THE EFFECT OF STRESS ON TASK CAPACITY AND

SITUATIONAL AWARENESS

A Dissertation
Submitted to the Graduate Faculty
of the
North Dakota State University
of Agriculture and Applied Science

By

Reza Ul Karim

In partial Fulfillment of the Requirements
for the Degree of
DOCTOR OF PHILOSOPHY

Major Program:
Industrial & Manufacturing Engineering

December 2011

Fargo, North Dakota



North Dakota State University
Graduate School

Title

THE EFFECT OF STRESS ON TASK CAPACITY AND SITUATIONAL AWARENESS

By

REZA UL KARIM

The Supervisory Committee certifies that this disquisition complies with North
Dakota State University’s regulations and meets the accepted standards for the
degree of

DOCTOR OF PHILOSOPHY

SUPERVISORY COMMITTEE:

DR. KAMBIZ FARAHMAND

Chair
DR. JUN ZHANG

DR. REZA A. MALEKI

DR. ROBERT GORDON

DR. ZAKARIA MAHMUD

Approved:

01/12/2012 DR. JOHN COOK

Date Department Chair




ABSTRACT

In today’s industry, many occupations require manpower resources to include both
labor and cognitive resources. As the technology is rapidly changing and besines
becoming more dependent on cognitive performance, it is essential to find ahy effec
physical stress might have on task performance. Situational awareakssbecoming an
integral part of human task performance. It is critical for many apesato design
systems such that the effects of physical stress, however minute, on task@ece and
situational awareness are considered.

The test methodology developed here measures the effect of stress amectaghkt
performance as a result of situational awareness related to the taskstlineasured and
compared task capacity among different age groups and different working.gkoups
comparison was made on task performance based on the effects of low lew|#tgesss
and lack of it. Response time and accuracy were measured for statistigsisaihe
subject’s stress levels were measured before starting the test éoachbeeseline for the
candidates stress level. The developed tool was able to detect the effextobsttask
performance successfully and efficiently. Subjects with previous wgrirence
performed better both in Phase | and Phase Il of the experiment as coropareg¢ts
with no previous work experience. The analysis indicates low level streshdve
significant effects on task performance. In reality, stress is an unbieidator in daily
activities. When designing any system that requires cognitive tasks, rstexds to be

considered as a contributing factor to the variability of operation.
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1. INTRODUCTION

Task Capacitys the maximum potential to understand and follow the general logic
of real world tasks. Human perception, cognition and action take place in a sequential
manner: input is sensed then processed and output follows (Kroemer, 2003). All current
information on how the human mind works is based on this principle. Task Capacity has
been studied in many areas. Task Capacity studies in Psychology or Clayicabl®gy
investigate relationships to mental disease. Neuroscience resealtcdtes the physical
capability of the human brain. In comparison to Task Capacity, Situational Awariene
the foundation of decision making. Task capacity is a complex process; theragre m
guestions to answer on how to standardize and measure task capacity and situational
awareness.

The effect of stress on task performance is enormous as the technologyisgha
rapidly and the user or the operator must cope with the change. Humaitycega be
classified into physical ability and task capacity. There are maryg to measure physical
ability such as strength, oxygen consumption and heart rate. The Measuremsnt of ta
capacity is challenging and is accomplished by indirect approachesofiebjand
subjective measurement.

In today’s dynamic environment situational awareness is becoming an ietegrat
part of the task performance. Previously, situational awareness measuresientywa
considered for space, defense, air-traffic and any other similaatoperations. But due
to the rapid technological advancement in recent times, industries and mamgactur
facilities are looking for people with improved performance and theyatoliadapt as the

situation demands.



The need of a standard process describing and measuring task performande has we
been recognized. Task efficiency and quality of performance require staediandirk
procedures. The standard task method developed requires the ability to 1) measure the
effect of stress on cognitive task performance with greater degemewfacy, and 2) to
determine whether the person is aware of the surrounding situation andts adjlest
with the situation demand.

Task performance capacity and physical performance capability framegperson
to person (Weimer, 1995). Task capacity and physical capacity conditionsl@pemndent
of each other. For example a basketball player may be very good in physicaéadut
may not be as good when it comes to performing cognitive tasks. There aentliffe
mechanisms developed to measure physical abilities (Weimer, 1995, Sanders, 1983). The
are not, however, many standard methods developed to measure cognitive task
performance and situational awareness simultaneously to find the effdgtsoéal stress.

Workload is defined as the physical labor combined with the mental requirements
associated with a task. The proportion of physical load and mental load varies waitkthe t
performed. Workload as a function of task requirement places demand on human subject.
The capacity of the subject is challenged to perform the assigned taskwtritiead is
higher than the operator capacity, the subject feels overloaded. Most oftensttasses
on the operators of Plane and car and operator’s situational awareness, accaenis
subject can be stressed from physical conditions, physiological conditionsi@a me
challenges at that particular time period while performing a tadlaecidents occur when

the tolerable limit is exceeded. Environmental conditions and task loads devessoirs



normal work environmental conditions and as well in any type of confined work
environment.

Rapid advancement of technology and increased complexity of work force
operators to adapt their decision making process in a dynamic environment.i©ynam
decision making process is considered as a real-time decision maker sutoctstrained
by the decision making environment (Edward, 1962). Putting the right person on the right
job is a tremendous challenge for companies and there are no specific levels etlgeowl
or problem-solving capacity that are required for any job category. Thenttrends in
task design are routine, repetitive and multifaceted throughout the industries and
manufacturing facilities. Dynamic and versatile work environment cigdkethe
development of a standardized task battery, and is ignored in the developmstainafead
task tool. When there is a lack of consensus on how to standardize a method, Delphi
technique is applied. Delphi technique considers multistage approach to comeistoa.dec
Until recently Delphi technique has widely been implemented in social s@edaeursing
institutes to develop standardized task strategies. Currently theremglan applying
Delphi study in healthcare industries (Farahmand, et al., 2011, Farahmand, et al., 2011).
There is not much research conducted in applying Delphi method to evaluate a tool
designed for data collection for human task capacity analysis.

1.1. Human Brain And Task Capacity

Task capacity combines two characteristics of the brain, one is the cdpastiye

and recall information (Memory capacity) and the other is the capacityftormpdogic-

processing operations (Problem-solving capacity). Figure 1 shows human sgssamgs



in brain and which component is responsible for what job function. For example, vision

sense is considered for human perception for this research.

Central sulcus
Motor

control Touch and pressure

~ Taste

Vision

Hearing Face recognition

Figure 1. Human Sensing System

(http://www.uic.edu/classes/bios/bios100/lecturesfO4am/lect2P.htm

The human brain model is like a computer: the physical brain is similar to computer
hardware, and the information from the surroundings is similar to computer software
(Trent, 1985). Figure 2 displays transformation of information in a computer. The
computer information processing can be converted to human brain functioning process as

shown in Figure 3.
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Figure 2. Block Diagram of Computer Information Processing
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Figure 3. ConceptualModel of Brain Functioning (Adopted from Trent, 1985

The brain elements analogous to hardware partespensible for memory, log
processing, and control of boaction or situational awarenedglemory, logi-processing
and control of actions are the essential elemdrsain to human understandinchese
three elements are independent of each other anel igino relationship between f
capacities of these elements. The capacities eéttieee critical elements genetically
fixed and there ifittle change over the period of adult and thecapacities varies frot
person to persofTrent, 1985. Similar to the hardware of a computer, brain eleisiane
functional when information likewise software igpglied to from the environment to t
brain. The performance of these brain functionsedes on their inherited capacities a
the quality and quantity of the information recelv
1.2. Real World And Situational Awarenes:

Situational Awarene: is defined as the ability to identify the desiréeheents fromn
the environment, process informatiand combine the critical elements of the informa
on the current situation and predict the futuréestd the gathered informatic Situational

Awareness (SA) measurement is a critical elemeatreb-world task performance, y



the measurement of SA remains ambiguous (Rousseau, 2010). SA of human operators’ of a
system is important in designing the system and it is critical to quargifgAhlevel of

human operator to reduce any error during operating the system. The situatenesless
measurement has become a core theme within human factor research cor(almiboy,

2006). There are various approaches available to measure SA. There eseveubglf-

rating techniques such as Situational Awareness rating Technique (SABW), Cr

Awareness Rating Scale and Quantitative Analysis of Situational AvearéQ&JASA).

And also there are Objective SA measures such as Situational AwaBolesk

Assessment Technique (SAGAT) which is a real-time probe technique.

1.3. Physical Workload And Stress

Lazarus (1990) defines stress as a feeling experienced when a person thithies tha
social demand or work demand exceeds the personal and social resources the g@lelieson is
to mobilize. In medical science stress is defined as a physical or psychbkignulus
which results mental tension or physiological reactions causing illness: &trebs
condition adrenal gland releases corticosteroids that eventually causmane
suppressive effect in the human body.

Stress and anxiety are core concepts of psychopathology (Kroemer, 2003). A
diathesis-stress model assumes that most of the stress related con@itses from
complex interaction between environmental stressors and biological dispositiocetha
make an individual collapse. Physical load can cause stress and influerateroper
performance. There is also evidence that stress and physical ileestaged. In the case

of a short duration of high intensity physical activities, decrease of agaarperforming



cognitive tasks was observed, such as in the case of map interpretation while minning i
treadmill (Hancock, 1986).

There are different methods for direct stress detection and measurenheas suc
measurement of adrenaline and cortisol levels in blood, measurement of skin conyductivit
electro-encephalography and measurement of pupils’ diameter. Besicemgtasds
there are indirect approaches to measure stress such as questionnairesmeiasiire
heart rate and magnetic resonance imaging (MRI) of brain. Human feeteeschers
recognized the difficulties in defining the construct of physical stresgtigué and
measuring the effect of fatigue under experimental conditions (Gawron et al. 2001,
Holding, 1983, Soames Job and Dalziel, 2001). There is a lack of research to measure
indirectly the physical stress effect on task performance accountinguagosial
awareness level of the operator.

1.4. Standardized Task Measurement

In Delphi methodology opinion is collected on the problems that lack consensus to
solve it. Opinion is obtained from diversified domain of experts (Delbecq, 1975) and
collected information is evaluated and narrowed it down to a justified form of e tisi
be applied to the particular problem. In the current research Delphi technique ie use
evaluate the questionnaire and validate the content of each question. The Delphugechni
has a great success in problem solving, decision making, task evaluation and task
development. The Delphi method is generally used to develop the test procedure by
consulting the experts in the specific field of application of the test batieeytest tasks
and sequence of tasks are developed from expert opinion to fit the test objectives. The

method standardizes the procedure to conduct the task capacity test. Task capacity i



complex process and situational awareness is the foundation of predicting deaisiog m
process. Situational awareness is considered critical in aviation and defensg ibdtiss
the system is becoming more automated in industries one person has to keep eye on
different operations simultaneously and there is little room for any erestdting SA and
as well task capacity to play a vital role in today’s industry. Therenarey questions to
answer on how to standardize and measure task capacity and situational anarémees
same time using a single tool. There is a demand for high skilled persons inyitddashe
demand is shifting to have multi-skilled persons and capable to cope with any.change
1.5. Research Scope

The present research examined the effect of physical workload on adizediar
task developed using Delphi technique to measure task capacity and situatioaakasar
The research was conducted on the laboratory setup as well as online with sudjects fr
diversified working fields. The subjects participated online only completeshavithout
considering any stress factors. The subjects participated in the laba@tgpieted the test
in two steps: first, took the test at a stress free condition and second, took ¢hlestam
after performing a physical exercise to induce low level physiedsstr
1.6. Research Approach

The present study is described as per following sectiortheLiterature Review
section it is discussed on different task capacity and situationalrasargechniques,
physical stress related experiments and application of Delphi techniquesaapplin
various fields where there is a lack of consensus. In the Problem Formulation sect
background of the current study is described along with the research objeatives a

hypotheses. In the Experimental Methods section experimental parameaialdesa



procedures, experimental characteristics, number of subjects required,sSubject
qualification, time commitments of subjects, equipment requirement, and @hgssaction
protocol, procedures followed by the subjects to complete the test and reseatsh effor
considered by the researcher for test design, data collection and testtcym{pie¢he

Task Capacity Test Design section test construction procedure, technology usest and t
construction procedure is described. In the Test Report section data collectsontiere
described and analyzed. In the Results and Discussion section test resudisaiered,
plotted and interpreted. In the conclusion section research finding are describeditiong
the application of the developed tool. Also limitations faced during the curssaroh and

future scopes of the research are described.



2. LITERATURE REVIEW

Following subsections discusses findings in cognitive task, situationalreesare
physical stress concerns and Delphi technique application.
2.1. Cognitive Task Capacity Measurement Techniques

The evaluation of mental workload is very important in the research and
improvement of human-machine interfaces for comfort, satisfaction,egffigiand safety
in the workplace.

Studies show a decrement in performance as workload decreases (CoXiffalenza
2007). In the experiment same subjects were introduced in two different typsksoiotae
was from low to high workload and the other was from high to low workload scenarios and
time gap between two tests were 15 minutes. A sudden decrease or increase adavork |
leads a loss of accuracy and slows response time in a longer work period. Expérimenta
studies on cognitive performance usually keep workload constant. Cognitivesliplay a
key role in the adequate management of workload by individuals performing coiagis
(Gonzalez, 2005). Workload is dependent on task demand and it varies on the capacity of
the subject to meet those demands (Gopher, 1986).

Performance parameters such as intelligent level, knowledge perforteaeice
aptitude test and behavioral conditions are measured using different tdsteWSa999).
Alfred Binet in 1911 first developed the Intelligence scale to measure oseoadl. He is
the pioneer in creating the scale to sort people in category in terms ofartedi It
measures overall Q. For proper assessment of anyone’s intelligeabset analysis of
the overall test is important and based on the need of subset analysis different 1Q

measurement tools were developed. In most of the tests subsets aledlasgédrbal
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reasoning, quantitative reasoning, visual reasoning and memory. A list of thgdnoe
tests includes:

e Wechsler Scales of Intelligence (1932)

e Wechsler Scales of Intelligence Revised (WAIS-R)

e Stanford-Binet: Fourth Edition (SB:FE)

e Detroit Test of Learning Aptitude-3 (DTLA-3)

e Kaufman Brief Intelligence Test (K-BIT)
For admission purpose in different colleges and universities national admest®oare
developed. These tests are developed from the educational knowledge. A list of the
Knowledge Performance test includes:

e Scholastic Assessment Test (SAT, 1926)

e American College Test (CT, 1959)

¢ Graduate Record Examination (GRE, 1949)
Employment services developed aptitude battery for screening workeentnagjob
hiring. This type of test covers intelligence, verbal aptitude, arithnhejit@ude, spatial
aptitude, clerical perception and manual dexterity. A list of the Aptitude esturement
includes:

e The Differential Aptitude Test (DAT)

e The General Aptitude Test Battery (GATB)

e The Armed Services Vocational Aptitude Battery (ASVAB)

e Minnesota Clerical Test (MCT)
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Task capacity can be measured from objective and subjective queriesl Sever
researches related to human factors show that self-report (subjectas)resecan be
useful (Muckler, 1992).

An assessment of workload called overall workload level (OWL) using sivigject
ratings was developed to show a linear relationship among physiological emeasts,
iliness rates and OWL (Jung, 2001).

A comparison of Subjective Workload Assessment (SWAT), NASA-TLX and
Workload Profile (WP) methods were evaluated in a laboratory environment far &gl
and dual task (Rubio et al., 2004) and the result shows there are no differences in the
evaluation. WP was sensitive to the different task manipulations. NASA-TLs{sirse
dimensions to assess mental workload and these are: mental demand, physical demand,
temporal demand, performance, effort and frustration. It is classifiedd¥b@® scale. In
SWAT three levels: low, medium and high are used for subjective ratings. In thisdnet
the subject classifies the tasks in difficulty level set by his or heepioa of load and
then the subject rates the task in 0-100 scale. In WP method tasks are set in rdedom or
and provided to the subject to rate the tasks perceptual processing, response gelecti
execution, spatial processing, verbal processing, visual processing, audtmysimg,
manual output and speech out. A rating scale of 0 and 1 used to rate each task. “0” means
the task places no demand on the task and “1” means maximum workload demand required
for the task.

The available studies in gender differences provide conflicting resultsdgect
complexity of variables influencing cognitive sex differences. Thealend visual-spatial

functions were compared with self-ratings in healthy men and women and obsatved t
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women tend to perform better on verbal tasks and men tend to perform better on visual-
spatial tasks (Weiss, Elisabeth M., 2003).

Unlike many physical types of task, cognitive tasks have fewer consensuses i
taxonomies. As the industrial jobs are becoming more cognitive in nature thereis mor
demand to find a well acceptable methods to measure cognitive task capacityldask,
Lower order cognitive tasks are the tasks that are elementary. Higleercognitive tasks
are problem-solving and decision making tasks. Buck identified information se&kjng (
tasks with real-world Lower order cognitive tasks such as compares |oeaify, identify,
classify and compute.

2.2. Situational Awareness Measurement Techniques

SA has been a critical element of mental construct on which complex systelms
as a flexible manufacturing system is dependent (Endsley, 1995a). Ope@ondéx
systems must rely on up-to-date knowledge of machine tool parameterdl, as we
recognize existence of any patterns among the parameters that progidesdssary
information to the functioning of machines (Usher and Kaber, 2000). Rousseau (2010)
measured SA using SART and QUASA, and no correlation was found between QUASA
confidence and accuracy scores. SART score showed a negative correlatiob A8A Q
accuracy score. SAGAT, which is an objective measurement method, is the most
established method to measure SA (Endsley, 1995a). In SAGAT technique individuals
answers queries about the current situation by freezing an ongoing eventi&ARifue,
developed by Taylor (1990) method is usually used at the end of a test trial or aseexerci

Individual participants rate the level of demand on attention resources (D), supply of
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attention resources (S) and understanding of the situation (U). Three subscakedaio
rate D, S and U and later combined to generate global SA index.

SART provides indication of subjective confidence level on individual’'s SA and it
does not measure objective level of individual’s SA (Endsley 1995b, Jones and Endsley
2004). Endsley et al. (1998) conducted a study on cockpit display evaluation using SART
ratings and SAGAT probes on a section by section basis. The participants rated the
overall SA, the sufficiency of their SA and confidence level on their SA. Therewvee
correlations between subjective and objective ratings. But there werkatonréetween
SART SA, understanding of SA and confidence level. It gives a clear viewuthatsve
SA provides individual's confidence on SA. It is important to know if the individual
confidence level is affected by stress as in many situations operator iaenacystem
need to make critical decisions.

Lee (1999) tested support systems for car driver to validate the clainuipedtsre
SA techniques measures confidence level of individual's SA. Lee used SAGKIqee
for objective SA combined with the confidence ratings on a scale of O to 100 to measure
subjective SA for each answer. There was low correlation between accadacy a
confidence level of each answer. The finding indicates that the participamsa in
evaluating their own SA. The finding resembles with the report of Endsléy(20@0) on
low correlation between SAGAT and SART.

QUASA technique, developed by Edgar et al. (2000) is most frequently used to
collect data on SA (McGuinness 2004, 2007). Objective SA is measured from accuracy of
responses to queries using true or false probe about a situation. Subjective &suiethe

from self-rating of confidence for each probe response. A diagonal plotesaged to
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show the relationship between selecting correct probe and confidence levelabomt f
below the ideal diagonal line represents over-confidence and points falling abalesaihe
diagonal line represent under-confidence.

The individual beliefs and knowledge has an influence on confidence level shown
by individuals on making decisions, and confidence level is an integral part of &#kales
(Lichacz, 2008). There is a lack of research on determining if the same ssiipetin
same situation with different stress condition. QUASA technique is considereduseful
as this allows finding the relationship of subjective rating on confidence ardiobje
measure on any type of problem.

2.3. Physical Stress Measurement

Physical stress effect on task performance is very critical in ®deadustrial
operation. There are three types of physical stress scenarios: Lesy sisglium stress and
high stress. A review by Tomporowski (2003) shows that physical load enhances
performance of some cognitive tasks under certain circumstances and Esiueels
performance on certain cognitive tasks. Occupations such as emergency stafilica
require physical exertion in performing their duty that places demands on humath anent
cognitive resources (Mozrall and Drury, 1996). Poor performance can occur using les
friendly devices and could cause catastrophic error. Buckle (2006) outlined the design
challenges in the healthcare sector. The author provided some approaches and methods tha
ergonomist can use in the design of the healthcare systems. Silver (2004) studied the
process carried out by providers to improve the quality of the service provided baked on t
human factors approach. The key design considerations include task information

characteristics, task allocation, redundancies and the competing goals ofréterope
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Spear (2002) has discussed about the ergonomics issues arising in the emergency
department. The quality of healthcare service was improved by reducipigytieal stress
induced in the staff and patients due to the physical layout of the machines and eguipment
in a facility. The problems caused by the faulty design induces physicalicatigpl like

back injuries among the staff. This causes increase in operating cosimaditdd by the

staff.

Physical exercise affects human information processing. Analysifferiedit
reports indicates a wide and inconsistent relationship between physicaireged
cognitive task performance (Tomporowski and Ellis, 1986; Mozrall and Drury, 1996). In
some studies it is shown that increment in physical workload improved performance on the
decision task and reduced performance on perception task, and decrement ith physica
workload reduced performance on decision task and improved performance on the
perception task (Paas and Adam, 1991). Yerkes-Dodson (1908) first formulated an inverted
U-shaped function between arousal and performance.

Basahel et al. (2010) conducted experiment on measuring human performance
accuracy on assigned verbal task and spatial task. The subjects wer® gsdadihg on a
bicycle-ergometer at three different physical and mental load condikbmnsmedium and
high. The authors observed poor work performance at low and high level of physical
workload and increase of work performance at medium physical workload and mental
workload. Some findings indicate increase of accuracy in arithmetic tafskmance at an
intermediate level of physical task (Reilly, 1986). The inconsistency betWeeask
demand and human physical limitations causes psychological distress in humaor operat

causing in mental over-load or under-load (Young and Stanton, 2002).
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Perry et al. (2008) conducted experiment on sixteen participants performing a
military operations using simulation tool to load weight in a helicopter withinlace#td
timeframe. The participants stood, walked or jogged on treadmill while performing the
simulated cognitive task. Task performance was measured by tracking |oateiagmd
number of correct decisions. SA was measured using queries during performing the
simulation and freezing the event. Subjective workload was measured using the NAS
TLX scale. The results indicated decrease of SA as a result of incregsezhpivorkload.
There is an increase of workload as the physical load increased, but there was no
significant effect on cognitive task performance due to physical loagbser According
to Perry (2008) walking is defined as self chosen normal speed ranged from 3.2-5.4 kph,
and jogging is defined as 50% faster than their self-chosen walking speed. Aedsibre
the author chose the speeds is to quantify differences between levels.

McMorris, Terry et al. (2011) used meta-analytic techniques to study tloe @fffe
acute and intermediate intensity exercise to determine the speed aratyodur
performance of working memory tasks. Intermediate intensity wasfiddras 50%-75%
maximum volume of oxygen uptake (Y&xx) (Borer, 2003). Low intensity exercise is
identified as <50% V&uax and high intensity exercise is identified as >75%WQ. The
speed of response was high but the accuracy was less under acute intens#ty exerci
condition.

Joyce et al. (2009) studied the time course effect of moderate intensitisexer
where the authors set the warm-up period of 5 minutes at 75 watt and workload pregressi

increased until exhaustion (25 W/min for males and 15W/min for females).
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Though VQnaxis influenced by age, sex, exercise habit, heredity and
cardiovascular clinical status, the highest value ofand heart rate are obtained with
pedaling speed of 50 rpm to 80 rpm (Fletcher et al., 2001). According to Fletcher and
Wikipedia the moderate physical stress is express by METs (metahali@alent of tagk
number as shown in Table 1.

Table 1. Physical Stress Measurement in METs

Light Intensity Activities METs <3
Sleeping 0.9
watching television 1
writing, desk work, typing 1.8
walking, 1.7 mph (2.7 km/h), level ground, strolling, very slow 2.3
walking, 2.5 mph 29
Activities (Moderate) METs: 3t0 6
bicycling, stationary, 50 watts, very light effort 3
walking 3.0 mph 3.3
calisthenics, home exercise, light or moderate effort, general 3.5
walking 3.4 mph 3.6
bicycling, <10 mph (16 km/h), leisure, to work or for pleasure 4
bicycling, stationary, 100 watts, light effort 5.5
Vigorous Intensity Activities METs: >6
jogging, general 7
calisthenics (e.g. pushups, jumping jacks), vigorous effort 8
running jogging, in place 8
rope jumping 10
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A cycle ergometer is a non-weight bearing, watts can be convertedgenoxy
uptake in milliliter per minute. MET are obtained by dividing & in milliliter per
minute by the product of body weight in Kg multiplied by 3.5. 3.5 ml pp€ kg of
weight is an accepted value of oxygen consumption at rest. Table 2 shows the METSs value
at different age groups with \iQ.«(Fletcher et al., 2001).

Table 2. Normal Values of Maximum Oxygen Uptake at Different Ages

Age VO2max Men Women

METs

20-29 mL/Kg/min 43 36
METs 12 10

30-39 mL/Kg/min 42 34
METs 12 10

40-49 mL/Kg/min 40 32
METs 11 9

50-59 mL/Kg/min 36 29
METs 10 8

60-69 mL/Kg/min 33 27
METs 9 8

70-79 mL/Kg/min 29 27
METs 8 8

Aks (1998) evaluated visual and conjunction search task performance after 10
minutes of cycling at a low level of physical work and then again aftarléigl of
physical work. The results indicated an increase of visual search speederdase in
frequency of error following both the physical work. And compare to the low level and the
high level physical work, high level exertion showed better result. Arceéih €997)
conducted a test on subject’s choice-reaction time on a cycle ergometer at 60% of
participant’s VOmax The tasks were performed and measured after 3 minute of biking and

after 8 minute of biking. The results indicated shorter reaction time aft@rge biking.
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2.4.  Delphi Technique

The Delphi technique is used where there is lack of agreement or incompkete sta
of knowledge on a particular problem exists. Individual judgments recorded and combined
in addressing the issues. The first round questionnaire is unstructured and obtains ope
response, allows participants to elaborate the topic, and a qualitative aogthisisesults
allows constructing the second and subsequent questionnaires. The diversity ofntewpoi
that develops controversy helps generate interest and involvement. A heteroggoepus
produces high quality acceptable solutions than homogeneous group. Goodman (1987)
described Delphi method where information is collected from a group of esgertia
specific problem based on anonymity. Interpersonal interaction is eledimaDelphi
method to avoid the controlling variables in decision making. The key characseristic
anonymity, use of experts and controlled feedback are examined in Delphi study.

There are four features of Delphi technique distinguishing from other group
decision making processes. These are anonymity, iteration with contretbzhte,
statistical group response and expert input. Anonymity has advantages of making tru
opinion, and not influenced by any peer pressure. Disadvantage of Delphi methoel is ther
might be a case of lack of accountability. On the other hand since the paitedtesdsen
the basis of their knowledge and willingness to participate, accountabilityeprably not
be an issue. The validity of the study depends on the selection of experts insteatbof r
sample. Hasson (2000) conducted methodological issues in nursing research, such as
preparation, action steps and difficulties that are inherent within the Detphiqee.

Findings from Delphi study helps streamline work.
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Three issues guide data collection: the discovery of opinion, the process of
determining the most important issues and managing opinions-data analysis. In Delphi
study the experts need to know what they will be asked to do, how much time they need to
contribute and use will be on the information they provide. Combination of verbal and
written approach found to be more effective in decision making from the study. McKenna
(1994) described what is Delphi technique, and criteria for selecting it asaaaie tool.

Delphi is a method for systematic collection and aggregation of information prowided b
the group of experts on specific questions and issues. There is no preciseanalytic
technique but subjective judgments on collective basis can be useful. The research
population covers diverse background in experience or expertise. If there is lack of
empirical data Delphi is appropriate. The unique aspect of this method is convergence
towards agreement. It helps developing future knowledge and policy of a particula
problem. Because of grassroots’ involvement the results from Delphi is \aictdpted.
Powell (2003) emphasized on the development of scientific merit questions and the way
findings of Delphi studied need to be evaluated. Villiers (1987) described two types of
Delphi technique: Conventional and real-time. In the conventional method first
guestionnaire sent to group of experts and in the second round questionnaire sent back to
the experts based on the result from first one. Third round is used depending on the
consensus level from previous rounds. In the real-time technique the process takes plac
using meeting where summary of the responses of the respondent is madeatsaiyedi

The decision maker obtains information on options with supporting evidence from the

forum and makes the decision.
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3. PROBLEM FORMULATION

The focus of this research is to develop a task capacity and situational asarene
(SA) evaluation model and to investigate the effect of low level physresisson capacity
to perform tasks and SA tasks. Task complexity can be altered by changing thex niim
elements of a task. Task complexity effects attention, accuracy anthts/geof a task.
The task capacity model developed considers a standard task performance erocedur
created using the Delphi technique.

Not much attention is paid on the relationship between task demand, cognitive
abilities and situational awareness of the operators who perform manualTasks.
capacity combines two characteristics of the brain: one is the camasity¢ and recall
information (Memory capacity) and the other is the capacity to perform logoegsing
operations (Problem-solving capacity). Problem-solving capacity and knowlezlge a
independent measures of task capacity. But high level of knowledge can enludnempr
solving efficiency. General Aptitude Test Battery (GATB) and the EmployiNational
Job Service Committee (ENJSC) have been used in the United States for hiringgurpose
Many authors have described on the short comings of the GATB method by (Hartigan,
1989). Time given for the test is also a concern. IQ, SAT, ACT, academic reGérador
work experience are considered for hiring as well. But Problem-Solvingitapad
behavioral characteristics are not considered in many test methods ddvelope

Situational Awareness measures one’s ability to recognize the preseatis and
predict future state of the gathered information. Performance parameteompéex task
model is dependent on situation awareness (SA). For example, in a flexible chanimga

system, operators must have up-to-date knowledge on machine tool parameteras well
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the functioning for future process state changes (Usher, 2000). Military pdrsonne
frequently rely on SA to make decisions on the battle field (Kaber, 2005). Inacourat
incomplete SA could cause loss of life or unnecessary expenditure of resaureesnt
years there are increased sophisticated military equipment used on lth@dddtivhich
requires portable computing operations. The solders are required to be able to perform
simultaneously cognitive demanding information processing tasks and phgsical
Many studies show high SA score supports a better task performance. SyresfentsSA
through decrement in working memory capacity and retrieval (Endsley, 199&jature
suggests that sensory tasks are enhanced by all level of physical adfivoneporowski,
1986). There is a lack of research on developing a single tool to measure Sgkand ta
capacity to find the effect of stress.

Studies indicate physical stress increases performance on some taskbaijoter
specific conditions and decreases or remains unchanged for the same taskapedar
other task performance with different conditions. There is a research gap mg fihdi
effect of physical stress on tasks in terms of perception (PER), knowledgerg@em
solving capacity (PSQ), memory (MEM), creativity (CRE), and situatiawareness (SA).
It is observed from different studies IQ level do not change after cagaibut the
Problem Solving Ability increases with age. Studies show that I1Q levedurezhin one
test does not change even if a different test is taken after a three mandh pe

Previously SA application was considered for space, defense and &reoatiol.
In recent times there were issues discovered in air-traffic contrelnsysich as operator
was sleeping or operator provided wrong information to the pilot. As there is zero

percentage of tolerance allowed in air-traffic control system, there seseral
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investigation conducted by FAA and found that the reason behind the operator error was
due to long working hour. The low level stress can cause catastrophic failure éweari
order cognitive tasks.

The Delphi technique is implemented to develop the computer test modeknalgen
area by evaluating feedback from people working in different enginesgiance and
teaching fields. Also graduate students provided their view on the test modeltt&inest
was built with the view that the participants are expected to be students and @nafessi
from wide range of fields, the test questionnaire formed is from geneealHre
participants in the Delphi study were from science background and test was diesigne
considering the test subjects will have a science background. Initigiiypeople were
sent the test material to participate in the test and five people respontkantee
requests were sent to other people through contacts and total number of participants
increased to twenty-one subjects who completed the survey. About the finding of Delphi
study is described in the Laboratory Test Report section. The subjects &itbmogach
other and were located in different locations in USA and other parts of the Wwothe
first step the subjects were asked to comment on the test setup, time aflmcateh
guestion, total time taken for the test, and user friendliness. Based on theickeeallbiae
model, time allocation on some of the questions was increased and the tutorial was
improved. In the second step, since the subjects were from science backgroundveasl test
in general type of tasks, the subjects were asked to evaluate each oftiengu the test
to check the task validity. In the third step based on their feedback, all thpatetasks
evaluated if any modifications were required. The method standardizes thdyymto

conduct the task capacity test. As discussed in earlier section about thetiappdics/P
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method for subjective ratings on mental tasks are considered as an approprotehagapr
implement Delphi in the research tool development.

