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SUMMARY

The International Classi�cation of Functioning, Disability, and Health (ICF) was devel-

oped by the World Health Organization (WHO, 2002) to capture the factors contributing

to disability at three levels (i.e., the body level - body function impairments, the individual

level - activity limitations, and the society level - participation restrictions). Despite being

the most comprehensive model so far and being widely used for designing for disability

(Sivan et al., 2014, Werle and Hauer, 2016), the ICF model does not recognize relevant

time concepts as contextual factors interacting with one's body functions and other ICF

components (e.g.,environmental factors) to affect activity engagement and participation.

As a result, the ICF model failed to identify challenges related to time (and its interaction

with other ICF components) that limit activity engagement and thus could not facilitate the

designs that address those challenges for individuals with disabilities.

Activity engagement is affected by time not only through the intrinsic time-related re-

quirements of the activity itself (such as the deadline for a project) but also through the

interaction between time, one's body functions and the environment. Individuals with dis-

abilities often suffer from barriers in the environment, which results in additional time

requirements to complete a task compared to those without disabilities (Shari� et al., 2017,

Boyce et al., 1999, Chen et al., 2013). The additional time requirements make individuals

with disabilities more susceptible to time pressure (Pagán-Rodŕ�guez, 2013, Strazdins et al.,

2016) and time constraints associated with the activities (Henderson et al., 1995, Church

and Marston, 2003). Since the additional time needed by individuals with disabilities can

be attributed to their body structure impairments and the physical environment rather than

mere individual differences, time should be recognized as a standalone component in the

ICF model instead of being lumped into the component of personal. Effective planning

and scheduling of activities is an important way to ensure activity engagement takes place

within the corresponding time constraints, especially those constraints with high cost if
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being violated (e.g., missing work or a �ight)(Damm and Lerman, 1981, Furuichi and

Koppelman, 1994, Damm and Lerman, 1981, Habib, 2011).

This project presents a design case study about the design and evaluation of a travel

planning mobile application named ALIGN 2.0 for travelers with mobility impairments.

The design case study aims to provide primary research evidence to support the inclusion

of temporal factors in the ICF model (i.e., the modi�ed ICF model). The ALIGN 2.0 app

was designed and evaluated according to the proposed modi�ed ICF model to facilitate the

management of time-related challenges faced by travelers with mobility impairments.

The speci�c aims of this project were:

1. Design ALIGN 2.0 by modifying Georgia Tech's ALIGN ATL app (ALIGN 1.0)

according to the modi�ed ICF model.

2. Evaluate ALIGN 2.0 for its effectiveness in facilitating individuals with mobility im-

pairments to manage time-related challenges when using mixed-mode transportation

(i.e., walking and the use of public transit). Speci�cally, the different types of travel

information provided in ALIGN 2.0 were evaluated for their effects on travel time

allocations.

3. Re�ne the modi�ed ICF model and/or the proposed pathways between temporal fac-

tors and other ICF Components based on the evaluation outcome of ALIGN 2.0.

The direct output of this project is the ALIGN 2.0 app that provides customized travel in-

formation including the customized travel time estimates and the additional environmental

information for wheelchair users to manage time-related challenges when traveling.

The second output of this project is a modi�ed ICF model that includes temporal factors

as additional contextual factors. The modi�ed ICF model helps identify and facilitates the

design for the time-related challenges faced by individuals with disabilities.

The outcome of this project is the recognized role of time in activity engagement and

how it interacts with other components in the existing ICF model. By revealing the mech-

xix



anisms of how time could interact with the ICF components to result in challenges, the

modi�ed ICF model with temporal factors not only provides guidance on the development

of solutions to address those time-related challenges within the �eld of design research, but

also can more broadly inform new research directions in the �elds of time-use research,

health, disability research and public policy.
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CHAPTER 1

BACKGROUND

1.1 Overview of the International Classi�cation of Functioning, Disability and Health

(ICF) and Its Limited Recognition of Time-related Contextual Factors

The most recent development in understanding disability is captured in the International

Classi�cation of Functioning, Disability and Health (ICF) developed by the World Health

Organization (WHO, 2002). The ICF model provides a comprehensive view of functioning

and disability based on the “biopsychosocial model”, which de�nes one's functioning at

three levels: the body (i.e., body functions and structures), individual (i.e., activity engage-

ment) and societal levels (i.e., social participation). Accordingly, the de�nition of disability

has been extended to include not only impairments in body functions and structures but

also restrictions in activity engagement and limitations in social participation. Moreover,

disability at these three levels interact with each other. For example, having mobility im-

pairments may prevent one from engaging in physical activities and limit their participation

in their community or workplace. The mobility impairments, at the same time, may be af-

fected by engaging or failure to engage in physical activities such as in the case of rehabili-

tation (Rimmer, 2006 , Bilbao et al., 2003, Williams and Willmott, 2012). As the de�nition

of disability extends, the group of potential contributors to disability also expands to in-

clude not only one's health conditions but also contextual factors (i.e., the environmental

factors and personal factors) that interact with the health conditions. The dynamic inter-

actions between one's health conditions and the contextual factors affect one's functioning

and thus could result in disability at any one or more of the three levels of functioning(i.e.,

body, individual, and societal). (See Figure 1.1)
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Figure 1.1: The ICF components and the interactions between the components suggested
by WHO

By recognizing the potential contribution of the contextual factors to disability, the ICF

model is, at the same time, acknowledging or even emphasizing the opportunities of mod-

ifying existing contextual factors or introducing new ones to mitigate the adverse impact

of one's impaired body functions on activity engagement and participation (Vanleit, 2008,

Limsakul et al., 2020). These modi�cations of existing contextual factors and the introduc-

tion of new ones can take the forms of behavioral interventions (Rimmer, 2006), accessible

designs, or assistive technologies (Sivan et al., 2014, Werle and Hauer, 2016). This unique

neutrality has made the ICF model useful not only as a tool to identify challenges faced

by individuals with disabilities, but also as a tool to inform the design of facilitators that

eliminate or mitigate the adverse impact of disability.

Despite the potential of being a useful design tool, it is worth stressing that the use-

fulness of the ICF model is dependent on its capability of accurately capturing the rele-

vant contextual factors and recognizing the interactions between the contextual factors, the

disability at three levels (i.e., impairments, activity restrictions, and participation limita-

tions), and health. When recognizing contextual factors, the ICF model has understated
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the importance of time in setting the context for performing body functions, engaging in

activities and social participation, and its potential contribution to disability at these three

levels. Currently, the ICF model recognizes time-related context in an extremely limited

way. The only recognition of time-related context is the classi�cation of “time-related

changes”(classi�cation e245) as a part of the natural environment, such as “day/night cy-

cles” (classi�cation e2450) and “lunar cycles” (classi�cation e2451) and it is being lumped

into the environmental factor component. These “time-related changes” are merely the ac-

knowledgement of time as a natural phenomenon (e.g., the day/night cycles) rather than a

contextual factor affecting functioning. Moreover, the recognized “time-related changes”

are just a small subset of the concepts of time through which the time-related context could

be characterized. Other concepts of time such as different points in time (e.g., the work-

ing hours) and time intervals (Zimmermann et al., 2007) that are more directly related to

functioning such as task performance have been largely overlooked.

This failure of recognizing more relevant concepts of time as contextual factors to one's

functioning re�ects a limited understanding of the role of time in one's functioning at the

three levels and the interactions between time and other contextual factors. The limited

understanding of the role of time embodied by the ICF model limits the use of the model

in identifying time-related challenges faced by individuals with disability, causing those

challenges to remain unsolved. In the following two sections, the case about the ICF model

failing at recognizing certain time concepts (i.e., different types of time) that are crucial

to functioning and disability will be further made by �rst identifying two types of time

that create the mechanism through which one's functioning at the activity level could be

affected, and then using the mechanism involving the two types of time to examine the

time-related challenges faced by individuals with disability.
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1.2 The Role of Time in Activity Engagement

When examining activity engagement in the disability context, practitioners tend to view

activities in an isolated fashion in which activities of our daily life are segmented into var-

ious types and examined with relatively fewer variables in terms of the type(s) of body

functions and environmental characteristics involved (Berger and Porell, 2008, Katz et al.,

1970, Dunlop et al., 1997). This viewpoint tends to overlook the fact that our daily life

consists of streams of activities. The activities are carried out in relation to each other

on the time dimension rather than independently with no regard to each other (M. S. Lee

and McNally, 2003, Doherty and Miller, 2000). To engage in an activity would inevitably

place the activity on the dimension of time, which makes time a necessary contextual fac-

tor in every activity just like the role of the physical environment. Activities are usually

planned and carried out within a �xed time frame (e.g., a day) based on a variety of fac-

tors including time expenditure (or required time) and the utility of individual activities

(Habib, 2011, V̈astberg et al., 2020). As a result of planning, each activity is bounded with

a certain amount of time that is allocated for engaging in that speci�c activity (i.e., allo-

cated time/time constraints). Depending on the strictness of these time constraints, failing

to meet them could result in various types of “penalties” (Hoogendoorn and Bovy, 2004,

Small, 1982), which are the adverse effects on the engagement of activities. These “penal-

ties” act on not only the activity that the violated time constraint is associated with, but

also other activities that are following because they share the same �xed time frame. The

severity of the “penalties” is dependent on the strictness of the time constraints. If a time

constraint imposed by others is so strict that it becomes part of the activity goal, such as

in the case of catching a �ight or taking an exam, the “penalty” of not meeting the time

constraint means unsuccessful engagement. In cases where time constraint is less strict

because it is self-imposed, not meeting the time constraint, may not result in the failures

to engage in that activity, but may result in less time available for subsequent activities as
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“penalties”. Such “penalties” will adversely affect the engagement of the following activ-

ities. For instance, when the available time for the following activities is less than what

is originally allocated, one may have to rush through or skip some of the activities, and/or

suffer from time pressure (G̈arling et al., 1999).

As the description of the condition “failing to meet the time constraints” suggests, sim-

ply having a time constraint does not necessarily lead to the “penalties” such as engagement

failures or the adverse effects on other activities. It is when the time constraint is not met,

the engagement of an activity or that of a series of activities become affected. This situa-

tion involves another type of time de�ned as “required time”, which results from the actual

engagement of an activity rather than the planning of it (Benson III et al., 1998, Ordóñez

et al., 2015). Although the allocation of available time (or the placement of time constraint)

is partly driven by the expected required time for an activity (Habib, 2011, M. S. Lee and

McNally, 2003), the allocated time does not always match the actual time required to en-

gage in an activity (Hall, 1983). When the amount of required time to complete an activity

exceeds the amount of time available to that activity, time constraints are unmet and “penal-

ties” occur. This is essentially the mechanism through which the two types of time affect

activity engagement (See Figure 1.2).

Figure 1.2: The mechanism showing how required time and available time affect activity
engagement

However, because activity engagement is just one component of functioning in the ICF

model, simply describing the mechanism how time affects activity engagement is not suf-
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�cient to demonstrate that the two types of time are integral to the ICF. What makes the

mechanism and the two types of time more relevant to the ICF model is the involvement

of other ICF components in the working of this mechanism, especially the component of

body functions and structure representing functioning and disability in the conventional

de�nition. Individuals with disabilities are not exempt from being affected by time when

engaging in activities through the above-mentioned mechanism. Moreover, having a dis-

ability makes them more susceptible to the condition in which the time constraint is violated

and the suffering of the consequent “penalties”.

In the next section, the time-related challenges faced by individuals with disabilities that

prevent them from meeting the time constraint in activity engagement will be examined.

The examination will be conducted through the lens of the ICF model to reveal the ICF

components involved in the working of the above-mentioned mechanism to create the time-

related challenges, and their possible relationship with the two types of time (i.e., available

time and required time). The revelation of the involvement of the ICF components and

their relationship with the two types of time will highlight the gap of failing to recognize

those types of time as contextual factors in the ICF model.

1.3 Time-Related Challenges Faced by Individuals with Disability: The Interactions

Between Time and ICF Components

Compared to those without disability, individuals with disability are more susceptible to the

condition in which the time constraints are violated (i.e., when a task can not be completed

within the planned time for it). Although there is no research measuring such susceptibility

in an objective way, research on time pressure experienced by individuals with disability

as a subjective measure of the susceptibility can shed some light on the issue. Time pres-

sure is a type of stress individuals experience when they worry about violating the time

constraints ( Rastegary and Landy, 1993). It is correlated with the difference between

available time and required time for a task (Benson III et al., 1998, Ordóñez et al., 2015).
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In a survey investigating the frequency of experiencing time pressure in daily life, 42.7%

of the individuals with severe disability reported “very often” compared to only 11.6% of

the individuals without disability (Pagán-Rodŕ�guez, 2013). In another study investigating

how women with physical disabilities engage in leisure activities, an individual with cys-

tic �brosis attributed the feeling of being pressed by time to her disability“I don't have

time, as much time to myself as I want. Meaning that I've lost this big block of time to

my illness. And I resent it, I really resent it . . . ”(Henderson et al., 1995). Despite lack-

ing more substantial and objective data showing that individuals with disability are more

likely to experience the condition where the time constraints are violated, the data about

the time pressure is enough to indicate some degree of association between disability and

the susceptibility of the condition, and establish the need for investigating such association.

The association between disability and the undesired condition of having violated time

constraints can be investigated through a set of time-related challenges faced by individuals

with disability. Time-related challenges are de�ned as challenges that prevent one from

meeting the time constraints and are created by one or more ICF components in addition

to activity engagement. Since meeting (or violating) time constraints involves both the

available time (or the time constraint) and the required time, the examination of time-related

challenges essentially is about examining the interaction between the ICF components that

create the challenges, and the two types of time which the challenges could affect.

1.3.1 Time-RelatedChallengesRepresentingthe InteractionBetweenBody Functions,

theRequiredTime andAvailableTime

Individuals with disabilities usually function at a lower speed when using the type(s) of

body functions and structures that are impaired. For example, the gait speed of mobility-

impaired stroke patients is slower than those without mobility impairments (Perry et al.,

1995).The same is seen in individuals with vision impairments. Vision impairments such

as contrast and acuity losses are reported to be associated with lower speed in performing
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task that require vision such as reading, and using stairs (Krischer and Meissen, 1983, West

et al., 2002).

The lower speed translates into more required time, which makes individuals with dis-

abilities less likely to complete a task within the amount of available time compared with

those without disabilities. This category of challenges becomes more prominent when the

available time is not negotiable (i.e., when there are strict time constraints), such as in the

case of catching a �ight or taking an exam (Smith and Amato, 2012). In this category of

challenges, only the ICF component of body functions and structures (in addition to activ-

ity engagement) is involved and its relationship with the required time and available time

is examined above.

1.3.2 Time-RelatedChallengesRepresentingthe InteractionBetweenBody Functions,

EnvironmentalFactors,andtheRequiredTimeandAvailableTime

With the introduction of environmental factors in the examination of time-related chal-

lenges, the required time is not only affected by one simply functioning at a lower speed

due to their impairments, but also by the interaction between the impairments and the char-

acteristics of the physical environment. Several studies have found that the travel speed of

individuals with vision and mobility impairments is more adversely affected by different

environmental characteristics, compared with those without disabilities(Shari� et al., 2017,

Shari� et al., 2016, Boyce et al., 1999). Moreover, individuals with disabilities are often

forced to choose a different environmental feature that is accessible, such as a longer ramp

vs. a shorter stair. Such choices have rami�cations on required time. For instance, a study

in London found that accessible routes are 50% longer than inaccessible ones among half

of the most traveled journeys with the same origins and destinations (Ferrari et al., 2014).

Another study comparing the routes preferred by wheelchair users with the shortest ones

found that the preferred routes were on average 14% longer than the shortest ones (Kasem-

suppakorn et al., 2015). The additional distance of the accessible routes results in more
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travel time required to complete. The additional required time is not necessarily caused by

the slower travel speed, but is attributed to the impact of the accessible environment. Again,

when the amount of time available is not negotiable (i.e., with strict time constraint), the

additional required time caused by the longer distance could create an activity restriction

because it fails to support the successful engagement in an activity within the available time

(Church and Marston, 2003).

In addition to affecting required time, the interaction between one's impairments and

the environment could affect the allocation of available time. As suggested by several

studies, the allocation of available time is primarily determined by estimating the required

time for an activity and plan accordingly (Habib, 2011, Damm and Lerman, 1981, M. S.

Lee and McNally, 2003). When individuals with disability need to operate in an unfamiliar

environment, it is dif�cult to estimate the required time because of the uncertainty in the

dynamic interaction of one's body functions and environmental factors, such as location

and length of an accessible route (Prescott et al., 2021, Müller et al., 2022, Hall, 1983).

The dif�culties create challenges for allocating the appropriate amount of available time

for an activity. Although required time information about indoor environments is scarce,

such information is available for outdoor environments through existing online services

such as Google maps. However, the information provided does not take into account the

interaction of an individual's impairments and the various environmental characteristics

they would encounter. As a result, the information is less reliable or useful for those with

disabilities.

1.3.3 TheGapin theICF ModelHighlightedby theTime-RelatedChallenges

By examining the time-related challenges faced by individuals with disabilities in meet-

ing the time constraints and showing the possible relationships between the two types of

time (i.e., available time and required time) and multiple ICF components in creating those

challenges, it becomes clear that the current ICF model lacks the accounts of the two types
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of time that are crucial in determining the temporal context for activity engagement. The

effects of the two types of time on one's functioning could even be expanded to participa-

tion (i.e., functioning at the societal level). For example, extended test time is a commonly

provided accommodation to students with disabilities (Smith and Amato, 2012). Without

such accommodation, students with disabilities may not be able to complete their tests on

time, which will result in failed tests or even school dropouts. This will greatly affect their

social participation as students and future employees.

To capture a more comprehensive list of contextual factors that are related to func-

tioning and more accurately re�ect the activity engagement limitations and participation

restrictions faced by individuals with disabilities, the ICF model needs to incorporate the

two types of time as additional contextual factors and illustrate the effects of the two types

of time on functioning through the interactions between the existing ICF components and

the two types of time. Doing this will expand the applications of the ICF model to identify-

ing the time-related challenges mentioned above, and guiding the designs of environmental

facilitators that could solve or mitigate those challenges to enhance functioning.
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CHAPTER 2

PRIOR WORK: MODIFY THE ICF MODEL TO INCLUDE TEMPORAL

FACTORS

Summary

This chapter gives an overview of the prior work completed by me that leads to the develop-

ment of the proposed project, including its purposes, speci�c aims and research questions.

Section 2.1 describes a design case study attempting to answer the question of how to facil-

itate individuals with disabilities to engage in time-constrained activities through planning.

The question and the answering of it involves the investigation of the relationship between

time (i.e., time constraints) and multiple ICF components (i.e., disability, activity engage-

ment, and the design as an environmental facilitator). It is thus extremely relevant to the

problem identi�ed by the proposed project, which is the ICF model lacking the recogni-

tion of crucial time-related concepts. The design case study focused on designing a mobile

application, GatePal to provide time information along with activity and environmental in-

formation to facilitate air travelers with disabilities plan and engage in various activities

(e.g., going through security check) at the airport before departure. The design case study

included a formative survey investigating user needs for time information and the relevant

factors that affect those needs (see Section 2.1.2), as well as the design and evaluation of

the GatePal app to provide time and other relevant information for departing airline travel-

ers with disabilities (see Section 2.1.3). The research �ndings from the design case study

provided valuable primary data on the interactions between time (in the forms of available

time and required time) and the existing ICF components, which supported the inclusion

of the two types of time in the ICF model.

