line with our hypothesis that higher stress would be yielded in the
high intelligibility condition when compared to the low intelligibility and silence con-

ditions.

Thus based on the above findings, considering both hypothesized stress indicators and both
experimental designs, it is concluded that overall the silence condition has a stronger effect
on stress relative to the high intelligibility and low intelligibility conditions, which is not in

line with the proposed hypothesis for this research question.

* From the means of the task performance measures computed per intelligibility condi-
tion [Tables 5.10 - 5.11], in the first experimental design, we see that the low intel-
ligibility condition overall causes performance to be the lowest, while in the second
experimental design, the high intelligibility condition overall causes performance to be
the lowest. This latter finding is in line with our hypothesis that lower performance
would be yielded by the high intelligibility condition when compared to the low intel-

ligibility and silence conditions.

From the above finding it is concluded that the low intelligibility condition overall has a
stronger effect on performance in the first experimental design when compared to the other
two intelligibility conditions, while the high intelligibility condition overall has a stronger
effect on performance in the second experimental design when compared to the other two
intelligibility conditions. Only the latter conclusion is in line with the proposed hypothesis

for this research question.

. Are these results consistent across different design variations of the experiment? We
will answer this question based on the results analyzed in each of the previous research

questions, as follows:

* Research question 1: We saw differences in observations between the two experimental

designs. Here, the first experimental design showed results more in line with the cor-
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responding hypothesis when considering the indicator of stress as only physiological
measures, while the second experimental design showed results more in line with the
corresponding hypothesis when considering the indicator of stress as only self-reported
subjective stress ratings. These observations are in line with the conclusions (derived
from answering the fourth research question) that physiological measures are a more
accurate indicator of stress in the first experimental design, while self-reported subjec-
tive stress ratings are a more accurate indicator of stress in the second experimental

design.

Research question 2: We saw that results between the experimental designs were more
or less the same when considering the indicator of stress as only physiological mea-
sures, but when considering the indicator of stress as only self-reported subjective stress
ratings, we saw that there were more negative and relatively low magnitude positive
correlation values in the second experimental design than in the first experimental de-
sign. However, needless to add, the results in both experimental designs conformed to

the corresponding hypothesis.

Research question 3: We see that there is a higher proportion of cognitive tasks whose
total score means conformed to the corresponding hypothesis in the second experimen-
tal design than in the first experimental design. Moreover, the results in the second
experimental design conformed to this hypothesis, while the results in the first experi-

mental design did not.

Research question 4: We had seen differences in results between the two experimental
designs, specifically with regards to the more accurate indicator of stress. However, we
also saw, for example, that, in both experimental designs the physiological measures

were overall positively correlated with the self-reported measures.

Research questions 5 and 6: We had seen differences in results between the two ex-
perimental designs as discussed earlier when answering these questions. However, we

also saw an example where there are similarities between the experimental designs,
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while answering the sixth research question: the silence condition causes stress to be
the highest in both experimental designs when considering physiological measures to

be the sole indicator of stress.

It was hypothesized in this thesis that the second experimental design is methodologically
better than the first experimental design and thus will yield results more in line with our
research question hypotheses. Here we state a possibly trivial conclusion that we can safely
make: the cases referenced in the discussion as part of answering this research question
where the results in the second design variation are in line with the corresponding hypotheses
whereas the results in the first design variation are not, and the cases referenced in the same
where the former are closer to being in line and/or more in line with the corresponding
hypotheses in comparison to the results in the first design, all conform to our hypothesis for

this research question.

Based on the results and discussion thus far in this thesis, the findings are mixed as to which
of the experimental designs conforms more with our hypotheses. There could be multiple
ways to go about identifying which experimental design could be the answer to this question.
The approach we take in this thesis will consist of identifying the proportion of research
questions whose hypotheses were satisfied by each of the experimental designs and then
taking the design with the highest proportion as the answer. Thus, taking this approach, we

first summarize the following for each research question:

* Research question 1: Each design was closer to being in line with the corresponding
hypothesis when considering one of the hypothesized stress indicators, for which the

other design would not be in line with the corresponding hypothesis.

* Research question 2: Though results in both experimental designs were in line with
the corresponding hypothesis, the results in the second design are potentially more in
line with the hypothesis (shown by a greater number of negative and relatively low

magnitude positive correlation values in the second design).
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* Research question 3: Only results in the second experimental design conformed to the

corresponding hypothesis, while results in the first design did not.

* Research question 4: Our hypothesis was reflected in the first experimental design but

not in the second design.

* Research question 5: Our hypotheses are reflected overall more in the results of the

first experimental design than in the results of the second experimental design.

* Research question 6: Results in the second experimental design conform to the perfor-
mance aspect of the question hypothesis but not the stress aspect, while results in the

first experimental design do not conform to either aspect of the question hypothesis.

Now, combining these findings from all six of the research questions, it is concluded that
overall, results in the Between-Groups (randomized) experimental design were more in line
with our research question hypotheses than results in the Within-Subjects experimental de-
sign. This conclusion is in line with our hypothesis for this research question (research

question 7).
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7. LIMITATIONS AND FUTURE WORK

7.1 Limitations

* Out of the physiological data collected from the user study, only the EDA and HR physio-

logical signals were analyzed in this research.

» Sample sizes were unequal for EDA and HR in the second experimental design.

* HR and EDA data were not available for two participants in the second experimental design,

which may have negatively affected the results.

7.2 Future work

* Variations in demographics of the participants, including age, ethnicity, and level of educa-
tion, might have been an additional factor in affecting the results. The demographics data
collected in the user study of this thesis could be analyzed for verifying this and to study
how they might have affected the results. This analysis might provide additional insights for

explaining some of the findings from the results.

As ECG and BVP (Blood Volume Pulse) physiological signals were recorded from partici-
pants in both experimental designs in the user study as well, the analysis done in this thesis

could be redone including these additional signals.

Machine learning regression models can be examined whether they are able to predict par-

ticipants’:
— subjective stress state based on physiological data.

— performance based on self-reported subjective ratings and physiological data.

Various types of regression models can be compared in order to determine best fit for the

data.
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* In this work, the analysis was done with respect to the type of cognitive task, and it was
determined whether the task type affected the results. Analysis can be redone taking into
account task order as well, and trying to determine how the ordinal rank of a cognitive task

during the user study affects the results.
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