Human factor issues are considered when designing the test setup. The test i
computer generated. Computer table and adjustable swivel chair are provilied thex
participant to adjust seat to his or her comfort level and taking care of pestuaions.
Current set value of central air conditioning temperature and illuminatidre @dom is
considered standard for this test as all the subjects will be exposed to thensamement
and also the study will be evaluated by comparison of two phase | and phase II.

In early 28" century in industry and manufacturing plants percentage of physical
workload required was much higher than cognitive capacity required, but in today’s
industry due to automation percentage of physical workload is decreasing and kaver or
cognitive task load is increasing. Due to automation in industries a singleanrbe c
catastrophic. The percentage of error allowed is decreasing. Lean angh&xpsinciples,
which are used to reduce wastages and standardize tasks in manufacturing, ipichcstss
industry, offices and healthcare industry, are becoming an integrated pattisttial
operation. More industries are following Toyota Production System (TPShtiastbze
work flow and as well mental task. Study on the effect of low level stress iglnesk
and situational awareness level of operator is becoming more demanding andynecessa
3.1. Scientific Background

The assessment of task load, situational awareness and stress, and thieimpac
performing a task, is very important when a person for a specific type ofisvafuired.

To find an appropriate person in an appropriate designed task is a challenge in the

continuous demanding field of aviation, mining, military, transportation and other
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industries involved in engineering processes. Critical decisions are made tueskduk
conditions resulting in poor performance which could often be catastrophic. Most
accidents occur due to operator error.

The way today’s manufacturing industry is growing tasks require cognitiNe ski
and as well awareness of the events surrounding the operation. Experimentalalésd)
the effect of stress using combined task capacity and situation awaressesgement
techniques has a potential to implement in many industrial engineeringgeecébe
present study developed a computer based tool to measure task capacityasindait
awareness, and to evaluate the relationship between the measured @dtesme if
low level physical stress contributes significantly to any chamgerformance.

3.2. Research Objectives

The tool developed in the research measures task performance capacity
performance due to tasks requiring situational awareness. The resutsrgrared among
different age group and professional groups under two stress conditions. Téwlemdéd
performance results before and after doing a low level physical exegubjective ratings
on confidence level were recorded after the subject answered each questidn. Signa
Detection theory was applied using the measured confidence level to find théaatis
associated with finding of cognitive task capacity and situational aessef individuals
in stressed condition. True or false response was recorded with confieleslaef
attempting the response.

The task model developed for this research is in macro-level task serving the

general job environment. And this model can be adapted to serve a micro-level need.
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The study designed to find the effect of stress on task performance. Thadest
conducted among an age group of 21 to 40. A group of students and professionals working
in different fields were considered as subjects for the test. Taskitcegpat different
subjects were measured in the current research and statisticaisawalygonducted to
evaluate if the low level physical stress is a concerning factor on salgedormance of a
task. The test was conducted in a noise free and comfortable temperature emtironme

The research focused on developing the tool to use effectively and efjicidrl
following procedures were set to develop the data collection instrument:

1. Task Capacity measurement tool developed using task functions described by
Miller (1974)

2. Microsoft Visual C # (Pronounced C Sharp) 4.0 programs in Microsoft.Net
Framework 4.0 (ASP.net) were used to construct the instrument. SQL server 2005
was used as a database

3. The data collection process, which includes the computer model and test
guestionnaire, was standardized using Delphi Techniques

4. Signal Detection Theory implemented to determine subjective confideveleals a
noise factor on stress

5. Objective queries and subjective self-ratings of confidence for each sespon
determined

6. Effect of a low level physical stress on task performance measured
The task performance measured, before and after introducing a low level bhysica

work determines if stress has any effect on task performance. Taskyapadcsituational

awareness measured expected to differ among the groups based on stregthievel
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subject. The developed instrument determines any relationship between taskasréor
and individual situational awareness. Response time and accuracy of perfognieg a
task was recorded for statistical analysis to justify the findings. D&phnique was used
to standardize the computer model along with the questionnaire, through opiniorss from
panel. A questionnaire developed was used to measure the level of stress lele@gber
by the subject participating in the test before hand. This pre-test cadadssline of the
candidate’s stress level.
3.3. Original Contribution And Hypotheses

The motivation of the current research is five-folded. First, the literegurew
indicates a gap in measuring indirectly the low level physical stfésmst on cognitive task
performance, specifically in perception, knowledge, problem solving, memory and
creativity. This is an interesting area to explore as there are a numbefespns that
combine physical workload with cognitive task. Secondly, there is a lackeafrobson
measuring a low level physical stress effect on SA. The literatumaresviggests most of
the present occupation requires some level of situational awareness as dhis worl
becoming more high-tech. Thirdly, there is a research gap to develop a singpe tool
measure performance on task capacity and situational awareness siousiaaad
determine the effect of physical stress on perception, knowledge, problem solvimgryme
and creativity. Current job setting demand operator to have both task capacity and
situational awareness to perform tasks. Fourthly, there is a reseprithigglement
consensus developing tool such as Delphi technique to standardize the task negdsurem

tool. Fifthly, overall task capacity was calculated from the resultss&fpgerformance.
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Original contribution can be stated as:

1. A single tool developed to measure Task Capacity and Situational Awareness
considering 1Q, Memory, Problem Solving and Situational Awareness paramete
in the tasks of Computation, Three-dimensional review, Vocabulary, Pattern
recognition, Comparison and Arithmetic reasoning area.

2. C# program is used to develop the computer tool for data collection which has
never been implemented.

3. It will be attempted to find if different age group and professional gros@hga
physical stress effect on Knowledge and Problem-solving using this tool
simultaneously.

4. Thirteen lower order task functions are selected from Miller (1974Yyidedctask
functions to classify in the four parameters and tasks in the area of Computation,
Three-dimensional review, Vocabulary, Pattern recognition, Comparison and
Arithmetic reasoning area.

5. The data collection tools is attempted to standardize using Delphi Techniques
which has never been implemented in designing tasks to measure cognitive
performance.

6. To measure the effect of a low level stress on task performance anids#uat
awareness simultaneously has never been attempted.

7. Signal Detection Theory has never been implemented to determine subjective

confidence rating as a noise factor on physical stress.
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The hypotheses tested were:
1) Low level stress has combined effect on the task capacity and situational
awareness performances measured, before and after introducing alphysic
workload.

2) Task capacity and situational awareness has linear relationship.
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4. EXPERIMENTAL METHODS
The following section describes on experimental variables, experimental
parameters, experimental procedures, and requirement for human volunteers, tong wi
duties and procedures to be performed by human volunteers.

4.1. Experimental Parameters

People are different on how they express themselves in different cutoedss
the same, process is the same, but the path is different. Brain is traieeehdifin
different cultures- in Asian sub-continé®tience and Mathre emphasized in children’s
education and in Western countries like US#eativityis give priority. Five performance
parameters including Perception, Knowledge, Problem Solving, Memory and Qyestvi
used to develop the Test Battery. Figure 4 depicts the human brain displaystryitheral
location of the five parameters considered.

Motor cortex
Movement Sensory cortex
Sensations

.

Frontal lobe
Executive functions,
thinking, planning,
organising and
problem solving,
emaotions and
behavioural control,
personality

Parietal lobe
Ferception, making
sense of the world,
arithmetic, spelling

Occipital lobe
/| vision

Temporal lobe

Memory, understanding, |
language Medulla Oblangata
Breathing, Heatt,
|II Fespiration,
—

Figure 4. Human Brain Structure

(http://lwww.uic.edu/classes/bios/bios100/lecturesfO4am/lect2®?.htm

These five performance parameters representing the real wakddaige described
by Miller (1974) with twenty five task functions. Cognitive tasks which sectigies
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such as identify, compute, search etc. are stated as lower-order cagsitis.eProblem
solving and decision making tasks are stated as higher-order cognitive tdks3Ts
developed to show the twenty task functions described by Miller which are used to
establish the relationship between task functions and task performance paramete
Sensory process initiates cognitive tasks as an input to memory and indarpratessing
and motor cortex complete the task as an outpum the relationships between task
functions and test parameters, the scoring technique is developed. It is@ssanall the
task functions utilize the equal brain capacity to complete a task and a taskmsas} of
two or more sub-tasks.

Table 3. Relationship Between Task Functions and Task Parameter (N&r, 1974)

Task Parameters
Task Functions | ©erception)  Knowledge FS)r:I\killﬁgm Memory | Creativity
(PER) (1Q) (PSQ) | (MEM) (CRE)
Message X
Input Select X X
Detect X X
Search/Locate X X
Identify X X
Filter X X X
Code X X
Interpret X
Count X X
Compute X % X
Decide/Select X X X
Compare X X
Categorize X X X
Transmit X X
Store X X
Short-Memory X
Plan X X
Analyze X X X
Adapt/Learn X X X X
Goal Image X
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4.2. Experimental Variables
Experimental variables in the study are:

1. Independent: Task functions described in Table 3 lists the independent variables.
Stress, age and profession are considered as independent variable fogtieddesi
test.

2. Dependent: Task capacity and situational awareness is dependent variable.

4.3. Experimental Procedures
Test specifications used are: Measure of Response Time (RT) and ACALICY
Cognitive capacity is measured in terms of 1Q, MEM and PSQ. Effect of 8w&asured
by describing a situation and after a set time period, questions appears antrsedij to
select the correct answer. The SA question covers tasks under 1Q, MENS@Nd P
This study is broken into two phases: Phase | and Phase II. Phase | taskssand Pha
Il tasks are identical. Order of appearance of the questions in both the tedbi® iia
nature. Phase | is considered as performance without any stress.Ihasadidered as
performance after stress. There is one experimental trial forsedgect in Phase I. Each
experimental trial consists of thirty tests in a random order. SignPdrase Il consists of
one experimental trial with thirty tests in a random order. Phasé fbtksvs right after
ten minutes of light to moderate physical work at the set room air tempgeaaiirelative
humidity. Later pre-test and post-test results are compared in termsuodey and
completion time.
4.4, Experimental Characteristics
The characteristics of test battery include:

e A 30 questions test which is taken on a computer.
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e Time of test is approximately 35 minutes for phase | test and 45 minutes fer phas
Il test.

e Thirteen test components were considered featuring five test chestazter

e Time taken to answer each question is recorded.

e The numbers of correct answers is recorded.

e Atime lapse of four weeks is scheduled between Phase | test and Rbkate I
4.5. Number Of Subjects Required

A literature search was conducted on determining the sample size. The minimum

size requirement for the research in human task capacity is a commorygaské&on.
Power analysis helps to determine required sample size as well to integeitch results
(Lan and Lian, 2010). The statistical power of study depends on the effettesieséarch
hypothesis considers and how many subjects are participating in the studgrgeneHe
effect size, the more statistical power in the research. Similarlyahe people are
participating in the study, the more statistical power. Sample size hgsfecant role in
controlling the statistical power because the larger the samplehgzanaller the standard
deviation of the sample means. Significance level chosen has also an effetisticasta
power. Statistical power is an important parameter to explain the resuksdarch in
terms of if the results are statistically significant or not but praltficnsignificant. A
statistically insignificant result with a high statistical powesxplained as either the
research hypothesis is not properly selected or there is less of anteffepteédicted. The
other approach of sample size determination is to run a pilot test (F, Faul et al., p@07). T
results from the study should provide a reasonable estimate of the effeét gilme study

is not always feasible and in that case previous experience and theotissdte estimate
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the effect size. Based on statistical power, sample size is estiosatg t-test and paired t-
test.

Paas and Adam (1991) studied two information processing tasks with sixteen
subjects. Eight of the sixteen subjects participated in the test of endueassas interval
protocol physical exertion information processing. Rest of the eight subjeatsppéed in
the rest versus minimal load protocol exertion information processing. The authors did not
discuss the process of selecting the number of the samples and statistezatusidered
in the test. But the authors were able to find statistically significanlt iesng F-test.

Aks (1998) studied on influence of exercise on visual search with eighteen
participants and were able to find statistically significant resutiguaNOVA.

Mastroianni et al. (2003) studied mental arithmetic tasks while walking usin
subjective ratings. Ten subjects participated in the test. The small nuhsiobijexts and
smaller differences in performance are the reason for not being able to dgteffeat of
physical exertion on task.

Joyce et al. (2009) conducted time course effect of moderate intenstigexan
response execution with ten subjects. The authors found statistically siyrefiesult
using F-test. But the authors did not discuss the statistical power and how the atimber
participants was determined for the test.

Basahel et al. (2010) conducted physical and mental workload interaction in two
experiments with fifteen participants in each experiment. The results fridiegs are not
yet available.

The goal of the current research is to have a balanced experimentalfdesig

subsequent statistical analysis. It is desired that the same subjactpaiarin both
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experimental phases. However, if subject drops out after completing phageaidhmot be
replaced by other volunteers during phase Il.
Three approaches were considered to determine the sample size.
Approach One:

The minimum number of participants required for the test is calculated from the
sensitivity, the power, and statistical analysis of 1Q level. The sasiggas determined
from Operating Characteristics “OC” curve (Montgomery, 2001) as shownunePig OC
curve is the plot for type Il error. Theerror is a function of sample size. For a given
value ofé (difference of two meansf},error decreases as the sample size increases. The
task capacity measured in the current research uses lower order cogrisvé hastasks
selected for the test are considered under general science gategdne subjects who
participated have science background. From the report of Army Generafi€ities Test
Scores for Civilian Occupation (Trent, 1985) the Binet Intelligence Soade @) values
for accountants, engineers and lawyers are 122 with standard deviation of 16. The
minimum value is 96 and maximum value is 144. The level of difficulty for this test is
considered 90% and it can be assumed equivalent to the maximum score of 144. The mean
score of 122 can be converted to 76.25% with a converted standard deviation of 4.58.
Initially in the experiment it was assumed that task capacity diftesebetween phase |
and phase Il is not more than 15% with standard deviation of less than 5%. The effect size

(d) is calculated by
d = lul—p2 1 (1)
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= 15/2*4.58 = 1.64
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From the OC curve (Figure 5) ffr= 0.1 and d value from equation (1),

n =65 2)
And sample size (n) calculated by

n= (1 +1)/2 (3)

=3.75=4

Based on this approach sample size determined was only four. But later asdhehres
progressed it was observed that mean difference was lower than 15%.
Approach Two:

Initially five participants responded to the request for participatirige test that
completed the Phase | test. Sample size n is calculated based on thed:diéz from
Phase | as shown in Table 4. Since this result is only from phase I, the mrraletor is

not included for calculation of sample size.
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Table 4. Preliminary Data

Overall Correct Standard _
Answer (%) Deviation () | /\Verage (1) Difference £)
85 84 1
90 84 6
80 6.5 84 2
90 84 6
I 84 9

A sample size is calculated from the equation give by

®% = n*Y. 1% /a* 6@ (4)
where® parameter is related to type Il erfoas shown in appendix Chart V (operating
characteristics curve from Montgomery Book on Design & Analysis pEEment for
finding p from the Graph)s is the difference of mean is the overall Standard deviation, n
is the number of replication and a is the number of subjects.
Based on the preliminary data and equation (4),

®% = n*Y. 1 /a* 6° = n*170 / 5*6.5 = 0.80*n (5)
Operating Characteristics curve for

(a-1) =5-1=4 (6)
Where (a-1) = degrees of freedom.
And error degree of freedom

N-a = a*(n-1) = 5*(n-1) (7)
Where (N-a) = degrees of freedom.
At a = 0.05 and considering a sample size of n =8, from equation (5)

@ =2.53 (8)
Error of degree of freedom from equation (7)

5¢(8-1) = 35 9)
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From Figure 6, using the results of equation (6), (8) ang (8)determined which
is much less than the set valugdaf 0.1 at sample size of eight. The graph indicates, the

sample size of eight was sufficient to the power of 8 (.1).
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Figure 6. Sample Size using at a = 0.05 (Montgomery, 2001)

From the analysis of preliminary data collected in Phase I, it wasridletsl that
sample size of eight was expected to be sufficient. Thirty two subjectscamesidered for
this research as the variability between subject to subject is high and soautssaitg
expected to not complete both tests.
Approach Three:

A paired t-test is considered to determine sample size using SAS proggam. T
program code is shown in Appendix A.1. Table 5 shows results from paired-t test run for
mean difference (2, 3, 4 and 5), Standard deviation (5, 6, 7 and 8), Correlation (0.5, 0.6, 0.7

and 0.8) and Power considered for the test is 0.8.
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Table 5. SAS Paired-t Test

Computed N Total

Index | Mean Diff. | Std Dev.| Corr. | Actual Power| N Total
1 2 5 0.5 0.818 52
2 2 5 0.6 0.809 42
3 2 5 0.7 0.804 32
4 2 5 0.8 0.803 22
5 2 6 0.5 0.806 73
6 2 6 0.6 0.818 59
7 2 6 0.7 0.807 45
8 2 6 0.8 0.808 31
9 2 7 0.5 0.818 99
10 2 7 0.6 0.828 79
11 2 7 0.7 0.818 60
12 2 7 0.8 0.823 41
13 2 8 0.5 0.852 128
14 2 8 0.6 0.837 103
15 2 8 0.7 0.813 78
16 2 8 0.8 0.818 53
17 3 5 0.5 0.818 24
18 3 5 0.6 0.809 20
19 3 5 0.7 0.804 16
20 3 5 0.8 0.803 11
21 3 6 0.5 0.806 34
22 3 6 0.6 0.818 28
23 3 6 0.7 0.807 21
24 3 6 0.8 0.808 15
25 3 7 0.5 0.818 45
26 3 7 0.6 0.828 37
27 3 7 0.7 0.818 28
28 3 7 0.8 0.823 20
29 3 8 0.5 0.852 58
30 3 8 0.6 0.837 47
31 3 8 0.7 0.813 36
32 3 8 0.8 0.818 25
33 4 5 0.5 0.818 15
34 4 5 0.6 0.809 12
35 4 5 0.7 0.804 10
36 4 5 0.8 0.803 8
37 4 6 0.5 0.806 20
38 4 6 0.6 0.818 17
39 4 6 0.7 0.807 13
40 4 6 0.8 0.808 10
41 4 7 0.5 0.818 27
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Table 5 (Continued)

\ Computed N Total

Index | Mean Diff. | Std Dev.| Corr. | Actual Power| N Total
42 4 7 0.6 0.828 22
43 4 7 0.7 0.818 17
44 4 7 0.8 0.823 12
45 4 8 0.5 0.852 34
46 4 8 0.6 0.837 28
47 4 8 0.7 0.813 21
48 4 8 0.8 0.818 15
49 5 5 0.5 0.818 10
50 5 5 0.6 0.809 9
51 5 5 0.7 0.804 7
52 5 5 0.8 0.803 6
53 5 6 0.5 0.806 14
54 5 6 0.6 0.818 12
55 5 6 0.7 0.807 9
56 5 6 0.8 0.808 7
57 5 7 0.5 0.818 18
58 5 7 0.6 0.828 15
59 5 7 0.7 0.818 12
60 5 7 0.8 0.823 9
61 5 8 0.5 0.852 23
62 5 8 0.6 0.837 19
63 5 8 0.7 0.813 15
64 5 8 0.8 0.818 11

Another SAS program was run for two sample t-test for mean differences. The
program was run for 1:1 ratio and 2:1 ratio between phase | and Phase Il. The Mean
differences considered 5, 6, 7 and 8, and Standard deviation 5, 6, 7, and 8. The program

code is listed in Appendix A.2. Table 6 and Table 7 shows the results from the two run.

4.6. Subject Qualifications

Subjects are volunteers from the student population currently completing their
Bachelors’ or higher degree and/or individuals currently working at edudatigtitution
or companies. In addition, qualified subjects were expected to be physicadlpditiorm

light to moderate physical work. Each subject was fully briefed regardengrtitedures
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and was asked to sign an informed consent statement before being allowedifmaparti
Pregnant women are not permitted to participate as subjects in the currgnbstzdise
these studies are not intended to examine any aspects of pregnancy. Males and non-
pregnant females provide an adequate volunteer population. Individuals who have any
problem performing a light physical workout are not permitted to participate

Table 6. 2:1 Ratio t-Test for Mean Differences

Computed N Total
Index | Mean Diff. | Std Dev.| Actual Power| N Total
1 5 5 0.818 39
2 5 6 0.809 54
3 5 7 0.804 72
4 5 8 0.803 93
5 6 5 0.806 27
6 6 6 0.818 39
7 6 7 0.807 51
8 6 8 0.808 66
9 7 5 0.818 21
10 7 6 0.828 30
11 7 7 0.818 39
12 7 8 0.823 51
13 8 5 0.852 18
14 8 6 0.837 24
15 8 7 0.813 30
16 8 8 0.818 39

4.7. Time Commitments Of Subjects

Each subject participating in Phase | and Phase Il were exposeti tof gae test
conditions one time. Time elapse between the two tests is approximatelyefeks. If a
test is terminated due to a computer failure, malfunction, or work day limitatiens,
subject may be asked to repeat that test condition on another day. During thié Phase
physical workout condition, if a subject requests to stop due to discomfort, the test is

terminated for that day.
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Table 7. 1:1 Ratio of t-Test for Mean Differences

Computed N Total

Index | Mean Diff. | Std Dev.| Actual Power| N Total
1 5 5 0.807 34
2 5 6 0.807 48
3 5 7 0.803 64
4 5 8 0.808 84
5 6 5 0.801 104
6 6 6 0.802 24
7 6 7 0.807 34
8 6 8 0.808 46
9 7 5 0.818 58
10 7 6 0.841 74
11 7 7 0.814 20
12 7 8 0.807 26
13 8 5 0.809 34
14 8 6 0.809 44
15 8 7 0.801 54
16 8 8 0.808 16

4.8. Required Equipment And Supplies

A desktop computer with internet connection is required for both the Phase | and
Phase Il part of the experiment. Also a Monark Ergometer (Cardio Care &2/Egsire
7) at the workload of 100 watts or 2 kp braking power (600 kpm/min) will be utilized

during the Phase Il experiment.

Figure 7. Monark Ergometer (Cardio Care 827E)
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The cycle ergometer is less expensive compare to treadmilluippiesdess space
and also less noisy than a treadmill. A major limitation to cycle ergonestang is the
discomfort and fatigue of the leg muscles. Since the current research foouses
intensity ten minutes of biking, fatigue will not be an issue. For a cycle etgonthe
power output is usually 10W (60 kpm/min) to 25W (150 kpm/min) for the initial few
seconds, followed by an increase of 25W for every 2 to 3 minutes until a workload
equivalent to 100W is reached. The average pedaling rate of below 50 cycles persninute i
required by the participant to perform cycling and to achieve 600 kpm/min of workload.

Before performing the biking task the subject need to adjust the saddle and
handlebar to suit them for the most comfortable position. Initially at theo$taiking the
pendulum weight is set at lower scale to reduce friction between wheel anditharcha
increased to a specified level at the workload of 100 watts when the participdngsrea
steady RPM. The subject is set to bike for ten minutes based on the assumption that
participant will have the same level of physical stress condition as prior phaise 11
session. If the subject bikes at a higher RPM, the distance of 3 miles is used as t
maximum distance for stress consideration in the current experiment. Tarecdiimit is
imposed to equalize the level of fatigue or stress condition for all participants

Borg (1982) scale shown in Table 8 is used to measure the stress level before and
after the biking. The subject is set to bike for ten minutes based on the assumption that
participant will have the same level of physical stress condition as prior phaise 11
session. Low level stress considered for the test subject when the Blergasing of the

participant is below 11. An adjustable swivel chair is used as a sitting @amangfor the
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subjects. Room lighting is adjusted to accommodate illumination requirement of each
subject.

Table 8. Borg Scale for Rating Perceived Exertion

Borg Scale Rating
6-7 Very, very light
8-9 very light
10-11 Fairly light
12-13 Somewhat hard
14-15 Hard
16-17 Very hard
18-20 Very, very hard

4.9. Physical Exertion Protocol
Borg Scale rating is used as a subjective rating for the partigress level and
verbal expression is used to rate the scale for the sensory ratingmatheognitive frame
expression (Borg GA, 1982). The verbal rating reduces the Borg Scaw idifferences
from person to person. It also reduces the variability of physical exertiarmparice of
participant, ‘Physically fit’ factor and PAR-Q checklist (Appendix Adll be used to
verify the participant’s physical condition. The stress rating of 11 ordessthe Borg
scale will give a better deterministic factor of the low level stress.
Guideline for Workload:
Step 1: Warm-up time for 2-3 minutes with a resistance of 0 Kg and RPM of 50.
Step 2: ' stage workload of for 3-4 minutes at 150 kg.m / minute (=25 Watt).
[Workload=Resistance (XX Revolution /min (RPM) X Flywheel Travel Distance
(m.revY)] (In this stage 0.5 Kg weight is considered)
Step 3: 2-3 minutes at 600 Kg.m/minute (=100 Watt)

Step 4: Verbally Borg stress rating will be asked to the subject
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Limiting Traveling Distance of biking = (50 rpm X 6 m.F&wX 10 min =3000 m =

1.86 miles ~ 2 miles (approximately).
4.10. Procedures Performed By Human Subjects

The test is designed to be user friendly. The interactions between the sutject a
the computer are set to perform with minimal physical requirements usingutam
keystrokes. A real time clock was used to record each question response timaldad use
statistical analysis. The accuracy of each task was recordegpvaiiinthe response time.
The Human Factor laboratory of Industrial Engineering Department i lakota State
University was used for the test. The room size is approximately 15 feet bgt 2dtfe
central air conditioning system set aeFF5During the test only the subject was present in
the room set in a quite environment. lllumination was controlled in this experitset.
of thirty tasks was presented to each subject after completely rebditagsk description.
Instructions were described to each subject clearly in the tutorial. Slhevés presented to
each subject in a sequential order after each task is completed.

There is no specific attire required for the test. Any type of clotlifige as long
as it does not generate any sort of restriction or thermal streskirigrivater was
provided to subjects during the test. All personal information data input was stdned in t
database with a unique user ID. The answers to the question trigger differarafoton
calculate points. A button on the desktop is used to enter into the program and once
entered; there are other buttons for personal DATA, Pre-Stress, DESCRIPTthe test,
TUTORIAL, TEST 1, Post-Stress and TEST 2. TEST 2 is conducted after thepgaantsci
perform a physical task for a specified amount of time to simulate stressutditial

demo which takes approximately 5 minutes was shown. Test 2 was conductedowithin
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weeks from Test lnitially ten participants were considered for the test. Later, tinplsa

size required was calculated and the total number of participants wasatctedhirty

two. Same participants appear on TEST 1 and TEST 2. In TEST 1 module, there are thirty
tasks and each task is developed from the relationship between task functionk and tas
parameters shown in Table 7.Time taken to execute each task is recorddéideconils.

The participants only take TEST 1or TEST 2 in round one and TEST 2 or TEST 1 in round
two respectively in four weeks. Table 9 outlines and explains the duties peatfoyme
volunteer test subjects.

Table 9. Duties Performed by Volunteer Test Subjects

Phase| Laboratory Testing: pre-test Laboratory Testing:
perform-test

e Arrive well rested e Click the button located

¢ Sit in the chair allocated for the test and  on the desktop

Phase adjust to individual comfort height designated for the test
! e Adjust monitor and keyboard to e Follow the self-
individual comfort level described steps

explained in the test

e Subject’s physical condition in terms of e If the self-reported

illness and if had enough sleep before stress exceeds a

coming to the test threshold value set, the
e Report subjective state (comfort, subject will be asked to
Phlase sweating, fatigue, temperature) repeat the test at a later
e Short Survey on the Computer test date

e Overall performance rating on tasks aftee After completion close

test the window and set a

—+

date for the phase I teg
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Table 9 (Continued)

Phase

Laboratory Testing: pre-test

Laboratory Testing:
perform-test

Phase
1

e Arrive well rested

e Click the button locatec

Sit in the chair allocated for the test and
adjust to individual comfort height
Adjust monitor and keyboard to
individual comfort level

Subject’s physical condition in terms of
illness and if had enough sleep before

coming to the test

on the desktop
designated for the test
Follow the self-
described steps
explained in the test

If the self-reported
stress exceeds a
threshold value set, the
subject will be asked tg
repeat the test at a latg

date

)

1%
—_

Phase
1

Report subjective state (comfort,
sweating, fatigue, temperature)

PAR-Q form completion before
appearing for the biking (Appendix A.3)
Physical workout for approximately10
minutes

Short Survey on the Computer test
Overall performance rating on tasks aft

test

D

Phase | Test: Tests was presented visually without any audio devices oskiiop de

computer. The keyboard as the primary response device was set where tttassubje

comfortable and the computer monitor angle will be adjustable. An adjustable shairel
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will be used so the subjects can make arrangements for self comfort amelpost
variations.

Phase Il Test: The test was conducted under stressed conditions. Thal physic
workout was treated as a stressor and will be performed by each sulgetd pppearing
for the Phase Il test. A bicycle Ergometer at the workload of 100 watts brakirey pas
used by the subject for the physical workout. The duration of workload was cadictdat
be maximum of 1000 watts in 10 minutes. The participants were given PhysiieatlyAc
Readiness Questionnaire (Appendix A.3) right after their exercise is etampl
4.11. Organization Of Research Effort

The researcher was responsible for designing and developing the instimmen
data collection, experimental design of the study, obtaining research subghetduling
research trials, coordinating data collection and analysis to includergnsompliance
with safety requirements. Advisor office (PIl) was used to store the papendotwhich
is locked when the advisor is not at the office. Name and date of birth (excludingvgsar)
stored in the paper records. The user name and password was saved in the paper record.
This user ID and password was given to the participant, so he or she can logApuand i
all required information described earlier in test. Electronic dataisafégs provided by:

1. Go daddy server database security provided by the server itself.

2. Asp.net is used to develop the input forms, security is provided by the Asp.net, and
where user ID and password is used to protect the data form.

3. While downloading from the server to local computer at NDSU: Antivirus (MgAfee
Firewall is active.

4. Local server security where the data is downloaded is provided by the |o8&l.ND
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5. TASK CAPACITY TEST DESIGN

To evaluate task capacity and situational awareness of a subject unddramakma
low-stress level conditions, test questions are developed from major tekis aegnitive
capacity analysis. Since the test is designed such that it forces thetstjanswer all the
guestions and the questions are designed for lower-order cognitive performahce, ea
guestion is categorized into the three task parameters and situationalessgrarameter.
Perception and Creativity parameter is not considered for the test.
5.1. Test Construction

Combination of lower-order and situational awareness parameters are @ehsider
for the test design. Table 10 shows the thirteen parameters considered fsi. fRiect¢est
guestionnaires are presented in a random order. The 30 questions will alsarappea
different order for different participants.

Table 10. Modified Task Function and Task Parameter

Task Parameters
Task Functiong Knowledgé  SituationalProblem| Memory
Awareness| Solving

(IQ) (SA) (PSQ) | (MEM)
Search/Locate X X
Identify X X X
Filter X X X X
Interpret X X
Count X X X
Compute X X X
Decide/Select X X X X
Compare X X
Categorize X X X X
Store X X
Short-Memory X X X
Plan X X X
Analyze X X
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For analysis purposé&Q" is considered as tasks that require only 1Q; only
Knowledge; combination of IQ and Knowledge; and PSQ is considered tasksqinae r
PSQ or any combination of PSQ and.IQ

The six task functions which are categorized uh@Qeare Search, Identify,
Interpret, Short memory, Store and Count. The six task functions which are zategor
under PSQ are Filter, Compute, Compare, Categorize, Plan and Analyzear&iwess are
selected as True or False, Decision task function is considered as a coskrfand¢aon
for IQ" and PSQ. Since any task can be a combination of multiple tasks, if such multi-tasks
require PSQ this multi-task will be classified under PSQ for measurinigagieCapacity.
The explanation for each question provided below was presented to the test sabject
order to evaluate the test questions.

1. Compare & Decide Problem:The question used to compare a pair of names to
measure and compare the task function and decision task function in terms of 1Q and
MEM.

Strategy: Pair of names is compared.