Based on primary data obtained from the design case study of GatePal regarding the
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interactions between time and the ICF components, a modi�ed ICF model is proposed to

recognize the available time and required time for engaging in an activity (or activities) as

temporal factors. The proposed modi�ed ICF model and a diagram illustrating the proposed

interactions between the temporal factors and other components in the modi�ed ICF model

are presented in Section 2.2. They serve as the theoretical foundation and have informed the

development of the purpose, speci�c aims, and the methodology for the proposed project.

2.1 Design for Individuals with Disability to Engage in Time-Constrained Activi-

ties: A Case Study on Travel Planning App Design for Departing Travelers with

Disabilities at the Airport

As indicated by the literature on the role of time in activity engagement (as detailed in

Section 1.2 of the Background chapter), the available time and required time together de-

termines the temporal context for activity engagement (Benson III et al., 1998, Ordóñez

et al., 2015). To prevent individuals with disabilities from being adversely affected by the

temporal context, facilitators that solve one or more of the time-related challenges (as iden-

ti�ed in Section 1.3 of the Background chapter) should be introduced. As the time-related

challenges are de�ned as challenges that prevent one from meeting the time constraint in

activity engagement, the facilitators are essentially any solutions that increase the proba-

bility of successful engagement within the time constraint.

2.1.1 TheNeedfor TravelPlanning

Activity planning is an important step in activity engagement where the schedule and time

constraints of an activity are determined or managed if the time constraint is posed by exter-

nal entities such as the time limit of an exam(Damm and Lerman, 1981, Eder et al., 1999).

The schedule and the time constraints are determined primarily based on the estimated

amount of time required for each activity(Habib, 2011, M. S. Lee and McNally, 2003). In

the case of travel planning, it is no surprise that the time-related travel information such as
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travel time estimates, and public transit schedules(e.g., departure time, delays, and waiting

time) is one of the most needed types of information for making travel decisions ( Groten-

huis et al., 2007, Ben-Elia et al., 2008). Time-related travel information, along with other

travel information, bene�ts travelers by allowing them to plan effectively (e.g., schedul-

ing, making transportation choices) (Polak and Jones, 1993), and travel more ef�ciently

(Wootton et al., 1995, Grotenhuis et al., 2007), and reducing stress (Watkins et al., 2011).

However, allocating an appropriate amount of time for an activity (or a series of activi-

ties) is a challenge for individuals with disabilities due to the dynamic interactions between

their body functions and the environment. In the case of travel, the investigation of the

bene�ts of time-related travel information including those standard travel time estimates

provided in the existing travel planning apps (e.g., Google Map and MapQuest) (Google,

2005, MapQuest, 1996) has not been extended to travelers with disabilities. Further inves-

tigation on the effectiveness of time-related travel information on facilitating individuals

with disabilities to plan and engage in traveling is thus needed. To address this need for

further investigation, a design case study on designing a travel planning application that

provides time information for departing air travelers with disabilities was conducted. In

the design case study, a formative online survey was �rst conducted to assess user needs

of air travelers with disabilities, and a travel planning application “GatePal” was designed

and evaluated by the target population. Through the use of the designed artifact (i.e., the

GatePal application) as a medium, the effectiveness of time-related travel information to

air travelers with disabilities at the airport was investigated.

2.1.2 OnlineSurveyAssessingtheImpactof TimePressureandActivity TypesonUsers'

Needsfor TravelTimeEstimatesandEnvironmentalInformationat theAirport

2.1.2.1 Purpose

In order to support the design of a travel planning app that helps departing travelers with

disabilities plan and engage in activities under time constraints at the airport, an online
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survey was designed to investigate the user needs for time information(e.g., indoor travel

time estimates) for travelers with disabilities under conditions in which the levels of time

pressure (induced by varying available time) and the types of activity varied. Additionally,

the needs for environmental information about route characteristics were assessed to un-

derstand the effects of time pressure on route planning. Travelers without disabilities were

also included in the survey to investigate if any of the needs were speci�cally associated

with a disability (or disabilities).

2.1.2.2 Method

Survey Design.Several variables representing ICF components and time were incorporated

in the setups of the scenarios. The three independent variables involved in the survey were

the amount of available time, the types of activities (representing the “activity” component)

and the body functions (representing the “body functions and structures” component). The

needs for time and environmental information provided via a mobile application were as-

sessed as the two dependent variables.

The survey assessed the needs for time and environmental information by asking the

participants to rate the usefulness of the information about the estimated required time for

an activity plan (including travel and wait time) in a set of airport indoor travel scenar-

ios where two of the three independent variables varied. The scenarios varied in terms of

1) levels of time pressure induced by varying the available time - high and low; 2) travel

activity types - discretionary (going to a restaurant) and mandatory (going to the security

checkpoint). The inclusion of participants with and without disabilities was the implemen-

tation of having body functions as the third independent variable. (See Figure 2.1 for the

survey design)
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Figure 2.1: Independent variables and dependent variables representing the corresponding
ICF components (i.e., time, activity, body functions, and environmental factor) in the sur-
vey design

Participants. In total, forty-six participants were enrolled in the survey among which

twenty-one participants did not have any disabilities and the other twenty-�ve participants

had one or more disabilities. Figure 2.2 shows the speci�c impairment types of the partici-

pants who were with disabilities.

Figure 2.2: The impairment types of the participants with disabilities

Procedures.Participants were asked to rate the helpfulness of the information of re-

quired time for each task in each scenario. At the end of each scenario, a list of seventeen
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environmental characteristics was given and participants were asked to select �ve from the

list that they considered important in their route planning decisions under the scenario.

2.1.2.3 Findings and Their Implications on the Interactions Between Time and the In-

volved ICF Components

Participants all reported that information about required time was useful. With the intro-

duction of the required time information, participants also demonstrated different decision

criteria for route selections in different temporal contexts. Findings related to the interac-

tions between time and the involved ICF components were selected and reported in terms

of the corresponding pathways representing the interactions they support.

In Figure 2.3, the supported pathways between time and the involving ICF components

are presented with the labels referring to the speci�c �ndings in the online survey (labeled

as “OS Findings” for “Online Survey”).

Figure 2.3: The pathways between time and the involving ICF components supported by
the �ndings from the formative online survey
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The importance of time in activity engagement: Findings regarding the general help-

fulness of time information in activity engagement.

• OS Finding 1.Time information was rated to be helpful, regardless of activity types,

ability groups, or time pressure. The mean ratings of all participants' are shown in

Figure 2.4 and Table 2.1, with the highest being 4.22 (sd = 0.94) (for mandatory

task in high time pressure scenario) and the lowest being 3.89 (sd = 0.99) (for dis-

cretionary task in low time pressure scenario) on a scale of 1 to 5 (1 - not helpful

at all; 5 - extremely helpful). All the mean ratings were above the score of 3 which

would indicate a neutral rating (p< 0.001, see detailed one-sample t-test results in

Appendix I).

Figure 2.4: The ratings of the helpfulness of time information by all participants by scenario
and task

The pathway from other ICF components to time: Findings regarding the speci�c im-

pact of other ICF components on the helpfulness of time information.
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Table 2.1: Descriptives of the helpfulness ratings for all participants

count mean sd
ScnATask1 46 4.22 0.94
ScnATask2 46 4.02 1.09
ScnBTask1 46 3.98 0.8
ScnBTask2 46 3.89 0.99

• OS Finding 2.Time information was most helpful in the situation where the activity

was mandatory (and the time pressure was high). By performing a paired t-test com-

paring the differences in the ratings within each individual across different activity

types and different time pressure, the difference in the ratings of time information in

mandatory tasks and discretionary tasks had a trend for being signi�cant (p =0.065)

in the scenario of high time pressure (see in Figure 2.5).
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Figure 2.5: The paired comparisons across conditions where the time pressure and activity
type vary

• OS Finding 3. There was no signi�cant difference between the perceived helpful-

ness of time information among individuals with and without disabilities. The mean

ratings of the helpfulness of time information by individuals with and without dis-

abilities is presented in Figure 2.6, Table 2.2, and Table 2.3. A two-sample t-test was

performed to test whether individuals with disability would consider the helpfulness

of time information to be different than that perceived by those without disability.

None of the comparisons of the differences between participants was signi�cant (us-

ing a signi�cant level at p< 0.05). This �nding indicates that the general idea of

providing time information is considered helpful regardless of whether one has dis-

ability or not. It serves as supporting evidence for the need for investigation of how
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Table 2.2: Descriptives of the helpfulness ratings for participants with diasbility

count mean sd
ScnATask1 25 4.04 1.1
ScnATask2 25 3.84 1.18
ScnBTask1 25 3.88 0.93
ScnBTask2 25 3.96 1.02

Table 2.3: Descriptives of the helpfulness ratings for participants without disability

count mean sd
ScnATask1 21 4.43 0.68
ScnATask2 21 4.24 0.94
ScnBTask1 21 4.1 0.62
ScnBTask2 21 3.8 0.98

to provide more useful and usable time information to individuals with disability.

Figure 2.6: The mean ratings by individuals with and without disabilities under the four
conditions with time pressure and activity types varying

The pathway from time to other ICF components: Findings regarding the speci�c im-

pact of time information on other ICF components.
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• OS Finding 4. With the time pressure induced by the required time information,

individuals with and without disabilities adopted different route selection criteria

regarding the environmental characteristics of a route. Although there was no sta-

tistically signi�cant difference in the helpfulness of time information, as shown in

OS Finding 3, individuals with and without disabilities utilized the time information

to determine their route decision criteria under different time pressure. The top �ve

most important environmental characteristics for route decisions by individuals with

and without disabilities under scenarios with different time pressure are presented in

Table 2.4 with the percentages of respondents who reported so.

Table 2.4: The top �ve of most important environmental characteristics as route selection
criteria*

*with differences in the selections between participants with and without disability highlighted

using bold and italic texts; and the differences in the selections between time pressure within the

same ability group highlighted using underlines

** Six environmental characteristics are included due to having the same percentage of selections

by individuals with disabilities under the scenario with low time pressure

The pathway between different types of time: Findings regarding the impact of the

temporal context on the helpfulness of time information.
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• OS Finding 5. Time information was most helpful in the situation where the time

pressure was high (and the activity was mandatory). By performing a paired t-test

comparing the differences in the ratings within each individual across scenarios with

different time pressure, the difference in the ratings of time information under dif-

ferent levels of time pressure was signi�cant (p =0.027) for mandatory tasks (see in

Figure 2.5).

2.1.3 TheDesignof GatePal:anAirport Activity PlanningApp for All

Based on the �ndings from the online survey study, an airport activity planning app “GatePal”

(Liu et al., 2016) was designed to provide time information and other relevant information

for departing travelers with disabilities at the Atlanta airport. In GatePal, three different

types of information regarding activity, time, and physical environment are provided to fa-

cilitate the planning of activities with the most important activity being getting to the gate

on time for departing. The three types of information are provided through the designs of

several functions of GatePal. The following sections provide a brief introduction of the

types of information and the functions that are involved in delivering that information. In

terms of the target population of GatePal, it was designed to be usable by all following

a universal design approach, meaning it considered the needs of travelers with a diverse

functional abilities.

2.1.3.1 Activity Information

The activity information was implemented through two main features of the app: Get to

Gate mode and Explore mode. The Get to Gate mode and Explore mode were separated to

make a clear distinction between the mandatory activities and discretionary activities to fa-

cilitate the achievement of the overall goal (i.e., catching a �ight) while giving opportunities

for travelers to explore and engage in additional activities at the airport (see in Figure 2.7).

In the Get to Gate mode, travelers would choose the activities they need to perform from a
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prede�ned “to-do list” at the beginning of the journey and follow the step-by-step guidance

to get to the boarding gate area. The “to-do list” includes a set of mandatory activities

for boarding a plane (e.g., check-in, security check). In the Explore mode, information

about optional activities that are available at the airport, including amenities like dining

and shopping was provided.

Figure 2.7: The screenshots of the “Get to Gate” mode (left) and the “Explore” mode (right)

2.1.3.2 Time Information

In GatePal, estimates of the travel time to different activity areas were provided for travel-

ers to make decisions on the destinations for activities and routes (see the �rst screenshot

in Figure 2.8). In addition, within the Get to Gate mode, the overall time estimates for

completing the required activities were presented to travelers (see the second screenshot in

Figure 2.8). Travelers' �ight information was provided in the application under the “travel

info” tab, which involved the time information related to the �ight such as the departure

time and any changes of schedules (see in the third screenshot in Figure 2.8). To enhance

the accuracy of the travel time estimates, a function was designed to allow travelers to cus-

tomize their walking speed (see the �rst screenshot in Figure 2.9). Travelers would indicate
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their walking speed by choosing from two presets: fast and slow. Instead of only using dis-

tance and the average gait speed to calculate the estimated walking time, integrating the

customized walking speed would make the travel time estimates more accurate thus more

useful for travelers with different mobilities.

Figure 2.8: The screenshots of travel time estimate to get to an activity area (left), the
overall time estimate for mandatory activities (middle), and the �ight information involving
time (right)

2.1.3.3 Environmental Information

Information about environmental features, such as the locations of elevators or information

kiosks was provided in GatePal through the functions of exploring the “route features” of

a suggested route (see in Figure 2.9). At the beginning of using the app, travelers were

asked to select from a list of thirteen environmental features including physical barriers

and facilitators that they considered important (see the �rst screenshot in Figure 2.9). The

list was adapted from the list of environmental features used in the online survey study

that included indoor features that are common at the airport (see Section 2.1.2.3). Once

the environmental features had been selected, they were presented as route features when a

generated route had those environmental features.
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Figure 2.9: The screenshots for the selection of route features to be informed of (left), and
the displays of route features (middle and right)

2.1.4 TheEvaluationof GatePalby Individualswith DisabilitiesandOlderAdults

2.1.4.1 Purpose

The design of GatePal was based on the universal design approach that it was designed for

travelers with a large range of functional abilities. The purpose of the evaluation of GatePal

was to evaluate the usefulness and usability of its major functions in facilitating travelers

with different ability levels to plan their activities, including traveling to different activity

locations at the airport. In order to evaluate GatePal, a user testing was undertaken at the

airport to gather qualitative feedback regarding the utility and usability of it.

2.1.4.2 Methodology

Study Design.The in-context user testing approach was used to evaluate GatePal at the

Harts�eld-Jackson Atlanta International Airport. This approach enabled data collection

based on a more realistic experience and feedback by having participants use the applica-

tion in its intended environment. The ”thinking aloud method” (Lewis, 1982) was used to

understand participants' intentions and experience while using the speci�c features of the
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application. Post-trial interviews were used to debrief their experience with using GatePal

to plan for activity engagement and navigation. The travel time used in the study was calcu-

lated manually using distance and average walking speed, and waiting time information at

the security check was drawn from the airport's website (Harts�eld-Jackson Atlanta Inter-

national Airport, 2022). The study protocol was reviewed and approved by the Institutional

Review Board (IRB) at Georgia Institute of Technology with an expedited review.

Participants. Participants were recruited from a research participant registry main-

tained by the Rehabilitation Engineering Research Center on Technologies to Support Ag-

ing with Long-term Disabilities at Georgia Tech. The study included participants who

are older adults and/or having any types of disability to represent the diverse ability range

that GatePal was designed for. Participants were also required to have previous air travel

experience to ensure they are familiar with the airport-related tasks such as check-in and

security check and the airport navigation settings (i.e., traveling between different activity

areas to complete those tasks). A total of eight participants, two males, and six females

were included in the study. The age range of the participants was between 46 and 74, and

the mean age was 66 (sd = 9.2). All participants were smartphone users and very familiar

with touchscreen devices, as measured by scores on the Likert scale measure of familiarity

with technology (mean = 4.25, sd = 1.04, where 0=”not familiar at all”; 5= “extremely

familiar”). Participants were also familiar with navigation systems such as Google Maps

and Waze (mean = 3.75, sd = 1.28, where 0=“not familiar at all”; 5= “extremely familiar”).

Regarding the airport experience, most participants (n=6) reported traveling from the At-

lanta Airport three to six times per year on average, and two of them reported traveling zero

to two times per year. Two participants were wheelchair users, three were older adults over

65, and three were blind. The table below provides details of participant number, age, and

disability type if there is any (Table 2.5).
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Table 2.5: The demographic information of the participants (n = 8)

Procedures.Participants were invited to Atlanta International Airport to complete a

set of tasks using the application. Participants were audio recorded for the whole session

after they gave the consent and their interactions with the application were video recorded.

Pre-trial interviews were conducted to collect demographic and background information

related to their travel and technology experience. In the trials, participants were asked

to use the application to plan a set of prede�ned activities for departing which include

check-in, security check and going to a restroom at the airport. Participants were instructed

to use the information provided in the application to decide their activity plans including

destinations and routes. Due to airport security constraints, the testing only took place

on the landside, and no tasks were performed beyond the security checkpoint. Detailed

feedback regarding the utility and usability of the major features of GatePal was collected

in the post-trial interviews.

2.1.4.3 Findings and Their Implications on the Interactions Between Time and the In-

volved ICF Components

Overall, participants expressed that they found the information provided in the application

as well as the major functions of the application (introduced in Section 2.1.3) that deliver

the information to be useful. The post-trial interviews were coded independently by two re-

searchers and then the codes were discussed, modi�ed, and combined. The coding process

followed a top-down approach (Boyatzis, 1998) in which the coders went through the qual-

itative data to look for comments and feedback about the design of GatePal regarding four

categories of themes: 1) feedback regarding the functions related to presenting the time-
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related information (e.g., security check wait time), 2) feedback regarding the functions

related to presenting the environmental information, 3) feedback regarding the functions

supporting the making of activity plans (e.g., the explore mode vs. the get-to-gate mode),

and 4) feedback regarding the usability of the interface (e.g., font sizes, button sizes, and

color contrast). Thirty-two themes were found in the analysis of the post-trial interviews

data that were regarding the usability and utility of different functions of the application.

Findings related to the interactions between time and the involved ICF components were

selected and reported in terms of the corresponding pathways representing the interactions

they support. Since GatePal was designed based on the �ndings from the online survey,

all relevant �ndings from the GatePal user testing were actually qualitative validations of

the quantitative �ndings in the online survey with more detailed explanations for those

interactions.

In Figure 2.10, the supported pathways between time and the involving ICF components

are presented with the labels referring to the speci�c �ndings in the GatePal user testing

(labeled as “GS Findings” for “GatePal Study”).
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Figure 2.10: The pathways between time and the involving ICF components supported by
the �ndings from the GatePal study

The importance of time in activity engagement: Findings regarding the general help-

fulness of time information in activity engagement.

• GS Finding 1.Time-related information was considered important beyond its utility

in navigational decision-making. Four participants (P3, P5, P6, P8) expressed that

they would want to know the time-related information such as their �ight schedules,

and the wait time at the security check to “keep their temper” (P6), reduce the anxiety

of not knowing the situation (P3) and stay aware of the situation (P3, P5). This

�nding supports the validity of providing time information through the designs of

environmental facilitators to solve or mitigate time-related challenges and facilitate

activity engagement.
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The pathway from other ICF components to time: Findings regarding the speci�c im-

pact of other ICF components on the helpfulness of time information.

• GS Finding 2.Three participants (P4, P6, P7) mentioned that they would only con-

sider time-related information such as travel time estimates to be important when

the airport was very crowded (and they were in a hurry). This �nding supports the

pathway from the ICF component of environmental factors on needs for the required

time information.

• GS Finding 3.Two blind participants (P7, P8) found the walking speed customization

function to be useful in terms of facilitating the generation of more accurate travel

time estimates based on different mobility. This �nding supports the pathway from

the ICF component of body functions and structure to the quality of the required time

information.

The pathway from time to other ICF components: Findings regarding the speci�c im-

pact of time information on other ICF components.