Test Characteristics: Subjects visually see the question, read the message, identify all the
components for comparison purpose and then select a true/false statement from the
answers.

2. Compute & Decide Problem:The question used for solving a mathematical problem

is to measure the computational task function and decision task function in termanaf 1Q
MEM.

Strategy: Addition of two numeric values.
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Test Characteristics: Subjects visually see the question, read the message, compute the
summation and then select a true/false answer.

3. Analyze & Decide Problem:The question used a picture to measure the analyze task
function and goal-image task function in terms of PSQ.

Strategy: A three dimensional picture is displayed to analyze the flat state.

Test Characteristics: Subjects visually see the picture, analyze the flat state and then
select a statement to be true/false.

4. Compare, Categorize, SA & Decide Problemfo measure the Compare, Categorize
& Decide task function in terms of IQ, PSQ and MEM. The question is also intemded t
measure SA of the participant.

Strategy: Comparison of two words having the same meaning. Question is displayed for
certain period of time with a Sand-clock.

Test Characteristics: Subjects compare the words to select words with the same meaning
and then select a true/false statement from the answers.

5. Compare, Categorize, SA & Decide Problemfo measure the Compare, Categorize
& Decide task function in terms of IQ, PSQ and MEM. The question is also designed to
measure SA of the participant.

Strategy: Comparison of two words having opposite meaning. Question is displayed for
certain period of time with a Sand-clock.

Test Characteristics: Subjects compares the words to select opposite meaning and then
select a true/false statement from the answers.

6. ldentify, Compare & Decide Problem: To measure the ldentify, Compare & Decide

task function in terms of 1Q, PSQ and MEM.
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Strategy: A tool is displayed to find the identical shape and color from the given tools.
Test Characteristics: Subjects compare all the displayed tools to select the identical tool
displayed and then select a true/false statement from the answers.

7. Compute, Short-Memory, SA and Decide Problemrhe question uses the solving of
a mathematical problem to measure Compute, Decide, Filter and Short-teronynask
function in terms of IQ and MEM. In addition, the question measures SA of the patici
Strategy: Multiplication of two numerical units and filter unnecessary information.
Question is displayed for certain period of time with a Sand-clock.

Test Characteristics: Subjects visually see the question, read the message, compute the
summation and then select a true/false statement from the answers.

8. Identify, Analyze, Compare and Decide ProblemThe question uses a set of pictures
to analyze, ldentify and Compare task function in terms of 1Q, PSQ and MEM.
Strategy: A number of shapes are displayed to identify which shape is not matching.
Test Characteristics: Subjects visually see the picture, analyze the shapes, identify &
compare similar shapes and then select a true/false statement fromavtieesa

9. Store, Short- Memory and Decide Problem:The question is used to recall part of the
information displayed in the screen for a certain time period and a secondatyibje
displayed to remind the time factor. Store, Short-term Memory and Decideitasion

are measured in terms of IQ and MEM. Also, the question measures SA of itipgoatrt
Strategy: The question uses a 7-digit random number displayed for 8 seconds both with a
sand-clock displayed on the screen simultaneously.

Test Characteristics: Subjects visually see the 7-digit number, memorize the number,

recall last 3-digits and then select a true/false statement fromsivees.
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10. Category, Store, Short-term Memory and Decide ProblemThe question is used to
recall part of the information displayed on the screen for a certain time pedadl a
secondary object is displayed to remind the time factor. Category, Store, $tmort-te
Memory and Decide task function are measured in terms of 1Q, PSQ and MEM. Also the
guestion measures SA of the participant.

Strategy: A description is displayed for 15 seconds with a sand-clock displayed on the
screen simultaneously. The description contains different category ohatfon.

Test Characteristics: Subjects read the description, memorize the information, recall area
information and then select a true/false statement from the answers.

11. Compute & Decide ProblemThe question is used to solve a mathematical problem
and to measure the computational task function and decision task function in te@ns of |
and MEM.

Strategy: Multiplication of two numeric values. Question is displayed for certain period of
time with a Sand-clock.

Test Characteristics: Subjects visually see the question, read the message, compute the
multiplication and then select a true/false statement from the answers

12. Category, Store, Short-term Memory and Decide ProblemThe question is used to
recall a part of the information that is displayed in the screen fotarcéme. A

secondary object is displayed to remind the time factor. Category, Store,eshort-t
Memory and Decide task function are measured in terms of 1Q, PSQ and MEM. The
guestion is also designed to measure SA of the participant.

Strategy: A description is displayed for 10 seconds with a sand-clock in the screen

simultaneously. The description contains different category of information.
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Test Characteristics: Subjects read the description, memorize the information, recall area
information and then select a true/false statement from the answers.

13. Compute & Decide ProblemThe question is used to solve a mathematical problem
and to measure the computational task function and decision task functions anedeas
terms of IQ and MEM.

Strategy: Division of two numeric values.

Test Characteristics: Subjects visually see the question, read the message, compute the
division and then select a true/false statement from the answers.

14. Identify & Decide Problem: The question uses a picture to identify what it represents.
The computational task function and decision task function are measured in te@ns of |
and MEM.

Strategy: An image is displayed to identify a product.

Test Characteristics: Subjects see the image, identify the product displayed and then
select a true/false statement from the answers.

15. Store, Short-term Memory and Decide Problem:The question is used to recall part

of the information displayed in the screen for a certain time period and a secondeiry obje
is displayed to remind the time factor. Store, Short-term Memory and Dedidenaton

are measured in terms of IQ and MEM. The question is also designed to measuresA of t
participant.

Strategy: The question uses a 7-digit random number displayed for 15 seconds both with a
sand-clock displayed on the screen simultaneously.

Test Characteristics: Subjects visually see the 7-digit number, memorize the number,

recall last 3-digits and then select a true/false statement froam$neers.
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16. Compare, Analyze, Plan and Decide ProblemCompare, Analyze, Plan and Decide
task function are measured in terms of 1Q, PSQ and MEM.

Strategy: The question displays a pattern in different directions and subject is asked if the
pattern is same row wise.

Test Characteristics: An array of pattern is displayed. Subjects first plan on how to
approach the pattern recognition, then compare and analyze the patternnassadettiea
true/false statement from the answers.

17. Compare, Analyze and Decide ProblemCompare, Analyze, and Decide task
function are measured in terms of 1Q, PSQ and MEM.

Strategy: The question displays two patterns and subject is asked if the patterns are
identical or not.

Test Characteristics: Two patterns are displayed. Subject compare and analyze the
pattern, and then select a true/false statement from the answers.

18. Identify, Count, Short-term memory & Decide Problem:The question is used to
identify displayed items, count total quantity and short-term memory taskdoratd
decision task function are measured in terms of IQ, PSQ and MEM.

Strategy: Two pictures are displayed representing two different items. Subject has to
identify the items, count items from each picture.

Test Characteristics: Subjects see the displayed pictures, count the quantity, memorize
the number and then select a true/false statement from the answers.

19. Search, Identify & Decide ProblemThe question is used to search and identify
displayed items task function and decision task functions are measured iofté@n®SQ

and MEM.
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Strategy: Several figures are displayed representing different geomespeshSubjects
search and identify the desired items.

Test Characteristics: Subjects see the displayed figures, search for missing figures,
identifies the missing figure and then select a true/false stateraantife answers.

20. Search, Identify, Count, Short-term memory & Decide ProblemThe question is

used to search and identify displayed shapes, count total quantity and short-teony me
task function and decision task function in terms of IQ, PSQ and MEM. The sand-clock is
displayed in the monitor. The question is also designed to measure SA of the participant
Strategy: Different geometric shapes are displayed. Subject search for aspkajpe and
identify the item, count items from the display. The picture is displayed facthds and
then the question is appeared.

Test Characteristics: Subjects see the displayed pictures, count the quantity, memorize
the number and then select a true/false statement from the answers.

21. Identify, interpret, Filter & Decide Problem: The question is used to identify what

the pair of words mean. ldentify, interpret and decision task function are nteasteems

of 1Q, PSQ and MEM.

Strategy: Two words are displayed to define two different things.

Test Characteristics: Subjects see the words, identify the words, interpret the meaning of
the words and then select a true/false statement from the answers.

22. Compute & Decide ProblemThe question uses the solving of a mathematical
problem to measure the computational task function and decision task functions are
measured in terms of IQ and MEM.

Strategy: Multiplication of three numeric values.
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Test Characteristics: Subjects visually see the question, read the message, compute the
multiplication and then select a true/false statement from the answers.

23. ldentify, Short-term Memory, Plan, Analyze and Decide Problem:ldentify, Short-
term Memory, Plan, Analyzand Decide task function are measured in terms of 1Q, PSQ,
and MEM.

Strategy: A pattern is displayed and subject is asked what the next pattern type in the
series is.

Test Characteristics: Subjects analyzes the displayed pattern and then select a true/false
statement from the answers.

24. |dentify & Decide Problem: The question uses words to identify the correct spelling.
The identify task function and decision task function are measured in terms ofQeS
MEM.

Strategy: Four words are displayed to identify the correct spelling.

Test Characteristics: Subjects see the word, identify the correct spelling of word and then
select a true/false statement from the answers.

25. Compute, Analyze & Decide ProblemThe question uses a graph to compute an
object location. The Compute task function and decision task function are measured in
terms of IQ, PSQ and MEM.

Strategy: A graph is displayed to calculate the location of an object.

Test Characteristics: Subjects see the graph, compute the location and then select a
true/false statement from the answers.

26. Analyze, Plan and Decide ProblemAnalyze, Plan and Decide task function are

measured in terms of 1Q, PSQ and MEM.
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Strategy: Sequences of photos are displayed, which is shown as a function of hiene.
subject is asked which pattern is not in a sequence.

Test Characteristics: Subjects first analyzes the photos, and then plans for the sequence,
and then select a true/false statement from the answers.

27. Compare, Analyze and Decide ProblemCompare, Analyze and Decide task

function are measured in terms of 1Q, PSQ and MEM.

Strategy: Photos of a person is taken at different time frame. One of the photos is taken
under surveillancelhe subjects are asked to identify which picture is taken under
surveillance.

Test Characteristics: Subjects first compares the photos, then analyzes the photos, and
then select a true/false statement from the answers.

28. ldentify, Short-term Memory, Compute, Plan and Decide Problem:ldentify,
Short-term Memory, Plan, Analyzad Decide task function are measured in terms of 1Q,
PSQ and MEM.

Strategy: A sequence of number is displayed in series and subject is asked what will be the
next series numbers.

Test Characteristics: A number series is displayed. Identify, short memory, plan, analyze
task functions are measured, and then subjects select a true/falsestdtem the

answers.

29. Category, Store, Short-term Memory and Decide ProblemThe question is used to
recall a part of the information that is displayed in the screen fotarcéme period and a

secondary object is displayed to remind the time factor. Category, Store, $tmort-te
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Memory and Decide task function are measured in terms of 1Q, PSQ and MEM. The
guestion is also designed to measure SA of the participant.
Strategy: A description is displayed for 10 seconds with a sand-clock displayed in the
screen. The description contains different categories of information.
Test Characteristics: Subjects read the description, memorize the information, recall area
information and then select a true/false statement from the answers.
30. Identify, Compute, Interpret, Short-term Memory and Decide Problem Identify,
Interpret, Short-term Memory, Analyze and Decide task functions are radasuerms of
1Q, PSQ and MEM.
Strategy: Price of two products is given as a sum. Difference of prices between the two
products is given and subjects are asked of an individual product.
Test Characteristics: Subjects uses identify, compute, interpret and short memory task
functions, and then select a true/false statement from the answers.

Based on the Tasks selects for the test, task functions are categori@edPBQ
and MEM as shown in Table 11. In this Table, IQ" is represented as tasks involved using
IQ and MEM capacity.

The Content validity plot is also improved from the initially proposed plot. It is
determined that subjects have difficulty in evaluating the X-axis and Y-Hx&sX-axis (3-
low and 9 high scale) of the Content Validity Plot is how important the task is inifily |
and Y-axis (0-100%) presents how much it is used (frequency) in daily life eR8geltows

the modified content validity chart.
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Table 11. Task Functions and Modified Task Parameter

Task List Task Functions IQ° | PSQ| SA

Question # 1 Compare X

Question # 2 Compute X

Question # 3 Analyze X
Question # 4 Compare and Categorize X X X
Question # 5 Compare and Categorize X X X
Question # 6 Identify and Categorize X X
Question # 7 Compute and Short-memory X X
Question # 8 Identify, Analyze and Compare X X
Question #9 Store and Short-memory X X
Question # 10 Category, Store and Short-memory X X X
Question # 11 Compute X X
Question # 121  Category, Store and Short-memory X X X
Question # 13 Compute X

Question # 14 Identify X

Question # 15 Store and Short-memory X X
Question # 16 Compare, Analyze and Plan X X
Question # 17 Compare and Analyze X X
Question # 18  Identify, Count and Short-memory X X
Question # 19 Search and identify X X
Question # 20 Search, Identify, Count and Short-| X X X

memory
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Table 11 (Continued)

memory

Task List Task Functions IQ° | PSQ| SA
Question # 21 Identify, Interpret and Filter X X
Question # 22 Compute X
Question # 23  ldentify, Short-memory, Plan and X X

Analyze
Question # 24 |dentify X
Question # 25 Compute and Analyze X X
Question # 26 Analyze and Plan X X
Question # 27 Compare and Analyze X X
Question # 28  ldentify, Short-memory, Plan and X X
Compute
Question #29  Category, Store and Short-memory X X X
Question # 30 Identify, Compute, Interpret and Short- X X

The designed protocol of the test is approved by the Institutional Review Board
(IRB) of North Dakota State University. The protocol approval notice, protocol faiult, a

consent form, expedited review form and other necessary supporting documents are

presented in Appendix B.

5.2. Technology Analysis

Visual Studio (http://msdn.microsoft.com) is a complete set of developmentdools f
building ASP.NET Web applications, XML Web Services, desktop applications, and
mobile applications. Visual Basic, Visual C#, and Visual C++ all use the isamgeated

development environment (IDE), which enables tool sharing and eases the creation of
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mixed-language solutions. In addition, these languages use the functiontigy. NET
Framework. ASP.NET builds on the programming classes in the .NET Framework, and
provides a Web application model along with a set of controls and infrastructure kieat ma
it easy to build Web applications. Visual C# is designed for building a variety of
applications that run on the .NET Framework. Visual C# is simple, powerful, type-saf
and object-oriented. With its many innovations, Visual C# enables rapid application
development and also retains the expressiveness and elegance of C-style laNigusjes
C# is an implementation of the C# language by Microsoft. Visual Studio suppautd Vis
C# with a full-featured code editor, compiler, project templates, designersycatds, a
powerful and easy-to-use debugger, and other tools. The .NET Framework clags librar
provides access to many operating system services and other useful sigeledelasses

that speed up the development cycle significantly.
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Figure 8. Content Validity Plot
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5.3. Test Construction

The test questionnaire is developed in two formats, one is time independent and the
other is time dependent. Figure 9 shows the designed template for generatiagy the te
guestionnaire. The question is written in the Question text box. Second box exltliz
presenting the answer to the participant. Third box is used to record the aoswer for
the question. There are three buttons to choose from in order to make a selection such as
Show Image, Show Text and Show Timer. If the question is only in text, then <Show
Text> button is selected and if the question contains image, <Show Image> button is
selected. If the question is SA related then <Show Timer> button is seliectiee next
step, the questions are placed in a preferred order with an option to activardgw des
guestions for a test. The type of question is selected by checking the aperogxies such
as PER, 1Q, PSQ, MEM, CRE and SA.

A snapshot of the test questionnaire with all the questions set in desired order is
shown in Figure 10. Figure 11 shows the design template of the stress questions and
determination of the order of the questions. This set of stress questions is usedbefore t
participant starts the thirty question test.

The six stress level measurement questionnaire is developed using the stres
template as shown in Figure 12. Each stress level is assigned a numerical vallciddtec
the stress score. The stress level is measured in six levels: No salég3)aVery low
stress (1), Stress is not a concern (0), Moderate stress (2), Very3fasgd $tress is not
applicable (0). Since the test is designed to find the effect of low legssit is observed
that subjects sometimes ignore this low level of stress and describes ibashga

concern to them or as not applicable to their performance. The maximum stregaBcore
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be 18 from response to the six questions and cut-off score is considered as 10 and under, or

a score of 10 which is considered as not a significant stress level for the test
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Figure 9. Template of the Test Question Formulation
Comect|, | Has | ity | Queston | it
Question MAnmr Adnre@ﬁ Order | Added |Question
112011
Delete|<span style="calor: #000000;">Add (+]: 76543 and 11</span=111<br /> <br/> (T [C 2 120000  |Edit
AN
<p style="marqin: Opy;, text-align: left: "> <span style="font-size; 12pt; 1172011
Deleteffont-family: times new roman times, serif; calor: #000000;"> Which pair of name is|B A 1 1200:00  |Edit
the same?</spanz <br /= </p» AM
Nhich of the picture displays the flat piece of Cylinder, Drum, Cubical 5/
Delete| i of the p LIII'E isplays the flat piece of Cylinder, Drum, Cubical or BB ; 120000 i
Rectangular’<br /=
AN
. . . b AND yaml . .
? L !
DeletelWhich two words have the same meaning?<br /> . bAND ¢ 10 @ 4053 Pmm
. . . o aAND Lt
DeleteWhich two words have the opposite meaning?<br /= <br /» . aAND d 5o B0 Pmm
<p style="marqin: Opy, text-align: left: "> <span style="font-size; 12pt L0
Deleterfont-family. times new roman times serif:">Which tools are not identical in color |3, 6,0 |4, 8, C b 8"43:23 Pmm
and shape to the displayed toal?</spanz<br /> </p> o

Figure 10. A Snapshot of Questionnaire in Desired Order
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TASK CAPACITY TEST SITE

Test Administration Home About

Add Edit Stress Condition And Evaluation Options

Add MNew Option:
Response Text:
Quantitative WYalue

Show Order

Add
Edit Existing Options:
Response Text Quantitative Value(Show Order

Edit Delete|MNo Stress At All 0 1
Edit Delete|Very Low Stress 1 2
Edit Delete|Stress is not a concern to me|0 3
Edit Delete|Moderate Stress 2 e
Edit Delete|Wery Stress 3 =1
Edit Delete|Mot Applicable 0 6

Figure 11. Stress Evaluation Questionnaire With Add/Edit/Delete Optios

Stress Condition Questions:

Add Stress Condition Question:

Question:

Active: O
Show Order

Add Question

Edit Questions:

Stress Condition Question Active|Show Order]|

Edit Delete|Do you feel stressed today for any reasons?

Edit Delete|Did you do physical exercise before appearing for the test and stressed?

Edit Delete/\What stress level for you is a concern?

EEE R

Edit Delete|Are you in any kind of tension now?

Edit Delete/When working alone, do you feel stressed?

ol W

Edit Delete/When working in a team, do you feel stressed?

Figure 12. Stress Level Questions

The informed consent was obtained from participants after the particyeabésly
agree to participate and shows up for the test in the Human Factor Lab of IME, NIB&SU
participant was shown the arrangement of the test site, and explained gnupeaxf the
test at the time of participation and if participant wants to continue to do the cotgstiter
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the consent form was signed. The participant enter the given user name and password a

shown in Figure 13. User ID and Password Information

i JTools Help

http://www.greenhorizon.us

§ INTJ Profile

e

Figure 13. User ID and Password Information
Personal information was proposed to be recorded as shown in Figure 14. Personal
Information Data Based on the feedback from IRB committee, personal itimnrdata
collection tool is modified as shown in Figure 15.
Name and date-of-birth information is collected in paper (Appendix C.1) and stored
separately with user name and password. After the personal informaticam s&cti
complete the participant will preSave and NexXiutton to read the Instructions as shown

in Figure 16 on how to answer the test.
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TASK CAPACITY TEST SITE

Step1

Save And Next -3
[* Markad arz required figld

Figure 14. Personal Information Data Sheet
The instruction section of the test takes about five minutes to read andadiegre
is completed a check box is marked by user indicating the procedure is read and understood
(Appendix C.2). The subject then click and start Phase | as shown as step 3. Thiwetakes t

subject to the Stress level Questionnaire.
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Task Capacrty TEST SITE

Test Adrninistration Home About

Step 1: Personal Information

[ == D Femate]| @ iz

* Race White -
* Cceupstion Full Time Work -

@) 65-up

Save And Next —>

Figure 15. Modified Personal Information Data Sheet

Participant’s stress level is measured using self-rating respersg®wn in Figure
17 and details of the questions are presented in Appendix C.3. The stress levels are
measured using six categories:

1. No stress at all (0)

2. Very low stress (1)

3. Stress is not a concern (0)

4. Moderate stress (2)

5. Very high stress (3) and

6. Stress is not applicable (0)
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TAsK CAPACITY TEST SITE

Test Administration Home About

Step 2

Step 2: Instructions

Please read the documents before procceding to the nest step

* Tutorial- How to use the site

/1 have read the doucments and understand how to use the site
Test will appear only if this box is checked

Step 3

Step 3: Tests

Please Click on the test name to start:

® Phase 1

Figure 16. Test Completion Instruction

The maximum stress score can be calculated to be 18 from the six quastian
10 is considered the cutoff score and anything under 10 is considered as not a significant
stress level for the test.

Subjects have to select a response using a desktop-mouse and aft¢ioa selec
made based on an appropriate response the subjectSavesand NexXiutton to go to the
thirty question test.

Following section provides some examples of the test questionnaire. Tlee entir

guestionnaire is shown in Appendix C.4.
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stepd

Step 4: Your Current Stress Condition

Save And Stan Test->

Figure 17. Stress Measurement Self-Rating

Figure 18 shows a sample question the participants are presented wigstsSubj
read the question, then check the answers and then respond. The participantoauses a m
to select if the displayed answercmrectby selectingr ESor NO respectively. Right after
selecting YES/NO, participants selecdE@NFIDENCE LEVELthat indicates how
confident they are about their answer. Participant [Babsit and go to Next Question
once done with the answer and confidence level selection.

Another example of arithmetic problem is shown in Figure 19. The answer
selection processes is the same as described earlier. Participant® rgaeistion, check
the answers, and make a selection inGhen Answesection. The participants then
confirm that the answer rrectby selectingr ESor NO button respectively. A
CONFIDENCE LEVElLs also chosen describing how confident the participants are about
the selected answer. They pr&gmit and go to Next Questionce done with this

guestion.
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TASK CAPACITY TEST SITE

Homs About

Please answer the question:

Which pair of name is the same?
—

A n

3. W.W. Jason. W, W, Jason

b. Johnson & Johnson..Johnson& Johnsen

Harold Jones Co..Harald Jones and Co,

BEEY

l Submit and ga 1o Next Question —»

Figure 18. Sample ‘Comparison’ Test Question

Figure 20 shows a sample question on situational awareness. Particightiie rea
paragraph while tracking the time button. After a predetermined time, theggaragr
disappears and a question will appear. Participants read the question, tlkethehec
answers and compare them with Gigen AnswerThe participants use a mouse to select
if the displayed answer rrectby selectingr ESor NO respectively. After selecting
YES/NO, participants chooseCONFIDENCE LEVElthat describes how confident they
are about the answers they selected. Participant ukssit and go to Next Questionce

done.
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TASK CAPACITY TEST SITE

Home About

Please answer the question:

Submit and go to Next Question —> ]

Figure 19. Sample ‘Arithmetic’ Test Question

TASK CAPACITY TEST SITE

Home About

Please answer the question:

A random 7-digit number 5327691 is selected for the Minnesota Power Ball Lottery.

00 Minutes 02 Seconds

Figure 20. Situational Awareness Determination Test Question
After successful completion of the entire questionnaires, agaBiitRESS level

measurement questions appear as shown in Figure 21. The details of the questions are
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presented in Appendix C.5. The participants select the level that apphypdescribes the
stress level after the test.

Participants presSave andFinish Tesince done with the answer and finish the test
in Phase . Subjects presgoutbutton on the right top corner. All information and
responses are recorded in the database after the completion of the testp$het©idhe

data base is shown in Figure 22.

TASK CAPACITY TEST SITE

Test Administration Home About

Final Step

Final Evaluation

Question Your Response

1. Howdo you rate | @ g stress t All @ Very Low Stress © Stress is not a concem to me © Moderate Stress © Very Stress © Not Applicable
the test in terms of

stress level?

2. Time factor Was | @ g stress at All © Very Low Stress © Stress is not a concem to me © Moderate Stress © Very Stress © Not Applicable
stressful to you?

3 Q“?““_ﬁ“ @ Mo Stress At Al © Very Low Stress © Stress is not a concem to me @ Moderate Stress @ Very Stress © Not Applicable
question is stressful

to you?

4. 3D question is @ Mo Stress At Al @ Very Low Stress © Stress is not a concem to me @ Moderate Stress @ Very Stress © Not Applicable
stressful to you?

5. Me!nor.y related | @ ng Stress At Al @ Very Low Stress @ Stress is not a concern to me © Moderate Stress © Very Stress © Not Applicable
question is stressful

to you?

6. Ver.hal .reasuning @ Mo Stress At Al © Very Low Stress @ Stress is not a concem to me @ Moderate Stress @ Very Stress © Not Applicable
question is stressful

to you?

Save And Finish Test-->

Figure 21. Post Test Stress Measurement Questionnaire
The individual test results can be exported as PDF or excel sheet into the local
NDSU computer database for analysis. Figure 23 shows a snapshot of the export

mechanism.
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Existing Users

& $ & & “:I'::L’ Race | Sex Gpﬁe DOB  |Occupation @m Added On [Response
Edit Deleteltest  |testpassword |Albert |Finstein White Male |66 ilzéééunuuAM\Fl\Tr!rEme ] M g?:lggl:w Test1
Native
N T A R R
Islander
(Edit Delete|aaa EEE} Vi vo ﬁn;fa:can Male |21 ;ﬂ‘ dznmte ] ] i;?éi?;?lﬂxl\ﬂw
Ect Deletelbbh ~|abo isds  fesas White Female(21 ;ﬂ‘ dTe‘:T o |o igégww
it Deletelreza (123 solc B | Male (46 iélzéé:gﬂnﬂnAM\lx;I?me o @ iéljéimilémw
i i i [ P ooowaden |7 |7 fosioed
sl el i ™ omaen |7 |7 e
mm‘subjed subject subject |subject Asian Male |26 E?sznmle O | §/3136/5250|1)i.4 Test 1
Ecit Deletelows o ifd  |da Asian Female[21 ;’J dz::e o |@ i’llff;lér\nm
[Edit Deletel001  |abc test |test Asian Male |26 ile;gé;lugougmgjdme 0 | iiﬁglglPMw
12
Figure 22. Participants Test Result Records
User Answer Information
User Personal Information
UserID:  Jtest |

First Name:|Albert|Middle Name: Last Name: |Einstzin - =
Sex: Male |Race: (White|Occupation: Opening USE[A”M

DOB Day: (1 DOB Month: 1 Age Group: |66

'_ YYou have chosen to open

] Userfns testxs
Stress Condition Evaluation whichis a: Microsoft Office Excel 7-2003 Worksheet
from: http://www.greenhorizon.us
Stress Question What should Firefox do with this file?
lAre you in any kind of tension now?
Da you feel stressed today for any reasons? © Open with l Microsoft Office Excel (default)

Did you do physical exercise before appearing for the test and str
(What strass level for you is a concern?

(When working alone, do you feel stressed?

(When waorking in a team, do you feel stressed?

() SaveFile

Do this automatically for files ik this from now on,

Test Questions

Figure 23. Individual Data Export Mechanism
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6. TEST REPORT

The observation and subjects’ comments on the test are tabulated in App@&ndix C
From the report analysis and observation, during the test results, three subjects
identified as outlier. Since none of these three subjects completed theesttresshe
desired level, or reported self rating on stress was above 10, which was reahtide
threshold value, were not considered for evaluation. Two other subjects did not appear for
the second phase of the test.

Table 12 was required to be completed by the participants before beghttieg
test. If the subject stated that he or she is ill or did not have enough slbep subjective
rating was higher than the rating of 4, then the subject was asked to cknmehdater
date for the computer test. From the analysis of the collected subjeatemeaits it was
confirmed that all the subjects were within the allowed protocol for the test.

Table 12. Report on Subjective State
(For Comfort: 1 = very rested, 7 = extremely exhausted For Temperatureryl colce
7 = very hot)

Areyouilltoday? 1 Yes [ No
Did you have enough Sleep today?[ ] Yes[ ] No

Subjective Rating 1 (Normal) 2 3 4 5 6 7 (high
Comfort
Fatigue
Sweating
Temperature

NASA-TLX rating principle was utilized and modified to develop a overall
performance chart to be rated by each subject as shown in Table 13. lgweedro be

completed after the computer test. The purpose of the subjective itzigvas to
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estimate subject’s evaluation of the test in terms of mental demand, tempoaaidle
performance, effort and frustration level. The analysis of the report providesea/iew
for the test structure and the scope of future improvement to the test.

Table 13. Overall Performance Chart

Title Endpoints Descriptions
(1-10) scale
Mental Demand How much mental and
- Codo
Low / High perceptual activity was required
Temporal Demand How much time pressure did you
feel due to the rate or pace at
. which the tasks or task elements
Low / High
occurred?
Performance How much do you think you
were in accomplishing the goals
Poor / Good of the.task set by the
experimenter?
Effort How hard did you have to work
(mentally) to accomplish your
Low / High level of performance?
Frustration Level How stresses versus relaxed did
' 2
Low / High you feel during task”

Table 14 summarizes the subjective rating after the completion of thié $bsiws
that the mental demand and temporal demand was around 62%, self rated perfarasance
90%, effort given was 53%, and frustration level was 27%. The evaluation of the
subjective rating indicates participants were comfortable with how théapewsere

designed with a very low frustration level and a medium level of effort.
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Table 14. Summary of Subjective Rating on Test

Type Rating (1-5) | Rating Rating (6-10) Rating
Frequency | (1-5) % Frequency (6-10) %
Mental Demand 12 37.5 20 62.5
Temporal Demand 12 37.5 20 62.5
Performance 3 9.5 29 90.5
Effort 15 a7 17 53
Frustration Level 20 62.5 12 27.5

A short survey form as shown in Table 15 was used to find how the subject felt
about the test design. The form was completed by the subject after the test.

Table 15. A Short Survey on Computer Test

Computer Model Rate Satisfaction | Comments
Level In Scale of
1to5*
Accessibility
Navigation
Readability

Content Organization

Time allocated for time dependent questigns

Total Time spent on participating in the test

Stress measurement questions

Table 16 summarized the participants rating of the test in terms of pgeenta
Evaluation of the results shows that majority of participant were comfortatbi¢he test

setup.
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Table 16. Evaluation of Computer Test

Type Rating (1-3)| % Rating (4-5) %
Frequency Frequency
Accessibility 1 3 31 97
Navigation 0 0 32 68
Readability 3 9 29 91
Content Organization 2 6 30 94
Time allocated for time 8 25 24 75
dependent questions
Total Time spent on 8 25 24 75
participating in the test
Stress measurement 5 16 28 84
questions

A total of 27 subjects completed the Phase | and Phase Il test. 12 subjects
completed the Phase | and 15 subjects completed the Phase Il of the tesinéteshivas

also conducted. 15 participants completed the Phase | test. Summary of the &stsva

in Table 17.
Table 17. Summary of Laboratory and Online Test
Number of Mean Standard
Test Type
Subjects Accuracy | Deviation
Online Test Average 15 78.44 6.02
Laboratory Test Without Stress (Phase 12 78.30 6.61
Laboratory Test Without Stress (Phase 15 71.10 6.79
Mena differences of phase | and phase 42 796 6.47
and average standard deviation
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It is observed that the accuracy averages for the online test anddiregday test
without stress are very close. In addition, the standard deviations of thestsvareealso
very close. For the purpose of statistical analysis these two testnaloened and average
of the two tests is considered as the test without stress.

As a part of the Delphi approach, questions were selected from litesatuces
that have been used in different test batteries. This reduced time requiredtctiesi
initial set of questions. First, the subjects evaluated if the tasks cosavhie types of test
instrument selected which included: Computation, SA, Three-dimensional review,
Vocabulary, Pattern recognition, Comparison and Arithmetic reasoning.