• GS Finding 4&7.Six participants (P1, P2, P3, P4, P5, P8) indicated that the time-

related information (e.g., the estimated travel time) would help them to decide routes,

modes of transportation (GS Finding 4), and the pace they needed to take (GS Finding

7) to get to a destination. These �ndings support the pathways from the required time

information to the ICF components of environmental factors and personal factors.

• GS Finding 5Four participants (P3, P4, P5, P7) mentioned that they would even

change their activity plan based on the time information. For example, P5 mentioned

that she would not stop on the way to use the restroom if she knew she did not have

much time. P3 indicated that if she knew the waiting time at the security checkpoint

was long in advance, then she would go to the wheelchair service to get a wheelchair

before she headed to the security check. This �nding supports the pathway from the

required time information to the ICF component of activity (engagement).
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Lastly, the �ndings from the GatePal user testing supported the pathway between the

available time and the required time.

The pathway between different types of time: Findings regarding the impact of the

temporal context on the helpfulness of time information.

• GS Finding 6.The same three participants (P4, P6, P7) in GS �nding 2 mentioned

that they would only consider time-related information such as travel time estimates

to be useful when they were in a hurry and the airport was crowded.

2.2 Modi�cation of the ICF Model Based on the Design Case Study of GatePal

With the �ndings from the GatePal design case study (including that from the formative

online survey and the user testing of GatePal), the two types of temporal factors, required

time and available time, were added to the ICF model (See Figure 2.11).

Figure 2.11: The modi�ed ICF model with possible pathways indicating the interactions
between temporal factors and other components in the ICF Model

In addition, pathways that indicate the interactions between the added temporal factors

and other existing components of the ICF model are illustrated in Figure 2.12.
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Figure 2.12: The pathways between temporal factors and other ICF components in the case
of designing facilitators to address time-related challenges in activity planning
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CHAPTER 3

ALIGN 2.0: PURPOSE, SPECIFIC AIMS, AND RESEARCH QUESTIONS

3.1 Purpose

The purpose of the project is to validate the modi�ed ICF model that includes temporal

factors through the design and evaluation of a travel planning app, the ALIGN 2.0 app, for

managing time-related challenges by individuals with mobility impairments.

3.2 Speci�c Aims

The speci�c aims of this project are:

1. Design ALIGN 2.0 by modifying Georgia Tech's ALIGN ATL app (ALIGN 1.0)

according to the modi�ed ICF model.

2. Evaluate ALIGN 2.0 for its effectiveness in facilitating individuals with mobility im-

pairments to manage time-related challenges when using mixed-mode transportation

(i.e., walking and the use of public transit).

3. Re�ne the modi�ed ICF model and/or the proposed pathways between temporal fac-

tors and other ICF Components based on the evaluation outcome of ALIGN 2.0, if

needed.

3.3 Rationale for Focusing on Individuals with Mobility Impairments and Selecting

ALIGN 1.0 to Redesign

3.3.1 Time-RelatedChallengesFacedby Individualswith Mobility Impairments

Individuals with disability, including those with mobility impairments, experience greater

dif�culties while traveling including traveling less, spending more time on each trip (Park
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et al., 2022, Brumbaugh et al., 2018), and relying more on planning for accessible travel

experience (O'Neill and O'Mahony, 2005, Nyman et al., 2018) compared to those with-

out mobility impairments. Their mobility impairments, when interacting with the physical

environment, pose time-related challenges that threaten the success of travel activities and

potentially other activities that are dependent on the travel activities. To estimate required

travel time and properly allocate the amount of available time for successful engagement in

an activity, it is reasonable to assume that individuals with mobility impairments would uti-

lize additional environmental information such as physical barriers to estimate their travel

time considering their travel speed is affected by the environmental characteristics. Un-

fortunately, currently the additional environmental information regarding accessibility is

only provided by few applications with limited geographic coverage and adoption (Sanford

et al., 2018, May et al., 2014, Bünte, 2010). Without the additional environmental infor-

mation, individuals with mobility impairments will not be able to generate reliable travel

time estimates. Another way to estimate travel time is to rely on the travel time estimates

provided by the existing navigational systems such as Google Maps. However, this option

is only viable to individuals who travel at the “average walking speed”, which is about three

to four miles per hour. Existing travel time estimates do not take into account individuals'

mobility differences thus it is not usable, or at least not directly usable, by individuals with

mobility impairments (Amirian et al., 2016). Individuals with mobility impairments are

selected to be the target population in the design case study of ALIGN 2.0 because they are

affected by the time-related challenges and currently lack a tool to manage those challenges

when traveling.

3.3.2 Introductionof ALIGN 1.0 andIts Advantagesfor IntegratingCustomizedTime

Information

ALIGN 1.0 is a travel planning and navigation mobile application that at Georgia Tech with

funding from the National Institute on Disability, Independent Living and Rehabilitation
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Research. The app incorporates customized route planning needs of pedestrian travelers

(Sanford et al., 2018, Zhang et al., 2021). It uses the environmental preferences of the

users (i.e., the “parameter setting”) to generate the “preferred route” option in addition

to the route choice with the shortest distance. (See Figure 3.1 for the preference setting

screens and Table 3.1 for the complete list of environmental parameters)

Figure 3.1: The parameter setting screens of ALIGN 1.0
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Table 3.1: The complete list of environmental parameters used in the parameter settings

In the preview of the route options, the app indicates locations on a route where users'

environmental preferences are not met. Although the “preferred route” is the one that is

supposed to meet travelers' environmental preferences, in reality, it is often not possible

to �nd a route that meets all of the preferences. In such cases, the “preferred route” will

include locations where the preferences are not met. Figure 3.2 shows the two route options

for the selected origin and destination in the midtown area of Atlanta. The shortest route
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has six locations that do not meet the traveler's preference whereas the preferred route has

only �ve of such locations which are indicated using the orange circles with icons.

Figure 3.2: The preview of the “Preferred Route” on the left and the preview of the “Short-
est Route” on the right with the same origin and destination

Compared to other existing navigation applications such as Google Maps, ALIGN 1.0

provides environmental information that is useful and usable for a wider range of popula-

tion in terms of their body functions. Although ALIGN 1.0 does not explicitly collect infor-

mation regarding users' body functions, enabling users to input their preferences towards

the environmental characteristics, ALIGN 1.0 addresses the needs of users with various

abilities in an indirect way. Through the lens of the modi�ed ICF model, the difference
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between ALIGN 1.0 and Google Map can be clearly spotted. Although the estimated travel

time provided in both Google Maps and ALIGN 1.0 is calculated using the average walk-

ing speed, ALIGN 1.0 provides time and more detailed environmental information of ad-

ditional “preferred routes” that are generated based on one's preferences through personal

factors and environmental factors. (See Figure 3.3)

Figure 3.3: The comparison of ALIGN 1.0 and Google Map through the lens of the modi-
�ed ICF model

With its integration of the information about various environmental characteristics,

ALIGN 1.0 offers the possibility of integrating travel time information that is based on
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the interaction between users' mobility and the environmental characteristics. It is also an

application that I helped develop, thus making it accessible for modi�cations. As a result,

it was selected to produce ALIGN 2.0, which focuses on time information provision for

travelers with mobility impairments who use mixed-mode transportation.
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CHAPTER 4

THE DESIGN OF ALIGN 2.0 (SPECIFIC AIM 1)

4.1 Overview of the Design Process

This chapter describes the design process of ALIGN 2.0 in which the modi�ed ICF model

was applied to inform the essential functionalities of ALIGN 2.0. There were four major

phases in the design process of ALIGN 2.0.

• The �rst phase is the contextualization of the modi�ed ICF model to the activity of

travel planning. The contextualization allows the examination of the interplay of dif-

ferent model components in causing the time-related challenges faced by individuals

with mobility impairments and how such challenges can be alleviated with travel

planning applications. (see Section 4.2)

• The second phase was to design ALIGN 2.0 based on the contextualization of the

modi�ed ICF model. The second phase started by a task analysis of travel planning

using ALIGN 2.0 to specify its functionality requirements. Based on the functionality

requirements, the initial version of ALIGN 2.0 was designed to support the three

generic travel planning tasks: 1) input travel criteria, 2) gather travel information,

and 3) make travel plans/decisions. (see Section 4.3)

• The third phase of the design process was about the expert review of the designed

ALIGN 2.0 with three experts to identify any critical usability issues before the user

study.(see Section 4.4)

• The fourth and �nal phase of the design process was the re�nement of ALIGN 2.0

based on the expert review outcome. (see Section 4.5)
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4.2 Design Phase One: Contextualization of the Modi�ed ICF Model within Travel

Planning to Inform the Design of ALIGN 2.0

To use ALIGN 2.0 as a design case study to investigate the interactions between temporal

factors and other components in the modi�ed ICF model, it is key to ensure that the design

of ALIGN 2.0 re�ects the understanding of such interactions. To achieve this, the design of

ALIGN 2.0 started with an examination of the problem space through the contextualization

of the modi�ed ICF model in the case of travel planning. The examination consisted of a

set of analyses of functioning using the modi�ed ICF model in an example activity for a

persona who has mobility impairments due to spinal cord injury. The example activity is

about traveling to the doctor's of�ce for an appointment. It was chosen because traveling

to obtain medical services is both a common and critical activity in daily life. Further-

more, going to a doctor's appointment situates the travel activity in a time-sensitive context

in which the role of travel planning applications can be better examined. The persona was

created to introduce the limitations in body functions and structures of the target population

(i.e., travelers with mobility impairments) in the analyses of functioning. Since the scope

of the design had been de�ned as designing a travel planning application that aims to facil-

itate the activity engagement, the analyses of functioning focused on the impact of having

or lacking such a travel planning application on activity engagement. More speci�cally,

the travel planning application that could provide ability-speci�c travel time information

was examined as an environmental factor that could interact with other components in the

analyses of functioning.

In the analysis of functioning in the activity of traveling to a doctor's of�ce, with ability-

speci�c travel time information provided through a travel planning application as a facilita-

tor, the persona could utilize that information to allocate suf�cient time for the travel to the

doctor's of�ce (see Figure 4.1). The suf�ciently allocated amount of travel time would al-

low the persona to arrive on time at the doctor's of�ce without any time-related limitations
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thus successfully obtaining healthcare services.

Figure 4.1: The analysis of functioning using the modi�ed ICF model - the ability-speci�c
travel time information as a facilitator

Figure 4.2 shows the detailed mechanism in which the temporal factors interact with

other ICF components. The interactions indicate that ability-speci�c travel time informa-

tion (representing the temporal factor of “expected required time”) takes into consideration

the persona's mobility impairments (representing the body functions and structures), as-

sistive technology used (i.e., an electric wheelchair representing one of the environmental

factors), and the physical environment where the travel is occurring (representing another

environmental factor).
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Figure 4.2: The detailed mechanism showing the interactions between temporal factors and
other ICF components in facilitating the activity engagement

Another analysis of functioning was performed for the case where there was a lack

of ability-speci�c travel time information. That was essentially what travelers with mo-

bility impairments currently experience in their daily lives. The existing travel planning

applications such as Google Maps or MapQuest do not provide ability-speci�c travel time

information. The pedestrian travel time estimates provided in those existing travel appli-

cations are calculated using the distance of a route and the average walking speed. With

the lack of ability-speci�c travel time information, the persona could end up allocating

insuf�cient travel time which would lead to them missing or arriving late at the doctor's

appointment (see Figure 4.3). Missing or being late at the doctor's appointment, especially

when occurred frequently, restricts one's ability to obtain healthcare services.
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Figure 4.3: The analysis of functioning using the modi�ed ICF model - the lack of ability-
speci�c travel time information as a barrier

In Figure 4.4, the lack of interactions between temporal factors and other ICF com-

ponents is illustrated. The lack of ability-speci�c travel time information representing the

inaccurate expected required time is the result of the lack of interactions between the tem-

poral factor of “expected required time” and the three ICF components (i.e., body functions

and structures and the environmental factors about the built environment and the assistive

technology). This can be seen in the case when Google Maps provides the pedestrian travel

time estimates calculated using average walking speed.
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Figure 4.4: The detailed mechanism showing the interactions between temporal factors and
other ICF components creating barriers in the activity engagement

The two analyses of functioning examined the activity engagement in traveling to the

doctor's of�ce by a persona who has mobility impairments. The analyses illustrated the

case where the ability-speci�c travel time information could be a facilitator and the case

where the lack of it could be a barrier. The latter barrier case revealed the mechanisms

causing the time-related challenges travelers with mobility impairments have with the ex-

isting travel planning applications such as Google Maps. The analyses of functioning using

the modi�ed ICF model not only allowed the examination of the time-related challenges

but also illuminated the way to generate “ability-speci�c travel time information”. To gen-

erate “ability-speci�c travel time information”, design and research practitioners need to

identify the involving ICF components that would interact with the temporal factor of “ex-

pected required time”. With the understanding about the problem space and the potential

solutions obtained through the contextualization of the modi�ed ICF model in the analyses

of functioning, the design of the functionalities of ALIGN 2.0 began.
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4.3 Design Phase Two: Design of ALIGN 2.0 According to the Modi�ed ICF Model

4.3.1 TaskAnalysisto GenerateFunctionalityRequirementsfor ALIGN 2.0

Based on the understandings obtained from contextualizing the modi�ed ICF to the case

of travel and travel planning, a task analysis was conducted to gather functionality require-

ments for ALIGN 2.0 design. The task analysis identi�ed the set of three travel planning

tasks in ALIGN 2.0 (i.e., functionality requirements) by considering the interactions be-

tween the modi�ed ICF components on how travelers performed those tasks. The three

generic tasks (or task categories) are: inputting the travel criteria to the travel information

system, gathering travel information using the system, and making travel plans/decisions

based on the travel information gathered (see Figure 4.5).

Figure 4.5: The three generic tasks/task categories involved in the use of travel information
systems for travel planning

The outcome of the task analysis is presented in Figure 4.6. The three generic tasks

were manifested through a set of detailed tasks (i.e., sub-tasks and sub-sub-tasks) that were
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identi�ed using the modi�ed ICF model. These detailed tasks served as functionality re-

quirements for ALIGN 2.0.

Figure 4.6: Task analysis outcome serving as functionality requirements for ALIGN 2.0
design

T1. Input Travel Criteria: The generic task of inputting travel criteria (T1) is manifested

in �ve sub-tasks (T1.1 to T1.5). These sub-tasks include: the settings of mobility-speci�c

travel criteria (i.e., preferences toward travel pace and environmental features) (T1.1 &

T1.2), trip-speci�c travel criteria (i.e., the origin and destination, and the expected arrival

time) (T1.3 & T1.4), and con�rmation of the travel criteria for ALIGN 2.0 to generate route

options (T1.5).

T2. Gather Travel Information: The generic task of gathering travel information (T2) is

manifested in two sub-tasks: browsing route option overview (T2.1) and viewing details of

each route option (T2.2). Within the sub-task of viewing details of each route option, three

sub-sub-tasks were identi�ed that speci�ed the types of travel information a user would

need: viewing the distance of a route option (T2.2.1), viewing additional environmental
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features of a route option (T2.2.2), and viewing expected travel time of a route option

(T2.2.3).

T3. Make Travel Plans: Once users decided their travel plan, ALIGN 2.0 supports

the generic task of making travel plans (T3) by providing two sub-task options for next

steps. Users can select a route to either start the navigation for the trip (T3.1) or save it for

future traveling (T3.2). The “start navigation” function works by passing the travel plan to

existing navigation services such as Google Maps. Thus, no additional tasks are followed

after this sub-task (T3.1). In the sub-task of selecting a route for future traveling, there are

two sub-sub-task identi�ed: saving the route as a future travel plan (T3.2.1) and setting a

reminder for starting the future travel (T3.2.2).

As mentioned in the beginning of this section, the interactions between the components

in the modi�ed ICF model informed the identi�cation and generation of the detailed tasks

under the three generic travel planning tasks (i.e. T1 - input travel criteria, T2 - gather travel

information, T3 - make travel plans). Figure 4.7 illustrates how the considerations of the

interactions between the modi�ed ICF components informed the task analysis by mapping

the detailed tasks to the modi�ed ICF components that the tasks are associated with.
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Figure 4.7: Mapping of the tasks speci�ed in the task analysis for ALIGN 2.0 onto the
represented components in the modi�ed ICF model

In T1, input travel criteria, travel criteria are primarily affected by one or more of the

components of body functions and structures, the activity of traveling, and any personal

factors. Origin and destination travel criteria (supported by sub- task 1.3), which represent

one of the environmental factors (i.e., locations) are determined by the goal of the activity

itself and any personal choices. Built environmental features travel criteria (supported by

sub-task 1.1), which represent one or more of the environmental factors and travel pace cri-

teria (supported by sub-task 1.2), which represent one of the temporal factors, are affected

by the interactions between body functions and structures, the travel activity, and personal

factors.
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Travel activity itself may sometimes pose requirements for the arrival time when one

needs to coordinate with the schedules of others. For example, when a traveler with mo-

bility impairments (representing body functions and structures) engages in indoor travel

within a shopping mall, the choice of the mall (representing an environmental factor) may

be a personal preference (representing a personal factor), and the need to avoid certain

built environmental features, such as stairs (representing several other environmental fac-

tors). The hours of the mall or that of certain shops within the mall that are prescribed by

the activity may introduce some arrival time requirements and set a boundary to the travel

pace, which all affect the temporal factors.

In T2, the task of gathering travel information, ALIGN 2.0 provides travel information

according to the travel criteria of the users. In terms of information about environmen-

tal factors, information about distances and any additional environmental features of the

recommended routes were supported by sub-sub-tasks T2.2.1 and T2.2.2 respectively. Ori-

gin and destination criteria (representing an environmental factor), built environmental fea-

tures (representing several other environmental factors) and desired or estimated travel pace

(which affects the temporal factors) determined the expected required travel time (repre-

senting a temporal factor), were also provided by ALIGN 2.0 (supported by sub-sub-tasks

T2.2.3).

For T3, the task of making travel plans/decisions, ALIGN 2.0 does not make travel

decisions for the users. Users make travel plans or decisions based on the travel information

provided in ALIGN 2.0. The two sub-tasks (i.e., T3.1 - start the navigation for the trip, and

T3.2 - save the travel plan for future traveling) are merely tasks at the execution level that

suggest the next possible actions and thus were not mapped to the modi�ed ICF model.

4.3.2 TheInitial Designof ALIGN 2.0

The design of ALIGN 2.0 was based on the existing travel planning and navigation app,

ALIGN 1.0, which provides standard travel time estimates and customized environmental
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information for outdoor travels for pedestrian travelers (see Section 3.3.2). Like ALIGN

1.0, ALIGN 2.0 aims to facilitate travel planning for pedestrian travels, especially for trav-

elers with mobility impairments. In addition to the intended use for planning for out- door

travels, ALIGN 2.0 supports the travel planning for indoor travels within transit stations.

This is due to the considerations that the use of transit often accompanies pedestrian trav-

els. The design of ALIGN 2.0 adopted the aesthetics of the design of ALIGN 1.0, such as

the color schemes and the layouts of the interfaces as their usability were validated in the

previous user study of ALIGN 1.0. Based on the task analysis that was informed by the

interactions among components in the modi�ed ICF model, two major functionalities that

support the two generic travel planning tasks, T1- input travel criteria and T2 - gather travel

information, were redesigned. In addition, the functionality for saving the travel plan for

future traveling (T3.2) was designed and added in ALIGN 2.0 to support the third generic

travel planning task, T3 - make travel plans.