The subjects were then asked to validate the questions in terms of sigeifofa
the task related to the job performance and usefulness. The results werdkgiadtif the
majority of the points were not 6 or better (in the X-axis) then the questions were
redesigned. Since the test is designed for students and professionals froentdiffe
organizations, it is not expected that the usefulness in job performance (in the W4#lxi
have majority consensus. But this will be useful for any specific job environment

The online test is conducted to validate the test construction. The partioyeaats
given the questionnaire after the test and were asked if the questions Viea&reythe
tasks selected and if they were relevant to evaluating the content waiithityespect to
general daily use. The study considers students and professionals as exipbriscludes
subjects working as scientists, engineers, IT and university facuthpers working in
their respective fields geographically located in different continentsantries. A few
graduates students also volunteered to participate in the content evaluatiom qfcte

test. When there is a need to design a test for specific group of people thepethdéegel
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could be modified accordingly. Summary of the analysis is shown in Table 18. Content
Validity is summarized in Appendix C.7.

Table 18. Delphi Study on Questionnaire

# of
_ # of Subjects _ Agree
Question # Task Type Subjects
Agree _ (%)
Disagree
Question # 1 Compute 20 1 95
Question # 2 Compare 20 1 95
Question # 3 Analyze 20 1 95
Question # 4 Compare and Categorize 19 2 90
Question #5 Compare and Categorize 20 1 95
Question # 6 Identify and Categorize 20 1 95
) Compute and Short-
Question # 7 19 2 90
memory
) Identify, Analyze and
Question # 8 20 1 95
Compare
Question # 9 Store and Short-memory 20 1 95
) Category, Store and Short-
Question # 10 17 4 80
memory
Question # 11 Compute 20 1 95
) Category, Store and Short-
Question # 12 17 4 80
memory
Question # 13 Compute 21 0 100
Question # 14 Identify 18 3 85
Question # 15|  Store and Short-memory 19 2 90
) Compare, Analyze and
Question # 16 19 2 90
Plan
Question # 17 Compare and Analyze 19 2 9(
) Identify, Count and Short
Question # 18 18 3 85
memory
Question # 19 Search and identify 19 2 90
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Table 18 (Continued)

# of
_ # of Subjects _ Agree
Question # Task Type Subjects
Agree , (%)
Disagree
) Search, Identify, Count
Question # 20 18 3 85
and Short-memory
) Identify, Interpret and
Question # 21 ) 18 3 85
Filter
Question # 22 Compute 19 2 90
) Identify, Short-memory,
Question # 23 18 3 85
Plan and Analyze
Question # 24 Identify 19 2 90
Question # 25 Compute and Analyze 18 3 85
Question # 26 Analyze and Plan 16 5 76
Question # 27 Compare and Analyze 18 3 84
) Identify, Short-memory,
Question # 28 18 3 85
Plan and Compute
Question # 29 Identify 18 3 85
Identify, Compute,
Question # 30 Interpret and Short- 19 2 90
memory

From the analysis of the literature, it was found that there are noisjgeitéria for
determining the sample size for Delphi study. Some studies experimented withjdd&s
with 70% as consensus level. In this experiment 21 subjects responded as paretghhe D
study to validate the questionnaire. Table 18 shows that the number of subjectseedo ag
with the task description provided was well above 70%.

Content validity of the questions used for the test was analyzed bglthe
subjects. The subjects evaluated the nature (example: arithmetic, camp&As etc.) of

the questions. Table 19 shows that average values obtained from the content validity
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evaluation of each subject. A summary of the individual content validity sisaylisted
in the Appendix C.8.

Table 19. Average of Content Validity Evaluation

How important | How much the
Question # # pf the t_ask_ isin | task i_s u_sed in
Subjects daily life daily life
(1-9) Scale (0-100)%

1 16 7.46 64.06
2 16 6.12 50.10
3 16 6.34 56.87
4 16 6.84 59.06
5 16 6.68 56.87
6 16 6.68 58.43
7 16 6.59 58.43
8 16 6.40 51.87
9 16 6.37 49.37
10 16 5.51 41.56
11 16 7.50 68.75
12 16 5.53 47.18
13 16 7.53 63.43
14 16 7.59 71.25
15 16 6.42 50.00
16 16 6.03 43.75
17 16 5.82 46.37
18 16 6.03 43.81
19 16 6.03 46.68
20 16 5.81 47.93
21 16 6.04 52.50
22 16 7.43 65.31
23 16 5.73 44.62
24 16 7.14 65.93
25 16 7.03 59.50
26 16 6.07 51.43
27 16 6.62 54.06
28 16 6.14 48.56
29 16 6.34 59.00
30 16 6.67 53.93
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Figure 24 is a plot of content validity. A total sixteen people responded to this
analysis. The initial expectation was to have a content validity ratingrad Gigher in
defining ‘How important the task is in daily life’, but the plot indicates that sointiee
guestion ratings fall below 6. Since the subjects participating in the tdsbrara wide
range of professions and some patrticipated online, the variability is edp€hteplot

indicates that only ratings for a few questions fall between 5.6 and 6.

Content Validity Analysis

100
90
80

& CX_SEEEREN
50 27—’

40
30
20
10

Daily

At What Frequency the Task is used

How Important the Task is in Daily Life

Figure 24. Content Validity Analysis

The test was conducted in a laboratory setting as well as on onlingneneit. As
mentioned earlier, the test subjects included undergraduate students, gradieats,st
professionals working in Fargo, North Dakota area and professionals workinfgneraif
states in USA and other countries. The descriptions of the participants’ gertabgpatarg
via online or in a laboratory setting are classified in Table 20. The subjectsaxteal she
test but did not complete it are not included in this summary. Mean accuracy len&hef
and the laboratory test for Phase | are very close. A close relatiomgxipected between

the results as both tests are taken in a quiet environment with the subjectslaieae. T
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subjects did not complete the Phase Il of the experiment which included bikidgsitex
level of resistance and two subjects did not complete the test during a seeord.aftb
eliminate outliers these data set were removed from the databassifticat analysis.

Different professional groups are summarized in Table 21. Age groups are szednrar

Table 22.
Table 20. Summary of Participants
Sex
. Total Number
T f Condit .
ype OrLondiion | o Subjects | Male Female
Online Test 15 13 2
Computer Cluster 14 14
Test
Laboratory Test 32 28 4
Table 21. Professional Group Summary
Occupation
Type of Total Number | Full- Part- Full-t
Condition of Subjects | time | time l\JN w;e
Student| Student or
Online Test 15 1 1 13
Computer Cluster| 14 14
Test
Laboratory Test 32 21 11
Table 22. Age Group Classification
Type of NuIr?tgzlr of hoe sroup
Condition Subjects 21-25 | 26-30 31-35| 36-40
Online Test 15 2 6 7
Computer
Cluster Test 14 14
Laboratory 32 6 14 + 5
Test
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Table 23. Evaluation of Each Question

Question # Numl?er of Number of Percentage of
Subjects Accuracy Accuracy
Question # 1 61 56 92
Question # 2 61 61 100
Question # 3 61 22 36
Question # 4 61 55 90
Question # 5 61 57 93
Question # 6 61 45 74
Question # 7 61 51 84
Question # 8 61 53 87
Question # 9 60 35 58
Question # 10 60 42 70
Question # 11 60 52 87
Question # 12 60 50 83
Question # 13 60 43 72
Question # 14 60 53 88
Question # 15 59 54 92
Question # 16 57 31 54
Question # 17 56 36 64
Question # 18 55 34 62
Question # 19 54 49 91
Question # 20 53 33 62
Question # 21 51 16 31
Question # 22 50 38 76
Question # 23 49 41 84
Question # 24 49 36 73
Question # 25 49 45 92
Question # 26 49 23 47
Question # 27 49 30 61
Question # 28 49 25 51
Question # 29 49 38 78
Question # 30 49 41 84

A group of fourteen students from an engineering university participated in the
computer test in a computer cluster after a regular class. The instegqiested the

students to take the test and briefly explained the purpose of the test. A list of user
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identification and corresponding passwords were provided to the instructor to beogiven t
the subjects. The subjects willingly took the test. The answers obtained fromdbetst
were utilized for verifying the difficulty level of each questionnaire by loiming the

results for the subjects who completed the test. The analysis is shown in Table 23. The
detail is provided in the appendix C.9. After combining the data sets for both trials, each
guestion was evaluated as shown in Table 24.

Table 24. Evaluation of Each Question After Combining

First Time Second Time
Appearance Data | Appearance Data| Combined Data Set
Set Set
Total
Number | Number | Number | Number Number
. Number
Question # of of of of of of

Subjects| Accuracy | Subjects| Accuracy Subjects Accuracy
Question # 1 61 56 27 25 88 81
Question # 2 61 61 27 27 88 88
Question # 3 61 22 27 15 88 37
Question # 4 61 55 27 24 88 79
Question #5 61 57 27 27 88 84
Question # 6 61 45 27 21 88 66
Question # 7 61 51 27 21 88 72
Question # 8 61 53 27 26 88 79
Question # 9 60 35 27 24 87 59
Question # 10 60 42 27 19 87 61
Question # 11 60 52 27 23 87 75
Question # 12 60 50 27 23 87 73
Question # 13 60 43 27 23 87 66
Question # 14 60 53 27 23 87 76
Question # 15 59 54 27 26 86 80
Question # 16 57 31 27 12 84 43
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Table 24 (Continued)

First Time Second Time
Appearance Data | Appearance Data| Combined Data Set
Set Set
Number | Number | Number| Number Total Number
. Number
Question # of of of of of of

Subjects| Accuracy| Subjects| Accuracy Subjects Accuracy
Question # 17 56 36 27 14 83 50
Question # 18 55 34 27 20 82 54
Question # 19 54 49 27 25 81 74
Question # 20 53 33 27 16 81 49
Question # 21 51 16 27 6 79 22
Question # 22 50 38 27 24 77 62
Question # 23 49 41 27 23 76 64
Question # 24 49 36 27 25 76 61
Question # 25 49 45 27 27 76 72
Question # 26 49 23 27 16 76 39
Question # 27| 49 30 27 16 76 46
Question # 28 49 25 27 10 76 35
Question # 29 49 38 27 14 76 52
Question # 30 49 41 27 24 76 65

Table 25 summarizes individual accuracy levels, total times, mouse movement
times and actual times for the response to the questionnaire for Phase |sad.Phhis
table summarizes the results after each subject participated eiBteasa | or Phase Il of

the experiment.

88



Table 25. Laboratory Test Results Summary

D Ntcjzrgrt?g(r:tof Ii(,);gl Movement .Actual Phase | | Phase Il Phlase Pr|1|ase
Answer (%) | (msec) time (msec) | Time (sec) | (average)| (average) (stdev) | (stdev)
o | “Comeer | ime | Movemert | nctal
Answer (%) | (msec)
3001 63.33 1182068 110651 1071.41
3002 86.66 1138684 62095 1076.58
3003 83.33 1209118 59104 1150.01 78.30 6.61
3004 73.33 962838 40836 922.00
3005 80 1067067 40389 1026.67
3006 80 1006879 65640 941.23
3007 73 762562 74295 688.26
3008 76.66 854572 62359 792.21
3017 83.33 893462 55945 837.51
3019 76.66 1383306 109934 1273.37
3021 76.66 1164001 70710 1093.29
3022 86.66 898237 63174 835.06
3009 70 1178804 44979 1133.82
3010 70 824403 61343 763.06
3011 60 755806 47161 708.64
3012 66.66 977145 120299 856.84
3013 63 799287 61878 737.40 71.10 6.79
3015 63.33 729816 39219 690.59
3016 73.33 867753 51659 816.09
3018 80 1061698 167101 894.59
3020 73.33 998218 95422 902.79
3023 83.33 946632 44997 901.63
3024 73.33 1418092 110640 1307.45
3025 63.33 675492 35608 639.88
3026 77 1347512 74328 1273.18
3027 73.33 1094345 96531 997.81
3029 77 783929 62156 721.77
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Table 26 shows the results of Phase | and Phase Il experiments in a fgis®tibog in
minutes.

Table 26. Time Spent on Test in Laboratory

o | Toime | Mipe™| scta rme
(mins)
3001 19.703 1.84 17.85
3002 18.97 1.03 17.94
3003 20.15 0.98 19.16
3004 16.04 0.68 15.36
3005 17.78 0.67 17.11
3006 16.787 1.09 15.68
3007 18.14 1.23 16.90
3008 14.24 1.03 13.20
3017 14.89 0.93 13.95
3019 23.05 1.83 21.22
3021 19.40 1.17 18.22
3022 14.97 1.05 13.91
3009 19.64 0.74 18.89
3010 13.74 1.02 12.71
3011 12.59 0.78 11.81
3012 16.28 2.00 14.28
3013 13.66 1.30 12.35
3026 22.45 1.23 21.21
3015 12.16 0.65 13.60
3016 14.46 0.86 14.90
3018 17.69 2.78 15.04
3020 16.63 1.59 15.02
3023 15.77 0.74 15.02
3024 23.63 1.844 21.79
3025 11.25 0.59 10.66
3027 18.23 1.60 16.63
3029 13.06 1.03 12.02
Average 16.65 1.03 15.46

The average time of completion for Phase | type of tasks was 17.39 minutes and
average time of completion for Phase Il type of tasks was 16.06 minutes. Table 87 show

the results obtained from the online tests.
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Table 27. Online Test Results

Number
Answer | (msec.) (msec.) (sec) (average) (average) (stdev.) (stdev.)
(%)
201 70 1754116 | 156872 | 1597.24
202 76.66 1852019 | 239344 | 1612.67
208 86.66 799471 46187 753.28
210 66.66 726310 101291 625.01 78.44 6.02
211 90 997786 97264 900.52
216 76.66 1818627 | 203136 | 1615.49
218 76.66 1244091| 53844 1190.24
219 83.33 731536 80232 651.30
221 80 1478746 | 105584 | 1373.16
226 80 1158042 | 122128 | 1035.914
217 83.33 968640 89299 879.341
220 76.66 1558614 | 263703 | 1294.911
203 76.66 2122525| 78011 | 2044.514
223 80 1490642 | 78148 | 1412.494
227 73.33 1323954 | 45574 1278.38

Tables 28 show the time taken for the online test in minutes. Summary of theaesults

shown in Table 29.

to complete the tests is higher for the online test. The subjects take thesmom¢hey are

in a more familiar environment taking the test at their own terms.

42. A total of 15 subjects completed Phase Il portion of the experiment and 27 subjects

completed the Phase | portion and online test. The sample t-test is performed ny find a

statistical significance.
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Table 28. Online Test Results in Minutes

Total | Movement| Actual

ID time time Time

(mins) (mins) (Mins)

201 29.23 2.61 26.62
202 30.86 3.98 26.87|
208 13.32 0.76 12.55
210 12.10 1.68 10.41
211 16.63 1.62 15.00
216 30.31 3.38 26.92
218 20.73 0.89 19.83
219 12.19 1.33 10.85

221 24.64 1.75 22.88
226 19.30 2.03 17.26
217 16.14 1.48 14.65

220 25.97 4.39 21.58
203 35.37 1.30 34.07
223 24.84 1.30 23.54
227 22.06 0.75 21.30
Average| 22.25 1.95 20.29

Table 29. Summary Results

Test Tvpe Number of Mean Standard
yp Subjects Accuracy Deviation
Online Test Average 15 78.44 6.02
Laboratory Test Without
Stress (Phase I) 12 78.30 6.61
Laboratory Test With Stress 15 71.10 6.79
(Phase 1)

w1 =Phase | and laboratory results accuracy average

w2 = Phase Il laboratory results accuracy average

Hypothesis Test:

Ho: ul=p2

H1: ul>p2

Sample size (n), Mean accuracy (y) and standard deviation (s) of Phasad¢avelab

and online) are 27, 78.37 and 6.3 respectively.
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Sample size (n), Mean accuracy (y) and standard deviation (s) of Phasé&3| &@d.1 and
6.79 respectively.
t calculated= 3.48 is calculated from the given data.
t table = 1.697 is obtained from t-table

It is observed thap ¥ t apeindicating mean is different and it can be stated that low
level physical stress has an effect on task performance. The ratio ofl Rhakaling
online and lab) and Phase Il is approximately 2:1. The difference in mean roardta
deviation is 7.25 and 0.47 respectably.

Table 30 shows the results from the t-test SAS program for mean difeok6
and 7 and standard deviation of 7 and 6. The SAS program considered at Power 0.8 and
alpha 0.05. Since the mean difference and standard deviation calculated from lab and
online experiments between 6 and 7, the average of N value from Table 30 is cdresdere
total subjects required for the test which is approximately 40.

Table 30. SAS Results of t-Test

Computed N Total
Index | Mean Diff | Std Dev| Actual Power| N Total
1 6 7 0.807 51
2 7 6 0.828 30
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7. RESULTS AND DISCUSSION

Task Capacity Test analyzes the data by comparing the pre-test vatiupost-
test results for each subject. The tool calculates the individual capacityhioaagory
and translates that to 100 % task capacity scale index.
Accuracy (AC) - The accuracy is defined as the ratio of the correct task results divided by
total number of tasks.
Response Time (RT) The response time is calculated based on the time that each subject
spends on each task from the time the task is displayed until the subject confirmtsehnis or
response and selects a confidence level.

The results based on overall accuracy level for either Phase | Bishge Il test is
listed in Table 31. Each result is classified based on the type of strég®oidth Stress
or Without Stress, based on age type of either Age Group of (21-30) or Age Group of (31-
40) and based on professional experience level of either having full-time Workebxqgee
or having No previous Work Experience. Table 32 summarizes Factor chtssififor
ANOVA test of the accuracy results.

Table 31. Factor Classification for ANOVA

Classification Identification Used
Without Stress 1
With Stress 2
Age Group (21-30) A
Age Group (31-40) B

No Professional Work Experience 3
Professional Work Experience 4
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Table 32. Overall Accuracy of Test

Serial | Subject| Accuracy| Phase Professiona
# 1D Results | Type Age Experience
Type Type
1 3001 63 1 A 3
2 3002 87 1 A 2
3 3003 83 1 B 3
4 3004 73 1 A 3
S 3005 80 1 A 7
6 3006 80 1 A 2
/ 3007 73 1 A 3
8 3008 77 1 B 3
9 3017 83 1 A y
10 3019 77 1 B 7
11 3021 77 1 B 1
13 3009 70 5 B 3
14 3010 70 5 A 3
15 3011 60 2 A 3
16 3012 67 2 A 3
17 3013 63 5 B )
18 3015 63 5 B 3
19 3016 73 > B 2
20 3018 80 2 A 3
21 3020 73 > A 3
22 3023 83 5 B )
23 3024 73 2 A 3
24 3025 63 2 B 3
25 3026 77 5 A 3
26 3027 73 2 B 2
27 3029 77 5 B 3

The ANOVA conducted based on a two level and fixed type of analysis is showblen T
33.

Table 33. ANOVA Analysis: Phase Type, Age Type, Experience Type

Factor Type Levels Values
Phase Type Fixed 2 1,2
Age Type Fixed 2 A, B
Experience Fixed 2 3,4
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Probability distribution shown in Figure 25 indicates the data set is normally
distributed. Table 34 summarizes the ANOVA results. The P values of 0.007 for
experience type indicate a significant effect on performance. P valysiaraPhase
Type, Age Type and interactions between the three factors do not indicatieangni
impact on performance statisticallfhough P value of Phase Type and Age Type
interaction, and P value of Age Type and Experience Type interaction indltatésey

have an effect on performance.

Normal Probability Plot
(response is Accuracy)

99

95
90

80
70
60
504
404
30
20

Percent

1 T T T

Residual

Figure 25. Normality Test for Accuracy Results

The main effect plot shown in Figure 26 indicates significant differenbean
Experience Type as compare to Phase Type and Age Type. As professioriehegper
increases performance level also increases when compared between.s&gdotsnance

of Age group of 21-30 is higher than Age group of (31-40) significantly.
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Table 34. Analysis of Variance for Accuracy

. Adj Adj
q
Source DF Seq S$ SS MS F P
Phase Type 1 358.52 4.09 4.09 0.11 0.y42
Age Type 1 0.85 83.95 83.95 2.30 0.145
Experience Type 1 177.84 330.6330.61| 9.05 | 0.007
*
Phase Type*Age 1 37.23 | 148.89148.89| 4.08 | 0.057
Type
Phase
Type*Experience 1 11.80 | 40.04| 40.04 1.10 0.308
Type
* H h
AgeTypTeyEé‘pe”e”CE 1 182,61 182.6118261] 5 | 0.037
Error 20 730.33| 36.52 36.5p
Total 26 1499.19

Main Effects Plot for Accuracy
Fitted Means

Phase Type Age Type

81 +
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e
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72 - T T
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Figure 26. Main Effects Plot for Test Results
The interaction plot in Figure 27 indicates that performance level decthasts

stress when age group of 31-40 is considered and performance remains unchanged or
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slightly improved when age group of 21-30 is considered. Performance curve is steepe
when considering lower age group and no professional work experience comparerto highe
age group with professional experience. Experienced group performs bettestoeske

compare to inexperienced group.

Interaction Plot for Accuracy

Fitted Means
A i 3 1
%0 Phase
Type
LN —o— 1
Phase Type ..;k/'. piv —— 2
N
N
= 28
Age
Type
—0— A
Age Type T80 | = B
- 70

Experience Type

Figure 27. Interaction Plot for Accuracy Results
Table 35 summarizes IQ' performance measured in terms of accuracngrared
with phase type, age type, and experience type. Table 36 indicates that tloere is
statistically significant effect on the 1Q' performance measureaate3he tasks performed
in this category do not involve solving problems and there is no time pressure resulting i
any significant change in the stress level of the subject. The task dyffievét is general
life category and not very difficult, indicating that age and experiencetth@st no

influence on performance. Figure 28 shows the main effect plots of Phase Tydg,p&ge
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and Experience Type. There is an effect of stress on performanca@gtbhough
statistically it is not significant.

Table 35. 1Q' Test Accuracy

Serial | Subject Q' Phase, Age | Experience
# ID Accuracy| Type | Type Type
1 3001 80 1 A 3
2 3002 90 1 A 4
3 3003 100 1 B 3
4 3004 90 1 A 3
5 3005 80 1 A 4
6 3006 90 1 A 4
7 3007 90 1 A 3
8 3008 90 1 B 3
9 3017 90 1 A 4
10 3019 90 1 B 4
11 3021 70 1 B 4
12 3022 100 1 A 4
13 3009 90 2 B 3
14 3010 80 2 A 3
15 3011 80 2 A 3
16 3012 80 2 A 3
17 3013 70 2 B 4
18 3015 90 2 B 3
19 3016 80 2 B 4

20 3018 90 2 A 3
21 3020 90 2 A 3
22 3023 80 2 B 4
23 3024 90 2 A 3
24 3025 70 2 B 3
25 3026 70 2 A 3
26 3027 80 2 B 4
27 3029 100 2 B 3

Figure 29 indicates that there are interaction between Age Type andeBgper
Type. Age group (21-30) with professional work experience performs bettergbamnaup

(31-40) with professional work experience. Table 37 summarizes PSQ performance
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measured in terms of Accuracy and compared with Phase Type, Age Type andri€epe

Type.
Table 36. ANOVA Table for 1Q" Analysis
Source DF F P
Phase Type 1 0.46 0.505
Age Type 1 0.37 0.548
Experience Type 1 0.61 0.444
Phase Type*Age Type 1 0.16 0.695
Phase Type*Experience Type 1 0.24 0.682
Age Type*Experience Type 1 3.11 0.093
Error 20
Total 26
Main Effects Plot for IQ Accuracy
Fitted Means
Phase Type Age Type
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Figure 28. Main Effect for 1Q' Test

100




Phase Type

Interaction Plot for IQ Accuracy

>

Fitted Means

B
1

w
N

—

90

- 85

- 80

Phase
Type
—o— 1
—a— 2

Age Type

\
\
AN
\
\
\.

90

- 85

- 80

Experience Type

Age

Type
—0— A
—|— B

Figure 29. Interaction Plot for 1Q" Accuracy

Table 37. PSQ Accuracy Test

Serial # Subject ID| PSQ Accuragy Phase Type AgeeTyp Experience Type
1 3001 55 1 A 3
2 3002 85 1 A 4
3 3003 75 1 B 3
4 3004 65 1 A 3
5 3005 80 1 A 4
6 3006 75 1 A 4
7 3007 70 1 A 3
8 3008 70 1 B 3
9 3017 80 1 A 4
10 3019 70 1 B 4
11 3021 80 1 B 4
12 3022 80 1 A 4
13 3009 60 2 B 3
14 3010 65 2 A 3
15 3011 50 2 A 3
16 3012 60 2 A 3
17 3013 65 2 B 4
18 3015 50 2 B 3
19 3016 70 2 B 4
20 3018 75 2 A 3

21 3020 60 2 A 3
22 3023 70 2 B 4
23 3024 65 2 A 3
24 3025 60 2 B 3
25 3026 80 2 A 3
26 3027 70 2 B 4
27 3029 65 2 B 3
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Table 38 indicates professional work experience has statistigalificant effect

in PSQ type of tasks. Similarly the interactions of Phase Type and Age Tigbe, a

interactions of Age Type and Experience Type have impact on PSQ performance.

Table 38. ANOVA Table for PSQ Analysis

Source DF F P
Phase Type 1 0.05 0.825
Age Type 1 3.74 0.068
Experience Type 1 14.47 0.001
Phase Type*Age Type 1 4.02 0.059
Phase Type*Experience Type 1.59 0.222
Age Type*Experience Type 1 3.8 0.06b
Error 20
Total 26

Figure 30 indicates professional work experience has higher PSQ accomguyre
to no professional work experien@dso age group (21-30) has higher level of
performance than age group (31-40) when solving PSQ type of tasks. There is not a

significant effect of stress on PSQ accuracy.

Main Effects Plot for PSQ Accuracy
Fitted Means

Phase Type Age Type

‘\
\

2 A B
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Figure 30. Main Effect Plot for PSQ Task Accuracy
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Figure 31 indicates that PSQ performance decreases due to stregasetbéage
group (31-40) and remains unchanged in the case of age group (21-30). Experience is a
dominating factor when interaction is considered with stress level and age Tabilg39
summarizes SA performance measured in terms of accuracy and comphretas

Type, Age Type and Experience Type.

Interaction Plot for PSQ Accuracy

Fitted Means
A B 3 4
| | 1 |
Phase
- 80 Type
n
> -
._/>.\/0 —]
Phase Type N L 20
N
-
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- 80 Type
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—i— B
Age Type L 70
=60

Experience Type

Figure 31. Interaction Plot for PSQ Task Accuracy
Table 40 indicates Experience Type impacts SA task performance. 8gess)d
interactions of these factors do not have any significant effect on SA tasknpante.
Since the task under the category of SA involves time dependent questions, timepress
might be a dominating factor on participant’s performance. Time pressungisdaie
scope of this research and may be considered in the future. Another potential reason fo
detecting any significant change in result is that the stress lgmiecamight not be

sufficiently high to observe any significant impact on SA task performance.
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Table 39. SA Test Accuracy

Serial | Subject SA Phase| Age | Experience
# ID Accuracy| Type | Type Type
1 3001 30 1 A 3
2 3002 100 1 A 4
3 3003 80 1 B 3
4 3004 90 1 A 3
5 3005 70 1 A 4
6 3006 90 1 A 4
7 3007 60 1 A 3
8 3008 70 1 B 3
9 3017 80 1 A 4
10 3019 80 1 B 4
11 3021 90 1 B 4
12 3022 90 1 A 4
13 3009 70 2 B 3
14 3010 80 2 A 3
15 3011 60 2 A 3
16 3012 70 2 A 3
17 3013 50 2 B 4
18 3015 50 2 B 3
19 3016 90 2 B 4

20 3018 100 2 A 3
21 3020 60 2 A 3
22 3023 90 2 B 4
23 3024 60 2 A 3
24 3025 70 2 B 3
25 3026 90 2 A 3
26 3027 100 2 B 4
27 3029 100 2 B 3

Figure 32 indicates experience level is a dominating factor as compahed to t
Stress Type and Age Type on SA task performance. Subject’'s SA performerecses
when under stress as compare to when there is no stress. Age group (21-30) performs

better compare to age group (31-40) as expected.
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Table 40. ANOVA Table for SA Accuracy Analysis

75

70+

-

3 4

Source DF F P
Phase Type 1 0.34 0.569
Age Type 1 0.02 0.886
Experience Type 1 3.72 0.063
Phase Type*Age Type 1 0.68 0.419
Phase Type*Experience Typ 1 0.0D 1
Age Type*Experience Type 1 0.50 0.490
Error 20
Total 26
Main Effects Plot for SA Accuracy
Fitted Means
90 Phase Type Age Type
85 4
80 1 _— -~ —s
75 - —
e 70 . . . :
3 1 2 A B
= 904 Experience Type
85 /
80 -

Figure 33 indicates that there are interaction effects betweenageagrd
experience. Age group (21-30) has steeper accuracy line when the shiéyects

professional work experience as compare to with no work experience. There are no

Figure 32. Main Effect Plot for SA Accuracy

interactions observed when stress and experience factors are considered.
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Interaction Plot for SA Accuracy

Fitted Means
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LS Type
S —o— 1
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I 90 Age
Type
—0— A
Age Type 80 |—m— B
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Figure 33. Interaction Plot for SA Accuracy

The ANOVA was performed on overall task accuracy, 1Q', PSQ and SA. The
analysis was done with subjects appearing for the first time to take thattes for Phase
| or for Phase Il. It is observed that professional work experience is aatomgifactor on
task performance when all factors and interactions are considered simullanElogs
initial objective was set to study the effect of stress on task performathcitnevsame
subject appearing for the second time. The ANOVA was conducted considering three
factors with twenty seven subjects completing either Phase | task @r IPteesk. The
distribution of number of subjects in different age group, experience group and Phase
group was not uniformly proportionate for ANOVA analysis. There were fiftabjests in
age group A, twelve subjects in age group B, sixteen subjects in experienced group 3,
eleven subjects in experienced group 4, twelve subjects in Phase group 1 and fifteen

subjects in phase group 2. Since the number of subjects was not sufficient feBANO
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given three factors simultaneously, further investigation was conducted tohetér
stress has any effect on task performance when the same subjectdsreahas a control
and takes the test a second time with or without stress.

In the next section the descriptive analysis of the test results énfaeds
considering Phase | and Phase Il type performance of the same subjextallises
considered the effect of stress effect on Age Group, Experience Group, IQraskpe
PSQ Type Task, SA Type Task, completion time and performance confidence level.
Table 41 summarizes accuracy level of subjects who completed both Phddehlage 1.

Total subjects who completed both the Phase | and Phase Il part of the test is 27.
The paired t-test is performed to find any statistical significance.
w1 =Phase | and laboratory results accuracy average
w2 = Phase Il laboratory results accuracy average
ug = Differences in mean
Hypothesis Test:

Ho: g = m-pu=0

H1: pa#uo

Corr. =0.59

Sample size (n), Mean (y) and Standard Deviation (s) for Phase | (avelzajearid

online) are 27, 77 and 6.66 respectively, and for Phase Il 27, 73 and 7.14 respectively.
to = thar/ (SW/\N) (10)
Where § is the calculated value for t-test, d is the differences of score of Paadd’hase

Il of the same subjectygis the average of paired differences (d)isShe standard

deviation of d and n is the number of subjects.
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Table 41. Summary of Accuracy for Subjects Completed Both Phase | and &be Il

Serial # Sullgect Laboratory
Difference
First Phase | (Phase I -
First Phase Il Phase 1)
Type| Phase]| Phase | Type First Second
Phase Il | Phase |
1 3001 | X 63 67 3
2 3002 X 87 80 7
3 3003 X 83 73 10
4 3004 X 73 77 -3
S 3005 X 80 77 3
6 3006 X 80 83 -3
7 3007 X 73 60 13
8 3008 X 77 77 0
9 3017 X 83 83 0
10 3019 X 77 70 7
11 3021 X 77 73 3
12 3022 X 87 83 3
13 3009 Y 70 80 10
14 3010 Y 70 80 10
15 3011 Y 60 63 3
16 3012 Y 67 67 0
17 3013 Y 63 76 13
18 3015 Y 63 77 13
19 3016 Y 73 87 13
20 3018 Y 80 73 -7
21 3020 Y 73 70 -3
22 3023 Y 83 77 -6
23 3024 Y 73 80 7
24 3025 Y 63 70 7
25 3026 Y 77 87 10
26 3027 Y 73 73 0
27 3029 Y 77 77 0
Total 940 903 1067 1136
Average 78 75 71 76
gga\zgﬁg‘:] 6.6135| 7.1714222 6.7937 | 6.7004699
Obar = (1/n)*30; (11)

Wherej=1ton
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Si= [T d° - (Wn)*Ed)) [(n-1)]* (12)
From Equation (11)@d, = 4 and from Equation (12,$ 7.44.
From Equation (10pt= 2.74
t table = 2.05
to > L calculated

The null hypothesis is rejected and there is evidence that the meaacgccur
measured is different due to stress. It can be stated that low levelgblsysess has an
effect on task performance. Table 5 confirms that sample size considéesBesstite
statistical requirement.

The classification of subjects based on professional work experienstedsith
Table 42. The subjects who worked within one year for at least two years ackeoed$n
the category of Full-time work classification. There are twenty stgbidentified in the
category of having no professional work experience and twelve subjects aifeedi@nt
the category of having professional work experience. Two subjects were tmable
complete the two phases of the test. Three subjects were unable to perforohetighed
termination protocol due to leg pain and discomfort while biking. Data for twekgns
subjects who completed both Phase | and Phase Il were considered for analysis

Table 43 summarizes the % accuracy of subjects having no professional work
experience and manages to complete both phase | and Phase Il of the expehienent. T
results indicate that low level stress has an effect on performance.4Bablimmarizes %
accuracy of subjects having professional work experience and completed both d&thse
Phase Il of the experiment. Comparing Tables 44 and 45, one can see that subjects with

work experience performs better in both Phase | and Phase Il compare to subjents w
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work experience. Also it is observed that performance decreases for bothcelissd of

subjects when stress factor is considered.

Figure 34 confirms that the trend is similar when comparing no work expegenage

with experienced group and stress is a significant factor.

Table 42. Classification of Subjects Based on Work Experience

ID#

No Professional Work Experience

Professional Work Experie

3001

X

3002

Y

3003

3004

x| X

3005

3006

3007

3008

3009

3010

3011

3012

XXX X[ XX

3013

3014

3015

x| X

3016

3017

3018

3019

3020

3021

3022

3023

<|<|=<

3024

3025

3026

XX | X

3027

3028

3029

3030

3031

3032

X-No Work Experience, Y-Professional Work Experience
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Phase | PTlase

1 3001 63 67
2 3003 83 73
3 3004 73 77
4 3007 73 60
5 3008 77 77
6 3009 80 70
7 3010 80 70
8 3011 63 60
9 3012 67 67
10 3015 77 63
11 3018 73 80
12 3020 70 73
13 3024 80 73
14 3025 70 63
15 3026 87 77
16 3029 77 77

Average 75 70

Table 43. Summary of Accuracy % with No Work Experience

Table 44. Summary of Accuracy % with Work Experience

Phase | Phase |

1 3002 87 80
2 3005 80 77
3 3006 80 83
4 3013 76 63
5 3016 87 73
6 3017 83 83
7 3019 77 70
8 3021 77 73
9 3022 87 83
10 3023 77 83
11 3027 73 73

Average 80 76
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Stress Effect on Accuracy % due to Experience Level
82
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70

68
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Phase Condition

Figure 34. Stress Effect on Performance Due to Experience Level

Figure 35 was constructed from combining Phase | and Phase |l depatiegt
accuracy for both experienced and not experienced groups. It shows a shift acyccur
towards right for subjects with work experience. Also dispersion is higher focsibje

having no work experience.

Frequency of Accuracy % (combine Phase | and Phase
Il of Work Experience )

11
10
9
8
g 7
‘:2_ 6 I =¢=Frequency (No Work
Lg: 5 Experience)
4 / == Frequency (Work
3 Experience)
2
1

87 80 73 77 87 73 77 76 83 73 77

Accuracy %

Figure 35. Dispersion of Accuracy Due to Experience Level
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Figure 36 also shows that there is a similarity pattern when saneetsisbj
performing the test with and without stress. Overall it indicates thatigharérop in

performance level due to stress no matter whether the subject isttakiRbase | or Phase

[l test first.

No Work Experience

100
g 8 W
§ 60 -
§ 40 == Phase |
< 20
== Phase |
0

1234567 8 910111213141516

Number of Subjects

Figure 36. Stress Effect on Subjects Wh No Professional Experience
Similarly, Figure 37 shows that there is less dispersion on accuraay whe

comparing Phase | and Phase Il for subjects with work experience thowgh gagimilar

for the same subject performing Phase | and Phase Il test.

Work Experience

100
80 -
X
Z 60
o
=]
3 40 ==@==Phase |
<
20 =fi—Phase ||
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1 2 3 4 5 6 7 8 9 10 11

Number of Subjects

Figure 37. Pattern on Stress Effect on Subjects With Work Experience

113



Table 45 shows the classification of subjects based on age groups. Tlheesixwer
subjects in the Age Group of 21-25, thirteen subjects in the Age Group 26-30, eight
subjects in the Age Group of 31-35 and five subjects in the Age Group of 36-40. To
perform statistical analysis and in order to obtain balanced distribution ettjlage
groups 21-25 and 26-30 were combined as one group, and age groups 31-35 and 36-40
were combined as another group. As described earlier, data for the twenty seven
participants who completed both the Phase | and the phase Il part of the experiraent we
analyzed statistically.

Table 45. Classification of Subjects Based on Age Group

ID # 21-25 26-30 31-35 36-40
3001 1
3002 1
3003 2
3004 1
3005 3
3006
3007 1
3008
3009 2
3010 1
3011 3
3012 1
3013
3014
3015 2
3016 4
3017 1
3018 1
3019 4
3020 3
3021 4
3022 1
3023 4
3024 1
3025 4
3026 3
3027 2
3028 1
3029 2
3030 1
3031
3032 3

=

N

N

N

w
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Table 46 shows the effects of stress on Age Group 21-30. There is a clear
decrement in performance due to the stress. Table 47 shows the effect afrstrgss
group 31-40. Table 48 summarizes the effect of stress on the two classifiedgne g

Table 46. Stress Effect on Age Group 21-30

Serial # 21-30 Age Group Phase | Phasell
1 3001 63 67
2 3002 87 80
3 3004 73 77
4 3005 80 77
5 3006 80 83
6 3007 73 60
7 3010 80 70
8 3011 63 60
9 3012 67 67
10 3017 83 83
11 3018 73 80
12 3020 70 73
13 3022 87 83
14 3024 80 73
15 3026 87 76

Average 76 74

Table 47. Stress Effect on Age group 31-40

Serial # 31-40 Age Group Phase | Phase ll
1 3003 83 73
2 3008 77 77
3 3009 80 70
4 3013 76 63
5 3015 77 63
6 3016 87 73
7 3019 70 77
8 3021 77 73
9 3023 83 77
10 3025 70 63
11 3027 73 73
12 3029 77 77

Average 78 72
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Table 48. Stress Effect on Age Group

Phase | PTlase
Age Group (21-
30) 76 74
Age Group (31-
40) 78 72

Figure 38 displays that the performance decrement rate is higtegyefgroup 31-

40. The plot indicates that stress is a concern on overall performance whenrganside

higher age group.

79
78
77
76
75
74
73
72
71

Accuracy %

Stress Effect on Performance under Age Group
Classification

\
X
AN

@ Age Group (21-30)

N

M Age Group (31-40)

Phase

Figure 38. Stress Effect on Different Age Group

Figure 39 shows the frequency plot for both age groups combined, with and without

stress performance. The plot indicates that there is a similarityformance pattern for

both age groups. Dispersion is slightly higher for age group 21-30 as compared to age

group 31-40. From the plot it is clear that similar performance is observed frongeoth a

groups.
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Frequency of Accuracy % (combined Phase | and
Phase Il of Age Group )
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Figure 39. Dispersion of Accuracy Due to Age Classification
Figure 40 shows performance measured in terms of accuracy for each faubje
both Phase | and Phase Il tests for the Age Group of 21-30. The performance level

decreased slightly but the pattern of accuracy is very consistent for eagtt.subj

Performance Accuracy % of Age Group 21-30

100
90
80 -
70 -
60
50
40 =@=Phase |
30
20
10

Accuracy %

== Phase |

1 2 3 4 5 6 7 8 9 101112 13 14 15

Number of Subjects

Figure 40.Performance Accuracy % for Age Group 21-30
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Figure 41 shows the performance accuracy for the Age Group 31-40 considering
Phase | and Phase Il of the test. Similarly, a pattern exists when congitiersame

subject. The accuracy level decreases with stress.

Performance Accuracy % of Age Group 31-40

100
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Number of Subjects
Figure 41. Performance Accuracy % of Age group 31-40

Figure 42 shows the stress effect on task performance when Age Typddsm@hs
for subjects having professional work experience and subjects having no professidnal
experience. The plot indicates in all cases accuracy level decreasedsthess. Subjects
having work experience, and fallen under Age Group A performed well in compare to
other groups.

Table 49 shows the effect of stress on subjects’ performance. It is obsextved t
performance improved for six subjects, performance remained unchangee feuljects
and performance decreased for sixteen subjects due to the added stress. Frdysibe ana
one can see that the percentage of subjects’ whose performance decregaditansi

and certainly application of low level stress to the subjects contributeficagtly to the

decreased performance levels.

118



86
84
82
80
78
76
74
72
70
68

Accuracy (%)

Professional Work Experienced Group VS No-Professional

Work Experienced Group

Age Group A (Professional Work

Experienced)

X Age Group B (Professional Work

.

Experienced)

‘\

OAge Group A (No Professional

\. Work Experience)

1

Phase Type

W Age Group B (No Professional
Work Experience)

Figure 42. Professional Work Experienced Group VS No Professional Experieed
Group

Table 49. Stress Effect on Performance

Stress Effect| Number
% of

on of Subject
Performance| Subjects J
Performance 6 29 93
Improved
Performance
Unchanged S 18.52
Performance 16 59 25
Decreased

Figure 43 shows the percentage distribution of subjects’ performance.
% of Subject

70
60
50
40
30
20
10
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Figure 43. Percentage Distribution on Performance



Table 50 shows the percent average score for the subjects who started Pstaged firen
completed Phase Il, and for subjects who started Phase Il first and theeteohifflase I.

Table 50. Percentage Average of Phase | and Phase II

Phase | Phase Il
First Time 78 71
Second
Time 75 76
(Reversed)

Figure 44 shows that there is a high fluctuation in terms of accuracy whjects
start Phase | first and then complete Phase Il. But when the samasphyéicipated for
the second time starting with Phase Il and then Phase | respectivedyisthitle

fluctuation is accuracy.

80

78

76

74

H Phase |

72 M Phase Il

70 -

68 -

66 -

First Time Second Time (Reveresed)

Figure 44. First Phase | and Then Phase Il VS First Phase Il and ThePhase |
Table 51 shows the total time taken when each subject completes either étifaisase |

with average time taken to complete the test.
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Table 51. Time Taken for Phase | and Phase I

D T_otal Moyement Ac_:tual Phase | | Phase Il | Phase | Phase
time time Time Il
(msec) (msec) (sec) (average) (average) (stdev) (stdev)

3001 | 1182068 110651 1071.41

3002| 1138684 62095 1076.59

3003| 1209118 59104 1150.01

3004 | 962838 40836 922.00  975.6% 168.95

3005| 1067067 40389 1026.67

3006 | 1006879 65640 941.23

3007 | 762562 74295 688.26

3008 | 854572 62359 792.21

3017 | 893462 55945 837.51

3019| 1383306| 109934 | 1273.37

3021| 1164001 70710 1093.29

3022 | 898237 63174 835.06

3009| 1178804 44979 1133.82

3010| 824403 61343 763.06

3011 755806 47161 708.64

3012| 977145 120299 856.84

3013| 799287 61878 737.40

3015| 729816 39219 690.59

3016| 867753 51659 816.09

3018 | 1061698 167101 894.59 889.70 207.35

3020| 998218 95422 902.79

3023 | 946632 44997 901.63

3024 | 1418092 110640 | 1307.45

3025| 675492 35608 639.88

3026| 1347512 74328 1273.18

3027 | 1094345| 96531 997.81

3029 | 783929 62156 721.77

Table 52 summarizes average time taken to complete the test when the subje
performs online for the Phase | and Phase Il conditions along with the tabulating the

standard deviation. It is observed that under very relaxed conditions, when the test i

completed online, time taken to complete the test is high and the variabilityeatfotim

complete the test is high. The results also indicate that when the tespisteahunder
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stress, time taken to complete the test decreases and the variabilitg tdken to

complete the test is lower compare to the other two conditions.

Table 52. Summary of Time Taken in Different Setup

Number of , Standard

Test Type Subjects Time Taken Deviation
Online Test Time 15 1217.63 409.73
Laboratory Test Time (Phase 1) 12 975.63 168.95
Laboratory Test Time (Phase 1) 15 889.70 207.35

Figure 45 shows a bar chart presenting the average time taken bpjesto complete

the test.

Mean Time Taken
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Figure 45. Mean Time Taken
Table 53 shows the statistical analysis performed to test if the tneataken to
complete the test in Phase | and Phase Il is the same. Student tetdatedvalue is
higher than the t-table value, concluding statistically that stresslefteat on
performance time. Subjects completed the test faster when under stresswaith |
accuracy rate as discussed earlier. The time comparison shown in ¢his fablsubjects

who completed either Phase | or Phase Il of the test.
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Table 53. Statistical Analysis on Total Time Comparing Phase | and Phase Il

Ho: ul=p2
H1: ul>u2
Alpha 0.05
. Standard
Phase Mean | Sample Size Deviation
(¥) ()
(s)
Phase | (aver'age of Lab 1096 27 289
and online)
Phase Il 831 15 207.36
t-calculated 3.13 t-table’ 1.68

Table 54 summarizes the data when the same subjects switched to theiiveespe

alternative test. Table 55 summarizes average completion time for alltswholexc

completed both the Phase | and Phase Il of the test.

Table 54. Second Time Data Summary

Test Type Numk_Jer of Actual Time Standgrd
Subjects (Seconds) Deviation
Laboratory Test With Stress 12
(Phase II) 727.12 128.83
Laboratory Test Without Stress 15
(Phase |) 831.19 144.16

Table 55. Data Average When Subject Performs Second Set

Actual Time | Actual Time

Type (Seconds) (Seconds)
Phase | Phase Il

First Set 975.64 889.71

Second Set 727.12 831.19

Figure 46 shows the variation in time needed to complete the test wherd subj

switches from Phase | to Phase Il and Phase Il to Phase I. The falsbastaverage of
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accuracies of subjects who completed Phase | and then Phase IlI; andss¢chiaavs

average of accuracies of subjects who completed the Phase Il and then Fisaectively.

Time Completion Comparison for Subjects Completed
Phase | and Phase I

1200
g
<@
Q.
s T
@]
o
o 800
- B
()
cf; 600
g @ First Set
(= 400 B Second Set
200
0
0 1 2 3
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Figure 46. Plot Showing Magnitude Difference

Table 56 compares scores of task capacity and situational awareneasyaccu
There were twenty task capacity related questions and ten situationahesgarelated
guestions. In this Table, First Time Appearance means subjects who comipleted e
Phase | or Phase Il at first. Similarly, Second Time Appearancessrmaebjects who
completed either Phase | or Phase Il in the second appearance for the test.

Figure 47 shows the scores for first time appearance of task capatityr first
time appearance of situational awareness capacity. The plot indicaéea patask
capacity performance and situational awareness is not similar. Invaihds, there is less

probability of having any linear relationship.
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Table 56. Task Capacity VS Situational Awareness

First Time Appearance Second Time Appearar]
. Situation Task ] _
Serial Task g/:apacny Awareness| Capacity ASltuatlonalo
# 0 % % wareness %
1 80 30 60 80
2 80 100 75 9
3 85 80 70 80
4 65 90 70 90
5 85 70 75 80
6 75 90 85 80
I 75 70 60 60
8 80 70 75 80
9 70 70 85 =0
10 65 80 75 90
11 60 60 60 70
12 65 70 20 80
13 85 60 85 60
14 70 50 75 80
15 65 90 80 100
16 85 80 85 30
17 70 100 70 80
18 75 80 65 80
19 65 80 60 90
20 70 90 75 =0
21 85 90 80 90
22 65 90 80 70
23 80 60 75 90
24 60 70 70 70
25 70 90 85 90
26 60 100 70 80
27 65 100 80 100

Figure 48 shows scores for second time appearances for the test. Tinegbatter

ce

subjects’ score also shows no specific relation between task capacity atiorgitua

awareness.
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First Time Task Capacity % VS Situational Awareness %
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Figure 47. Plot of First Time: Task Capacity VS Situational Awareness

Second Time Task Capacity % VS Situational
Awareness %
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Figure 48. Second Set: Task Capacity VS Situational Awareness
When the data is plotted for all subjects comparing only task capacity as shown in
Figure 49, a pattern emerges. When comparing only situational ansatasles, Figure 50
shows that there is a higher fluctuation in scores and there is no similarityeimpAtso
the fluctuation of score was higher when the subjects appeared for the grsiutinvhen

appeared for the second time score improved and variability decreased.
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Task Capacity Comparison
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Figure 49. Task Capacity Comparison

Situational Awareness Comparison

> 100 -

'g 90 -

c 80 #

O 70

§ 60 =@—First Time Appearance
% 50 Situation Awareness %
E 40 —a==Second Time Appearance
= 30 Situational Awareness %
'5 20

§ 1 3 5 7 9 11131517 19 21 23 2527

9)]

Number of Subjects

Figure 50. Situational Awareness Comparison
Table 57 summarizes Task Capacity results for subjects who completedase |
first and then Phase Figure 51 shows the Phase | and phase Il pattern for each subject.
There is a performance decrement when same subject appears for Risdis& et

variability between the two performances is low.
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Table 57. Task Capacity Analysis for Phase | First

Phase | Phase Il
Task Capacity % Task Capacity %
80 60
80 75
85 70
65 70
85 75
75 85
80 75
85 85
75 65
70 75
85 80

Task Capacity Comparison for Phase | First

90
S 80 -
2
s 70 -
]
S 60 - o= Phase | Task
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f_ﬁ 40 =@=Phase |l Task
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1 2 3 45 6 7 8 91011

Number of Subjects

Figure 51. Task Capacity Comparison for Phase | First
Table 58 shows task capacity results for subjects who completed Phesteahidi
then Phase I. Figure 52 show that performance increment rate is higmesuwidpect first
completed Phase Il and then Phase I. There is a significant performgmoeament.
Table 59 shows situational awareness capacity results for subjects whotedriplase |

first and then Phase II.
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Table 58 Task Capacity Analysis for Phase Il First

Phase Il Phase |
Task Capacity %| Task Capacity %
60 75
70 85
65 75
60 60
65 70
85 85
70 75
65 80
70 70
65 60
80 75
60 70
70 80
60 80
65 85
65 70

Task Capacity % Comparison for Phase Il First
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Figure 52. Task Capacity Comparison for Phase Il First

Figure 53 shows the Phase | and phase Il patterns for each subject. There is not

much performance decrement when same subjects appear for Phase |l testiabiley

between the two performances is low. Table 60 shows situational awarapasiyc

results for subjects who completed Phase Il first and then Phase I.

129



Table 59. Situational Awareness Capacity Analysis for Phase | First

Phase | Phase I
Situational Situational
Awareness % Awareness %
30 80
100 90
80 80
90 90
70 80
90 80
70 80
80 80
80 80
90 70
90 90

Situational Awareness % for Phase | First

< 120

»n 100
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2 80 -

o
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Number of Subjects

Figure 53. Situational Awareness Comparison for Phase | First
Figure 54 shows the Phase Il and phase | patterns for each subject. @here is
performance improvement when same subjects appear for Phase | testidlhiktya
between the two performances is low.
Appendix C10 shows the individual task capacity and situational awareness
accuracy for the subjects who started Phase | first and Phase Ilingbdrl$ Appendix

C11 lists the subjects who started Phase Il first and then Phase I.
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Table 60. Situational Awareness Capacity Analysis for Phase Il First

Phase Il Phase |
Situational| Situational
Awareness Awareness

% %

60 70
70 70
80 90
60 70
70 60
60 60
50 80
90 100
100 80
80 90
60 70
70 90
90 70
100 90
100 80
90 100

Table 61 shows the Task Capacity accuracy when comparing the effeessfon
subjects who completed Phase | and then Phase Il. The difference is much thengénev

subject completed the test under stress first and then completed the test witss0 st

Situational Awareness % for Phase Il First
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Figure 54. Situational Awareness Comparison for Phase Il First
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Table 61. Task Capacity and Stress Effect

. Accuracy (%) Accuracy (%)
0,
Task Capacity % Phase | Phase Il
First Phase | 79 (First) 74 (Second)
First Phase II 75 (Second) 67 (First)

Figure 55 displays the magnitude difference of Task accuracy. It is @nyhén
comparing results for the subjects who first completed Phase laagkken Phase I
tasks. The difference is almost doubled to 7% when comparing results for the subgects
first completed Phase Il and then Phase I.

Table 62 shows the SA accuracy when comparing the effect of stress on subjects
who completed Phase | test and then Phase Il test. Magnitude difference isvhigh¢he

subject completing the test under stress first and then completed the test sirdsgit

Task Capacity % due to Stress Effect
80

78 S~
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66
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Figure 55. Task Capacity and Stress Effect
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Table 62. SA Capacity and Stress Effect

Situational Awareness| Accuracy (%)| Accuracy (%)
Capacity % Phase | Phase I
First Phase | 79 (First) 82 (Second)
First Phase Il 79 (Second 77 (First)

Figure 56 displays the magnitude difference of SA accuracy. It is 2% when
compared to without stress conditions for subjects first completing Pha&eahih second
Phase Il tasks. Similarly it is 3% when comparing with stress conditionrstt®iase I
task to second Phase | task.

SA % Capacity due to Stress
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N
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2 80
Qo
T 78 ./\ @ First Phase |
O
& 76 M First Phase I
0 1 2

Stress Type

Figure 56. SA Capacity and Stress Effect

Table 63 shows the Task accuracy and SA accuracy when compared togw/0 stre
conditions. Figure 57 shows the Task accuracy and SA accuracy when compared to two
stress conditions. Situational awareness remained unchanged during thedsvo stre
conditions. But task capacity decreased.

The confidence level is categorized as Very High, Moderate, High, hdwery
Low. Table 64 was used to compare Phase | and Phase Il accuracy leveteeHere
‘Known’ and ‘Unknown’ factors were used from the confidence level. If the subpbetts

high, moderate and very high confidence levels then it was considered as Known and if the
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subject selects low and very low confidence levels then it was considered as dnknow
Similarly the stress tools used in this experiment compared between RhaseHase Il.

Table 63. Task Capacity and SA on Stress Effect

Accuracy| Accuracy
Tas‘;/Type (%) | (%) Phase
0 Phase | [l
Task
Capacity 76 70

%
Situational
Awareness 79 79

%

Table 65 shows the confidence level for performing the test accuratelyRimake
| and Phase Il test conditions. One of the subjects who completed both phase of the test but
did not complete the accuracy rating properly was eliminated for analysis g@sirpbe
subject used “very low” confidence rating for answering all the questiosliserved
from the table that at Phase | performance, confidence level was higlvengered to
Phase Il performance. Figure 58 shows there is a relationship between canfedets

rating and answering each question, when compared to with and without stress condition

performance.
Task Capacity VS SA Accuracy %
80
B
78
76
N
o 74 \ @ Task Capacity %
E 72 \
3 70 M Situational Awareness
© 68 %
= ()
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Stress Type

Figure 57. Task Capacity and SA on Stress Effect
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Table 64. Four Possible Outcomes of Accuracy

Correct Wrong
Known Hit Miss
Unknown False Alarm Correct Rejectior

Table 66 summarizes IQ' accuracy percentage values for subjectempleted
Phase | task first and then Phase Il task, and also for subjects who completel fakks
first and then completed Phase | task.

Table 65. Confidence Level and Accuracy Level Due to Stress

Serial # Id # Phase | Phase I
Confld(%zg:e Level Ac?(;)r)acy Confidence Level (% AC((:(;)r)acy
1 3001 80 63 87 67
2 3002 97 87 80 80
3 3003 100 83 73 73
4 3004 73 73 67 77
5 3005 100 80 77 77
6 3006 93 80 90 83
7 3007 80 73 73 60
8 3008 77 77 77 77
9 3009 90 80 93 70
10 3010 90 80 97 70
11 3011 90 60 90 63
12 3012 83 67 73 67
13 3015 100 77 90 63
14 3016 93 87 83 73
15 3017 100 83 97 83
16 3018 90 73 80 80
17 3019 93 77 93 80
18 3020 77 70 70 70
19 3021 90 77 100 80
20 3022 100 87 100 83
21 3023 77 77 90 83
22 3024 83 80 80 73
23 3025 93 70 93 63
24 3026 87 87 77 77
25 3027 93 73 90 73
26 3029 87 87 97 77
Average 89 77.25 85 73.75

Figure 59 shows magnitude difference is 4% when second completed data set is
compared and the difference is almost doubled to 7% when comparing first complated dat

set. Table 67 summarizes PSQ accuracy percentage values for subjects whtedomple
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Phase | task first and then Phase Il task, and also for subjects who completd Risk

first and then completed Phase I task.

Confidence (%) VS Overall Accuracy (% )
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Figure 58. Confidence Level and Stress Relationship

Figure 60 shows magnitude difference is 2% when second completed data set is
compared and it jumps almost five times to 9% when comparing first completesktdta
is evident that PSQ accuracy is mostly affected due to stress comparednd A
accuracy affects due to stress.

Table 68 shows 1Q’ accuracy is not that much affected compare to PSQgccura
when performing under stress conditions. There is a sharp drop in performance when
solving PSQ type of problems under stress. Figure 61 shows that 1Q" averaheigtan
PSQ average. There exists a linear relationship between IQ' and PSS9 abtevs the
combined result of subjects who completed both Phase | and Phase Il. The ANOVA was
conducted considering three factors: Phase Type, Age Type and Experience Type

Table 66. 1Q' Accuracy Due to Stress

Accuracy | Accuracy (%)
(%) Phase | Phase Il
First Phase | 88 (First) 92 (second

88
(Second)

IQ' Level

N

First Phase II 81 (First)
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Table 67. PSQ Accuracy Due to Stress

Accuracy Accuracy
PSQ Level | o4y phase 1| (%) Phase I
First Phase | 74 (First) 69 (Second)
First Phase Ilf 71 (Second 65 (First
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Figure 60. PSQ Task Capacity Comparison
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Table 68. 1Q' VS PSQ Accuracy Due to Stress

Type of Accuracy | Accuracy
0 0
Task (%) IIDhase (%) II:’ha:se
IQ 88 86.5
Accuracy
PSQ 72.5 67
Accuracy

IQ' VS PSQ Accuracy due to Stress
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Figure 61. IQ’ VS PSQ Task Capacity Interaction

Table 69. Combined Result of Phase | and Phase Il for ANOVA

Subject Accuracy Phase Age Experience
ID Type Type Type
3001 63 1 A 3
3002 87 1 A 4
3003 83 1 B 3
3004 73 1 A 3
3005 80 1 A 4
3006 80 1 A 4
3007 73 1 A 3
3008 77 1 B 3
3017 83 1 A 4
3019 77 1 B 4
3021 77 1 B 4
3022 87 1 A 4
3009 70 2 B 3
3010 70 2 A 3
3011 60 2 A 3
3012 67 2 A 3
3013 63 2 B 4
3015 63 2 B 3

138



Table 69 (Continued)

Subject Accuracy Phase Age Experience
ID Type Type Type
3016 73 2 B 4
3018 80 2 A 3
3020 73 2 A 3
3023 83 2 B 4
3024 73 2 A 3
3025 63 2 B 3
3026 77 2 A 3
3027 73 2 B 4
3029 77 2 B 3
3001 67 2 A 3
3002 80 2 A 4
3003 73 2 B 3
3004 77 2 A 3
3005 77 2 A 4
3006 83 2 A 4
3007 60 2 A 3
3008 77 2 B 3
3017 83 2 A 4
3019 70 2 B 4
3021 73 2 B 4
3022 83 2 A 4
3009 80 1 B 3
3010 80 1 A 3
3011 63 1 A 3
3012 67 1 A 3
3013 76 1 B 4
3015 77 1 B 3
3016 87 1 B 4
3018 73 1 A 3
3020 70 1 A 3
3023 77 1 B 4
3024 80 1 A 3
3025 70 1 B 3
3026 87 1 A 3
3027 73 1 B 4
3029 77 1 B 3
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Table 70 shows the ANOVA results for the above Table 69. It reflects Enperie

Type is a dominating factor, though Phase Type and, interaction of Age Type and

Experience Type are statistically significant factors.

The main effect plot is shown in Figure 62. Experience Type from the ANOVA

represents a significant contributing factor for the accuracy in compaoi$timase Type

and Age Type.

Table 70. ANOVA Results for Phase | and Phase |l Combined

73.5
72.0

Source DF F P
Phase Type 1 6.35 0.015
Age Type 1 2.11 0.153
Experience Type 1 12.6( 0.001
Phase Type*Age Type 1 1.34 0.253
Phase Type*Experience Type 1 0.07 0.796
Age Type*Experience Type 1 7.86 0.007
Error 47
Total 53
Main Effects Plot for Accuracy
Fitted Means
Phase Type Age Type
78.0
76.5 - \ —
75.0 T

Mean

T
1

.

Experience Type

78.0
76.5 1
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Figure 62. Main Effect Plot for Phase | and Phase 1l Combined

Figure 63 shows the interaction plot of the three factors combining Phase | a

Phase II. The plot indicates only Age Type and experience Type has a significa

interaction.
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The reliability and sensitivity analysis of the test is shown in Table 71. The
reliability is measured in terms of ratio of correct answers to incaresters for each
guestion. In the laboratory, there were twenty seven subjects who completed both phases of
the test. Reliability evaluates each question. Reliability value camimeziero to infinity.
An infinite value means accuracy rate is 100% and reliability value ofreeans what
subjects were unable to answer any question because of the difficulty levetlidbiity
index measures the difficulty level of each question. Ideally it is eggectdesign test
guestions such that it is not too easy or too difficult. The two extreme casefscoftglif
level are not sensitive enough to capture any variability from any exténesd sources.
Reliability values calculated are used to measure sensitivity of eadioqu&ensitivity
value is measured by deducting the difference between percentage ofeaansveer and
percentage of inaccurate answers from 100%. If the sensitivity % estold90%, it

means that the test is sensitive enough to show any affect of stress omaectr

Interaction Plot for Accuracy
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Figure 63. Interaction Plots for Phase | and Phase Il Combined
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When designing a task capacity measurement tool, it is expectezigo ddool
with a sensitivity of more than 50%. When a comprehensive test is desigraedbihes a
mixture of difficulty levels in the test to simulate a real world picture. Tieeat setup in

the test considered a combination of low difficulty level with high difficulty lefe

guestions.
Table 71. Test Reliability and Sensitivity Analysis
Quesion#| Aol | Hol | Fegentagel Relabily | Percentagq Percenags gty ®
Subjects | Accuracy (Laboratory)
1 54 51 94 17 94 6 11
2 54 53 98 53 98 2 4
3 54 24 44 1 44 56 89
4 54 48 89 8 89 11 22
5 54 52 96 26 96 4 7
6 54 38 70 2 70 30 59
7 54 41 76 3 76 24 48
8 54 50 93 13 93 7 15
9 54 42 78 4 78 22 44
10 54 35 65 2 65 35 70
11 54 47 87 7 87 13 26
12 54 45 83 5 83 17 33
13 54 39 72 3 72 28 56
14 54 46 85 6 85 15 30
15 54 51 94 17 94 6 11
16 54 28 52 1 52 48 96
17 54 30 56 1 56 44 89
18 54 37 69 2 69 31 63
19 54 50 93 13 93 7 15
20 54 29 54 1 54 46 93
21 54 11 20 0 20 80 41
22 54 45 83 5 83 17 33
23 54 45 83 5 83 17 33
24 54 45 83 5 83 17 33
25 54 53 98 53 98 2 4
26 54 26 48 1 48 52 96
27 54 31 57 1 57 43 85
28 54 24 44 1 44 56 89
29 54 34 63 2 63 37 74
30 54 48 89 8 89 11 22
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8. CONCLUSION

The focus of this research is on standardizing the task functions needatiitdiee
individual task capacity and to determine if low level physical stress lyaeffaat on task
performance. Stress effects were analyzed on overall task perforn@hiype
performance, PSQ type performance, SA type performance, test complegparid
performance confidence level. The relationship between cognitive perfoeraad
situational awareness under different stress conditions was comparesh$tetme and
accuracy were also measured for statistical analysis. ANOVAerdsrmed to evaluate
performance considering three factors: stress, age, and professiockalxperience.
Delphi method, which is usually applied in social and public health policy issues, was
utilized as a research tool. Human task performance analysis is a compkss@nd it
became evident that there were no specific tools designed to measure @skgrerd
found in literature. Tools previously developed were used to serve a specific need or to
evaluate a particular objective. The Delphi technique utilizes combined individual
judgment to address any issue related to an incomplete state of knowledgduatdinput
is very important when designing a task capacity measurementltaing the flexibility
of incorporating input from a wide range of views. Delphi method was used tasstabl
consensus on the designed test at 70% level and validation showed consensus was reached
above 70% with eighteen subjects who completed the evaluation. Sixteen subjects
responded to the content validity analysis for each question. The subjectpa@nydn
the content validity were from a wide range of professions. The consenduscleesed

was about 6 and above, in terms of “how important the task is in daily life.”
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The developed tool is flexible in nature to apply in any specific field of gt
It has the feature to design test materials in any combinations of IQafERA, and any
task can be activated or deactivated as per requirement. Number of quesstidties
changed as per need. Time allocations for SA questions can be changed depetitkng
type of tasks are analyzed. Test can be featured in a random order dyatinanspecific
order.