The design for inputting travel criteria (T1) consists of settings for mobility-related

preferences (T1.1 & T1.2), settings for trip-speci�c criteria including the origin, destina-

tion (T1.3), and arrival time requirements (T1.4). The mobility-related preferences settings

can be accessed within the “Preferences” tab on the left in the bottom navigation bar and

the trip-speci�c criteria settings can be accessed via the “Trip” tab on the right in the bot-

tom navigation bar. The “Trip” tab is also the home screen of the ALIGN 2.0 app, which

means that it is the screen users see when they open the app. For mobility-related pref-

erences, there are three categories of mobility settings: “Outdoor Environment”, “Indoor

Environment”, and “Moving Speed”. (see Figure 4.8)
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Figure 4.8: The designs for inputting the travel criteria (trip-speci�c and mobility-related
settings)

Under the category of “Outdoor Environment”, users can set their preferences by a list

of outdoor environmental features based on their mobility needs. Unlike in ALIGN 1.0

where sometimes the de�nition of the outdoor environmental features and the effects of

selecting an outdoor environmental feature are vaguely communicated (e.g., the effects of

selecting an option of “street lights” remains unclear), ALIGN 2.0 attempts to eliminate the

ambiguity by not only stating clearly the effects/purposes of the selection of environmental

features (i.e., route recommendation vs. only for noti�cation) but also explicitly asking

users to specify the characteristic they are interested in knowing of an environmental fea-

ture. For example, in the step of selecting outdoor environmental features for noti�cation

purposes, for the environmental feature of “street density”, a user would select from a list

of characteristics of the environmental feature (i.e., “high”, “low” or “do not notify”) to

specify their preferences towards the environmental feature for noti�cation purposes. After
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users have completed the selections of the outdoor environmental features and characteris-

tics for noti�cation purposes, the selections are carried forward to the next step to gather

users' preferences towards using the selected outdoor environmental features and character-

istics pairs for route recommendation purposes. In this step, users select from three options

(i.e., “include”, “avoid” and “no preference”) to indicate their preferences for using the

environmental feature - characteristic pairs for route recommendations. (see Figure 4.9)

Figure 4.9: The task �ow of setting preferences towards outdoor environmental features

Under the category of “Indoor Environment”, the settings for indoor environmental fea-

tures follow the same logic used in the settings for the outdoor environmental features. For

example, for the indoor environmental feature “stairs”, users will �rst set their preferences

for noti�cation purposes by specifying the characteristic of stairs they are interested in

knowing (i.e., “present”, “missing”, or “do not notify”). If they select the option “present”,

the indoor environmental feature “stairs” will appear as “stairs - present” in the next step

that gathers their preferences towards using the selected environmental feature and charac-

teristic pair for route recommendations.

Under the category of “Moving Speed”, ALIGN 2.0 gathers users' own estimates of
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their moving speed. Travelers with mobility impairments are able to provide their own

estimated speed for ALIGN 2.0 through a set of options that specify a speed in relation to

the standard walking speed (e.g., 100% of the average walking speed) (see Figure 4.10).

Although mobile applications such as Google Maps and ALIGN 2.0 are capable of measur-

ing users' moving speed by tracking their trip distances and time expenditure, ALIGN 2.0

provides the setting for moving speed for �rst-time users or those who do not travel often

enough for the application to generate more reliable estimates.

Figure 4.10: The task �ow of specifying moving speed

The design for gathering travel information (T2) allows users to explore the provided

route options (T2.1 & T2.2) generated based on their trip-speci�c and mobility-related

travel criteria. The route options are presented in both the text view and the map view. (see

Figure 4.11) In the text view, the environmental information about the distance (T2.2.1) and

the additional environmental features (T2.2.2) is provided for each route. Information about

additional environmental features selected by users in the mobility preferences settings is

provided only if those features are present on the routes being recommended. In addition,
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the estimated travel time is provided (T2.2.3) based on the travel history of the users and

their own travel speed estimates set in the mobility preference settings. Users can obtain

details of the additional environmental features such as their locations, and the snapshots

of them from Google Street View by entering the map view.

Figure 4.11: The task �ow of gathering travel information by exploring route options

The task of making travel plans and decisions (T3) is supported by the design of the

saving travel plan function (T3.2) (see Figure 4.12). Once users have decided on a route

that they want to take, they can select the route and save it as a travel plan that they can

execute in the future (T3.2.1). The functions for the tasks of selecting a route to start

navigation (T3.1) and setting a reminder for starting the future travel (T3.2.2) were not

designed because they are relevant only at the execution level which was beyond the scope

of the design case study (i.e., a design case study for providing evidence to support the

inclusion of temporal factors in the ICF model).
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Figure 4.12: The task �ow of saving a travel plan for future travels

With the initial designs of the functionalities of ALIGN 2.0, it is helpful to revisit the

modi�ed ICF model and use it to illustrate the effects that the designs achieved and how

the expected effects could facilitate the management of time-related challenges by individ-

uals with mobility impairments in travel planning. By offering functionalities that collect

users' mobility-related and trip-speci�c travel criteria and present the travel information

according to those criteria, ALIGN 2.0 provides types of travel information including both

the customized outdoor and indoor environmental information and customized travel time

estimates that are useful to travelers with mobility impairments in facilitating travel time

allocations. The (expected) usefulness of the information is grounded in it being a more

realistic re�ection of where the components in the modi�ed ICF model interact with each

other (see Figure 4.13). The usefulness of the types of travel information was evaluated in

this project as the effectiveness of types of travel information on travel time allocations by

wheelchair travelers. (see Chapter 5)
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Figure 4.13: The detailed mechanism of the interactions between the modi�ed ICF model
mapped to the types of information provided through the designs of ALIGN 2.0 in the case
of travel planning

4.4 Design Phase Three: Expert Review of the Initial ALIGN 2.0 Design

4.4.1 Purposeof theExpertReview

To eliminate potential usability issues that might confound the evaluation of the effective-

ness of ALIGN 2.0, an expert review was performed by three experts with experience in

mobile application design and accessibility. In the review, the experts conducted the heuris-

tic evaluation (Nielsen, 1992) of the initial designs of ALIGN 2.0 in two task �ows of travel

planning: the mobility preference setting �ow (supporting sub-tasks T1.1 and T1.2 in task

T1 - input travel criteria) and the trip planning �ow (supporting task T2 - gather travel in-

formation) with the target user group in mind (i.e., travelers with mobility impairments).

Usability issues identi�ed in the expert review would be �xed when possible prior to the

user study with participants from the target user group. The elimination of usability issues

would prevent any usability issues from confounding the evaluation out- come in the later
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user study (i.e., the evaluation of the effectiveness of different types of travel information

provided through ALIGN 2.0).

4.4.2 Methodologyof theExpertReview

4.4.2.1 Experts Background

Three experts were purposefully selected to cover areas in consumer app design and ac-

cessibility research both of which are key for the design of ALIGN 2.0. Expert “E1” was

an expert user working in a technology company who was extremely familiar with main-

stream mobile applications and had ten years of experience developing consumer digital

products (e.g., mobile applications and websites). Expert “E2” was a user experience de-

signer who was enrolled in a master program in human computer interaction and with three

years of experience in designing consumer digital products. Expert “E3” was an accessi-

bility researcher who worked in a disability-focused research institute and with decades of

experience in mobility and disability research.

4.4.2.2 Procedures

Experts were given the ALIGN 2.0 user study setup guide at the beginning of the review

session to become familiarized with the app (the “initial design” version) including its

target user population and the major functionalities. After experts loaded ALIGN 2.0 on

their own phones, they conducted the heuristic evaluation by walking through the two task

�ows using the functionalities. The two task �ows for which the experts evaluated the de-

signs were: 1) the trip planning �ow (the “Trip” tab from the navigation bar of ALIGN

2.0); 2) the mobility preference setting �ow (the “Preferences” tab) (see Figure 4.14 and

Figure 4.15). During the walkthrough, experts identi�ed the usability issues they would

consider challenging to the target user population. The identi�ed usability issues were

recorded during each session.
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Figure 4.14: The trip planning �ow

Figure 4.15: The mobility preference setting �ow

4.4.3 Resultsof theExpertReview

In the heuristic evaluation, the experts identi�ed a range of usability issues with the de-

signs. The identi�ed usability issues were grouped into two categories based on the causes

for the issues. The �rst category of usability issues was due to the application not displaying

the elements properly on devices with different screen sizes. This was later �xed in the CSS

styling code of the web application and is not reported in the results section as they were

not related to the designs of ALIGN 2.0. This result section focuses on the second category

of the usability issues: the ones that were caused by the designs of ALIGN 2.0 (the initial
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design version). The identi�ed usability issues are presented in this section with design

recommendations generated based on the feedback from the experts.

4.4.3.1 Usability Issues Found in the Trip Planning Flow

Overall, the experts found the design of the trip planning �ow straightforward. Two minor

usability issues were identi�ed by two experts in the trip planning �ow.

Usability Issue 1 (U1): Small scrolling wheel of the time picker (which is native to the

operating system of the phone) for setting the arrival time might be dif�cult to use by target

users.

E2 encountered this issue due to the speci�c model of their mobile device used in the

review. E2 mentioned that the scrolling wheel for setting the estimated arrival time might

be dif�cult to use by the users. The size of the wheel was too small for scrolling through

the hours and minutes. E2 suggested having direct input from the keyboard for setting the

estimated arrival time.

Recommendations for U1: Unfortunately, the scrolling/spinning wheel style for the

time picker is determined by the phone's operating system and beyond the control of the

designers or developers of a web application. Depending on the operating systems on the

phone, most allow direct input from the keyboard.

Usability Issue 2 (U2): The phrases“arrive at. . . ” and“depart at. . . ” that were used

across several screens in the trip planning �ow might introduce confusion by sounding too

speci�c and demanding.

E2 suggested using softer-toned language to refer to the arrival time requirements set by

the users and the departure time recommendation provided by ALIGN 2.0. In the version

of the ALIGN 2.0 design reviewed by the experts (i.e., the initial design version), the arrival

time requirement was referred to as“arrive at . . . ” and the recommended departure time

was referred to as“depart at. . . ” (see Figure 4.16). E2 suggested that the arrival time was

not guaranteed thus using“arrive at . . . ” might actually introduce more confusion or false
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promises to the users. The wording of the phrase needed to communicate that the“arrive

at. . . ” was referring to users' own arrival time estimate, which could not be guaranteed

by the app. As to the use of language in“depart at . . . ”, E2 pointed out that the phrase

sounded demanding because users did not have to depart at the recommended point in time

(e.g., users could certainly depart earlier than the recommended time).

Recommendations for U2: Use language such as“suggested departure time/start time”

or “leave no later than. . . ”to refer to the recommended departure time (suggested by E2).

Use language like“Aim to arrive at. . . ” to refer to the user's arrival time estimate setting.

Figure 4.16: The screens in the trip planning �ow where the confusing wording was used
(Usability Issue 2)

4.4.3.2 Usability Issues Found in the Mobility Preference Setting Flow

All experts indicated that the �ow logic for selecting the environmental features and char-

acteristics (both indoor and outdoor) for noti�cation and route recommendation purposes
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was extremely confusing. A second usability issue was related to the moving speed setting.

Usability Issue 3 (U3): Confusing task �ow logic for selecting outdoor and indoor

environmental features and characteristics.

In the version tested, the mobility preference setting regarding the environmental fea-

tures was divided into two steps:

Step One: from a list of environmental features, users would select the characteristics

of the environmental features they wanted to be noti�ed about when the environmental

feature-characteristic pair was present on a route (e.g., traf�c light - missing);

Step Two: users would select from a list of environmental feature-characteristic pairs

carried over from the previous step to use them for route recommendation purposes. For

example, if “traf�c light - present” was selected for the noti�cation purpose in step one, the

user would be asked to further decide whether they wanted to use “traf�c light - present”

as the route generation criterion when receiving route recommendations.

E1, E2, and E3 all indicated that it was unclear whether the �rst step was about se-

lecting the environmental features for route generation purposes or noti�cation purposes.

They indicated that even with the instructions provided on the screen, the purpose of se-

lecting the environmental feature - characteristic pair was not clear. In addition, E1 and

E3 indicated that the wording of some of the characteristics of certain environmental fea-

tures would contribute to the confusion. E1 indicated that the pair “traf�c light - missing”

would almost never be used as a route recommendation criterion thus should not even be

presented as one of the possible pairs for the users to select from. E3 indicated that the

“present/missing” was vague and might be interpreted as referring to the noti�cation itself

(i.e., the selections of “present” or “missing” could have been interpreted as to have the no-

ti�cation itself to be “present”). For the environmental features with characteristics other

than “present/missing” (e.g., in the case of street density with the characteristic options as

“high” and “low”), the selection of the characteristic might be interpreted to indicate the

selection of the environmental feature - characteristic pair as a route generation criterion
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while in fact the selections were for noti�cation purposes. (see Figure 4.17)

Figure 4.17: The screen showing the confusing selections of environmental feature - char-
acteristic pairs for noti�cation purposes (Usability Issue 3)

Recommendations for U3: The task �ows for selecting indoor and outdoor environmen-

tal features and their characteristics for noti�cation and route recommendation purposes

needed to be redesigned to make the selections more straightforward. The purposes for se-

lecting the environmental features and characteristics needed to be communicated clearly.

In addition, the feature-characteristic pairs such as “pedestrian signal-missing” or “curb cut

- missing” were unlikely to be used as inclusion criteria for route recommendations thus

can be eliminated from the start to reduce confusion. For example, route recommendation

using the criterion of “curb cut - missing” would make no sense to travelers with mobility

impairments, or more generally, anybody. One is likely to only use the criterion of “curb

cut - present” as one of the inclusion criteria for route recommendation purposes. Thus

having two options “present/missing” for curb cuts did not make much sense.

Usability Issue 4 (U4): The units of minutes and miles used to reference speed would
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be dif�cult for users with mobility impairments to estimate.

E1 and E3 indicated that travelers with mobility impairments might have dif�culties

estimating and converting their moving speed in relation to the average walking speed (see

Figure 4.18).

Figure 4.18: The challenging question involving units that were dif�cult for users to relate
to when estimating moving speed (Usability Issue 4)

Recommendations for U4: Make the estimation easier for travelers with mobility im-

pairments by making the question more relatable to their travel experience.

4.5 Design Phase Four: Re�nement of ALIGN 2.0

To address usability issues identi�ed in the expert review, a set of design re�nements were

made to the initial ALIGN 2.0 designs. In this section, the major re�nements that were

made to the initial designs of ALIGN 2.0 are illustrated in terms of the task �ows they are

associated with. In addition, at the end of this section, the complete designs of ALIGN 2.0

are presented.

4.5.1 DesignRe�nementsMadeto theTrip PlanningFlow

Design Re�nement One (DR1): Language changes in the phrases used to refer to the time

requirements set by users and recommended departure time provided by ALIGN 2.0.

To address Usability Issue Two (U2) identi�ed in the expert review regarding the over-
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promising and confusing wordings regarding the phrases related to time, the phrase refer-

ring to the user's time requirement was changed from“arrive at. . . ” into “aim to arrive

at . . . ” and the phrase referring to the recommended departure time was changed from

“depart at . . . ” into “leave no later than . . . ”. The phrase“aim to arrive at. . . ” commu-

nicates the idea that the arrival time is not guaranteed by ALIGN 2.0 but rather a goal set

by the users. The phrase“leave no later than . . . ”sounds less demanding than“depart at

. . . ” . (Figure 4.21)

4.5.2 DesignRe�nementsMadeto theMobility PreferenceSettingFlow

Design Re�nement Two (DR2): Redesign of the task �ow of selecting environmental fea-

tures and characteristics for noti�cation and route recommendation purposes.

To address experts' feedback, the �ow was redesigned with a more straightforward

logic and less misleading choices for selecting the environmental features and characteris-

tics for different purposes. Speci�cally, the selections of environmental feature - charac-

teristic pairs were simpli�ed by presenting the environmental feature - characteristic pairs

directly without having users to select from a list of characteristics for each environmental

feature. Moreover, the outdoor environmental feature - characteristic pairs were catego-

rized as barriers and facilitators based on common knowledge (e.g., stairs - present would

be barriers to wheelchair users) and evidence from the literature (e.g., sidewalks with a

width less than 3 feet are considered as barriers for wheelchair users)(“Americans with

Disabilities Act (ADA) Accessibility Guidelines for Buildings and Facilities”, 2024 of last

access). The categorization simpli�ed the selection of the environmental feature - char-

acteristic pair by reducing the cognitive load for determining which characteristics were

preferable and which to avoid. In the re�ned design, the decision-making process was sim-

pli�ed by having just two options for each environmental feature - characteristic pair. If the

pair was categorized as barriers, the options for selecting them for route recommendation

purposes would be “avoid when possible” and “no preference”. If the pair was categorized
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as facilitators, the options for users to select from would be “preferred” and “no preference”

for route recommendation purposes.

The re�ned design longer asked users to specify their preferences towards receiving

noti�cations about the environmental feature - characteristic pairs if they are present on a

route. Instead, the re�ned design collected users' preferences as to whether they would

like to have the environmental feature - characteristic pair indicated on the map if they are

present.

Additional visual elements were added or changed to enhance the ease of use in the

selections of the environmental feature - characteristic pairs. A set of icons referring to

the environmental feature - characteristic pairs were added next to the labels of the pairs.

(see Figure 4.19) In addition, the layout of the selection options was changed from the

horizontal arrangement to the vertical arrangement to allow the radio buttons to be bigger

for ease of use. (see Figure 4.22)

Figure 4.19: The complete list of icons used for the environmental features and character-
istics

Design Re�nement Three (DR3): Redesign of the moving speed estimation setting.

To address the usability issue related to the challenges users might face when using

the moving speed estimation setting (Usability Issue 4), the question used to facilitate the
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moving speed estimation was changed from simply referring to the average walking speed

to having users compare their actual travel time to that suggested in the travel planning

or navigation systems in their past experience. The new question provided a reference

point (i.e., the time suggested in existing travel planning applications vs. the actual time

expenditure) that might be more familiar to travelers with mobility impairments than the

average walking speed. (see Figure 4.22)

4.5.3 FinalDesignof ALIGN 2.0

The �nal design of ALIGN 2.0 is presented in the following �gures (see Figure 4.20, Fig-

ure 4.21, and Figure 4.22). Figure 4.20 shows the design for the task �ow of travel planning

which supports the T1 tasks of input travel criteria, and T2 tasks of gather travel informa-

tion. Figure 4.21 shows the design for the task �ow of saving travel plans which supports

the tasks involved in T3, make travel plans. Figure 4.22 shows the design for the task �ow

of setting mobility preferences which supports the tasks involved in T1, input travel criteria.
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Figure 4.20: Final designs for the task �ow of travel planning
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Figure 4.21: Final designs for the task �ow of saving travel plans
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Figure 4.22: Final designs for the task �ow of setting mobility preferences
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CHAPTER 5

THE EVALUATION OF ALIGN 2.0 (SPECIFIC AIM 2)

Summary

This chapter describes the process and results of evaluating the effectiveness of different

types of travel information (varying in terms of their levels of customization) provided in

ALIGN 2.0 on the travel time allocation decisions of travelers with mobility impairments.

Four research questions and the corresponding hypotheses were constructed to investigate

the effectiveness of each type of travel information as well as the same type of information

about different environmental characteristics. The evaluation study involved a hypothetical

travel planning scenario where participants needed to use ALIGN 2.0 to plan their travel

to a metro station to catch a train departing at a certain time from a given origin point. A

total of eleven participants who were wheelchair users enrolled in the study. The study

design employed a within-participant design with four different conditions. Throughout

the four conditions, the types of information provided in ALIGN 2.0 about two alternative

routes varied in terms of their degree of customization. Participants were asked to provide

their travel time allocation decisions for the two alternative routes in each condition. In the

travel time allocation decisions participants were instructed to not only provide the time

allocations for the whole trip, but also break down the provided total trip time into three

types of time allocations: time allocations for the outdoor travel, indoor travel within the

metro station, and the optional safety margin. In addition to the travel time allocations,

participants were asked to provide reasons for their time allocations in each condition. The

data analysis was performed to look for the evidence from the data to support the effects

speci�ed in the research question and hypotheses. The results suggested that there exist the

effects of customized travel time and environmental information on travel time allocations
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by travelers with mobility impairments. The implications for supporting the inclusion of

temporal factors in the ICF model are discussed in Chapter 6.