The developed test instrument measured human overall task performance when
tasks are cognitive in nature and require situational awareness. The caimgluter
simulated human task capacity performance in a predefined task module. Faskyaa
a subject was measured before and after exposure to low levels of pbysicade. The
levels of stress of the subjects were measured using questionnaires bigferstat of the
test. From the analysis of the collected subjective statements, it wasneohthat all the
subjects were physically in good condition before the experiment.

An overall performance chart was completed by each subject aftesth&he
subjective rating chart estimated mental demand, temporal demand, paedeyefdort
and frustration levels experienced by each subject while completingth&hie mental
demand and temporal demand for the test was approximately 62%, which inttiaatas
test scenarios constructed were not too easy or too difficult. Since the esspnB8% of
the questions were tracked for duration or time required to respond, it resulted in a
subjective rating above 50% time demand when performing the test. Effiogtweats
around 53%, which is close to the mental demand rating by the subjects. Frustxegion |

was 27%, which explains that subjects volunteered to participate in thethesit any
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benefit and provided maximum attention required to complete the test. The anfalysis o
report gives an overview of the test structure and scope for future improverhdrggest.

The participants who completed the test in the laboratory and online provided
feedback on the computer test site based on their experience to start the gigionavi
throughout the test, readability of the questions, content organization, time alidoati
time dependent questions, total time spent on the test and stress measuremens.quest
The analysis of the evaluation indicates satisfaction level was above 756doof the
cases except navigation which was 68%. Since there is a mixture of questions in random
order, and some guestions require situational awareness and some questions only required
IQ" and PSQ solving skills, a number of subjects rated navigation lower than 75%.

When the computer test was designed for the experimental conditions, thientota
allocated for Phase | was thirty five minutes, and the total time adéat Phase Il was
forty five minutes. The time was calculated based on how much time it would take a
subject from the time he or she entered the laboratory to the time thaihaleft the
laboratory. From the analysis of the time values, it was found that theyavare taken to
complete the test for the first time appearance was fifteen and inalfes and time taken
to complete the test for the second appearance was thirteen minuteboWsgtsat time
allocation was within the acceptable range and there is less time dad@mplete the test
when the subjects appeared for the second time.

It was found that online and laboratory results without stress were veryalose t
78.4%. The reason was that in both scenarios the subjects were relaxed beforeQhne tes
the other hand, laboratory results with stress were close to 71%. There is m@& & %a

performance decrease due to stress when comparing a group of subjects who only
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completed Phase | to another group who completed Phase Il of the test. The average
accuracy was 75% combining online and laboratory participants, indicating thaltjiff
level was moderate.

The developed tool was able to detect any effect of stress on task performance
successfully and efficiently. The statistical analysis of the reatikfied the sample size
considered for the test.

The ANOVA analysis showed professional work experience impacted task
performance significantly compared to stress and age group. Thiee fath results of
twenty-seven subjects completing either Phase | task or Phase Il tasksgdrto conduct
the ANOVA. Another ANOVA analysis was conducted with three factansgawith
twenty-seven subjects completing both Phase | and Phase Il of the test.ulthadeates
professional work experience is a major significant factor on perfaspémough stress is
also a statistically a significant factor on performance. It is stesppéizat since the number
of subjects in each group was not uniform, we were not able to capture the effeatf str
on performance. A t-test was conducted with subjects completing either|Réstser
Phase Il test and results confirmed statistically that stressascerning factor. Similarly,
a paired t-test was conducted when the same subjects participated a isee@nithér in
Phase Il or Phase | respectively. The results also confirm strests ¢dfek performance.

The ANOVA analysis also showed when 1Q' type of task is considered, none of the
three factors was statistically significant. The IQ' task is irgtreeral life category with no
time pressure. Professional work experience, stress, interactions ofypesae type,
interactions of age type, and experience type affects the PSQ. SAcisectig

professional work experience.
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Subjects with work experience perform better in both Phase | and Phase Il
compared to subjects with no work experience. Performance decreased at eatedioer
the age group 31-40. When a histogram is plotted for the Professional work grotipewith
no work experience group, there is a shift of mean values towards higher gdouthe
experienced group. Variability of accuracy is higher for the non priofedsxperience
group. The pattern of accuracy for the same subject completing Phaseesstyped Phase
Il type test is similar but when the stress factor is consideredeaagcrate is lower. In all
cases whether the subjects have professional work experience or have no professiona
experience, subjects’ accuracy level decreased due to stress. Subjecisvoalki
experience in Age Group A performed well in compare to other groups.

There is no linear relationship between task capacity and situationahassaréhe
performances on time dependent questions were improved when the same subject appeared
for the next test. Confidence level is higher when performing without ssessrgared to
performing with stress.

Out of twenty-seven subjects, six subjects improved their perfornaretefive
subjects remained in the same performance level and sixteen subjdotshpace level
decreased due to stress. The analysis indicates low level stress tef& performance,
significantly.

In today’s industry, tasks are becoming more cognitive in nature. Low |lesss sr
neglected when the tasks are cognitive in nature. The low level stresseisexairallenge
on cognitive task performance under pressure when repetitive tasks armpdrfdhe
method developed in this research is expected to differentiate the type of tasinfutict

are affected significantly when stress is a concern. Self-rats streasurement examines
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what type of tasks may be considered as a stressor to individuals. The cueamtres
indicates that low level stress is a concern. In reality, stress is aoidalae factor in life.
When designing a system that involves cognitive tasks, the stress effectoomaece
needs to be considered.

8.1. Limitations And Future Research Scope

The test is designed with general types of work. It creates arande of views
even with the same type of questions. In the Delphi study the subjectypéeticirom a
different professional working area. It was a challenge to obtain a higlofes@nsensus
on designed questions.

There were subjective rating tools implemented in this research whichsed to
evaluate the present physiological conditions of a subject, but there was\atgith
know the mental state of the same subject. It was also difficult to have amyl cont
subject’s relaxation state before the test.

Current research limited duration of low level stress to ten minutesuhe fut
research, duration of stress may be increased by certain intervals tefindféline or
threshold when task performance will decrease significantly.

The current research is considered a complete test with a s&k obteering 1Q’,
PSQ and SA. The scope of the research may be changed to include all IQ’ typeQand PS
types in order to determine which type of task is more affected as a redrasef s

From the study, it was observed that some subjects enjoyed physicaasties
some showed concern. To further review and investigate if stress is indepaindent
individual preference will be an interesting approach. Two different groupgbggcts can

be tested: one group who enjoys working under stress and the other group who does not.
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A test scenario can be developed to see if low level stress, which is performe
before starting a task with multiple subtasks, has any effect on the tasizerte at the
early portion of the test or at the later portion of the test. A test scenate camsidered

for comparing group performance results with that of individual performaterestifess.
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APPENDIX A

Appendix A.1. SAS Program Code For Paired t-Test
Titlel 'Sample Size Calculations for Paired T-test',
*Title2 'Uses SD=10, Power=.8, Varying Corr. for Common Standard Deviation’;
proc power;
pairedmeans
test=diff
corr=.5t0.7 by .1
meandiff = 2, 3, 4
stddev=5, 6, 7, 8,
npairs = .
Power = 0.8;
Plot x=power min=.5 max=1
xopts= (ref=0.8 crossref=yes)
Vary (color)
Markers = nice;

run;
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Appendix A.2. SAS Program Code For t-Test
The program code:

Titlel 'Sample Size Calculations for Simple Two Sample T-test’;
proc power;

twosamplemeans

meandiff=5, 6, 7, 8

stddev=5, 6, 7, 8

groupweights= (1 1)

power=.8

ntotal=.;

plot x=power min=.5 max=1

xopts=(ref=0.8 crossref=yes)

Vary (color)

Markers=nice;

title2 "Task Capacity Uses SD=5, 6, 7, 8 and Power=.8 for Common Standard Deviation";

run;
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Appendix A.3. PAR-Q

Physical Activity Readiness Questionnaire: PAR-Q

Note: the PAR-Q must be completed before you can move on to the next assessment.
Regular physical activity is fun and healthy, and increasingly more peeptd@osing to
become more active every day. Being more active is very safe for nopde pdowever,
some people should check with their doctor before they start becoming much more
physically active.

If you are planning to become much more physically active than you are nowystart b
answering the seven questions in the box below. If you are between the ages of 15 and 69,
the PAR-Q will tell you if you should check with your doctor before you sfaybod are

over 69 years of age, and you are not used to being very active, check with your doctor
first.

Common sense is your best guide when you answer these questions. Please read the
guestions carefully and answer each one honestly: check YES or NO.

Has your doctor ever said that you have a heart condition and that you should only do
physical activity recommended by a doctor?

e Yes
E No

Do you feel pain in your chest when you do physical activity?

E ves
E No

In the past month, have you had chest pain when you were not doing physical activity?

E ves
E No

Do you lose your balance because of dizziness or do you ever lose consciousness?

e Yes
e No
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Do you have a bone or joint problem that could be made worse by a change in your
physical activity?

E ves
E No

Is your doctor currently prescribing drugs (for example, water pdtsydur blood pressure
or heart condition?

E ves
E No

Do you know of any other reason why you should not do physical activity?

E ves
E No
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Physical Activity Readiness Questionnaire (PAR-Q) and You

Regular physical activity is fun and healthy, and increasingly more people are starting to become more
active every day. Being more active is very safe for mest people. However, some people should check with
their doctor before they start becoming much more physically active.

If you are planning to become much more physically active than you are now, start by answering the
ssven questions in the box below. If you are between the ages of 15 and 69, the PAR-Q will tell you if you
should check with your doctor before you start. If you are over 69 years of age, and you are not used to being
very active, check with your doctor,

Common sense is your best guide when you answer these questions. Please read the questions carefully
and answer each cne honestly:

YES KHO

u} 0 1. Has your doclor ever said that you have a heart condition and that you should only do
physical activity recommended by a doctor?

O 0 2. Do you feef pain in your chest when you do physical activity?

ui ] 3. In the past month, have you had chest pain when you were not doing physical activity?

O ] 4. Do you lose your balance because of dizziness of do you ever lose consciousniess?

n} a 5. Do you have a bone or joint problem that could be made worse by a change in your
physical activity?

0 o 8. Is your doctor currently prescribing drugs (for example, water pilis) for your blood

pressure or heart condition?

0 =] 7. Do you know of any other reason why you should not do physicat activity?

_____YES to one or more questions

Talk to your doctor by phone or in person BEFORE you start becoming much more physically active
It or BEFORE you have a fitness appraisal, Tell your doctor about the PAR-Q and which questions
you answered YES.
you *  Youmay be able fo do any activity you want — as long as you start slowly and build up
gradually. Or, you may need to restrict your activities to those which are safe for you. Talk
answered: with your doctor about the kinds of activities you wish to participate in and follow hisher
advice.
s Find out which community programs are safe and helpful for you.

‘qﬁesti’ohs. S Delay becoming much more active;
- & Ifyou are not feeling well because of a temporary
If you answered NO honestly to alf PAR-Q illness such as a cold or a fever — wait until you feel
questions, you can be reasonably sure that you can: . better; or
*  Startbecoming much more physically ¢ Ifyou are or may be pregnant — talk to your doctor
active— begin siowly and build up before you start becoming more active.

gradually. This is the safest and
easiest way 10 go.

¢ Take part in 2 fitness appraisal — this
is an excellent way fo determine your
basic fitness so that you can plan the
best way for you to live actively.

Informed use of the PAR-Q: Reprinted from ACSM’s Health/Fitness Facility Standards and Guidelines, 1997 by American College of Sporis Medicine

o4
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Dept. of INdustrial and Manufacturing Engineering
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IRB Expedited Review of: “The Effect of Stress on Task capacity and Situational Awareness”, Protocol
#EN11285

Co-investigator(s) and research team: Reza Karim

Research site(s): NDSU Funding: n/a

The protocol referenced above was reviewed under the expedited review process (category # 4, 7) on 6/22/2011, and
the IRB voted for: [ ] approval approval, contingent on minor modifications. These modifications have now
been accepted. IRB approval is based on the original submission, with revised: protocol and consent form (received —
6/27/2011).

Approval expires: 6/21/2012 Continuing Review Report Due: 5/1/2012
Please note your responsibilities in this research:

o All changes to the protocol require approval from the IRB prior to implementation, unless the change is
necessary to eliminate apparent immediate hazard to participants. Submit proposed changes using the Protocol
Amendment Request Form.

o Al research-related injuries, adverse events, or other unanticipated problems involving risks to participants or
others must be reported in writing to the IRB Office within 72 hours of knowledge of the occurrence. All
significant new findings that may affect risks to participation should be reported in writing to subjects and the
IRB.

o If the project will continue beyond the approval period, a continuing review report must be submitted by the
due date indicated above in order to allow time for IRB review and approval prior to the expiration date. The
IRB Office will typically send a reminder letter approximately one month before the report due date; however,
timely submission of the report is your responsibility. Should IRB approval for the project lapse, recruitment
of subjects and data collection must stop.

o When the project is complete, a final project report is required so that IRB records can be inactivated. Federal
regulations require that IRB records on a protocol be retained for three years following project completion.
Both the continuing review report and the final report should be submitted according to instructions on the
Continuing Review/Completion Report Form.

o Research records may be subject to a random or directed audit at any time to verify compliance with IRB
regulations.

Thank you for cooperating with NDSU IRB policies, and best wishes for a successful study.
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;ojl""@d’l/) 9’{ ;/x

Kristy Shirley, Cf:,zQesearch Compliance Administrator

Last pr /2011 12:03:00 PM

NDSU is an EO/AA university.
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IRB Protocol Form:

Institutional Review Board ...for the protection of human participants in
research

Date Received
North Dakota State University
Sponsored Programs Administration
1735 NDSU Research Park Drive
NDSU Dept #4000
PO Box 6050
Fargo, ND 58108-6050 231-8995(ph) 231-8098(fax)

IRB Protocol #:

IRB PROTOCOL FORM

Application to Conduct Research Involving Human Participants

1.Title of Project The Effect of Stress on Task capacity and Situational Awareness

2. Principal InvestigatorDr. Kambiz Farahmand Dept. name:Industrial and Manu.

Engg.

(Pl must be an NDSU faculty or staff member; graduate students must list their
advisor as PI)
Campus address/phonBoom 202 Civil & Industrial Engg. Bldg.
Email addressKambiz.Farahmand@ndsu.edu
Specify role in this researcltirect/supervise research Supervise Research
Highest earned degree and field of stu.D. in Industrial Engg.

3. Co-Investigator(s)Reza Karim Dept. nametndustrial & Manufacturing

Engg.
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Campus address/phon202 Civil & Industrial Engg. Bldg.

Email addressReza.Karim@ndsu.edu

Specify role in this researctirect/supervise research Direct Research
Highest earned degree and field of stuti}.S. in Mechanical Engg.

4. Research teaniist all NDSU students, faculty or staff who will assist in the

project (project design/oversight, recruiting participants, obtaining informed consent,
intervening or interacting with participants to obtain information/data, and/or handling
identifiable information for research purposes). May provide as a separate attachment.

Name, dept. or affiliation:  Specify role in research: Training ddBeoffite

only)

Reza Karim, IME Project Design, recruit particig
obtain consent, interacting with
participant to obtain data, handl|
identifiable information for rese:

purposes, collect data, data aneé

Please Note: Investigators and all members of the research team are required to
complete a course in the protection of human research participants prior to protocol
review. This training must be current (within the last 3 years). Refer to the Tigapage
of the IRB website for information and links to online training sessions.

5. Project datesindicate the anticipated start and end dates for research procedures

involving human subjects(Note that start date should allow sufficient time for IRB
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review and approval; no research procedures involving human participants may begin

prior to obtaining notification of IRB approval.)

Anticipated start date: After IRB approval

Anticipated end date: December 15, 2011

6. Requested review categorffinal determination will be made by the IRB)

<] Expedited review*Include the Expedited Review Categories attachment)

[ ] Full board review

Project Description
Use plain language, avoiding technical terms or jargon, unless
explained. The description should be understandable to any person unfamiliar
with the area of research. Include a brief summary of the pertinent literature

with citations, if applicable.

1. Purpose and goals of the research:

The research is designed to find the effect of stress on task performantestThe
methodology that is developed here, measures cognitive task performance
capacity, and situational awareness. Cognitive task capacity andosifllati
awareness of a subject is measured before and after doing a low level caphysi
exercise. The individual response is obtained in the form of true or false

response with confidense level of individuals of doing each task. The task
battery developed will compare task capacity among different age and sex
group. Response time, accuracy and repeatability are measured facatatist

analysis. It compares pre and post stress effects on task performatressA s
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level is measured of the subject before participating on the test using a
guestionnaire. A group of students age 21 and above from NDSUand

professionals working in different fields is considered as test subjedtsefo

—+

task measurement. The physical stress is expected to play a major tode on

variability of task performance.

2. Method and procedureg&xplain in detail what subjects will be asked to do or

what information will be collected about them. Specify when or how often research
procedures will be conducted. Provide a timeline or schedule of events, if applicable.

May be provided as a separate attachment, with numbered pages.

Subject will participate in a computer test. The test is designed to cover human
task capacity and situational awareness in the following area:
e Computation
* Three-dimensional review
* Vocabulary
» Pattern recognition
e Comparison

» Arithmetic reasoning
The information collected about the subject in the computer test will be sex,
race, occupation. Name and date of birth (excluding year) will only be stored in
the paper records. The user name and password will be saved in the paper
record. This user ID and password will be given to the participant, so he or/she

can log-in and put all other information described earlier in computer test.

167



The informed consent will be obtained from participants after the participants
verbally agree to participate and shows up for the test in the Human Factor Lab
of IME, NDSU. The participant will be shown the arrangement of the test site,

and explained the procedure of the test at the time of participation and if
participant wants to continue to do the computer test, the consent form will be

signed.

Please provide additional information regarding the physical activity to be
performed in Session 2. For instance, how intense will the exercise be? Is there
any research to support the length of time chosen for the activity/physical

stressor intervention?

Please see attachment saved as #2 for detail information.

Borg Scale rating will be used as a subjective rating of the participtietss s

level and verbal expression will be used to rate the scale to utilize seaisogy

=

rather than cognitive frame expression (Borg GA, 1982, “Psychophysical bases
of perceived exertion,” Medicine and Science in Sports and exercise, Vol 14, pp
377-381). The verbal rating will reduce the Borg Scale review differenmes {
person to person. And also to reduce variability among participants we are|using
‘Physically fit’ factor and PAR-Q checklist to physical condition. We ar

looking at the stress rating of 11 or below from the Borg scale while gives us a
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better deterministic factor of the low level stress.

Guideline for Workload:

Step 1: Warm-up time for 2-3 minutes with a resistance of 0 Kg and RPM ¢

Step 2: 1st stage workload of for 3-4 minutes at 150 kg.m/minute (=25 Watt).

[Workload=Resistance (Kp ) X Revolution /min (RPM) X Flywheel Travel
Distance (m.rev-1)]

In this stage 0.5 Kg weight is considered)

Step 3: 2-3 minutes at 600 Kg.m/minute (=100 Watt)

Step 4: Verbally Borg stress rating will be asked to the subject

Limiting Traveling Distance of biking = (50 rpm X 6 m.rev-1) X 10 min =30(

m = 1.86 miles ~ 2 miles (approximately).

This study is broken into two phases performed sequentially. The time gap
between two phase test is at least one week and could be a month depend

the avaialability of the subject.

Phase I

It will be conducted to determine task capacity and situational awareness
simultaneously with a set of tasks in the form of questions. The subject will
come at the test site in Human Factor Lab of Industrial Engg. Dept.The sul;
will sit infront of the computer and adjust chair to a comfortable position. Tk

subject is given a user name and a password to enter into the test site

f 50.

0

ing on

Dject

e
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(www.greenhorizon.us) in the computer. There will be thirty experimental
guestions for each subject in Phase | test. Subjects in phase | will perform
approximately thirty minutes per test. The room air temperature anideelat
humidity is not altered from the central set value. Subject will be provided the
description of the test followed by a tutorial on what type of questions to expect

and how to select the answers. Subjects will answer six stress level eneast)

-

questions before starting the test. And after completing the test subjdu wil
asked to complete another stress meaasurement questionnaire . The detail of t

test is attached and specified as" Methods and Procedures".

Phase II:
Subject will appear in the test site (Human Factor Lab of Industrial Eregy.)D
and perform 10 minutes of biking. Right after completing the biking the subject

will appear in the test. The test materials and setup of the test is samseas pha

3. Project/performance site(sppecify where the research will be conducted.

The test site will be Human Factor Lab of Industrial Engg. department, NDSU.
This is a regular room and it is chosen to provide a quite environment to the

participant.

4. Research design and analysis pldmpplicable, describe the sampling plan,

the size of the sample or study group(s), and the power of the planned statistical tests.

[ ] N/A

170



Sixteen subjects are desired with a minimum of eight able to complete both the
two phases of experiment. This sample size provides a statistical power
(Montgomery, 2001), B; of 0.95 when using an analysis of variance to
compare mean task capacity of at least eight individuals participating in the

experiment assuming the study detects task capacity differences of 4&éérb

112

phase | and phase Il with a standard deviation of 7. The goal is to have a
balanced experimental design for subsequent statistical analysisestrisddthat

the same eight subjects participate in both experimental phases. However, if

subject drops out after completing phase | they will not be replaced by other
volunteers during phase Il. Instead, phase | will be participated by more than

minimum desired volunteers.

5. Additional materials:Will the research involve use of data, documents, records

or specimens that have already been collected (pre-existing) from indiyioluaidl be
collected solely for non-research purposes?

X] No

[ ] Yes: a. Complete thAdditional Materials’ attachment.

b. If the research will bemited to use of these pre-existing materials, or
materials collected solely for non-research purp@ssearch will not involve
interaction, intervention or observation of human research participattsi,
skip to the ‘Risks and Benefits’ section. Also complet€ltifermed Consent
Waiver or Alteration Requesf the requirement for informed consent is

requested to be waived.
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Recruitment
Selection of research participants must consider the following: research
setting, equitable recruitment potential for coercion or undue influence, and

vulnerable groups.

1. Research participants and recruitment meth@gscribe participants, including

approximate #, age-range, or any other relevant characteristics. Adsibel@s detail

how they will be selected, identified contacted or approached to participhteresearch:

Approximately 16 subjects are desired to complete both the two phases of
experiment. Age range from 21 to 40. The selection process is random, anyone
who is physically fit will be able to participate in the test. Physiddliyeans

the subject does not have any limitations using mouse, and as well biking.

Physically fit means the subject does not have any limitations using mouse, and
as well biking a stationary bike. A Monark Ergometer (Cardio Care 827E) at the
workload of 100 watts (low level) will be used for biking. Physical Activity
Readiness Questionnaire (PAR-Q) to assess whether potential pasitipaat
any risk factors for participating in physical exercise (attdch@e original
copyrighted PAR-Q form obtained from IRB office will be used . If the subject
responses ‘YES’ to any of the PAR-Q question then the subject will be requested
not to continue the test. This form will be given to the subject before the Phase |

test and before signing the consent form.

172



NDSU listserve will be used to email students as well faculties of NBSU t
participate in the test. Individual apporoach (through contacts) using e-thail w

be conducted to recruit subjects working in other facilities around Fargo area.

Please find attached a copy of "script" which will be e-mailed to tesubjects.

l[ﬂl Attach a copy of any oral script, advertisement, announcement or preliminary

invitation that will be used.

2. Describe any inclusion/exclusion criteria that will be used for subjexttes, if

applicable:  [X]N/A

Anyone who is physically fit can participate in the test. Physicdlipéians the
subject does not have any limitations using mouse, and has no physical
limitation in biking. Please find attached PAR-Q form that would be used tg

determine the physical fitness of the subject.

3. Vulnerable populationstndicate if individuals from any of the following groups

will be specifically targeted:
[ ] minors (under age 18xdso complete the ‘Children in Research Attachment’
form.
[ ] prisoners also complete the ‘Prisoners in Research Attachment’ form.
[ ] pregnant women, fetuses or neonates
[ ] cognitively impaired individuals — may require consent of a legally

authorized representative
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[] economically disadvantaged persons
[] educationally disadvantaged persons
X N/A - None of these groups will be specifically recruited
If any vulnerable populations will be recruited, indicate what additional safitgua

will be included to protect participants’ rights and welfare:

N/A

4. CompensationWill participants or others are offered incentives for the research

(i.e., gifts, payment, reimbursement, services, extra course credit, ofaytherof
compensation)Zompensating participants for their time and effort is appropriate,
although the amount of compensation must not cause undue influence to participate in a
study. Any compensation should also be pro-rated, rather than awarded only on
completion of the study. If research will involve compensating students with extta credi
specify the amount of extra credit, and what non-research alternatives (equal in time and
effort) are available to the students for earning extra credit.

X No

[ ] Yes - provide details of the compensation scheme :

5. Alternatives to research participati®escribe any alternative procedures

available to those who choose not to participate, if applicable.

<] N/A

N/A

6. Dual relationships*:Does the investigator, co-investigator, any member of the

research team, or anyone else assisting with the research has anyawtlationship (e.qg.,
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instructor/student, employer or supervisor/employee, physician/patient, or\etier

potential participants?

X] No

[ ] Yes - describe the relationship, and indicate how the research will be conducted

to avoid undue influence on participants:

7. Will any aspect of the research be conducted in a classroom settirmg adasis

time?

X No

[]Yes - describe what those who choose not to participate will be doing, and

provide justification for use of class time for reseam (  Attach coulisdsy):

Informed Consent
Potential subjects must be provided with complete and easily
understandable information about the study, fully informed of the voluntary
nature of their choice, and given sufficient opportunity to consider participation
in an environment that is free of coercion or undue influence. Participants
cannot be made to waive any of their rights, or release the investigators,

sponsor or institution from responsibility for any research-related harms.
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1. Informed consent* Explain procedures for obtaining informed consent from

participants, their parent/guardian, or legally authorized representativepeBiéic

regarding who will obtain informed consent, and in what setting/time frame:

Reza karim will obtain informed consent from the participant. The consent will

be obtained if the participant decides to participate in the test. This will be done
at Human Factor lab of IME department prior to appearing at the test. The test
schedule is flexible whenever the participant has time will be conducted. All

participant age appearing for the test will be 21 and 40. Consent Form attached

lﬂ]lAttach as applicable: informed consent form, parent/guardian permission form,
child/youth assent forms to be usétemplates may be found on the IRB website ‘Forms’
page.(Alternatively, a short form written consent document may be used, along with an
oral presentation of the elements of informed consent. See IRB Standard Operation
Procedures 9.2 Documentation of Informed consent.)

2. Will all adult participants have the capacity to consérd®iduals who lack the

capacity to consent (as a result of either a permanent or transient condition) may
participate in research only if a legally authorized representative (LAR) goresent on
their behalf. For more information, please see the National Institutes of Health guidance

at: http://grants.nih.gov/grants/policy/questionablecapacity.Also, please see Standard

Operating Procedure 10.3 Other Vulnerable Groups.

X Yes

[ ] No - explain how legally authorized consent will be sought:
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3. Will all participants (and their parents/quardians or legal represerstadis

applicable) be fluent in English?

X] Yes

[ ] No - explain how informed consent will be obtained, and provide a copy of the

translation to be used:

4. Will the research be conducted at an international site(s)?

X] No

[ ] Yes - indicate site(s) and investigators’ familiarity with theéwelcultural

norms, whether or not the different cultural context presents any problems dhaisks

need to be addressedddmw those issues will be handled:

5. Withholding information from participants, or use of deceptidfitl the research

involve purposely withholding some or all information about the research from partscipant

prior to their involvement, or involve any use of deception?

X] No

[]Yes -l Attach thelhformedConsent Waiver or Alteration Requeést

6. Is a waiver of the signature requirement requefRadiipants will be provided

with full information about the research, but their signature will not be required.

Agreement will be obtained in another manner.

X] No
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[1Yes - Attach thelhformed Consent Waiver or Alteration Request’

Risks and Benefits
Risks to subjects must be minimized by using sound research design,
procedures that do not unnecessarily expose subjects to risk, or procedul
are already being performed on subjects for diagnostic or treatment purg

Risks must be reasonablerelation to any anticipated benefits.

1. Risks Indicate all potential risks of harm/discomfort to subjects or others in this
research:
X Privacy
[ ] Psychological
[ ] Social
[ ] Legal
[ ] Economic
<] Physical
[ ] Dignitary

X] Other -

There is no other information about the participant except name and age graup,

sex, occupation, race and only month & day of date of birth will be obtained.|The
mentioned information will not be able to identify the participant. Besides given
USER NAME will be used to evaluate data. Only Reza karim will have aaress t

the database where USER NAME relates information about the participant.
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During biking if the participant feels discomfort the test will not be done on that
day. The type of bike which will be used has no open exposure of moving parts

resulting there is no possibility of getting injured.

2. Protection against riskfescribe each possible risk of harm/discomfort,

including the probability and magnitude, as well as the steps that will be taken to

minimize these risks for subjects or others:

There is no other information about the participant except name and age gragup,

sex, occupation, race and only month & day of date of birth will be obtained.|The
mentioned information will not be able to identify the participant. Besides given
USER NAME will be used to evaluate data. Only Reza karim will have aaress t

the database where USER NAME relates information about the participant.

During biking if the participant feels discomfort the test will not be done on that
day. The type of bike which will be used has no open exposure of moving parts

resulting there is no possibility of getting injured.

3. Describe what steps will be taken if participants experience serious hgirgss,

discomfort or decompensation during research participation:

DX N/A
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4. Risk category Categorize the level of risk you consider appropriate for the

research:Federal regulations define ‘minimal risk’ as the probability and magnitude of
harm or discomfort anticipated in the research are not greater in and of themselves than
those ordinarily encountered in daily life or during the performance of routine physical or
psychological examinations or tests.

X No more than minimal risk

[ ] A minor increase over minimal risk*

[ ] More than a minor increase over minimal risk*

4a. Indicate what provisions will be taken to monitor the data collected to ensure

the safety of subjects, and report unanticipated problems involving risks to subjects or

others.

N/A

5. Benefits and risk-benefit analysiBescribe any potential benefits to participants

and/or society in general. Explain why the risks should be considered reasonable in
relation to any anticipated benefits and/or in relation to the importance of the knowledge

that is expected to result.

The potential benefits to the society: The current research focuses on stang dine
task functions to measure individual task capacity. In a dynamic and complex work
environment to measure Cognitive Capacity and Situational Awarenessasieaulsly
using a single tool expected to be a useful application in manufacturing indudtees
low level stress becomes a challenge on cognitive task performance whéiveepet

tasks are performed. The method developed in this research is expected tatidiféere
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the type of task functions that are affected significantly when stresoiscarn. Self-
rated stress measurement examines what type of tasks may be considestdssor tQ

individuals.

6 Clinical trial: NIH defines a clinical trial as a prospective biomedical or behavioral

research study of human subjects that is designed to answer specific questions about
biomedical or behavioral interventions (drugs, treatments, devices, or new ways of using
known drugs, treatments, or devices). Behavioral studies involving an intervention to
modify behavior (diet, physical activity, cognitive therapy, etc.) also fit theititsfi of a
clinical trial.

<] No

[ ] Yes - indicate what provisions will be taken to monitor the data collected to ensure
the safety of subjects, and report unanticipated events involving risks to subjattsrer
(may provide as an attachment)

Data and safety monitoring information:

http://grants2.nih.gov/grants/policy/hs/data_safety h@finical trial reqgistration

requirement: Federal law requires pre-registration of clinical trials involving FDA-

regulated drugs, biologics and devices. See FAQs at: http://prsinfo.clinicaltrialg\tgoy

note that some journals and sponsors may require registration foliittal trials,
including those involving only social or behavioral interventions.

7. Use of human blood, tissues, or specimens:

X No
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[ ] Yes — Project also requires review/approval from the Institutional Bigsafet
Committee.

If an NDSU employee will handle human blood/tissues/specimens, participation in
NDSU'’s Bloodborne Pathogen Program is also required; contact the University Police
and Safety Office for more information.

8. Investigational use of a druq, biological product, medical device, or other product

reqgulated by the FDA:

X] No

[]Yes M Attach additional information regarding risks and FDA approval status.

Instrument(s)
Provide the list of survey, interview or focus group questions, or oral history

objective (may be provided as a separate attachment)

Privacy and Confidentiality
When appropriate, there must be adequate provisions to protect the privacy of

subjects and maintain the confidentiality of data.

1. Confidentiality: Describe whether or not participants will be promised

confidentiality of their responses or information. Include who will have acoess t

individual data, and how results will be reported:

Yes, participant will be promised confidentiality. Reza Karim (Co-ingastr) will

have access to the data. Results will be published in pdf format and handed to the
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individual participant if participants desires to have results after completithe tests,
Only the individual result will be handed to the participant. Only the user name (here
user name is the code number 01, 02, 03 and so on given to the partcipant before

appearing at the test) given to the participant will be reported in pubhcati

2. Identifiable information:Will any information be collected, even temporarily, that

could potentially identify an individual{This would include not only names, personal ID
#s, address, video or audio recordings, or other direct identifiers, but also may include
certain demographic or unique information that would enable an individual’s identity to be
deduced.)

[ ] No

X Yes:

2a. Describe use of any identifying information, including codes, or linkages to

identifiers; and indicate why these are necessary for the research:

Numbering code (such as 01, 02 etc.) will be used to identify each participant. This is
necessary because same participant is expected to appear in phasenieexpso

the person can login using the same user name and password.

2b. Indicate whether these identifiers, codes or linkages will be retained afte

data collection, and if they will be removed at some point:

Only code will remain for data analysis purpose.
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2c. Would identification of subjects or their responses place them at rigk]of:
criminal liability, [_] civil liability, or be damaging to theif: | financial standing], ]
employability,[ ] insurability,[ ] reputation, or bé | stigmatizing?

X N/A

3. Video/audio tape recording®Will participants be recorded (e.g., audio, video)?
X] No

[ ] Yes - describe the type of recordings and specify how they will be used,

stored/secured, and their final disposit{atso provide this information to participants on

the consent document)

*Note that recordings are considered individually identifiable.

4. Data safeguarding procedures (hard-copy recoi$iggcify the physical

security procedures that will be used to prevent a breach of confidentigddytmipants’

information during data collection, transfer, analysis and storage:

X] N/A

Advisor office (PI) will be used to store the paper document which is locked when|the
advisor is not at the office. Name and date of birth (excluding year) will onlplesls
in the paper records. The user name and password will be saved in the paper record.
This user ID and password will be given to the participant, so he or she can log-in and

put all other information described earlier in test.
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5. Data safeguarding procedures (electronic recor@ggcify the electronic

security procedures that will be used to prevent a breach of confidentigddytmipants’
information during data collection, transfer, analysis and storagepassword

authentication, use of unique log-ins, data encryption, secure server, firewall, lates

t anti-

virus protection, etc. Research data should be stored on computers maintained by NDSU

ITS, or that conform to NDSU ITS standards) X N/A

All the electronic records will only be accessed by Reza karim. No otrsarpenll
have access to the database. Initially the data will be collected in Hirasat
(www.greenhorizon.us). Then it will be downloaded in the IME, NDSU computer i
Reza Karim's Z drive. Only the coded name data (example 01, 02, 03 etc.) \&icoe
in the computer Z drive. All the data security, firewall, latest anti-yprosided by
IME/ITS of NDSU is applicable here. The site (www.greenhorizon.us) adnaitusis

Reza karim. He will only access to the database.

1. Go daddy server database security provided by the server itself.
2. Asp.net is used to develop the input forms, security is provided by the Asp.net,
where user ID and  password is used to protect the data form.
3. While downloading from the server to local computer at NDSU: Antivirus (MDAf]
+ Firewall.

4. Local server security where the data is downloaded is provided by the

NDSU server provider.

and

D

ocal
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6. Mandated reporting responsibilitys there is a possibility that certain information

will be obtained in the course of the research that you will be legally obligatksictose
to the proper authorities (e.g., child abuse, or other abuse, or threats of harm)?

<] No

[ ] *Yes —describe:

* This must also be disclosed to participants in the consent document.

Note: For some studies involving sensitive data collection, a Certificate of
Confidentiality may be obtained from the National Institutes of Health to protect an
individual participant’s information from involuntary disclosure. Visit the NIH welfsite

more information.

Other Information

1. Conflict of Interest:does the Principal Investigator, Co-Investigator, or other key

personnel have a conflict of interest (financial or other conflict) in thdteeof this
project? Note: A significant conflict may require disclosure to participants in the informed
consent form.
X] No
[ ]Yes:
la. Identify the individual and explain the nature of the potential conflict of

interest :

1b. Explain how this potential conflict will be managed:
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2. Funding: Will external funds be used for the project?
X] No

[ ] Yes*- indicate the name of the agency, title of proposal, and funding status:

Sponsor agency:.
Proposal title:

Funding status:

*Note:

[ Attach a copy of final grant application, agreement or contract with this
application.

The IRB is required to review funding applications to federal agencies ardeveiwe

a copy of the finaproposal in order to verify consistency between the IRB protocol and
the grant application.

If external funds will be used for the project, the Sponsored Programs Adntiorstra
requires internal approval of the proposal. Consult the SPA website

(http://www.ndsu.edu/research/spal/index.php) for more information.

3. Other institution(s):Are any outside entities engaged in this research (e.g., receiving

a direct award, grant or contract to perform research, directing or supgm¥isiresearch,

intervening and/or interacting with participants for research purposesjiogtaiformed

consent, obtaining private identifiable information or specimens from any souarce f

research purposes, or utilizing private information or human specimens for gDlAtesl

research)? For additional information, please see the ‘NDSU Collaborativie Sitiellor

Off-site Research Worksheet’ available on the ‘Forms’ page of thevigtBite.
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XINo —skip all remaining questions
[ ] Yes — name entity or institution, contact person(s), and describe their role in the

research:

Name of outside entity or institution:
Contact person:

Their role in the research:

3a. Other IRB review:Has/will this project be submitted to another IRB for

review?

[ ] Yes* - name of IRB and status of the application:

[l Attach a complete copy of the protocol reviewed and the IRB’s
determination.(if not immediately available, may be forwarded upon receipt)
[ ] No: provide either:

e a letter of permission/cooperation stating:
= a brief description of the entity’s role in the research that appropriate
training will be completed prior to involvement of human subjects
= the project will be conducted according to the approved protocol and
NDSU policies for protecting research subjects.

NOTE: If letter(s) or approval(s) from sites or collaborator(s) are not
immediately available, the IRB may approve the protocol provided that:
1) all other requirements are met, and
2) the documentation from the site(s) will be forwarded to the IRB prior to
initiating research at each site.

Investigator's Assurance

The signature(s) below certify that:

e information provided in this application is complete and accurate*
e the principal investigator has the ultimate responsibility for the protection of the
rights, safety and welfare of human subjects and the ethical conduct of thishresear
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e each individual listed as principal, co-investigator, or research team mbatbe
received the required human research protections education

e each individual listed as an investigator or member of the research tearsspesse
the necessary experience for conducting research activities in sigimeakrole,
and is aware of and will abide by NDSU policies and procedures for the protection
of research participants

e no research procedures with human subjects will be initiated until documented
approval has been obtained from the IRB Office

e the research will be conducted according to the protocol approved by the IRB, in
accordance with NDSU policies and procedures

Principal Investigator signature, date

Co-investigator (s) signature, date

The signature below certifies that:

the research is scientifically valid;

the investigator(s) and their team are qualified to conduct the project;
facilities, equipment, and personnel are adequate; and

continued guidance will be provided as appropriate.

Chair, Dean or Director* signature, and date:
* If Pl is Dept. Chair, College Dean must sign
* Carefully review the application to ensure it is complete, contains sufficient

detailed responses to all questions, and all attachments. Incomplete mpgliadt be

returned without IRB review or approyalotentially delaying the research. Contact the

IRB Office for questions or assistance at: 231-8995 or 231-8908.
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Expedited Review Form:

Institutional Review Board ...for the protection of human participants in
research

Date of Receipt
North Dakota State University

IRB Protocol #:

Attachment: Expedited Review Cateqgories

Include this attachment with the protocol form if the project is eligible for exquedit

review.

Title of Project: The Effect of Stress on Task capacity and Situational Awareness

Principal Investigator*: Dr. Kambiz Farahmand

(*must be an NDSU faculty or staff member)

Applicability Criteria
Federal regulations allow certain categories of research to be reviewed

via an expedited review procedure (as described in 45 CFR 46.110 and 21 CFR
56.110). The categories listed here apply regardless of the age of subjects, [except
as noted. The standard requirements for informed consent (or waiver or

alteration of consent) apply for both expedited and full board review.
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Research is eligible for expedited review only if all the following coodgiare

true:

X] True [ ] False: The research will involve no more than minimal risk* to human
subjectq*Minimal risk’ means the probability and magnitude of harm or discomfort
anticipated in the research are not greater in and of themselves than those ordinarily
encountered in daily life or during the performance of routine physical or psychological
examinations or tests)

DX True [ ] False: The only involvement of human subjects will be in one or more of
the following categories.

X True [ ] False: The research isot Federal Classified Research involving human
subjects. Federal classified research is defined as, researchkwbetedge of the
procedures and results of which, is restricted to individuals with United Statesmevs
security clearance.

DX True [ ] False: The research will implement reasonable and appropriate protections
to ensure that risks related to invasion of privacy and breach of confidentialibewid
more than minimal if identification of subjects or their responses would reasqiabdy

the subjects at risk of criminal or civil liability or be damaging to thearicial standing,

employability, insurability, reputation, or be stigmatizing.

Expedited Review Categories

Check all categories that apply to the research.

[ ] Category #1: Clinical studies of drugs and medical devices only when:

(a) Research on drugs for which an investigational new drug application (21 GFFR Bar
is not required. (Note: Research on marketed drugs that significantly esteasisks or
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decreases the acceptability of the risks associated with the use ajdbetps not eligible
for expedited review.), or

(b) Research on medical devices for which (i) an investigational devicegpagam
application (21 CFR Part 812) is not required; or (ii) the medical device is
cleared/approved for marketing and the medical device is being used in accovidarnise
cleared/approved labeling.

[ ] Category #2: Collection of blood samples by finger stick, heel stick, ear #ior
venipuncture:

(a) from healthy, non-pregnant adults who weigh at least 110 pounds. For these subjects,
the amounts drawn may not exceed 550 ml in an 8 week period and collection may not
occur more frequently than 2 times per week; or

(b) from other adults and children, considering the age, weight, and health of thessubject
the collection procedure, the amount of blood to be collected, and the frequency with which
it will be collected. For these subjects, the amount drawn may not exceed theflé§ser

ml or 3 ml per kg in an 8 week period and collection may not occur more frequently than 2
times per week.

[ ] Category #3: Prospective collection of biological specimens for reseafohirposes
by noninvasive means.

Examples:

(a) hair and nail clippings in a nondisfiguring manner;

(b) deciduous teeth at time of exfoliation or if routine patient care indicatesidare
extraction;

(c) permanent teeth if routine patient care indicates a need for extraction;

(d) excreta and external secretions (including sweat);

(e) uncannulated saliva collected either in an unstimulated fashion or stimylated b
chewing gumbase or wax or by applying a dilute citric solution to the tongue;

(f) placenta removed at delivery;

(9) amniotic fluid obtained at the time of rupture of the membrane prior to or during labor
(h) supra- and subgingival dental plaque and calculus, provided the collection procedure is
not more invasive than routine prophylactic scaling of the teeth and the process is
accomplished in accordance with accepted prophylactic techniques;

(i) mucosal and skin cells collected by buccal scraping or swab, skin swab, or mouth
washings;

() sputum collected after saline mist nebulization.

X] Category #4: Collection of data through noninvasive procedures (not involving
general anesthesia or sedation) routinely employed in clinical practicexcluding
procedures involving x-rays or microwaves.(Where medical devices are employed,
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they must be cleared/approved for marketing. Studies intended to evaluate the safety
and effectiveness of the medical device are not generally eligible for expedi@d,r
including studies of cleared medical devices for new indications.)

Examples:

(a) physical sensors that are applied either to the surface of the bodydistanee and do
not involve input of significant amounts of energy into the subject or an invasion of the
subject’s privacy;

(b) weighing or testing sensory acuity;

(c) magnetic resonance imaging;

(d) electrocardiography, electroencephalography, thermography, detethaturally
occurring radioactivity, electroretinography, ultrasound, diagnostic infiaraging,
doppler blood flow, and echocardiography;

(e) moderate exercise, muscular strength testing, body compositiosnassgsand
flexibility testing where appropriate given the age, weight, and healtreahdividual.

[ ] Category #5: Research involving materials (data, documents, records, or
specimens) that have been collected, or will be collected solely for n@search
purposes (such as medical treatment or diagnosigNOTE: Some research in this
category may qualify under exemption category #4)

[ ] Category #6: Collection of data from voice, video, digital, or image recordings
made for research purposes.

X Category #7: Research on individual or group characteristics or behavior
(including, but not limited to, research on perception, cognition, motivation, identity,
language, communication, cultural beliefs or practices, and social behabrior)
research employing survey, interview, oral history, focus group, program
evaluation, human factors evaluation, or quality assurance methodologies.

(NOTE: Some research in this category may be exempt from the HHS regulations for
the protection of human subjects. This listing refers only to research that is not
exempt.)

(Categories 8 and 9 are only applicable to continuing review.)

[ ] Category #8: Continuing review of research previously approved by the
convened IRB where:
(a) The research is permanently closed to the enrollment of new subjestdjects
have completed all research-related interventionstladesearch remains active
only for long-term follow-up, OR
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(b) No subjects have been enrolled and no additional risks have been identified, OR

(c) The remaining research activities are limited to data analysis.

[ ] Category #9: Continuing review of research(not conducted under an
investigational new drug application or investigational device exemptibeye
categories two (2) through eight (8) do not apply but the IRB has determined
and documented at a convened meeting that the research involves no greater
than minimal risk and no additional risks have been identified.

194



Adult Consent Form:

NDSU North Dakota State University
Industrial & Manufacturing Engineering Department
Room 202 Civil and Industrial Engineering Building
Fargo, ND 58108-6050
701-231-7287

Title of Research Study: The Effect of Stress on Task capacity and@ialdtwareness

This study is being conducted by:Reza Karim, Graduate student, Industrial &
Manufacturing Engineering department, E-mail address: Reza.&arasu.eduPhone:
701-231-5290. Advisor name: Dr. Kambiz Farahmand, Professor, Industrial &
Manufacturing Engineering, E-mail address: Kambiz.Farahmand@ndsBlsahe: 701-
231-7287

You are invited to participate in this research because you are physicafigl fige is 21-
40 and above. Approximately 16 participants will be recruited for the research.

What is the reason for doing the study:The purpose of the study is to examine how
human task capacity and situational awareness is affected by doing@apéxysrcise such
as biking.

What will | be asked to do? The research will consist of two phases.

e During Session 1, you will give some basic demographic information such
as your name, sex, race, occupation and date of birth. You will also be
asked to perform a computer test which will measure: computation, three-
dimensional review, vocabulary, pattern recognition, comparison and
arithmetic reasoning. The first session will take approximately 30 minutes

e Session 2 will take place at least one week later from first session. And the
time difference between two sessions could go more than a month
depending on your availability for participating in the session. During this
session, you will be asked to bike on a stationary bike for approximately 10
minutes at low level (approximately 1.75 miles). Right after biking you will
appear on the computer test. The test material will be same as of the first
session. This session will take approximately 40 minutes.

Where is the study going to take place and how long will it takeThe study will take
place in the Human Factor Lab (Room 212) in Industrial Engineering Depawinent
NDSU. Session 1 will take approximately 30 minutes, and session 2 will take
approximately 40 minutes.

What are the risks and discomfort® It is not possible to identify all potential risks in

research procedures, but the researcher(s) have taken reasonabledsafegueimize
any known risks to the participant. Potential risks to you are minimal and nhagtertbe
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possibility of certain changes occurring during the biking portion of the studymiyis
include increased heart rate and breathing rate, and in rare instanceg.fainti

What are the benefits to me?You are not expected to get any benefit from being in this
research study.

What are the benefits to others?Your participation will help to determine the effect of
stress on people working in the industries and doing repetitive jobs daily that involve
physical labor.

Do | have to take part in the study? Your participation in this research is your choice. If
you decide to participate in the study, you may change your mind and stop pangcipat
any time.

There is no cost involved in participating in the testinstead of being in this research
study, you can choose not to participate.

Who will see the information that | give? We will keep private all research records that
identify you. Your information will be combined with information from other people

taking part in the study. When we write about the study, we will write aboubthieirced
information that we have gathered. We may publish the results of the study; howeever, w
will keep your name and other identifying information private.

Numbering code (such as 01, 02 etc.) will be used to identify each participant. This is
necessary to match data collected from you in Session 1 to data collected Hasa@P

What if | have questions? Before you decide whether to accept this invitation to take part
in the research study, please ask any questions that might come to mind nowf yaier, i
have any questions about the study, you can contact the researcher, Rezat R@fim
231-52900r my advisor Dr. Kambiz Farahmaatl701-231-5694.

You have rights as a participant in research. If you have questions about yauoright
complaints about this research or to report a research-related injury, ydalki@ the
researcher or contact the NDSU Human Research Protection Program by:

e Telephone: 701.231.8908

e Email: ndsu.irb@ndsu.edu

e Mail: NDSU HRPP Office, NDSU Dept. 4000, PO Box 6050, Fargo, ND

58108-6050.

The role of the Human Research Protection Program is to see that yournegbristected
in this research; more information about your rights can be found at:
www.ndsu.edu/research/itb

196



Documentation of Informed Consent:
You are freely making a decision whether to be in this research study. Stgsifaym
means that

1. you have read and understood this consent form

2. you have had your questions answered, and

3. you have decided to be in the study.

You will be given a copy of this consent form to keep.

Your signature Date

Your printed name

Signature of researcher explaining study Date

Reza Karim

Printed name of researcher explaining study
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APPENDIX C

Appendix C.1. Personal Data Collection Sheet

The Effect of Stress on Task capacity and Situatiaal Awareness

For Record

Personal Data Collection Sheet (Paper Portion)

Name: (First/Last)

Date of Birth: (Day/month)

User ID:

Password:

The Effect of Stress on Task capacity and Situatiaal Awareness

For User
User ID:

Password:
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Appendix C.2. Tutorial On Task Capacity And Situational Awareness
The test is designed to cover human task capacity and situational awarehess in t
following area:

e Computation

e Three-dimensional review

e Vocabulary

e Pattern recognition

e Comparison

e Arithmetic reasoning

Some of the questions afdME INDEPENDENT and some of the questions aiME
DEPENDENT.
Following sections demonstrates the TEST setup:

Your Personal information is recorded in this section.

TASK CAPACITY TEST SITE

Test Administration Home About
Welcome Test!
Step 1: Personal Information
* Sex
e
* Race: White -
* Occupation: Full Time Work -

* Age Group:

) 21-25

=) 26-30

Save And Next —>

* Marked are required field

Figure C.1. Personal Information
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Please presSave and Nexbutton to read thinstruction .

Read the Tutorial-How to use the site

TASK CAPACITY TEST SITE

Test Administration Home About

Step 2: Instructions
Please read the documents before procceding to the next step
* Tutorial- How fo use the site
[#1 have read the doucments and understand how to use the site
Test will appear only if this box is checked

Step 3: Tests

Please Click on the test name to start:

# Phase 1

Figure C.2. Confirmation of Tutorial Reading

CHECK the box after reading the tutorial.

Phase Ibutton will appear and click to go to th&ST

Your stress level determination question is asked here. You have to select resppgnse us
desktop-mouse.

Stress Questions:
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TAsk CAPACITY TEST SITE

Test Administration Home About

Step 4

Step 4: Your Current Stress Condition

Question Your Response

1: Are you i':' any @ No Stress At All © Very Low Stress @ Stress is not a concern to me © Moderate Stress @ Very Stress © Not Applicable
kind of tension now?

2. Do you feel @ No stress At All © Very Low Stress © Stress is not a concern to me © Moderate Stress © Very Stress © Not Applicable
stressed today for

any reasons?

3. Did you do @ No Stress At All © Very Low Stress @ Stress is not a concern to me © Moderate Stress © Very Stress © Not Applicable
physical exercise

before appearing for
the test and
stressed?

4. What.s‘cress level | @ no stress At All © very Low Stress © Stress is not a concern to me @ Moderate Stress © Very Stress © Not Applicable
for you is a concern?

5. When working @ No Stress At All @ Very Low Stress © Stress is not a concern to me © Moderate Stress © Very Stress © Not Applicable
alone, do you feel

stressed?

6. When working in | @ g stress At All @ Very Low Stress © Stress is not a concern to me © Moderate Stress © Very Stress © Not Applicable
a team, do you feel
stressed?

Save And Start Test—>

Figure C.3. Current Stress Condition

After the STRESS input the test will start by press[ Save And Mel —> )

Approximate time of the test is 20 minutes. Following section provides some esampl

Example 1:
Please read the question. Itis a comparison Rewblit is a TIME

INDEPENDENT question.

Check the given answers and compare withiGiven Answer.
SelectYES or NO button using the mouse.
Right after selecting YES/NO, pleases se@ONFIDENCE LEVEL that describes how

confident you are on the selected answer.
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TAsSK CAPACITY TEST SITE

Test Administration Home About

Please answer the question:

|Which pair of name is the same?

a, Andrew Miller ..... Andrew Miler
b. Jon Adam ... John Adam

c. Brian Williams ... Brian Williams
d. Ross Taylor ... Ross Tailor

e, Mone of the above

Given Answer: ||a
Is this Answer correct?:

J Yed| & No
Confidence Level:

- Moderate

_ High

) Low

Very Low

“ Submit and go to Mext Question —= ‘ ‘

Figure C.4. Sample Question One

Please presSubmit and go to Next Questiorbutton once you are done with the answer

and confidence level selection.

Example 2:
Please read the question. Itis a computationalldRm. It is a TIME

INDEPENDENT question.

Check the given answers and compare withiGiven Answer.
SelectYES or NO button using the mouse.
Right after selecting YES/NO, pleases se@ONFIDENCE LEVEL that describes how

confident you are on the selected answer.
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TASK CAPACITY TEST SITE

Test Administration Home About

Please answer the question:

[Deduct (-3:101 -1
a.100
b.102
d. 101
e. Mone of the Above
Given Answer: ||e
Iz this Answer correct?; H o
2 Yeg| © No
Confidence Level: Vers LI
) Moderate|

D High

Submit and go to Next Question —= I

Figure C.5. Sample Question Two

Please presSubmit and go to Next Questiorbutton once you are done with the answer

and confidence level selection.

Example 3:

Please read the message while tracking the tim@ibuifter a predetermined
time of few seconds the message will disappeangagdtion will appear. It is
a TIME DEPENDENT question.

Check the given answers and compare withGiven Answer.
SelectYES or NO button using the mouse.
Right after selecting YES/NO, pleases set@ONFIDENCE LEVEL that describes how

confident you are on the selected answer.
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TAsK CAPACITY TEST SITE

Test Administration Home About

Please answer the question:

There were 100 people watching a foothall match. There were 80 players in the field. Suddenly it started raining heavily.
The match watch canceled.

00 Minutes :04 Seconds

Figure C.6. Sample Question Three-Question is Displayed

After 5 seconds MESSAGE will disappear and QUESTMAINwppear.

TAsK CAPACITY TEST SITE

Test Administration Home About

Please answer the question:

How many people were watching the match?

a.1000
b. 100
c. 10
. 80
e. 180
Given Answen a
Is this Answer correct?: No
Confidence Levek Very High
_ Very
— Moderate|
_) High
~ Low
) Very Low

Submit and End of Test —>

Figure C.7. Sample Question Three-Answer is Displayed

Please presSubmit and go to Next Questiorbutton once you are done with the answer
and confidence level selection. After successful completion of th 8 TERESS level
measurement question will appear. Please select appropriate levekthrdiedeyour stress

level.
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Stress Evaluation:

Task CapaciTy TEST SITE

Final Evaluation

Question Your Response
1 How do you rate
the test in terms of
stress level?

2 Time factor was
stressful to you?

3. Quantative
question is stressful
to you?

4. 3D question is
stressful to you?

5. Memory related

guestion is stressful
to you?

6. Verbal reasoning
question is stressful
to you?

[ save And Finish Test— |

Figure C.8. Stress Evaluation-After Test Completion

Please presSave and Finish Tesbutton to complete the test.

TEST is complete, please présgout button on the right top corner.
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Appendix C.3. Stress Questionnaire

Table C.1. Stress Questionnaire at the Start of Test

Stress Question

User Respon

Response

se
Value

Are you in any kind of tension now

Very Low

~NJ

Stress

Do you feel stressed today for an)

reasons?

y
Moderate Stres

Ul

Did you do physical exercise befor

appearing for the test and stresse

e No Stress At
d? All

What stress level for you is a

Very Stress

concern?
When working alone, do you feel Very Low
stressed? Stress
When working in a team, do you fegl
Very Stress

stressed?

Total Stress

Value
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Appendix C.4. Test Questionnaire

10.

11.

12.

Which pair of name is the same?

Add (+): 76543 and 11111

Which picture displays flat piece bent, rolled or both?

Which two words have the same meaning? (10 Seconds)

Which two words have the opposite meaning? (5 seconds)

Which tool is identical in color and shape?

A man works 8 hours a day, 40 hours a week and 160 hour per month. He earns $
1.40an hour. How much does he earn each quarter of a month? (15 Seconds)
Which figure in the second group is not exactly the same size and shape as each
figure in the first group?

A random 7-digit number 5327691 is selected for the Minnesota Power Ball
Lottery. What were the last 3 digits? (8 seconds to response)

Around 950 employees work at this five floor,375,065 square feet facility. About
189,250 patients were visited in the facility in FY2010. Variety of services such as
Cardiology, Diabetic Education, Specialty Clinics (Endocrinology,Glucose
Monitoring, Hepatitis C, Infectious Disease and General Surgery), Ngyrolo
Pulmonary, Women’s Health, and Primary Care are offered in this medicat.cent
What is the approximate area of the facility? (15 seconds to response)
Multiplication: 3145 and 3 (10 Seconds)

There were 100 people watching a football match. There were 80 players in the
field. Suddenly it started raining heavily. The match was canceled. (10 Seconds)

How many people were watching the match?
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Divide (/): 1033333/ 3

What the image represents?

A number is displayed: 9236581. What were the first three digits? (15 seconds to
response)

Row wise the pattern is similar?

Is the pattern same?

How many birds, fishes and feathers was display respectively?

What shape is needed to be included in the image?

Total number of triangles in the pattern? (15 seconds to response)

Is to eye as eardrum is to-

400 (-6) (-30) =

The four figures in the row to the left make a series. Find the single choice on the
right

Which word is spelled wrong?

What is the coordinate of point A?

Which of the photo is not in sequence?

Which picture is taken under surveillance?

Find the next sixth and eighth number in the following sequence: 1, 4, 9, 16, 25, ....
Around 950 employees work at this five floor, 375,065 square feet facility. About
189,250 patients were visited in the facility in FY2010. Variety of services such as
Cardiology, Diabetic Education, Specialty Clinics (Endocrinology, Glucose
Monitoring, Hepatitis C, Infectious Disease and General Surgery), Negyrolo

Pulmonary, Women’s Health, and Primary Care are offered in this medicat.cent
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What is the total employee working in the facility? (10 seconds to response)
30. Anpen costs $1.01. A whistle cost a dollar more than a marble and together they cost

$1.10. How much did each cost?
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Appendix C.5. Test Evaluation

Table C.2. Stress Questionnaire at the End of Test

Evaluation Question

User Response

Response

Value

How do you rate the test in terms ¢

stress level?

f
Moderate Stress

Time factor was stressful to you?

Very Stres|

[72)

Quantitative question is stressful t

you?

O

Moderate Stres

Ul

3D question is stressful to you?

Very Stres|

[72)

Memory related question is stressf|
to you?

ul

Very Stress

Verbal reasoning question is stress

to you?

fulNo Stress At
All

Total Eval.

Value
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Appendix C.6. Laboratory Report On Observation

Table C.3. Laboratory Subject Report on First Set

Date ID# | Typeof| Arrival | Departure Participant Comment Researcher
Test Observation
08/29/2011 3001 Phase|l  7:00 pm 7:30 pm Enjoyedehd As the subject is
challenging the test. Did first to appear
not feel time pressure. for the test in the
Asked if others will enjoy | lab, the
the test, the subject thinks | researcher asked
others will enjoy it becausg more questions
of the nature of the questionon the test
pattern mixed with time design after the
dependent and time subject
independent questions. completed the
Total time taken for the test test. To give a
was not too long and quite
difficulty level of the environment to
guestion is acceptable. the subject all
other computers
were shut down.
09/01/2011 3002 Phase|l  1:00 pm 1:30 pm Did nobgedd. The researcher
Difficulty level set was asked questions
acceptable. Found on the test and
interesting and challenging| assessed the lah
Did not feel time pressure | environment.
or mental pressure too high
or too low.
09/05/2011 3003 Phase|l  1:30 pm 2:00 pm Enjoyediette Initially
had difficulty to follow the
questions, but adopted
quickly. No time pressure
but challenging. Total
number of questions was
acceptable.
09/05/2011 3004 Phase|l  2:10 pm 2:40 pm Likeddébegetup and
question type. Did not get
bored. Number of questions
was acceptable.
09/05/2011 3005 Phase|l  5:30 pm 6:00 pm Time dilmcavas
acceptable and did not fee
time pressure.
09/05/2011 3006 Phase|l  6:15 pm 6:50 pm Enjoyedietste Number
of questions was acceptable
and difficulty level set was
also acceptable.
09/05/2011 3007 Phase|l  8:00 pm 8:30 pm Enjoyedette but felt
difficulty level high. Did
not felt time pressure.
09/05/2011 3008 Phase|l  8:45 pm 9:15pm Difficuttyell and number
of questions was
acceptable. Did not get
bore.
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Table C.3 (Continued)

Date ID# | Typeof| Arrival | Departure Participant Comment Researcher
Test Observation
09/06/2011| 3009| Phase]l 5:30 pm 6:15 pm Subjestadrgght with the | The subject
physical stress level from | came to give the
the biking. Did not test after work,
complain on number of so felt a little
questions or difficulty level| mental stress
prior to the test,
but enjoyed the
test.
09/06/2011| 3010| Phase|l 9:30 pm 10:15 pm  Subjgbusiastically
biked to reach the
maximum end of low level
stress. Did not get bored.
The test length was ok.
09/06/2011| 3011| Phase]|l 10:30pm 11:15pm  Highdradrow level
stress scale was felt. Time
length of the test was
acceptable.
09/07/2011| 3012| Phase|l 5:45pm 6:30 pm Test tioration was Subject thinks
acceptable. No time stress will not
pressure felt. Low level have any effect
stress was not a big concefron the subject’s
to the subject. test
performance.
According to the
subject
arithmetic task
is difficult for
others.
09/07/2011| 3013| Phase]l 6:30 pm 7:15 pm Enjoyedeht, did not ge
bore, but found
challenging.
09/07/2011| 3014| Phasell 7:45pm 8:30 pm Time atloo was The subject did
acceptable, did not get bore.not go to the
higher
resistance level
of biking and
was concerned
on the resistance
level
experiencing.
09/07/2011| 3015| Phase|l 8:30 pm 9:15 pm Happy thightest setup. | Low level stress
Did not get bore and was not enough
enjoyed. for the subject.
09/07/2011| 3016| Phase]l 9:15pm 10:00 pm  Satisfigld the test setup| Though verbally
and time allocation. Was | was concerned
concerned on how much | on stress but
stress can bear. biked according
to protocol.
09/09/2011| 3017 Phase|l  10:00 am 10:30 am  Enjdiietk allocation
was acceptable.
09/09/2011| 3018| Phasell 10:453m 11:30 am  Physisgs level was
acceptable. Time allocatio
was acceptable.
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Table C.3 (Continued)

Date

ID #

Type of
Test

Arrival

Departure

Participant Comment

Researcher
Observation

09/09/2011

3019

Phase

3:00 p

m 3:30 pm

Felt angilhg. Time

allocation was acceptable.