5.1 Research Questions and Hypotheses

The types of travel information provided in ALIGN 2.0 to facilitate travelers' travel infor-

mation gathering tasks were informed by the interactions between the components in the

modi�ed ICF model. (see the detailed interactions in Section 4.3.1 and Section 4.3.2 in

Chapter 4) As shown in Figure 5.1, ALIGN 2.0 provides customized travel time estimates

that take into consideration the interactions between travelers' body functions and struc-

tures and environmental factors as well as customized environmental information such as

the information about the barriers or facilitators on a route.

The evaluative study assessed the effectiveness of the travel information provided in

ALIGN 2.0. Instead of evaluating the effectiveness of the travel information provided in

ALIGN 2.0 as a whole, the effectiveness of the individual types of the information was

evaluated. The understanding of the effectiveness of the individual types of the travel in-

formation was important not only because it provided an understanding of the elements

contributing (or not contributing) to the overall effectiveness, but also insights about how

individual types of travel information can be improved to optimize overall effectiveness.

The research questions and hypotheses were thus developed to investigate the effective-

ness of individual types of travel information. Research question one (RQ1) was concerned

with the effectiveness of the customized time estimates on travel time allocations. Research

question two was (RQ2) concerned with the effectiveness of customized environmental in-

formation, when provided along with the customized travel time estimates, on travel time

allocations. Research question three (RQ3) was concerned with the effectiveness of the

more comprehensive end-to-end travel information that includes both indoor and outdoor

customized travel information. Lastly, research question four (RQ4) was concerned with

the effects of customized environmental information when the information itself is about
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routes with different environmental characteristics. Several hypotheses were developed for

each question to specify the effects of the time allocation decisions. The full list of research

questions and hypotheses are described as the following.

Figure 5.1: The detailed mechanism of the interactions between the modi�ed ICF model
mapped to the types of information provided through the designs of ALIGN 2.0 in the case
of travel planning

• RQ1: What is the effect of customized travel time information on travel time alloca-

tion by individuals with mobility impairments?

– H1.1: Individuals with mobility impairments will rely on the customized travel

time rather than distance to determine theirdeparture time.

– H1.2: Individuals with mobility impairments will adjust theallocated outdoor

travel timeto bring it closer to the provided customized travel time.

– H1.3: Customized travel time information changes the amount oftime allocated

for safety marginby individuals with mobility impairments.
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• RQ2: What is the effect of customized environmental information in addition to cus-

tomized travel time information on travel time allocation by individuals with mobility

impairments?

– H2.1: Individuals with mobility impairments will integrate the customized envi-

ronmental information to determine theirdeparture timeregardless of the types

of the environmental characteristics of a route that is being conveyed through

the information.

– H2.2: Individuals with mobility impairments will adjust theallocated outdoor

travel timeto bring it even closer to the provided customized travel time.

– H2.3: Customized environmental information changes the amount oftime allo-

cated for safety marginby individuals with mobility impairments.

• RQ3: What is the effect of end-to-end travel time information that includes end-to-

end customized environmental information and customized travel time information

on travel time allocation by individuals with mobility impairments?

– H3.1: Individuals with mobility impairments will integrate the end-to-end travel

information to determine theirdeparture time.

– H3.2: Individuals with mobility impairments will integrate the indoor travel

information by adjusting theirallocated indoor travel time.

– H3.3: End-to-end customized travel information changes the amount oftime

allocated for safety marginby individuals with mobility impairments.

• RQ4: How does the information of different environmental characteristics of a route

affect travel time allocation by individuals with mobility impairments? H4: When

customized environmental information is provided, individuals with mobility impair-

ments will allocate moretime for the safety marginfor the route with more environ-

mental barriers.
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5.2 Methodology

This section describes the methodology used in the evaluation study of ALIGN 2.0, includ-

ing the study design and how it could provide answers to the research questions, recruitment

activities, procedures of the study, and the data analysis tasks performed.

5.2.1 StudyDesign

5.2.1.1 Overview of the Study Design

To evaluate the effectiveness of travel information provided in ALIGN 2.0, participants

were asked to make travel plans for a hypothetical travel scenario using the travel informa-

tion provided. This format is widely adopted in evaluations of travel information systems

(Polak and Jones, 1993, Ben-Elia et al., 2008) and has been proven to be a valid evaluation

method.

Based on the research questions and hypotheses, a study design that involved different

conditions for the investigation for the effects of different types of travel information was

developed. Speci�cally, the study used a within-participant design with which the partici-

pants were asked to move through four different conditions for the same hypothetical travel

scenario.

The travel goal was to catch a metro train. Participants were asked to provide their

travel time allocation decisions in each condition based on the travel information provided.

The more customized types of travel information were provided progressively throughout

the four conditions. The �rst condition provided standard types of travel information about

the distance of possible routes and travel time estimates calculated using the distance and

the average walking speed for the hypothetical travel planning scenario. The second con-

dition provided standard distance environmental information and customized travel time

estimates which were supposedly generated based on a set of factors including the individ-

ual travelers' travel histories, the environmental features of a route, and the self-reported
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travel speed. The third condition provided environmental information about the distance

and additional environmental features and customized travel time estimates. The fourth

condition provided customized environmental and time information not only about the out-

door trip segment but also the indoor segment within the metro station.

The conditions were implemented through four “settings” and participants were told

that switching between the settings would change the types of travel information provided

about the same two alternative routes (see Figure 5.2). Participants were asked about their

travel time allocation decisions once they were in a new condition/setting and they were

advised that they did not have to change their travel time allocations with the new types of

information provided.

In addition to travel time allocation decisions, participants were asked to provide rea-

sons for their time allocation decisions at the end of each condition. By collecting both

quantitative (i.e., travel time allocations) and qualitative data (i.e., the reasons for time al-

locations), we were able to further understand the rationales behind the time allocation

decisions and examine if these rationales were related to certain pathways between the ICF

components.

Figure 5.2: The four settings of ALIGN 2.0 providing different types of travel information
about the same two routes (Route A and Route B) in the four conditions
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5.2.1.2 Considerations for the Choice of Within-Participant Design

Before moving onto the detailed descriptions of the independent and dependent variables,

and how they were connected to the research questions, the considerations for choosing the

within-participant design for this study are provided. In this evaluation study, the aim was

to measure travelers' travel time allocation decisions based on different types of travel in-

formation. The travel time allocation decision is subject to not only the types of information

provided, but also a set of factors that are speci�c to the individual making the decisions

such as one's past experience with travel planning, their time management style and skills,

and their perception towards urgency (see the concept of time urgency in Rastegary and

Landy, 1993). These individual-speci�c factors also interact with each other and are be-

yond the scope of this study thus were considered as confounding variables. To control for

these individual-speci�c factors, both within-participant and between-participant structures

can be used, however, with different setups. One setup is to have a between-participant de-

sign with a large sample size and random assignment to the conditions to “even out” the

individual differences introduced by these confounding variables. The other is to have

a within-participant design in which the individual differences are inherently controlled

because time allocation decisions are compared against those from the same person in a

different condition. Considering the past experience with having recruitment dif�culties

with the target population and the resource limitations, the within-participant design was

adopted in this study.

5.2.1.3 Independent and Dependent Variable

The independent variables were the different types of travel information provided in the

four conditions and two routes with different degrees of environmental barriers (see Ta-

ble 5.1). The dependent variables were participants' travel time allocation decisions. For

travelers' travel time allocation decisions, in addition to the total trip time allocations, par-

ticipants were asked to provide the breakdowns of the total trip time allocations into three
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Table 5.1: Independent variables and the conditions they are presented in

Independent Variables (Types of Travel Information) Presented in
Conditions

Outdoor - Distance All Conditions

Outdoor - Standard Travel Estimates Condition 1

Outdoor - Customized Travel Estimates Condition 2, 3, &
4

Outdoor - Additional Environmental Information
(Customized Environmental Information)

Condition 3 & 4

Indoor - Distance Condition 4

Indoor - Customized Travel Estimates Condition 4

Indoor - Additional Environmental Information
(Customized Environmental Information)

Condition 4

types of time allocations: their own expected travel time allocation for the outdoor trip

segment, the indoor trip segment, and the optional safety margin.

Safety margin is a widely recognized concept in travel activity scheduling and perfor-

mance literature (Hall, 1983, J. Lee and Miller, 2020) to refer to the additional time buffer

travelers would allow when scheduling travel activities to accommodate the uncertainty in

their upcoming travels to make sure they could arrive on time. The whole idea behind using

travel information systems in travel planning is to reduce the uncertainty in the upcoming

trips. By integrating customized environmental and time information, ALIGN 2.0 aimed

to better re�ect the reality travelers with mobility impairments will face in their upcoming

travels thus reducing uncertainty. By having the time allocations for safety margins as a

dependent variable, we are able to better understand the effects of different types of travel

information on the process of making travel time allocation decisions by travelers with

mobility impairments. The full list of independent variables and the conditions/settings in

which they were present are shown in Table 5.1. The full list of dependent variables and

their associated conditions are shown in Table 5.2.
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Table 5.2: Dependent variables and the conditions they are measured in

Dependent Variables Measured in
Conditions

Total Trip Time Allocations/Departure Time (D) All Conditions

Time Allocations for the Outdoor Travel (O) All Conditions

Time Allocations for the Indoor Travel (I) All Conditions

Time Allocations for the Safety Margin (M) All Conditions

Since the study adopted a within-participant design, the effects of the different types

of travel information provided in ALIGN 2.0 were evaluated by comparing participants'

travel time allocation decisions regarding the four types of time between conditions where

only the type(s) of travel information of interest varied. Figure 5.3 shows the structure

of the study design with four conditions and their associated independent and dependent

variables. The comparisons of the dependent variables between conditions are mapped to

the research questions which were answered by those comparisons.
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Figure 5.3: The study design chart indicating the conditions and the independent and de-
pendent variables

5.2.2 Procedures

The study was conducted as a remote user study using the video conferencing service

Zoom. The video conferencing service has the screen sharing function that allowed the par-

ticipants to share the screen on their mobile phones when they interacted with the ALIGN

2.0 prototype. Before the study, participants were provided with the study prep guide (see

Appendix C) to facilitate the setup of the video conferencing service. In the study, some

participants encountered technical dif�culties about sharing their screens. When such situ-

ations happened, participants were able to see the ALIGN 2.0 prototype through the author

sharing the screen with them and they would provide instructions on how they wanted to in-

teract with the prototype for the author to execute those operations for them. The sessions
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were recorded using the built-in recording function of Zoom and the recorded materials

were stored in an encrypted server owned by Georgia Tech. The study protocols were ap-

proved by the institutional review board (IRB) at Georgia Tech. Before the beginning of

the study the consent form was read to participants to obtain their verbal consent.

The average duration of the study was about one hour and there were four steps involved

in the study for the participants to follow.

5.2.2.1 Step 1. Pre-trial interview about participants' background information

After verbally consenting, participants were asked to provide background information in-

cluding demographics, mobility levels, and past experience with use of travel planning and

navigation applications for travel planning. Background information was not only useful to

interpreting the results but also for generalizing �ndings from this study to other situations

or populations.

5.2.2.2 Step 2. Familiarize with the functionalities of ALIGN 2.0

Following completion of the pre-trial interview, participants were provided with the ALIGN

2.0 prototype to familiarize themselves with the functionalities. Speci�cally, participants

were asked to go through the mobility preference settings to provide their mobility pref-

erences for environmental features in indoor and outdoor environments (see Figure 5.4).

Although their selections of mobility preferences would not affect the types of travel in-

formation they would see in the actual trial (and this was explained to them explicitly),

going through the mobility preferences settings enabled them to gain a better understand-

ing of how ALIGN 2.0 provides customized travel information (i.e., by incorporating the

mobility preference settings). This understanding was crucial in the later evaluative tasks in

which participants utilized customized travel information in making travel time allocation

decisions.
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Table 5.3: The hypothetical travel planning scenario that speci�es the trip context

Scenario:
You are trying to catch a MARTA train departing at11:30amfrom theNorth Avenue
stationto go to a doctor's appointment. It is10amnow and you are atTech Square
(on Georgia Tech campus)meeting with your friends. You are provided with a
mobile travel planning application called ALIGN 2.0. You are going to use it to
plan your trip to theNorth Avenue MARTA stationand catch the11:30amtrain.

Figure 5.4: The task �ow of mobility preference settings

5.2.2.3 Step 3. Use ALIGN 2.0 to plan travels (the trials)

After Participants familiarized themselves with the functionalities of ALIGN 2.0, they were

provided with a hypothetical travel planning scenario in which they would need to use

ALIGN 2.0 to plan a trip to a metro station to catch a train departing at a certain time (see

Table 5.3).
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Before beginning the travel planning tasks, participants were introduced to the four dif-

ferent settings representing the four conditions that they would experience. In this step,

participants were informed that they would try out four different settings with slightly dif-

ferent travel information in each setting about the same route recommendations. This was

intended to avoid mistaking the four different settings for four different trips.

In the evaluative travel planning tasks, participants went through four settings/conditions

where the information provided through ALIGN 2.0 varied using a button on the route op-

tion overview screen of ALIGN 2.0 to choose the settings. (see Figure 5.5)

Figure 5.5: The button for selecting different settings for the experiment purpose

Based on the travel information provided about two alternative routes, Route A and

Route B, participants made travel time allocation decisions regarding the departure time

selection/total trip time (D), travel time allocated for outdoor (O) and indoor (I) trip seg-

ments and the optional “safety margin” for both routes. In addition, participants were asked
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to provide their reasons for their travel time allocation decisions in each condition. Their

travel time allocation decisions and the reasons for those decisions were recorded using the

data recording sheet like the one in Figure 5.6.

Figure 5.6: Example data recording sheet for travel time allocation decisions
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5.2.3 Recruitment

The recruitment process of the evaluation study was challenging and the inclusion criteria

were expanded twice to try to recruit more participants. The recruitment process lasted

more than �ve months and a total of fourteen local and national organizations were con-

tacted multiple times. This section describes the two expansions made to the inclusion

criteria in the recruitment process because of the recruitment dif�culties and how the ex-

pansions could affect the internal and external validity of the study.

In the initial inclusion and exclusion criteria, inclusion criteria included individuals

who were users of either manual or electric wheelchairs and were familiar with the local

metro system (i.e., MARTA train in Atlanta) to enroll in the study. Familiarity with the

local metro system was de�ned as having the experience of taking the MARTA train in

the last six months. In addition, individuals needed to be over the age of eighteen to be

eligible to participate in the study. The study required participants to have prior experience

with using travel planning applications (e.g., MapQuest, Google Maps) and smartphones

to rule out the effect of participants having dif�culties understanding the tasks due to being

new to the technologies. In addition, individuals who required an auditory interface to use

smartphones and computers were excluded, to ensure that they could interact with ALIGN

2.0. Based on the inclusion and exclusion criteria, local organizations such as disability

advocacy groups, disability research labs, and organizations with speci�c interests about

the accessibility of the metro system were contacted.

After more than two months of communications and recruitment, only three participants

were enrolled. Some organizations and one of the participants suggested that the criterion

for experience taking a MARTA train within the last six months might limit the potential

participant pool as the number of MARTA travelers who were wheelchair users was small

compared to the whole population of travelers with mobility impairments.

Since this was a remote study, an IRB amendment was submitted to expand the inclu-

sion criteria to include travelers with metro experience in the last six months nationwide.
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After IRB approval, organizations nationwide including those in New York City, Boston,

Chicago, and San Francisco were contacted. After three months, an additional four partic-

ipants were enrolled, increasing the total number of participants to seven.

Preliminary analysis of the quantitative data from the seven participants showed trends

in mean values suggesting the existence of effects. However, when statistical tests were

performed, few of the tests showed statistical signi�cance in the observed effects due to the

small sample size.

To obtain a sample that was large enough to have statistical power and maintain the

representativeness of the sample in relation to the target population, another expansion of

the inclusion criteria to remove the criterion of recent metro experience was requested and

approved by the IRB. The change resulted in a less homogeneous sample of travelers with

different levels of experience using a public transit system.

Assessment of the impact of the expanded inclusion criteria revealed that it did not ad-

versely affect the internal and external validity. Speci�cally, the inclusion of participants

without recent metro experience would not impact internal validity for a number of rea-

sons. First, it would not introduce any confounding variables that were not controlled for

because the study adopted a within participant design. As a result, differences between par-

ticipants were controlled to some extent using this design. Second, when planning a trip,

participants without recent metro experience would represent the subgroup of travelers who

were infrequent or new metro users. This subgroup was within the target user population of

ALIGN 2.0, thus their data was valid for evaluating the effectiveness of travel information

provided in ALIGN 2.0.

Regarding the impact of the change on the external validity, travelers without recent

experience with the metro system were similarly part of the target user population of the

existing travel planning and navigation applications. As a result, study �ndings were still

capable of being generalized to the designs of other travel planning and navigation appli-

cations and services. Table 5.4 shows the exact changes in the two rounds of expansion of
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Table 5.4: The detailed changes in the inclusion criteria in each of the expansions

Inclusion Criteria
Version

Inclusion Criterion that Changed and being Changed To

Initial Version Experience with taking MARTA train within the last 6
months

First Expansion Have used any metro/subway services in the last 6 months

Second Expansion
(the �nal version)

No requirement about having recent experience with using
any metro system

the inclusion criteria.

5.2.4 TheFinal Versionof theParticipantsInclusionandExclusionCriteria

The �nal inclusion and exclusion criteria used in the study are shown in Table 5.5. In addi-

tion, users who require an auditory interface when using smartphones or computers (e.g.,

blind users) were excluded because the prototype of ALIGN 2.0 was not optimized for an

auditory interface for testing purposes. As a result, using ALIGN 2.0 with an auditory in-

terface might introduce additional usability issues caused by the auditory interface. More-

over, including users who require an auditory interface to use smartphones or computers

would lead to a more heterogeneous sample, which might further confound the evaluation

outcome.

5.2.5 DataAnalysis

Data collected and analyzed in the evaluation study were participants' decisions about

travel time allocation about the two alternative routes (Route A and Route B in the four

conditions). The different types of travel time allocations were referred to in the data anal-

ysis using the notation format presented in Table 5.6. By comparing the differences in the

time allocation decisions among the conditions, the effects of the newly introduced type(s)

of travel information were evaluated. After performing the Shapiro-Wilk tests on the col-

lected data for their normality, the data about some of the time allocation decisions were
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Table 5.5: The �nal version of the inclusion and exclusion criteria for participant enroll-
ment

Inclusion Criteria

• Wheelchair users (including both the manual and electric wheelchair users)

• English speaker and at least 18 y/o

• Experience with using travel planning systems (e.g., MapQuest, Google Map)

• Smartphone and computer users (owners and use smartphones on a daily ba-
sis)

Exclusion Criteria

• Require an auditory interface to use smartphones or computers

found to violate the normality assumption for performing pair t-tests (see results of the

Shapiro-Wilk tests in Appendix H). As a result, a Wilcoxon signed-rank test was selected

as a non-parametric test for the hypothesis testing associated with each research question.

Additionally, a top-down qualitative analysis was conducted using the qualitative data col-

lected in each condition regarding the reasons for the time allocations to help explain the

observed quantitative results.

5.3 Results

In this section, the results of the evaluation study of ALIGN 2.0 are reported. The report-

ing of the results starts with introducing the background information of the participants

who enrolled in the study, such as their demographics and past experience with travel plan-

ning(see Section 5.3.1). Following the report of participants' information, the descriptives

of all time allocation decisions of the participants based on the different types of travel

information provided in ALIGN 2.0 are presented (see Section 5.3.2). The quantitative
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Table 5.6: Example notation of the collected time allocation decisions

Notation Dependent Variables

S1RA.D Departure time (D) allocation for Route A (RA) in Setting
1(S1)/Condition 1

S1RA.O Outdoor travel time (O) allocation for Route A (RA) in Setting
1(S1)/Condition 1

S1RA.I Indoor travel time (I) allocation for Route A (RA) in Setting
1(S1)/Condition 1

S1RA.M Margin time (M) allocation for Route A (RA) in Setting
1(S1)/Condition 1

time allocation decisions were analyzed by performing a series of Wilcoxon signed-rank

tests comparing the within-participant time allocation changes across conditions. Further-

more, the qualitative data collected in each condition regarding the reasons for the time

allocation decisions were analyzed to aid the interpretation of the quantitative results. The

results of the quantitative and qualitative analyses are reported and organized by the re-

search questions they are concerned with (see Section 5.3.3 through Section 5.3.6). Lastly,

Section 5.3.7 provides a summary of the hypothesis testing outcomes for all research ques-

tions.

5.3.1 Participants

5.3.1.1 Demographics and Mobility Levels

A total of eleven participants (n = 11) enrolled in the study. This included six men and �ve

women. Participants' age ranged from 22 years old to 83 years old with the mean age being

60 years old and a standard deviation of 18.8 years (M = 60, SD = 18.8).

All participants were full time wheelchair users with one participant (P6) who some-

times would also use a walking pole for transferring. Three participants (P1, P3, P7) use

both manual wheelchairs and electric wheelchairs. Five participants were exclusively elec-

tric wheelchair users (P2, P4, P5, P10, P11). Two participants (P8, P9) were exclusively
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Table 5.7: Detailed background information of enrolled participants (n = 11)

ID Gender Age Use of Lower Body
Supportive Aids

Frequency of Using the
Fixed-Route Public Transport

P1 male 36 manual wheelchair;
electric wheelchair

daily

P2 male 40 electric wheelchair once a week

P3 male 22 manual wheelchair;
electric wheelchair

once in the last six months

P4 male 62 electric wheelchair once a month

P5 female 70 electric wheelchair 2-3 times in the last six months

P6 female 66 walking pole;
manual wheelchair

2-3 times in the last six months

P7 female 83 manual wheelchair;
electric wheelchair

once in the last six months

P8 male 67 manual wheelchair
(with motor assist)

2-3 times a week

P9 male 73 manual wheelchair none in the last six months

P10 female 73 electric wheelchair none in the last six months

P11 female 67 electric wheelchair none in the last six months

manual wheelchair users and P8 used his wheelchair with an add.On motor assist. P6 also

primarily used manual wheelchairs. (see Table 5.7)

5.3.1.2 Experience with Using Fixed Route Public Transport and Travel Planning

Participants enrolled in the study had varied experience using �xed route public transit

systems. Three participants did not have any recent experience using these systems (P9,

P10, P11). The frequencies of using �xed route public transit systems of the other eight

participants ranged from daily to once in the last six months. Table 5.7 provides the details

on the frequency of using �xed-route public transport by each participant.

All participants had experience planning trips using travel planning or navigation ser-

vices. Figure 5.7 shows all the services used by the participants for travel planning pur-
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poses and their frequencies of being mentioned by participants. When asked about their

experience using those services, seven participants (P1, P2, P6, P7, P8, P9, P10) explic-

itly mentioned that they would use the Google Street View feature within Google Maps

to check the surroundings of their destinations for accessibility related features (including

both barriers and facilitators) such as curb cut, stairs, and accessibility parking spots.

Figure 5.7: The services used by participants for travel planning

5.3.2 Descriptivesof theData

5.3.2.1 Time Allocation Decisions of Departure Time/Total Trip Time

Due to the large number of variables, variables were named following certain rules for

easier referencing. The rules used to name the variables of the time allocation decisions

were that a variable name starts with the setting/condition identi�er (e.g., “S1” for set-

ting/condition 1), which indicates the setting/condition with which the time allocation de-

cisions were associated. Following the setting identi�er is the route identi�er (e.g., “RA”

for Route A) and the identi�er for the type of time allocation decisions (e.g., “D” for de-
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Table 5.8: Identi�ers used in naming the variables and their meanings

Identi�er Category Value Meaning

Setting/Condition Identi�ers

S1 Setting/Condition 1

S2 Setting/Condition 2

S3 Setting/Condition 3

S4 Setting/Condition 4

Route Identi�ers
RA Route A

RB Route B

Identi�ers for the Type of Time Allocation Decisions

D Departure Time/
Total Trip Time

O Outdoor
Travel Time

I Indoor Travel Time

M Safety Margin Time

parture time). For the full list of identi�ers, their values and the associated meanings of the

values, see Table 5.8.

The descriptive statistics of the time allocation decisions are presented by variable name

in this section and the following three sections. In this section, Table 5.9 shows the descrip-

tives of the time allocation decisions for the departure time/the total trip time for the two

alternative routes, Route A and Route B, in all four conditions. Figure 5.8 shows the box

plots of those time allocation decisions.

In Figure 5.8, time allocation decisions for departure time for both Route A and Route

B increased when participants moved from condition one to condition four. The time allo-

cation decisions regarding Route A received a larger increase than Route B.

Descriptives of the three types of time allocation decisions (i.e., decisions regarding the

outdoor travel time, indoor travel time, and safety margin time) are discussed in the next

three sections.
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Table 5.9: Descriptives of the time allocation decisions for the departure time/total trip time

count mean sd min max

S1RA.D 11 33.45 13.08 7 51

S2RA.D 11 41.55 11.41 20 60

S3RA.D 11 47 15.68 20 80

S4RA.D 11 51.82 16.92 25 75

S1RB.D 11 32.45 13.09 7 51

S2RB.D 11 35.64 11.51 15 55

S3RB.D 11 35.64 11.77 15 55

S4RB.D 11 41.36 15.18 20 70

Figure 5.8: Box plots of the time allocation decisions for the departure time/total trip time
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Table 5.10: Descriptives of the time allocation decisions for the outdoor travel time

count mean sd min max

S1RA.O 11 15.82 7.41 5 31

S2RA.O 11 22.27 7.54 10 40

S3RA.O 11 24.09 8.31 10 40

S4RA.O 11 24.55 8.2 10 40

S1RB.O 11 15.27 6.86 5 31

S2RB.O 11 16.82 7.17 5 35

S3RB.O 11 17.27 7.2 5 35

S4RB.O 11 18.18 7.17 5 35

5.3.2.2 Time Allocation Decisions of Outdoor Travel Time

Table 5.10 shows the descriptive statistics of the time allocation decisions for the outdoor

travel time for the two alternative routes, Route A and Route B, in all four conditions.

Figure 5.9 shows the box plots of those time allocation decisions. In setting one(S1), the

provided outdoor travel estimates in ALIGN 2.0 for Route A and Route B were both eleven

minutes (11 minutes) as the standard travel time estimates. Starting from setting two (S2),

the provided outdoor travel estimates were customized travel time estimates. The estimate

for Route A was twenty minutes (20 mins) and �fteen minutes (15 mins) for Route B. As

we can see in the data, participants allocated more time than the provided estimates for

outdoor travel regardless of whether it was the standard outdoor travel time estimates or

the customized outdoor travel estimates. The outdoor travel time allocations for Route A

received a larger increase than those time allocations for Route B.
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Figure 5.9: Box plots of the time allocation decisions for the outdoor travel time

5.3.2.3 Time Allocation Decisions of Indoor Travel Time

Table 5.11 shows the descriptive statistics of the time allocation decisions for the indoor

travel time for the two alternative routes, Route A and Route B, in all four conditions.

Figure 5.10 shows the box plots of those time allocation decisions. In conditions/settings

one through three (S1, S2, S3), participants were provided with no information about the

indoor trip segment. They were encouraged to use their past experience to make their best

guesses. In setting four (S4), customized travel information about the indoor trip segment

was provided to represent the case where end-to-end customized travel information was

provided. The indoor travel time estimates for both Route A and Route B were given as

�ve minutes (5 mins) and the indoor environmental information including the map of the

metro station was provided. As shown in Figure 5.10, the indoor travel time allocations
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Table 5.11: Descriptives of the time allocation decisions for the indoor travel time

count mean sd min max

S1RA.I 11 9.36 5.84 1 20

S2RA.I 11 9.73 5.37 2 20

S3RA.I 11 9.73 5.37 2 20

S4RA.I 11 12.27 5.64 5 25

S1RB.I 11 9.36 5.84 1 20

S2RB.I 11 9.73 5.37 2 20

S3RB.I 11 9.73 5.37 2 20

S4RB.I 11 12.27 5.64 5 25

remained �at from setting one to setting three and changed in setting four. The changes

were identical for Route A and Route B as they all end in the same metro station.

Figure 5.10: Box plots of the time allocation decisions for indoor travel time
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Table 5.12: Descriptives of the time allocation decisions for the safety margin time

count mean sd min max

S1RA.M 11 8.27 5.9 0 20

S2RA.M 11 9.55 4.72 5 20

S3RA.M 11 13.18 10.07 5 40

S4RA.M 11 15 9.75 5 35

S1RB.M 11 7.82 5.95 0 20

S2RB.M 11 9.09 4.91 5 20

S3RB.M 11 8.64 3.23 5 15

S4RB.M 11 10.91 7.01 5 30

5.3.2.4 Time Allocation Decisions of Safety Margin

Table 5.12 shows the descriptive statistics of time allocation decisions for the safety margin

time for the two alternative routes, Route A and Route B, in all four conditions. Figure 5.11

shows the box plots of those time allocation decisions. The time allocation decisions for the

margin time demonstrated a similar trend to that observed in the time allocation decisions

of the outdoor travel time. The time allocations of safety margin for Route A received a

large increase in setting three (S3) when additional customized environmental information

indicated that there were several barriers on Route A while there were no signi�cant barriers

on Route B.
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Figure 5.11: Box plots of the time allocation decisions for the safety margin time

To evaluate the effects of different types of travel information provided in those settings,

the following sections present the descriptives of time allocation decisions and general

trends as time allocation changes between conditions/settings in the following sections.

The results are reported by research question and speci�c hypotheses.

5.3.3 Effectsof CustomizedTravelTime Information(RQ1)

RQ1: What is the effect of customized travel time information on travel time allocation by

individuals with mobility impairments?

Research question one (RQ1) is concerned with the effects of customized travel time

information on travel time allocation decisions by travelers with mobility impairments. The

effects were evaluated by comparing the travel time allocation decisions between the con-

ditions/settings one and two (S1 vs. S2). In condition/setting one (S1), thestandard travel

98



Table 5.13: Descriptive statistics of the time allocation decision changes between S1 and
S2

count mean sd min max

S2RA:D � S1RA:D 11 8.09 4.01 2 15

S2RA:O � S1RA:O 11 6.45 2.81 2 10

S2RA:I � S1RA:I 11 0.36 1.21 0 4

S2RA:M � S1RA:M 11 1.27 3.13 0 10

S2RB:D � S1RB:D 11 3.18 4.05 -3 10

S2RB:O � S1RB:O 11 1.55 2.91 -3 5

S2RB:I � S1RB:I 11 0.36 1.21 0 4

S2RB:M � S1RB:M 11 1.27 3.13 0 10

time estimates were provided about the outdoor trip segment whereas in condition/setting

two (S2), thecustomizedtravel time estimates were provided about the same outdoor trip

segment. In S2 where the customized travel time estimates were provided, the time esti-

mate for Route A had increased from eleven minutes in S1 to twenty minutes in S2 and that

for Route B had increased from eleven minutes in S1 to �fteen minutes in S2.

Table 5.13 provides the descriptive statistics of the time allocation decision changes

for all four types of time allocation decisions for both Route A and Route B. Figure 5.12

shows the box plots of the decision changes. As we can see from the box plots, when

customized travel time estimates which were higher than the standard travel time estimates

were provided, the outdoor travel time allocations and the safety margin time allocations for

both routes increased. Both the outdoor travel time allocations and the safety margin time

allocations moved in the same direction (i.e., increased in S2) to contribute to the increase

of the departure time/total trip time allocations. Three hypotheses were constructed to

assess whether there were statistically signi�cant effects on the time allocation decisions

when the customized travel time information was introduced.
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Figure 5.12: Box plots of the time allocation decision changes between S1 and S2

H1.1: Individuals with mobility impairments will rely on the customized travel time

rather than distance to determine theirdeparture time.

H1.1.a: S2RA.D - S1RA.D6= 0

H1.1.b: S2RB.D -S2RB.D6= 0

Hypothesis 1.1(H1.1) is concerned with the effects of customized travel time estimates

on the time allocations for the departure time/total trip time. Two sub-hypotheses (H1.1.a

& H1.1.b) were constructed to test the effects for Route A and Route B respectively.

Table 5.14 shows the time allocation decisions and the results of the Wilcoxon signed-

rank tests involved in H1.1. Figure 5.13 shows the time allocation decisions for departure

time/total trip time in S1 and S2 for Route A and Route B.

As shown in Table 5.14, for Route A, the mean value of the changes in departure time

allocations between S1 and S2 was 8.09 minutes with a standard deviation of 4.01 (M=8.09,
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Table 5.14: Statistics involved in comparing the time allocation decisions for departure
time/total trip time between S1 and S2

mean (minutes) sd

S2RA:D 41.55 11.41

S1RA:D 33.45 13.08

S2RA:D � S1RA:D 8.09 4.01

P value (H1.1.a) 0.000976*** ***:p < 0.001

S2RB:D 35.64 11.51

S1RB:D 32.45 13.09

S2RB:D � S1RB:D 3.18 4.05

P value (H1.1.b) 0.028* *: p< 0.05

SD = 4.01). The change was tested to be signi�cantly different from zero (p< 0.001) sug-

gesting the existence of effects brought by the customized travel time estimates on the

departure time allocations for Route A.

For Route B, the mean value of the changes in departure time allocations between S1

and S2 was 3.18 minutes with a standard deviation of 4.05 (M=3.18, SD = 4.05). The

change was also tested to be signi�cantly different from zero (p< 0.05) suggesting the exis-

tence of effects of customized travel time estimates on departure time allocations for Route

B.
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Figure 5.13: Box plots of the time allocation decisions for departure time/total trip time
between S1 and S2

In S2, participants were also asked to provide the reasons for their time allocation de-

cisions including any changes. The reasons provided were speci�c to time allocations for

the outdoor travel, indoor travel, and safety margin. Thus, they are presented under the

hypotheses for the speci�c type of time allocation other than the departure time/total trip

time.

H1.2: Individuals with mobility impairments will adjust theallocated outdoor travel

timeto bring it closer to the provided customized travel time.

H1.2.a:jS1RA:O � 11j � j S2RA:O � 20j > 0

H1.2.b:jS1RB:O � 11j � j S2RB:O � 15j > 0

Hypothesis 1.2 (H1.2) is concerned with the effects of customized travel time estimates

on the decisions regarding the outdoor travel time allocations. In the provided outdoor
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travel estimates, there were differences between the customized travel time estimate (pro-

vided in S2) and the standard travel time estimate (provided in S1) for the same route. When

investigating the effects of the customized travel time estimates, the time differences intro-

duced in the provided travel estimates were controlled to reduce the effects introduced in the

situation where participants changed their outdoor travel time allocations simply because

the provided estimates were different. To do that, the comparisons of the outdoor travel

time allocations in S1 and S2 were conducted in a way that the discrepancies between the

outdoor travel time allocations and the provided travel estimates in each condition/setting

were examined by formulating the corresponding hypotheses, and the Wilcoxon signed-

rank tests were performed to see if there were signi�cant differences in the discrepancies

in S1 and that in S2. In other words, the hypotheses were checking if participants would

move their outdoor travel time allocations closer to the provided time estimates when the

provided time estimates were customized instead of standard.

Table 5.15 shows the comparison results and Figure 5.14 shows the boxplots of the dis-

crepancies in S1 and S2. For Route A, the mean value of the differences in the discrepancies

was 1.82 minutes with a standard deviation of 3.37 (M = 1.82, SD = 3.37). The results of

the Wilcoxon signed-rank tests showed that the changes in the discrepancies between the

provided customized travel estimates and participants' outdoor travel time allocations for

Route A from S1 to S2 were not considered as signi�cant. All participants changed their

outdoor travel time allocations for Route A in S2.

For Route B, the mean value of differences in the discrepancies was 1.91 minutes with

a standard deviation of 3.33 (M = 1.91, SD = 3.33). Although the results of the Wilcoxon

signed-rank tests showed that the differences were not signi�cant, the p value approached

signi�cance (p = 0.051), which suggests that there is a potential effect of customized time

estimates on the discrepancies between the provided customized travel estimates and par-

ticipants' outdoor travel time allocations. Eight participants (P1, P3, P5, P6, P7, P8, P11)

changed their outdoor travel time allocations for Route B in S2 and four participants did
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Table 5.15: Statistics involved in comparing the discrepancies between the outdoor travel
time allocations and the provided outdoor travel estimates in S1 and S2

mean sd

jS1RA:O � 11j 5.91 6.49

jS2RA:O � 20j 4.09 6.64

jS1RA:O � 11j � j S2RA:O � 20j 1.82 3.37

P value (H1.2.a) 0.076

jS1RB:O � 11j 5.55 5.77

jS2RB:O � 15j 3.64 6.36

jS1RB:O � 11j � j S2RB:O � 15j 1.91 3.33

P value (H1.2.b) 0.051

not make changes to their outdoor travel time allocations for Route B in S2 (P2, P4, P9,

P10).
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Figure 5.14: Box plots of the discrepancies between the outdoor travel time allocations and
the provided outdoor travel estimates in S1 and S2

For participants' qualitative accounts for their outdoor travel time allocation changes in

S2, all participants understood that the time estimates provided in S2 were calculated based

on their customized speed and made necessary adjustments accordingly.

Two participants provided feedback for the causes for the differences between the stan-

dard travel estimates and the customized one (P2, P3).

• P2 thought that the difference in the customized travel estimates (for Route A) might

be caused by“hills or other things”.

• P3 thought that the changes could be caused by environmental characteristics such

as“stop lights and crosswalks”.

Four participants just changed their outdoor travel time allocations to match the provided
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customized travel estimates (P6, P8, P9, P10).

• P6: “Until I try it, I would go by what they (ALIGN 2.0) say because I �gured there

is a reason for they say what they are saying.”

• P8: “That's (the provided time estimate is calculated using the speed) in wheelchair,

versus walking. So why would I be putting in anything over that (customized travel

time estimates of) 20 minutes (for the outdoor travel time)?”

• P9: “The projecting 20 minutes is projecting (i.e., an estimate) and I know what it's

doing (i.e., how the customized time estimates are generated) I would say 20 minutes

(for the outdoor travel time allocations)”

• P10 did it because it was what was suggested by the app.

It is worth noting that there were two participants (P7, P8) who reduced their outdoor travel

time allocations for Route B in S2 when customized travel time estimates were provided.

They made the changes to bring their outdoor travel time allocations closer to the suggested

customized time estimates, which supports the hypothesis.

H1.3: Customized travel time information changes the amount oftime allocated for

safety marginby individuals with mobility impairments.

H1.3.a:S2RA:M � S1RA:M 6= 0

H1.3.b:S2RB:M � S1RB:M 6= 0

Hypothesis 1.3 (H1.3) is concerned with the effects of customized travel time estimates

on the decisions regarding the safety margins. Two sub-hypotheses (H1.3.a & H1.3.b) were

constructed to test the effects for Route A and Route B respectively.