Stress level
guestions were
concern in terms
of
understanding.

09/09/2011

3020

Phase

5:30 p

6:15 pm

Low Istrglss was not a
concern. Did not feel time
pressure, found interesting
and challenging.

09/09/2011

3021

Phase

10:00
pm

10:30 pm

Felt challenging due to
variety of questions. Liked
the nature of sequence of
questions. Total time spent
was acceptable and enjoye
the variety.

09/10/2011

3022

Phase

5:30 p

6:00 pm

Liked ¢vepsof question
sequence, felt no time
pressure and not boring.

09/11/2011

3023

Phase

5:30 p

6:15 pm

Low letrelss was not a
concern. Expects
performance will improve
with stress. Time allocation
was alright and enjoyed the
test.

According to the
subject from
previous
experience, the
> subject’s
performance
improves with
physical stress.

09/11/2011

3024

Phase

6:15p

7:00 pm

Low IstrElss is not a
concern. Time allocation
was acceptable, did not fee
time pressure

Felt tired before
arriving for the
| test.

09/14/2011

3025

Phase

6:35p

7:15 pm

Had difyjcwith the bike
sitting, not convenient for
sitting. Sit was small.
Physical stress was not a
concern. Had some
difficulty to follow the test
as the subject was not surg
what type of questions to
come next. Did not get the
time to enjoy or get bored
during the test.

09/15/2011

3026

Phase

8:00 p

8:45 pm

Had diffjcwith the
paddle belt adjustment.
Enjoyed biking. Enjoyed
the test but felt time
pressure. Liked the variety
of questions in sequence.
Felt the 30 questions as
lengthy.

09/15/2011

3027

Phase

8:15p

m 9:00 pm

Enjoykohgi Was
willing to take more stress.
Did enjoy the test. Liked
the variety of questions.
Liked the question

Did work in the
field all day up
to 5:00 pm.

sequence.
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Table C.3 (Continued)

Date ID# | Type of | Arrival |Departure Participant Comment Researcher
Test Observation
09/24/2011| 3028| Phasell 10:10 10:55 pm | Time allocation for the test| The subject had
pm was alright. Did not feel leg pain from
mental pressure because of the exercise
previous experience in GRE done 4 hours
type of examinations. before the test.
Biked less than
10 minutes.
Was concerned
on peddling at
high resistance,
so stopped
biking.
09/24/2011| 3029| Phase]l 9:00 pm 9:35 pm  Was eiathtirsin biking.
Could take more resistance
Found interesting the test.
Subject was looking for any
tricky questions. Enjoyed the
variation of question.
10/01/2011| 3030| Phase |l 10:05 10:45 pm | The subject never tried any Biking is not a
pm mental task after physical | concern. Could
exercise. take more
stress. The
subjects feel hig
performance
increase after
physical
activity after
one hour.
Reported
mental stress
was above 10.
10/01/2011| 3031| Phase |l 10:45 11:25 pm | The subject feels that since iEnjoyed the
pm is volunteered, more test, liked the
commitment to put better | variety in
effort guestion setting
as well the
random nature
of appearing
the question.
10/01/2011| 3032| Phasell 7:00 pm 7:40 pm Time weanaern, Physical stress
otherwise enjoyed the test. | was a concern,
resulting not
biking desired.
10/01/2011| 3001| Phase|l 8:45pm 9:25 pm Typesiebtion was in Enjoyed biking.
mind, sequence not recalled,
forgot most of the questiong,
felt easier this time.
10/08/2011| 3002| Phasell 5:55pm 6:30 pm Load isromncern. Can
take more load.
10/08/2011| 3003| Phasell 8:50 pm 9:30 pm Felt tieygendent

questions were allocated le
time to complete; stress wa:
a concern at the beginning
the test. Forgot everything

from last time.
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Table C.3 (Continued)

Laboratory Subject Report on Second Set

Date ID# | Typeof | Arrival Departure Participant Comment Researcher
Test Observation
10/05/2011| 3004| Phase 8:30 pm 9:15 pmn Subjécksh No complain on
concentration was limited | biking. One
due to the physical stress, | answer the
cannot think beyond a subject can
level. recall. Felt
easier this time.
10/08/2011| 3005/ Phase 10:00 pm  10:35gm  Fassthas effected
performance. Some
questions were recalled, buit
not all.
10/06/2011| 3006| Phase 7:00 pm 7:40 pmn Time ddpeinquestions | It took less time
passed quickly this time to complete the
than last time due to stress. test. Initially
Can recall the pattern, but | stress was a
not any questions. Biking | factor in
was not a concern, could | answering the
take more load. guestions.
10/07/2011] 3007| Phase 8:00 pm 8:40 pin Stressaveasicern.
10/15/2011| 3008| Phase 8:05 pm 9:40pm Recogmpatern and
what to remember.
10/08/2011| 3009| Phase 8:00 pm 9:35 pin Felt stress a factor last
time.
10/09/2011f 3010 Phase 3:20 pm 3:40 pm Felt sfreeghan last.
Could recall some questior]
type. Knew what to
remember.
10/07/2011f 3011 Phase 10:45pm 11:10 pm  Felt etmsa first time, Subject was
but could not recall the tired before
answer. appearing the
test.
10/07/2011f 3012 Phase 5:35p 6:00 pm Felt mgretbssed
before the test.
10/07/2011| 3013] Phase 6:30 pm 6:55 pin  Felt etsaerlast time.
10/07/2011| 3015| Phasel 6:35 pm 6:55 pm There wadrass. Can
recall pattern but not the
question.
10/17/2011| 3016| Phasel 8:45 pm 9:10 pm Felt etsetime,
especially time dependent
questions. And thinks stress
was a factor last time.
10/07/2011| 3017| Phasel 8:00 am 8:40 am Feltstes®l low and
performed well.
10/07/2011| 3018| Phasel 8:15 am 8:40 am Felt dif steess was not
a concern.
10/07/2011| 3019| Phasel 3:00 pn 3:30 pm Felt ditl, wtress was not The subject was
a concern. willing to take
more load.
10/08/2011| 3020| Phasel 5:25 pm 5:45 pm Felt rdlalXe time
pressure. Expected better
performance this time.
10/11/2011| 3021| Phasel 10:00 pm  10:30 pm Subjestwilling to take | Subject was
more loads. Stress is not a| stressed after
concern. biking.
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Table C.3 (Continued)

Date ID# | Typeof | Arrival Departure Participant Comment Researcher
Test Observation
10/07/2011| 3022| Phasel 5:30 pm 6:00 pm Stressaveascern.
10/18/2011| 3023| Phasel 7:30 pm 7:50 pm Couldexslrany thing
because of time difference
10/08/2011| 3024| Phasel 10:05gm 10:25 prn Stresaraffect on
performance. Could recall
pattern.
10/10/2011| 3025| Phasel 9:05 pm 9:25 pm Felt edtsietime. Could
follow the steps better.
Thought did better this timg
because of relax condition.
10/19/2011| 3026| Phasel 8:00 pm 8:45 pm The testalvight.
10/07/2011| 3027| Phasel 9:00 pm 9:20 pm It wasrfesgally
challenged this time.
10/17/2011| 3029| Phasel 9:00 pm 9:20 pm Was ird gmod to Was calm and

participate in the test.

Could recall pattern.

happy before
the test
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Appendix C.7. Content Validity Analysis

Table C.4. Questionnaire Evaluation

Question # Task Type Yes|] Nd I | PSQ@ | SA® Content
Validity*

Question # 1 Compute X

Question # 2 Compare X

Question # 3 Analyze X

Question # 4 Compare and Categorize X X

Question # 5 Compare and Categorize X X

Question # 6 Identify and Categorize X X

Question # 7 Compute and Short-memory X

Question # 8 Identify, Analyze and Compare X X

Question # 9 Store and Short-memory X

Question # 100  Category, Store and Short-memaory X X

Question # 11 Compute X

Question # 12|  Category, Store and Short-memaory X X

Question # 13 Compute X

Question # 14 Identify X

Question # 15 Store and Short-memory X

Question # 16 Compare, Analyze and Plan X

Question # 17 Compare and Analyze X X

Question # 18 Identify, Count and Short-memotry X X

Question # 19 Search and identify X X

Question # 20 Search, ldentify, Count and Shoft- X X
memory

Question # 21 Identify, Interpret and Filter X X

Question # 22 Compute X

Question # 23 Identify, Short-memory, Plan and X X
Analyze

Question # 24 Identify X

Question # 25 Compute and Analyze X X

Question # 26 Analyze and Plan X X

Question # 27 Compare and Analyze X X

Question # 28 Identify, Short-memory, Plan and X X
Compute

Question # 29 Identify X

Question # 30 Identify, Compute, Interpret ang X X

Short-memory

Analysis of Tasks (IQ'= Knowledge and Memory, P89 Problem Solving
SA® — Situational Awareness)
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Appendix C.8. Individual Content Validity Analysis

Table C.5. Task Evaluation by Test Subjects

How How much
uestion . important the| the task is
° # Subject # tgsk isin | used in daily,

daily life life
1 1 8 40
2 1 7 20
3 1 8 60
4 1 7 15
5 1 7 10
6 1 6 10
7 1 8 60
8 1 6 10
9 1 6 10
10 1 7 40
11 1 7 35
12 1 7 40
13 1 8 50
14 1 8 60
15 1 6 40
16 1 5 10
17 1 5 15
18 1 8 60
19 1 6 30
20 1 5 20
21 1 5 10
22 1 8 40
23 1 6 20
24 1 5 10
25 1 4 10
26 1 5 10
27 1 6 30
28 1 5 10
29 1 5 20
30 1 7 20
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Table C.5 (Continued)

How How much
question Subject # important the| the tas!< is
# task is in used in
daily life daily life
1 2 7 70
2 2 7.5 80
3 2 5 40
4 2 7 80
5 2 7 80
6 2 8 80
7 2 8 80
8 2 6 60
9 2 5 50
10 2 4 40
11 2 9 90
12 2 4 40
13 2 9 90
14 2 8 80
15 2 5 50
16 2 7 70
17 2 7 70
18 2 7 70
19 2 7 75
20 2 7 75
21 2 8 80
22 2 7 70
23 2 7 70
24 2 8 80
25 2 7 75
26 2 6 60
27 2 4 40
28 2 4 40
29 2 7 70
30 2 5 50
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Table C.5 (Continued)

How How much
uestion . important the| the task is
o subject # | "k e in | used in daily]

daily life life
1 3 9 50
2 3 3 20
3 3 5 50
4 3 6 50
5 3 6 50
6 3 4 45
7 3 7 60
8 3 4 30
9 3 6 50
10 3 6 30
11 3 6 25
12 3 4 30
13 3 5 25
14 3 7 65
15 3 5 35
16 3 3 20
17 3 5 25
18 3 4 30
19 3 3 20
20 3 4 30
21 3 3 25
22 3 5 50
23 3 2 20
24 3 2 30
25 3 4 40
26 3 6 50
27 3 5 30
28 3 4 30
29 3 4 35
30 3 5 40
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Table C.5 (Continued)

How How much
uestion : important the| the task is
UETON | subject #| MR Lood daily

daily life life
1 4 7 10
2 4 8.5 80
3 4 3.5 50
4 4 8.5 80
5 4 8.5 80
6 4 8.5 80
7 4 8.5 80
8 4 8.5 80
9 4 8.5 80
10 4 7.5 75
11 4 9 100
12 4 7.5 75
13 4 9 100
14 4 9 100
15 4 9 100
16 4 6 35
17 4 3.5 35
18 4 4 20
19 4 4 20
20 4 6 55
21 4 4 30
22 4 8.5 95
23 4 6 60
24 4 9 95
25 4 8 85
26 4 5 55
27 4 3.5 10
28 4 9 95
29 4 4 35
30 4 6 55
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Table C.5 (Continued)

How How much
Question Subject # important the| the tas!< is
# task is in used in
daily life daily life
1 5 9 90
2 5 9 90
3 5 9 90
4 5 8.5 80
5 5 8.5 80
6 5 6.5 60
7 5 6.5 40
8 5 7 40
9 5 6.5 20
10 5 5.75 20
11 5 9 90
12 5 6 20
13 5 9 90
14 5 8.5 90
15 5 6.75 20
16 5 7 50
17 5 8.25 80
18 5 6 10
19 5 7.5 50
20 5 5 30
21 5 5.75 40
22 5 9 90
23 5 5.75 35
24 5 8.25 90
25 5 9 90
26 5 6.75 60
27 5 9 90
28 5 5.25 30
29 5 7.5 90
30 5 5.75 30
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Table C.5 (Continued)

How How much
Question Subject # |mporta'1nt. the| the task IS
# task is in used in
daily life daily life
1 6 6.5 60
2 6 4 30
3 6 8 80
4 6 5.5 60
5 6 6 70
6 6 5 40
7 6 6 80
8 6 3 40
9 6 7 80
10 6 5 40
11 6 6 70
12 6 5 40
13 6 6.5 60
14 6 7 65
15 6 5 50
16 6 4 50
17 6 3 40
18 6 7 80
19 6 6 70
20 6 6 60
21 6 4 40
22 6 6 70
23 6 6 60
24 6 8 80
25 6 7 60
26 6 6 50
27 6 7 60
28 6 6 40
29 6 7 80
30 6 6 70

223




Table C.5 (Continued)

How How much
Question Subject # important the| the task is
# task is in used in
daily life daily life
1 7 4 40
2 7 5 15
3 7 6 10
4 7 7 25
5 7 7 30
6 7 8 30
7 7 8 40
8 7 6 10
9 7 6 20
10 7 7 10
11 7 6 30
12 7 5 20
13 7 6 30
14 7 6 70
15 7 6 25
16 7 7 30
17 7 7 40
18 7 5 30
19 7 4 50
20 7 5 40
21 7 6 35
22 7 7 60
23 7 5 20
24 7 6 50
25 7 7 40
26 7 6 40
27 7 7 50
28 7 6 45
29 7 7 45
30 7 6 50
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Table C.5 (Continued)

How How much
Question Subject # important the| the task is
# task is in used in
daily life daily life
1 8 9 100
2 8 8 70
3 8 9 100
4 8 7 70
5 8 7 70
6 8 8 80
7 8 7 60
8 8 8 70
9 8 8 80
10 8 6 60
11 8 9 100
12 8 6 60
13 8 8 70
14 8 9 100
15 8 8 65
16 8 7 65
17 8 7 67
18 8 5 56
19 8 7 72
20 8 6 52
21 8 5 45
22 8 9 100
23 8 7 74
24 8 9 100
25 8 8 92
26 8 8 78
27 8 8 75
28 8 6 52
29 8 8 89
30 8 7 68
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Table C.5 (Continued)

How How much
Question Subject # important the| the task is
# task is in used in
daily life daily life
1 9 9 100
2 9 8 90
3 9 9 100
4 9 6 70
5 9 6 70
6 9 8 90
7 9 8 80
8 9 7 50
9 9 8 80
10 9 6 50
11 9 9 100
12 9 8 90
13 9 8 80
14 9 9 100
15 9 9 90
16 9 7 70
17 9 6 50
18 9 8 75
19 9 8 70
20 9 8 80
21 9 7 80
22 9 7.5 50
23 9 9 100
24 9 8 70
25 9 8 70
26 9 8.5 60
27 9 7 80
28 9 9 80
29 9 9 100
30 9 9 80
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Table C.5 (Continued)

How How much
Question Subject # important the| the tas!< is
# task is in used in
daily life daily life
1 10 7 60
2 10 7 80
3 10 5 50
4 10 8 70
5 10 7 60
6 10 5 60
7 10 4 50
8 10 7 60
9 10 3 40
10 10 4 50
11 10 6 70
12 10 5 60
13 10 7 70
14 10 5 40
15 10 5 30
16 10 6 50
17 10 6 50
18 10 5 40
19 10 5 50
20 10 3 30
21 10 4 50
22 10 6 30
23 10 3 30
24 10 6 70
25 10 7 80
26 10 6 70
27 10 7 60
28 10 7 70
29 10 3 40
30 10 4 40
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Table C.5 (Continued)

How How much
Question Subject # important the| the task is
# task is in used in
daily life daily life
1 11 5 60
2 11 3 10
3 11 3 10
4 11 3 10
5 11 3 10
6 11 4 30
7 11 7 60
8 11 8 90
9 11 8 80
10 11 6 50
11 11 3 10
12 11 5 70
13 11 3 20
14 11 4 60
15 11 5 60
16 11 7 80
17 11 5 50
18 11 5 50
19 11 5 50
20 11 6 70
21 11 7 80
22 11 5 20
23 11 3 20
24 11 6 70
25 11 8 70
26 11 3 10
27 11 3 20
28 11 6 70
29 11 3 20
30 11 7 60
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Table C.5 (Continued)

How How much
Question Subject # |mporta.1nt. the| the task IS
# task is in used in
daily life daily life
1 12 7 20
2 12 3 10
3 12 7 30
4 12 9 60
5 12 9 60
6 12 9 60
7 12 3 20
8 12 9 70
9 12 9 10
10 12 4 30
11 12 9 50
12 12 4 30
13 12 9 10
14 12 9 50
15 12 9 50
16 12 9 10
17 12 9 50
18 12 10 10
19 12 9 10
20 12 9 10
21 12 10 50
22 12 9 40
23 12 9 50
24 12 10 50
25 12 7 50
26 12 9 40
27 12 10 60
28 12 10 50
29 12 9 10
30 12 9 10
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Table C.5 (Continued)

How How much
Question Subject # important the| the task is
# task is in used in
daily life daily life
1 13 7 70
2 13 6 60
3 13 6 60
4 13 7 70
5 13 7 70
6 13 6 60
7 13 6 60
8 13 7 70
9 13 5 50
10 13 5 50
11 13 8 80
12 13 7 70
13 13 8 70
14 13 9 90
15 13 7 70
16 13 7 70
17 13 7 70
18 13 7 70
19 13 8 70
20 13 7 70
21 13 9 90
22 13 8 80
23 13 6 60
24 13 7 70
25 13 7 70
26 13 8 80
27 13 8 80
28 13 6 60
29 13 7 70
30 13 7 70
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Table C.5 (Continued)

How How much
Question Subject # important the| the tas!< is
# task is in used in
daily life daily life

1 14 9 85

2 14 9 85

3 14 8 70

4 14 8 85

5 14 8 80

6 14 8 80

7 14 8.5 85

8 14 6 60

9 14 5 50
10 14 5 60
11 14 9 90
12 14 5 60
13 14 9 90
14 14 7 70
15 14 7 75
16 14 6.5 60
17 14 6.5 70
18 14 6.5 70
19 14 8 80
20 14 6 65
21 14 7 75
22 14 9 90
23 14 6 55
24 14 7 50
25 14 8.5 60
26 14 5 60
27 14 7.5 60
28 14 7 65
29 14 7 80
30 14 7 80
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Table C.5 (Continued)

How How much
Question Subject # important the| the task is
# task is in used in
daily life daily life
1 15 8 80
2 15 7 50
3 15 6 70
4 15 6 50
5 15 6 50
6 15 8 70
7 15 5 30
8 15 6 50
9 15 5 20
10 15 5 10
11 15 8 80
12 15 5 10
13 15 8 80
14 15 7 20
15 15 5 20
16 15 5 20
17 15 5 20
18 15 5 20
19 15 5 20
20 15 5 40
21 15 8 90
22 15 8 80
23 15 8 30
24 15 8 70
25 15 8 20
26 15 5 80
27 15 8 50
28 15 5 30
29 15 8 90
30 15 8 80
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Table C.5 (Continued)

How How much
Question Subject # important the| the tas!< is
# task is in used in
daily life daily life
1 16 8 90
2 16 3 10
3 16 4 40
4 16 6 70
5 16 4 40
6 16 5 60
7 16 5 50
8 16 4 40
9 16 6 70
10 16 5 50
11 16 7 80
12 16 5 40
13 16 8 80
14 16 9 80
15 16 5 20
16 16 3 10
17 16 3 10
18 16 4 10
19 16 4 10
20 16 5 40
21 16 4 20
22 16 7 80
23 16 3 10
24 16 7 70
25 16 5 40
26 16 4 20
27 16 6 70
28 16 3 10
29 16 6 70
30 16 8 60

233




Appendix C.9. Questionnaire Difficulty Level Evaluation

Table C.6. Questionnaire Difficulty Level

Serial | Subject | Question | Question | Question| Question| Question | Question | Question
# ID #1 #2 #3 #4 #5 #6 #T
1 3001 1 1 0 0 1 1 0
2 3002 1 1 0 1 1 1 1
3 3003 1 1 0 1 1 0 1
4 3004 1 1 0 1 1 0 0
5 3005 1 1 1 0 1 1 1
6 3006 1 1 1 1 1 1 1
7 3007 1 1 0 1 1 1 0
8 3008 1 1 1 1 1 1 0
9 3009 1 1 0 1 1 1 1
10 3010 1 1 0 1 1 1 1
11 3011 0 1 1 0 1 0 1
12 3012 1 1 0 1 1 1 1
13 3013 1 1 1 1 1 0 0
14 3014 1 1 1 1 1 1 1
15 3015 1 1 0 1 1 0 0
16 3016 1 1 0 1 1 0 1
17 3017 1 1 1 1 1 1 1
18 3018 1 1 0 1 1 1 1
19 3019 1 1 1 1 1 0 1
20 3020 1 1 0 1 1 1 1
21 3021 1 1 0 1 1 0 1
22 3022 1 1 1 1 1 1 1
23 3023 1 1 0 1 1 0 1
24 3024 1 1 1 1 0 1 0
25 3025 1 1 0 0 1 0 1
26 3026 1 1 1 1 1 1 1
27 3027 1 1 0 1 1 1 1
28 3028 1 1 1 1 1 1 1
29 3029 1 1 0 1 1 1 1
30 3030 1 1 0 1 1 1 1
31 3031 1 1 0 1 0 0 1
32 3032 1 1 0 1 1 1 1
33 201 1 1 0 1 1 1 1
34 202 1 1 0 1 1 1 1
35 203 1 1 0 1 1 1 1
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Table C.6 (Continued)

Question

#7

Question

#6

#5

Question | Question

#4

Question

#3

Question

#2

Question

#1

1
1
0
1
1
0
1
1
1
1
1
1
1

Subject

ID

208
210
211
216
217
218
219
220
221
222
223
226
227
4001

4003

4004

4005

4006

4007

4008

4009

4010

4011

4012

4013

4014

4015

Serial

36

37
38

39
40

41

42

43

44
45

46

47

48

50
51

52
53
54
55
56
57
58
59
60
61

62
63
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Table C.6 (Continued)

Question
#14

Question
#13

#12

#11

Question| Question| Question
#10

Question
#9

Question
#8

1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

1

Subject
ID

3001

3002

3003
3004

3005

3006
3007

3008
3009

3010

3011

3012
3013

3014
3015

3016

3017

3018

3019

3020

3021

3022

3023

3024
3025

3026

3027

3028

3029

3030
3031

3032

201
202
203
208

Serial #

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25

26
27
28
29
30
31

32
33

34
35

36
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Table C.6 (Continued)

Serial # Subject | Question | Question | Question| Question| Question| Question | Question
ID #8 #9 #10 #11 #12 #13 #14
37 210 1 0 1 0 1 1 1
38 211 1 0 1 1 1 1 1
39 216 1 0 1 1 1 1 1
40 217 1 0 1 1 1 1 1
41 218 1 1 1 1 1 1 1
42 219 1 1 1 1 1 1 1
43 220 1 0 1 1 1 1 1
44 221 1 1 1 1 0 1 1
45 222 0 0 1 1 1 1 1
46 223 1 0 1 1 1 1 1
47 226 1 0 0 1 0 1 1
48 227 1 1 1 1 1 1 1
50 4001 0 1 0 0 1 0
51 4003 1 1 1 1 1 1 1
52 4004 1 1 1 0 1 1 0
53 4005 0 0 1 1 1 1 0
54 4006 1 0 0 1 0 0 1
55 4007 1 1 0 1 1 1 1
56 4008 1 1 0 1 1 1 1
57 4009 0 0 1 1 1 1 0
58 4010 1 1 1 0 1 0 1
59 4011 1 1 1 1 1 0 1
60 4012 1 0 0 0 1 1 1
61 4013 1 0 1 1 1 1 1
62 4014 1 1 0 1 1 1 1
63 4015 1
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Table C.6 (Continued)

#21

20

#18

Question| Question| Question| Question #| Question
# 17 #19

Question
#16

Question
# 15

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

1

Subject
ID

3001

3002

3003

3004
3005

3006
3007

3008

3009

3010

3011

3012

3013

3014

3015

3016

3017

3018

3019

3020

3021

3022

3023

3024

3025

3026

3027

3028

3029

3030

3031

3032

201
202
203
208
210
211

Serial #

1
2
3
4
5
6
7
8
9

10
11
12
13

14
15
16
17
18
19
20
21

22
23
24
25

26
27
28
29
30
31

32
33

34
35

36
37

38
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Table C.6 (Continued)

Serial # Subject| Question | Question | Question| Question | Question| Question| Question

ID #15 #16 # 17 #18 #19 # 20 #21

39 216 1 1 0 1 1 1 0

40 217 1 1 0 1 1 1 1

41 218 1 0 0 0 1 1 1

42 219 1 1 1 0 1 0 1

43 220 1 1 1 0 0 1 1

44 291 1 0 1 1 1 1 0

45 299 1 0 1 0 0 1 0

46 293 1 0 1 0 1 1 0

47 296 1 1 0 1 1 1 1

48 297 1 0 0 0 1 1 1

50 4001

o1 4003 1

52 4004 1 1 0 1 1 0

53 4005 1 0 0 0 1

54 4006

55 4007 1 0 1 1 1

56 4008 1 1 1

57 4009 1 0 1 1

58 4010 1 0 1 1 1 0

59 4011 1 1 1 1 1

60 4012

61 4013 1 1 1 1 1 1 0

62 4014 0

63 4015
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Table C.6 (Continued)

Question
# 28

# 27

Question| Question
# 26

Question
#25

Question
#24

Question
#23

Question
#22

1
1
1
1
0
1
0
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
0
0
1
1
1
1
1
1

Subject
ID

3001

3002

3003
3004

3005

3006
3007

3008
3009

3010

3011

3012

3013

3014
3015

3016

3017

3018

3019

3020

3021
3022

3023

3024
3025

3026

3027

3028

3029

3030
3031

3032

201
202
203
208

Serial #

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25

26
27
28
29
30
31

32
33
34
35

36
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Table C.6 (Continued)

Serial # Subject | Question | Question | Question| Question | Question| Question| Question

1D #22 #23 #24 #25 # 26 # 27 # 28
37 210 0 1 1 0 0 1 0
38 211 0 1 1 1 1 1 1
39 216 1 1 1 1 1 1 0
40 217 1 0 1 1 1 1 1
41 218 0 1 1 1 0 1 1
42 219 1 1 0 1 1 0 1
43 220 1 1 1 1 1 1 0
44 221 0 1 1 1 1 1 0
45 222 0 1 0 0 0 1 0
46 293 1 1 1 1 1 0 1
47 226 1 1 0 1 0 1 1
48 227 1 1 1 1 1 0 0

241




Table C.6 (Continued)

Serial # Sulll?)ject Ql;esgon Ql;;eg(t)ion
1 3001 0 1
2 3002 1 1
3 3003 1 1
4 3004 1 1
5 3005 1 1
6 3006 1 1
7 3007 1 1
8 3008 0 1
9 3009 0 1
10 3010 1 1
11 3011 1 1
12 3012 1 1
13 3013 0 1
14 3014 0 1
15 3015 0 0
16 3016 1 1
17 3017 1 1
18 3018 1 1
19 3019 0 1
20 3020 1 1
21 3021 1 1
22 3022 1 1
23 3023 1 1
24 3024 1 1
25 3025 1 1
26 3026 1 1
27 3027 1 1
28 3028 1 1
29 3029 1 1
30 3030 1 1
31 3031 1 1
32 3032 1 1
33 201 0 0
34 202 1 0
35 203 1 1
36 208 1 1
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Table C.6 (Continued)

Serial # Sulkgect Ql;ezsgon Ql;e?s)gon
37 210 1 1
38 211 1 0
39 216 1 1
40 217 1 0
41 218 0 1
42 219 1 1
43 220 1 0
44 221 1 L
45 222 1 1
46 223 1 1
a7 226 1 1
48 227 0 1
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Appendix C.10. Results For Phase | And Phase Il First

Table C.7. Task Capacity Accuracy (Phase | and Phase Il First)

Phase |
Serial #| Subject ID Laboratory (Phase I) Task Capacity %
Phase |
1 3001 X 80
2 3002 X 80
3 3003 X 85
4 3004 X 65
5 3005 X 85
6 3006 X 75
7 3007 X 75
8 3008 X 80
9 3017 X 85
10 3019 X 75
11 3021 X 70
12 3022 X 85
Phase I
Serial # | SubjectID Laboratory (Phase II) Task Capacity po
1 3009 X 70
2 3010 X 65
3 3011 X 60
4 3012 X 65
5 3013 X 70
6 3015 X 70
7 3016 X 65
8 3018 X 70
9 3020 X 65
10 3024 X 80
11 3025 X 60
12 3026 X 70
13 3027 X 60
14 3029 X 65
15 3023 X 65
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Table C.8. SA Accuracy (Phase | and Phase Il First)

Phase |
_ Subject Situation
Serial # D Laboratory (Phase I)| Awareness
%
Phase | Phase I
1 3001 X 30
2 3002 X 100
3 3003 X 80
4 3004 X 90
5 3005 X 70
6 3006 X 90
7 3007 X 70
8 3008 X 70
9 3017 X 80
10 3019 X 80
11 3021 X 90
12 3022 X 90
Phase Il
_ Subject Situation
Serial # D Laboratory (Phase II) Awaor/eness
0
1 3009 X 70
2 3010 X 80
3 3011 X 60
4 3012 X 70
5 3013 X 50
6 3015 X 50
7 3016 X 90
8 3018 X 100
9 3020 X 80
10 3024 X 60
11 3025 X 70
12 3026 X 90
13 3027 X 100
14 3029 X 100
15 3023 X 90
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Appendix C.11. Results For Phase Il And Phase | Second

Table C.9. Task Capacity (Phase | and Phase Il Second)

Phase Il
. Task
Serial # Sultgect L(Ii?](;rsaéolg CaE)J/acity
0
Phase I
1 3001 X 60
2 3002 X 75
3 3003 X 70
4 3004 X 70
5 3005 X 75
6 3006 X 85
1 3007 X 60
7 3008 X 75
8 3017 X 85
9 3019 X 65
10 3021 X 75
11 3022 X 80
Phase |
. Task
Serial # Sultgect L(z;br:)ggéolr)y Cag)/acity
0
2 3009 X 85
3 3010 X 75
4 3011 X 60
5 3012 X 70
6 3013 X 85
7 3015 X 75
8 3016 X 80
9 3018 X 70
10 3020 X 60
11 3024 X 75
12 3025 X 70
13 3029 X 80
14 3023 X 80
15 3026 X 85
16 3027 X 70
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Table C.10. SA Accuracy (Phase | and Phase Il Second)

Phase Il
Serial # Subject | Laboratory i\lltvl;?gzzzls
ID (Phase II) %
Phase Il
1 3001 X 80
2 3002 X 90
3 3003 X 80
4 3004 X 90
5 3005 X 80
6 3006 X 80
1 3007 X 60
7 3008 X 80
8 3017 X 80
9 3019 X 80
10 3021 X 70
11 3022 X 90
Phase |
. Situational
Serial # SUItE)JeCt L&,bﬁggéo{f/ Awaoreness
%
2 3009 X 70
3 3010 X 90
4 3011 X 70
5 3012 X 60
6 3013 X 60
7 3015 X 80
8 3016 X 100
9 3018 X 80
10 3020 X 90
11 3023 X 70
12 3024 X 90
13 3025 X 70
14 3026 X 90
15 3027 X 80
16 3029 X 100
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