Table 5.16 shows the comparison results of the time allocations for the safety margin in

S1 and S2. Figure 5.15 shows the box plots of the time allocations for the safety margins

in S1 and S2. For Route A, the mean value of the differences in the safety margin time

allocations was 1.27 minutes with a standard deviation of 3.13 (M = 1.27, SD = 3.13). For
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Table 5.16: Statistics involved in comparing the time allocation decisions for safety margin
time between S1 and S2

mean sd

S2RA:M 9.55 4.72

S1RA:M 8.27 5.90

S2RA:M � S1RA:M 1.27 3.13

P value (H1.3.a) 0.157

S2RB:M 9.09 4.91

S1RB:M 7.82 5.95

S2RB:M � S1RB:M 1.27 3.13

P value (H1.3.b) 0.157

Route B, the mean value of the differences in the discrepancies was 1.27 minutes with a

standard deviation of 3.13 (M = 1.27, SD = 3.13). The results of the Wilcoxon signed-rank

tests showed no signi�cant differences in the time allocations for safety margins for neither

of the routes.
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Figure 5.15: Box plots of the time allocation decisions for safety margins between S1 and
S2

Only two participants (P2, P4) changed their safety margin time allocations between

S1 and S2 and they changed the same amounts for Route A and Route B. P2 changed the

safety margin by four minutes for both Route A and Route B in S2. P4 changed the safety

margin by ten minutes for both Route A and Route B in S2. This explained the same mean

differences of the safety margin time allocation changes and the identical results of the

Wilcoxon signed-rank tests for Route A and Route B.

• P2 added the margin time to account for any environmental features that might have

caused the customized travel estimates to be different than the standard travel esti-

mates provided in S1.

• P4: “(even though the provided travel estimates were customized) I would still do
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it(adding more time on top) because being on a wheelchair for so long, there's always

problems. there's always traf�c, there's always something.”

5.3.4 Effectsof CustomizedEnvironmentalInformationin Addition toCustomizedTravel

Time Information(RQ2)

RQ2: What is the effect of customized environmental information in addition to cus-

tomized travel time information on travel time allocation by individuals with mobility im-

pairments?

Research question two (RQ2) is concerned with the effects of customized environmen-

tal information in addition to the customized travel time estimates on travel time allocation

decisions. The effects were assessed by comparing participants' time allocation decisions

in setting two (S2) whereonly the customized travel time estimateswere provided and

that in setting three (S3) wherethe customized environmental information was provided

in addition to the customized travel time estimates. The customized environmental in-

formation provided in S3 was the additional environmental information about the environ-

mental features that were present on the two alternative routes. The additional environmen-

tal information about Route A informed the participants of the presence of several barriers

(e.g., construction site at one location, narrow sidewalk at two locations) on the route. In

contrast, additional environmental information about Route B informed participants that

there were no signi�cant barriers on the route. Although the customized travel time esti-

mates of Route A and Route B remained the same from S2, the additional environmental

information in S3 helped provide transparency to the customized travel time estimates.

Table 5.17 provides the descriptive statistics of the time allocation decision changes

for all four types of time allocation decisions for both Route A and Route B from S2 to

S3. Figure 5.16 shows the box plots of the decision changes. As indicated on the box

plots, when customized environmental information was about the presence of barriers on

a route (i.e., in the case of Route A), participants increased both the outdoor travel time
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Table 5.17: Descriptive statistics of the time allocation decision changes between S2 and
S3

count mean sd min max

S3RA:D � S2RA:D 11 5.45 7.23 0 25

S3RA:O � S2RA:O 11 1.82 2.52 0 5

S3RA:I � S2RA:I 11 0 0 0 0

S3RA:M � S2RA:M 11 3.64 7.45 0 25

S3RB:D � S2RB:D 11 0 3.87 -10 5

S3RB:O � S2RB:O 11 0.45 1.51 0 5

S3RB:I � S2RB:I 11 0 0 0 0

S3RB:M � S2RB:M 11 -0.45 3.5 -10 5

allocations and the safety margin time allocations. When the customized environmental in-

formation was about the absence of signi�cant barriers (i.e., in the case of Route B), there

was little change in the time allocations. Similar to that in research question one (RQ1),

for research question two(RQ2), three hypotheses were constructed to assess whether there

were statistically signi�cant effects on the time allocation decisions when the customized

environmental information was introduced (in addition to the customized travel time esti-

mates).
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Figure 5.16: Box plots of the time allocation decision changes between S2 and S3

H2.1: Individuals with mobility impairments will integrate the customized environmen-

tal information to determine theirdeparture timeregardless of the types of the environmen-

tal characteristics of a route that is being conveyed through the information.

H2.1.a:S3RA:D � S2RA:D 6= 0

H2.1.b:S3RB:D � S2RB:D 6= 0

Hypothesis 2.1 (H2.1) is concerned with the effects of customized environmental infor-

mation on the time allocation decisions regarding the departure time/total trip time. Two

sub-hypotheses (H2.1.a & H2.1.b) were constructed to test the effects for Route A and

Route B respectively.

Table 5.18 shows the comparison results and Figure 5.17 shows the box plots of the

departure time allocations in S2 and S3. As shown in Table 5.18, for Route A, the mean

value of the changes in departure time allocations between S2 and S3 was 5.45 minutes with
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Table 5.18: Statistics involved in comparing the time allocation decisions for departure
time/total trip time between S2 and S3

mean sd

S3RA:D 47.00 15.68

S2RA:D 41.55 11.41

S3RA:D � S2RA:D 5.45 7.23

P value (H2.1.a) 0.00948** **: p < 0.01

S3RB:D 35.64 11.77

S2RB:D 35.64 11.51

S3RB:D � S2RB:D 0.00 3.87

P value (H2.1.b) 0.644

a standard deviation of 7.23 (M=5.45, SD = 7.23). The change was tested to be signi�cantly

different from zero (p< 0.05) suggesting the existence of effects brought by the customized

environmental information(when that information was about the presence of barriers)

on the departure time allocations for Route A.

For Route B, the mean value of the changes in departure time allocations between S2

and S3 was zero minutes with a standard deviation of 3.87 (M=0, SD = 3.87). The change

was not signi�cantly different from zero (p=0.644), which did not support the hypothesis

that there were effects of customized environmental information(when that information

was about the absence of signi�cant barriers)on departure time allocations for Route B.
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Figure 5.17: Box plots of the time allocation decisions for departure time/total trip time in
S2 and S3

H2.2: Individuals with mobility impairments will adjust theallocated outdoor travel

timeto bring it even closer to the provided customized travel time.

H2.2.a:jS2RA:O � 20j � j S3RA:O � 20j > 0

H2.2.b:jS2RB:O � 15j � j S3RB:O � 15j > 0

Hypothesis 2.2 (H2.2) is concerned with the effects of customized environmental infor-

mation on the time allocation decisions for the outdoor travel time. Two sub-hypotheses

(H2.2.a & H2.2.b) were constructed to test the effects for Route A and Route B respectively.

Similar to hypothesis 1.2, when evaluating the effects of customized environmental

information on the outdoor travel time allocations, the discrepancies between participants'

outdoor travel time allocations and the provided customized travel time estimates were

compared instead of directly comparing the outdoor travel time allocations.
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Table 5.19 shows the comparison results and Figure 5.18 shows the box plots of the

discrepancies in S2 and S3. For Route A, the mean value of the differences in the discrep-

ancies was -1.82 minutes with a standard deviation of 2.52 (M = -1.82, SD = 2.52). Four

participants increased their outdoor travel time allocations for Route A in S3 (P7, P8, P10,

P11).

For Route B, the mean value of the differences in the discrepancies was -0.45 minutes

with a standard deviation of 1.51 (M = -0.45, SD = 1.51). One participant (P4) increased

their outdoor travel time allocations for Route B in S3.

The mean values of the differences in the discrepancies for Route A and Route B were

both less than zero, which indicated that there were larger discrepancies between partici-

pants outdoor travel time allocations and the provided customized travel estimates in S3. In

other words, participants changed their outdoor travel time allocations to move away from

the provided customized travel estimates for both Route A and Route B. This was clearly in

the opposite direction of what were in H2.2.a and H2.2.b where the effects of customized

environmental information were expected that that outdoor travel time allocations would be

closer to the provided customized outdoor travel time estimates due to the increased trans-

parency on how the customized travel time estimates were generated. However, the data

suggested otherwise. To test whether the differences between the discrepancies observed

in S2 and S3 were signi�cant, two alternative hypotheses (H2.2.a.alt & H2.2.b.alt) were

formulated and tested to replace the original hypotheses regarding the outdoor travel time

allocations.

H2.2.a.alt:jS2RA:O � 20j � j S3RA:O � 20j < 0

H2.2.b.alt:jS2RB:O � 15j � j S3RB:O � 15j < 0

As shown in Table 5.19, the differences in the discrepancies between the provided out-

door travel time estimates and participants' allocated outdoor travel time for Route A were

tested to be signi�cant (p< 0.05) whereas the test result for the differences in the discrep-

ancies for Route B was not signi�cant (p = 0.158).
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Table 5.19: Statistics involved in comparing the discrepancies between the outdoor travel
time allocations and the provided outdoor travel estimates in S2 and S3

mean sd

jS2RA:O � 20j 4.09 6.64

jS3RA:O � 20j 5.91 7.01

jS2RA:O � 20j � j S3RA:O � 20j -1.82 2.52

P value (H2.2.a.alt) 0.022* *: p< 0.05

jS2RB:O � 15j 3.64 6.36

jS3RB:O � 15j 4.09 6.25

jS2RB:O � 15j � j S3RB:O � 15j -0.45 1.51

P value (H2.2.b.alt) 0.158

Figure 5.18: Box plots of the discrepancies between the outdoor travel time allocations and
the provided outdoor travel estimates in S2 and S3
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The qualitative data regarding the reasons for the outdoor travel time allocation de-

cisions, reveal some clues about why some participants moved their outdoor travel time

allocations away (by adding more time) from the provided customized travel time esti-

mates.

For Route A where the customized environmental information was about the presence

of barriers on the route, the four participants who added more time to their outdoor travel

time allocations all attributed the reason for their changes to the fact that the information

about the barriers on the route was disclosed to them (P7, P8, P10, P11).

• P7: She allocated more outdoor travel time to Route A because she knew that there

were barriers on the route.

• P8: “This time, I 'read' the obstacles. so seeing there are steep slope, and con-

struction, and narrow sidewalk, even though it (the provided customized travel time

estimate) allocated extra time, I would still probably give it another 5 minutes”

• P10: “It's a little bit cumbersome this time (for route A with all the obstacles) so

I would say 25 (minutes for the outdoor travel)”. When being asked to explain

“cumbersome”, she referred to the obstacles:“for the narrow sidewalks, I need to

make sure I can get by there, near the narrowed sidewalk”

• P11: She added �ve more minutes in S3 because of“all of the geographic obstacles.

There are more variables.”

For Route B where the customized environmental information was about the absence of

any signi�cant barriers on the route, only one participant (P4) changed his outdoor travel

time allocation for Route B by adding more time. He attributed the reason for his change

of outdoor travel time allocation to the vagueness in the information regarding the absence

of signi�cant barriers for Route B

P4:“'No signi�cant barriers', there might be minor barriers. What 'signi�cant' means?”
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H2.3: Customized environmental information changes the amount oftime allocated for

safety marginby individuals with mobility impairments.

H2.3.a:S3RA:M � S2RA:M 6= 0

H2.3.b:S3RB:M � S2RB:M 6= 0

Hypothesis 2.3 (H2.3) is concerned with the effects of customized environmental in-

formation on the decisions regarding the safety margins. Two sub-hypotheses (H2.3.a &

H2.3.b) were constructed to test the effects for Route A and Route B respectively.

Table 5.20 shows the comparison results and Figure 5.19 shows the box plots of the

safety margin time allocations in S2 and S3. As shown in Table 5.20, for Route A, the mean

value of the changes in safety margin time allocations between S2 and S3 was 3.64 with

a standard deviation of 7.45 (M=3.64, SD = 7.45). The results of the Wilcoxon signed-

rank tests showed that the changes in the safety margin time allocations from S2 to S3

were signi�cant, which suggest that there existed the effects of customized environmental

information (communicating the presence of barriers on a route) on safety margin time

allocations. Four participants (P1, P3, P7, P9) changed their safety margin time allocations

by adding more time to them for Route A in S3.

For Route B, the mean value of the changes in safety margin time allocations between

S2 and S3 was -0.45 minutes with a standard deviation of 3.5 (M=-0.45, SD = 3.5). The

results of the Wilcoxon signed-rank tests showed that the changes in the safety margin time

allocations from S2 to S3 were not signi�cant, which suggest that when the customized

environmental information was about the absence of signi�cant barriers on a route, there

were no effects of such information on the safety margin time allocations. Two participants

(P1, P8) changed their safety margin time allocations for Route B in S3. Among the two

participants, one participant (P1) added more time to the safety margin time while the other

(P8) reduced the safety margin time in S3 for Route B.
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Table 5.20: Statistics involved in comparing the time allocation decisions for safety margin
time between S2 and S3

mean sd

S3RA:M 13.18 10.07

S2RA:M 9.55 4.72

S3RA:M � S2RA:M 3.64 7.45

P value (H2.3.a) 0.046* *: p< 0.05

S3RB:M 8.64 3.23

S2RB:M 9.09 4.91

S3RB:M � S2RB:M -0.45 3.50

P value (H2.3.b) 0.946

Figure 5.19: Box plots of the time allocation decisions for safety margins in S2 and S3

In the qualitative accounts for the safety margin time allocations in S3 for Route A,
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participants who changed their safety margin time (P1, P3, P7, P9) attributed the reason to

the disclosed barriers on the route, similar to the reason for the change in the outdoor travel

time allocations for Route A in S3.

• P1: “With more information, i can see, ok i could be held up here.”

• P3: “ For Route A, I'm gonna up the buffer time a little bit more because I know there

are more obstacles on the way. It says 20 minutes but the obstacles can take a little

bit longer.” “For Route A I have more options to go wrong.”

• P7: She allocated more safety margin time for the barriers.

• P9: He was wondering if the information about the barriers were real time infor-

mation. After knowing that the barrier information was not real-time, he said“The

dynamics of the situation are such that because of the signi�cant construction site,

you don't know what the next phase (of the construction site) is. That intersection

might be blocked out which creates time (consumption).”

The following shows the reasons provided by the two participants who changed their time

allocations for the safety margin for Route B.

• P1: He added 5 minutes more safety margin time just to be safe.

• P8: He reduced 10 minutes of the safety margin time allocation for Route B:“be-

cause it says there's no signi�cant barrier.”

Three participants (P2, P5, P6) did not change any of their time allocation decisions in S3

when the customized environmental information was provided. Although these participants

did not change their time allocations, they still considered the customized environmental

information to be helpful. Speci�cally, two participants (P5, P6) did not change their time

allocation decisions because in S3 the customized environmental information con�rmed to

them that the customized travel time estimates provided in S2 took into consideration the
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environmental features of a route thus they did not see a need for changing any of the time

allocation decisions in S3.

• P2: “Having that information (the additional environmental info) is useful, but it

would not affect how I allocate my time. it is useful to know what to expect”

• P5: “If it shows the environmental (information), and it still gives you 20 minutes

with the environmental problems, that's(i.e., the customized travel time) including

(the environmental barriers). So why would I need extra buffer if it already added

the �ve minutes difference between Route A and Route B?”

• P6: “I like this (the additional environmental information) a lot, it's so much more

information than the second one (S2).”In setting 3, she knows“what they (the dif-

ference in the customized travel time estimates between Route A and Route B) are

saying.”

5.3.5 Effects of CustomizedEnd-to-EndEnvironmentaland Travel Time Information

(RQ3)

RQ3: What is the effect of end-to-end travel time information that includes end-to-end

customized environmental information and customized travel time information on travel

time allocation by individuals with mobility impairments?

Research question three (RQ3) is concerned with the effects of end-to-end customized

environmental and time information on travel time allocation decisions. The effects were

assessed by comparing participants' time allocation decisions in condition/setting three

(S3) whereonly the outdoor customized environmental and time informationwas pro-

vided and that in setting four (S4) wherethe end-to-end (including both indoor and

outdoor) customized environmental and time information was provided.Indoor cus-

tomized time information provided in S4 was an added �ve minutes for the indoor trip

segment in the provided customized travel time estimates. The indoor customized envi-
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ronmental information provided in S4 was a text description of the indoor environment of

the metro station and a map of the metro station indicating the locations of indoor environ-

mental features. The end-to-end and customized travel information provided in S4 aimed

to cover every segment of the trip to provide more transparency about the upcoming trip to

travelers in the planning phase.

Table 5.21 provides the descriptive statistics of the time allocation decision changes

for all four types of time allocation decisions for both Route A and Route B from S3 to

S4. Figure 5.20 shows the box plots of the decision changes. The box plots indicate that

when the additional indoor customized travel information was provided in S4, the time

allocations for the indoor travel time and the safety margin changed while that for the

outdoor travel time remained almost the same. As indicated by some of the minimum

values of the time allocation changes from S3 to S4 being negative, some participants

reduced their time allocations in S4 for the indoor travel time and the safety margin time of

both Route A and Route B.

Three hypotheses were constructed to assess whether there were statistically signi�-

cant effects on the time allocation decisions when the additional indoor customized travel

information was introduced in S4.

121



Table 5.21: Descriptive statistics of the time allocation decision changes between S3 and
S4

count mean sd min max

S4RA:D � S3RA:D 11 4.82 9.24 -10 25

S4RA:O � S3RA:O 11 0.45 1.51 0 5

S4RA:I � S3RA:I 11 2.55 5.13 -5 15

S4RA:M � S3RA:M 11 1.82 8.15 -5 25

S4RB:D � S3RB:D 11 5.73 9.37 -10 25

S4RB:O � S3RB:O 11 0.91 2.02 0 5

S4RB:I � S3RB:I 11 2.55 5.13 -5 15

S4RB:M � S3RB:M 11 2.27 8.17 -5 25

Figure 5.20: Box plots of the time allocation decision changes between S3 and S4

H3.1: Individuals with mobility impairments will integrate the end-to-end travel infor-
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mation to determine theirdeparture time.

H3.1.a:S4RA:D � S3RA:D 6= 0

H3.1.b:S4RB:D � S3RB:D 6= 0

Hypothesis 3.1 (H3.1) is concerned with the effects of the end-to-end customized travel

information on the time allocation decisions of the departure time/total trip time. Two sub-

hypotheses (H3.1.a & H3.1b) were constructed to test the effects for Route A and Route B

respectively. Table 5.22 shows the comparison results and Figure 5.21 shows the box plots

of the departure time allocations in S3 and S4.

As shown in Table 5.22, for Route A, the mean value of the changes in departure time

allocations between S3 and S4 was 4.82 minutes with a standard deviation of 9.24 (M=4.82,

SD = 9.24). For Route B, the mean value of the changes in departure time allocations

between S3 and S4 was 5.73 minutes with a standard deviation of 9.37 (M=5.73, SD =

9.37). Neither of the changes in the departure time allocations from S3 to S4 was tested to

be statistically signi�cant, which indicated that there was no signi�cant effect of the end-

to-end customized travel information on participants' departure time allocations in S4. In

the next two hypotheses, we will examine the effects of the end-to-end customized travel

information on the time allocations of the indoor travel time and the safety margin time

speci�cally.
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Table 5.22: Statistics involved in comparing the time allocation decisions for departure
time/total trip time between S3 and S4

mean sd

S4RA:D 51.82 16.92

S3RA:D 47.00 15.68

S4RA:D � S3RA:D 4.82 9.24

P value (H3.1.a) 0.103

S4RB:D 41.36 15.18

S3RB:D 35.64 11.77

S4RB:D � S3RB:D 5.73 9.37

P value (H3.1.b) 0.072

Figure 5.21: Box plots of the time allocation decisions for departure time/total trip time in
S3 and S4
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H3.2: Individuals with mobility impairments will integrate the indoor travel informa-

tion by adjusting theirallocated indoor travel time.

H3.2.a:S4RA:I � S3RA:I 6= 0

H3.2.b:S4RB:I � S3RB:I 6= 0

Hypothesis 2.3 (H3.2) is concerned with the effects of the end-to-end customized travel

information on the time allocation decisions regarding the indoor travel time. Two sub-

hypotheses (H3.2.a & H3.2.b) were constructed to test the effects for Route A and Route B

respectively.

As shown in Table 5.23, the indoor travel time allocations including the changes from

S3 to S4 of Route A and Route B were identical because both of the routes all go to the

same metro station. Participants had allocated the same amount of indoor travel time for

Route A and Route B across all four conditions/settings. Table 5.23 shows the comparison

results and Figure 5.22 shows the box plots of the indoor travel time allocations in S3 and

S4.

For both Route A and Route B, the mean value of the changes in the indoor travel time

allocations between S3 and S4 was 2.55 minutes with a standard deviation of 5.13 (M=2.55,

SD = 5.13). None of the changes in the indoor travel time allocations of Route A or Route

B between S3 and S4 was tested to be signi�cant. The suggests that the collected data about

the indoor travel time allocations in S4 did not support the case that there was an effect of

the additional indoor customized travel information on indoor travel time allocations.

Six participants (P1, P2, P5, P7, P8, P9) changed their time allocation decisions for

the indoor travel time from S3 to S4 (by the same amount for both Route A and Route B).

Within the participants who changed their indoor travel time allocations, four participants

increased their indoor travel time allocations when the additional customized indoor travel

information was provided (P1, P2, P5, P7, P8) while one participant (P9) decreased their

indoor travel time allocations. allocations.
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Table 5.23: Statistics involved in comparing the time allocation decisions for indoor travel
time between S3 and S4

mean sd

S4RA:I 12.27 5.64

S3RA:I 9.73 5.37

S4RA:I � S3RA:I 2.55 5.13

P value (H3.2.a) 0.107

S4RB:I 12.27 5.64

S3RB:I 9.73 5.37

S4RB:I � S3RB:I 2.55 5.13

P value (H3.2.b) 0.107

Figure 5.22: Box plots of the time allocation decisions for indoor travel time in S3 and S4

Participants changed their indoor travel time allocation decisions because of the newly
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introduced customized indoor travel information in S4. Participants who increased their

indoor travel time allocations attributed the increase to the complex three level structure of

the indoor environment.

• P1: “There are more opportunities to be stopped at each level on the elevator.”

• P2: “The map is helpful.”He had previous experience in metro stations where he

could not �nd the elevators. He added �ve minutes to the indoor travel time he gave

in S3 because in S4 the indoor information told him that there were three levels in

the station.

• P5: She added more time because it was a three level station.

• P7: Because the indoor information said that it was a three level station so she allo-

cated more time for the indoor travel.

• P8: He added 3 minutes for the indoor travel time in S4 to make it to be 5 minutes to

match what was suggested in S4.

The participant (P9) who decreased his indoor travel time allocation attributed his past

experience with elevators to determine that he did not need the amount of indoor travel

time he allocated in S3.

P9: After checking the indoor map, he counted the number of times he needed to use

the elevators (i.e., twice). He adjusted the indoor travel time based on his past experience

at the airport using the elevators.

H3.3: End-to-end customized travel information changes the amount oftime allocated

for safety marginby individuals with mobility impairments.

H3.3.a:S4RA:M � S3RA:M 6= 0

H3.3.b:S4RB:M � S3RB:M 6= 0

Hypothesis 3.3 (H3.3) is concerned with the effects of end-to-end customized travel

information on the decisions regarding the safety margins. Two sub-hypotheses (H3.3.a
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Table 5.24: Statistics involved in comparing the time allocation decisions for safety margin
time between S3 and S4

mean sd

S4RA:M 15.00 9.75

S3RA:M 13.18 10.07

S4RA:M � S3RA:M 1.82 8.15

P value (H3.3.a) 0.916

S4RB:M 10.91 7.01

S3RB:M 8.64 3.23

S4RB:M � S3RB:M 2.27 8.17

P value (H3.3.b) 0.586

& H3.3.b) were constructed to test the effects for Route A and Route B respectively. Ta-

ble 5.24 shows the comparison results and Figure 5.23 shows the box plots of the safety

margin time allocations in S3 and S4.

As shown in Table 5.24, for Route A, the mean value of the changes in safety margin

time allocations between S3 and S4 was 1.82 minutes with a standard deviation of 8.15

(M=1.82, SD = 8.15). Four participants (P6, P9, P10, P11) changed their safety margin

time allocations for Route A in S4.

For Route B, the mean value of the changes in safety margin time allocations between

S3 and S4 was 2.27 minutes with a standard deviation of 8.17 (M=2.27, SD = 8.17). Five

participants (P6, P7, P9, P10, P11) changed their safety margin time allocations for Route

B in S4.

Neither of the changes of the safety margin time for Route A or Route B was tested to

be statistically signi�cant, which did not support the hypothesis that there was an effect of

the provided additional indoor customized travel time on safety margin time allocations.
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Figure 5.23: Box plots of the time allocation decisions for safety margin time in S3 and S4

Similar to what was observed about the indoor travel time allocations, in S4 participants

who changed their safety margin time allocations changed them in different directions.

Some participants (P7, P10, P11) increased their safety margin time allocations whereas

others (P6, P9) decreased the safety margin time allocations.

The reasons for the changes in the safety margin time were similar to the ones given for

the indoor travel time allocations. Participants who increased their safety margin time in

S4 when the additional customized indoor travel information was provided attributed the

changes to the complex indoor structure of the metro station.

• P7: She allocated �ve minutes more for the safety margin time because the indoor

information says that it was a three level station. (This is the same reason she gave

for her indoor travel time allocation changes in S4.)
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• P10: She did not change the indoor travel time allocations, but added �ve minutes for

the safety margin time because of the three �oors of the station and her past her past

experience with a non-working elevator:“Another time I was at the marta station

and the elevator wasn't working so I had to �nd another one”.

• P11: She added a lot of safety margin time when she knew it was a three-level station

rather than a one-level one that she was expecting:“It could be that the elevator is

busy. You have to depend (on the elevator), it's not like you can go around a curb

(without a curb cut), when you have to depend on the elevator, there is no other way

around it”

Participants who decreased their safety margin time allocations in S4 did so because the

indoor travel information provided more transparency to them thus requiring less safety

margin time.

• P6: She cut the safety margin time allocations in S4 because with the map she knew

where everything was.

• P9: After checking the indoor map, he counted the number of times he needed to use

the elevators (i.e., twice). He allocated the safety margin based on his past experience

at the airport using the elevators. (This is the same reason he gave for his change for

the indoor travel time allocation.)

As shown by the qualitative data regarding reasons for the changes in the indoor travel

time and safety margin in S4 when additional indoor travel information was provided,

participants' time allocation decisions were heavily in�uenced by their past experience with

the disclosed environmental features. Speci�cally, participants past experience contributed

to their perception of the same environmental feature (i.e., the elevator) as a barrier or

facilitator.

For example, P10 and P11 all experienced the elevators as being unreliable thus added

more time whereas P9 had relatively good experience using the elevators at the airport
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thus thought that he did not need as much time as he allocated (in S1 through S3) before

knowing the indoor environment of the metro station.

5.3.6 Effectsof InformationaboutRouteswith Different EnvironmentalCharacteristics

(RQ4)

RQ4: How does the information of different environmental characteristics of a route affect

travel time allocation by individuals with mobility impairments?

H4: When customized environmental information is provided, individuals with mo-

bility impairments will allocate thetime for the safety margindifferently for routes with

different environmental features.

H4: S3RA.M - S3RB.M6= 0

Hypothesis 4 (H4) is concerned with the effects of different environmental features

communicated via the customized environmental information on the decisions regarding

the safety margins. Table 5.25 shows the comparison results and Figure 5.24 shows the

box plots of the safety margin time allocations for Route A and Route B in S3.

As shown in Table 5.25, the mean value of the differences in the safety margin time al-

locations for Route A and Route B was 4.55 minutes with a standard deviation of 7.57

(M=4.55, SD = 7.57). The change was tested to be signi�cantly different from zero

(p< 0.05) indicating the existence of effects brought by the different environmental features

of routes on the safety margin time allocations when those features were communicated

through the customized environmental information.
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Table 5.25: Statistics involved in comparing the time allocation decisions for safety margin
time between Route A and Route B in S3

mean sd

S3RA:M 13.18 10.07

S3RB:M 8.64 3.23

S3RA:M � S3RB:M 4.55 7.57

P value (H4) 0.026* *: p< 0.05

Figure 5.24: Box plots of the time allocation decisions for the safety margins for Route A
and Route B in S3

Participants allocated more safety margin time for Route A in S3 because of the dis-

closed environmental barriers on the route. The detailed reasons can be found in the results

in hypothesis 2.3 (H2.3), which investigated the effects of customized environmental in-
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formation on the safety margin time allocations. In contrast, participants who provided

responses for not changing their time allocations for Route B in S3 when the outdoor cus-

tomized environmental information is presented below.

• P9: He kept the time allocations for Route B the same because no additional envi-

ronmental barriers were disclosed:“Let's do (the time allocations for) Route B �rst

because (the time allocations) that's easy, just (keep the time allocations) the same.”

• P10: She did not change any time allocations for Route B:“Route B, (the app says)

no signi�cant barriers.”

• P11: She kept the time allocations for Route B the same as in setting 2:“because it

says no signi�cant barriers, so it stays the same as I originally thought”

5.3.7 Summaryof theHypothesisTestingOutcomes

To end this chapter of the evaluation study results, Table 5.26 summarizing the research

questions, hypotheses, and the hypothesis testing results is presented. The hypotheses are

color-coded to indicate the hypothesis testing results. The red one refers to the case where

the collected quantitative data did not support the hypothesis regardless of whether the

hypothesis was about Route A or Route B (i.e., the sub-hypotheses about Route A and

Route B within each hypothesis). The green one refers to the case where the collected data

supported at least one of the sub-hypotheses. The yellow one refers to the case where the

collected data exhibited a trend in becoming supportive (i.e., with a p value larger than but

close to the signi�cance level of 0.05) to at least one of the sub-hypotheses.
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CHAPTER 6

DISCUSSION

Summary

In the previous chapter, the evaluation outcome of ALIGN 2.0 has suggested that the cus-

tomized travel information, including the customized time and environmental information,

is effective for travel time allocations by travelers with mobility impairments. In addi-

tion to evaluating the effectiveness of the different types of travel information, the research

questions and hypotheses involved in the study were constructed to allow the investigation

of a set of pathways between the components in the modi�ed ICF model. For example,

the customized travel time estimates (as information about the temporal factor of expected

required time) are the outcome of the interactions between some environmental factors

(i.e., the features in the physical environment) and the component of body functions and

structure. Travelers' decisions on travel time allocations represent the temporal factor of

allocated time that could be affected by information about the aforementioned components

in the modi�ed ICF model (see Figure 6.1). The evaluation outcome of the effectiveness

of the different types of travel information thus could serve as evidence to support (or not

support) the existence of those pathways in the modi�ed ICF model.
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Figure 6.1: The detailed mechanism of the interactions between components in the ICF
model: travel information provided in four settings of the study design representing differ-
ent components

To illustrate the detailed implications of the evaluation outcome on the speci�c path-

ways in the modi�ed ICF model, we will examine the research questions and their answers

(i.e., the evaluation outcome) through the lens of each of the pathways to see whether the

pathways are supported by the evaluation outcome. In addition, we will discuss the con-

structs of the proposed temporal factors (i.e., allocated time, expected and actual required

time) based on the evaluation outcome.
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6.1 Pathway One: From the temporal factor of “expected required time” (repre-

sented by customized outdoor travel time information) to the temporal factor of

“allocated available time” (represented by travel time allocations).

Figure 6.2: Pathway One: from “expected required time”(a temporal factor) to “allocated
available time” (another temporal factor)

The pathway from the “expected required time” to the “allocated available time” was in-

vestigated through the research question one (RQ1) in which the effect of customized travel

time information on travel time allocations was investigated. The investigation was done

through the comparisons of the time allocation decisions (i.e., the total trip time, the outdoor

travel time, and the safety margin) between setting 1(S1) where the standard outdoor travel

time information was provided and setting 2(S2) where the customized outdoor travel time

information was provided. The customized travel time information represents the temporal

factor of “expected required time” that has interacted with the ICF components of body

functions and structures of the travelers (i.e., mobility impairments) and the environmental

factors about the travel environment. When only the customized outdoor travel estimates

were provided, they were found to cause signi�cant change in participants' total trip time
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allocations (see Section 5.3.3 for H1.1). Although the further hypothesis testing about the

effects of customized outdoor travel estimates on the outdoor travel time allocations when

controlling for the amount of time provided as the travel estimates showed the effects to

be non-signi�cant, the test statistics demonstrated a trend to become signi�cant (i.e., p

value = 0.076 for H1.2.a and p value = 0.051 for H1.2.b). Furthermore, the qualitative

data collected regarding the reasons for the time allocations in S2 suggested that even with-

out specifying the detailed environmental features that might have caused the customized

travel estimates to be different than the standard travel estimates (calculated using distance

and the standard walking speed), participants understood that the customized travel esti-

mates considered their body functions and the environmental features thus integrated the

customized travel estimates when making the travel time allocation decisions. For instance,

P2 and P3 changed their time allocations when the customized travel estimates were pro-

vided with the speculation that the customized travel estimates integrated environmental

features such as“hills or other things” (P2) and“stop lights and crosswalks”(P3). P8

changed his time allocations according to the provided customized travel estimates with

the understanding that the customized travel estimates considered some travelers' limited

mobility: “That's (the provided time estimate is calculated using the speed) in wheelchair,

versus walking. So why would I be putting in anything over that (customized travel time

estimates of) 20 minutes (for the outdoor travel time)?”

The travel time allocation changes measured in S2 along with the qualitative data sug-

gested that travelers with mobility impairments considered the customized travel time esti-

mates to be more accurate estimates than the ones generated using the distance information

and the average walking speed (i.e., the standard travel estimates provided in S1). The

perceived accuracy in the customized travel time estimates came from the more accurate

captures of the interactions between one's body functions and a set of environmental factors

by the customized travel time estimates in the activity of travel. The evaluation outcome

supports pathway one which goes from the temporal factor of “expected required time” to
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the temporal factor of “allocated available time”.

6.2 Pathway Two: From the environmental factors of “additional outdoor environ-

mental features” (represented by customized outdoor environmental informa-

tion) to the temporal factor of “expected required time” (represented by cus-

tomized outdoor travel time information) to the temporal factor of “allocated

available time” (represented by travel time allocations).

Figure 6.3: Pathway Two: from “additional outdoor environmental features”(a set of en-
vironmental factors) to “expected required time”(a temporal factor) to “allocated available
time” (another temporal factor)

The pathway two that goes from the “additional outdoor environmental features” to “ex-

pected required time” to “allocated available time” was investigated through the research

questions two (RQ2) and four(RQ4). Research question two (RQ2) investigated the effect

of additional environmental information (provided in Setting 3) on travel time allocation

decisions by comparing the time allocation decisions in Setting 3 (S3) with those from

Setting 2 (S2) where the additional environmental information was not provided. In the

quantitative comparisons, the provision of the additional environmental information only
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had signi�cant effects on the time allocation decisions for Route A which was communi-

cated as having several environmental barriers. Participants allocated more time to their

already abundant outdoor travel time allocations as well as the safety margin time for

Route A because of the disclosed barriers on Route A. When the physical barriers were

communicated to the participants, they had more direct perceptions of the barriers and the

uncertainty associated with encountering those barriers. For example, P8 suggested that

“This time, I 'read' the obstacles. so seeing there are steep slope, and construction, and

narrow sidewalk, even though it (the provided customized travel time estimate) allocated

extra time, I would still probably give it another 5 minutes”. P9 was extremely concerned

with the uncertainty brought by the environmental barriers:“The dynamics of the situation

are such that because of the signi�cant construction site, you don't know what the next

phase (of the construction site) is. That intersection might be blocked out which creates

time (consumption).”

The provision of environmental information for Route B which was communicated

as not having signi�cant barriers did not result in signi�cant changes in the travel time

allocations. However, no effect being observed on the time allocation decisions of Route B

does not mean that the additional environmental information about a route not having any

signi�cant environmental barriers is not helpful. An informed decision about not changing

the time allocation decisions should not be confused with not being able to make time

allocation decision changes due to the lack of useful information. The qualitative data about

the reasons for participants' time allocation decisions in S3 suggest that it was the former

case that likely happened in the study. For instance, P2 and P6 who did not change their

time allocation decisions in S3 both mentioned that having the additional environmental

information was still helpful. P2 who understood that the customized travel time estimates

provided in Setting 2 had already accounted for some barriers on the routes and already

made time allocation adjustments in Setting 2 mentioned“having that information (the

additional environmental information) is useful, but it would not affect how I allocate my
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time (in Setting 3). it is useful to know what to expect”.P6 expressed similar thoughts“I

like this a lot, it's so much more information than the second one (Setting 2) . . . I (now in

Setting 3) know what they (the customized travel time estimates in Setting 2) are saying”.

Although the effects of the additional environmental information on travel time alloca-

tions were found to be signi�cant only in Route A, the quantitative data and the qualitative

data gathered for answering research question two suggested that travelers with mobility

impairments would integrate the additional environmental information in their travel time

allocations. This supports pathway two.

Research question four (RQ4) provides evidence to support pathway two from a slightly

different angle. Instead of investigating the differences in the time allocation decisions in

settings with and without the additional environmental information, it investigated the ef-

fects of routes with different environmental features (i.e., Route A and Route B) on margin

time allocations when those features were disclosed via the customized travel information

(provided in S3). When the customized environmental information about a route is pro-

vided to travelers, depending on the environmental features of the route, the customized

environmental information could be different. Research question four (RQ4) investigated

the case where the degree of transparency in the environmental information was about the

same, but the communicated environmental features were different. The results suggested

that participants allocated signi�cantly more safety margin time for Route A than for Route

B in S3. This serves as strengthening evidence to support the existence of pathway two be-

cause the signi�cant differences in the margin time allocations of Route A and Route B

were not observed in S1 or S2 where the customized environmental information was not

provided.
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6.3 Pathway Three: From the environmental factors of “additional outdoor and in-

door (i.e., end-to-end) environmental features” (represented by the end-to-end

customized outdoor and indoor environmental information) to the temporal fac-

tor of “expected required time” (represented by customized end-to-end travel

time information) to the temporal factor of “allocated available time” (repre-

sented by travel time allocations).

Figure 6.4: Pathway Three: from “additional outdoor and indoor (i.e., end-to-end) environ-
mental features” (a set of environmental factors) to “expected required time”(a temporal
factor) to “allocated available time” (another temporal factor)

Pathway three was investigated through research question three (RQ3). Research ques-

tion three (RQ3) investigated the effects of the end-to-end customized travel information

(including both customized travel time estimates and the customized environmental infor-

mation) on travel time allocations. None of the hypothesis testing results suggested that the

customized end-to-end travel information had signi�cant effects on the travel time alloca-

tion decisions. Participants changed their time allocation decisions in different directions

(i.e., some participants increased while some other participants decreased), which could
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