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ABSTRACT 


The rapid growth in the use of wireless communication and portable devices in 

recent years has created a great potential for a variety of mobile work technology 

support. However, we still lack the theories to explore the nature of mobile work, 

examine the needs for mobile work support, and identify the appropriate mobile 

technologies for variCius kinds of mobile work. This study is an attempt to meet 

the challenge. 

A mobile task model is proposed in this study which includes four dimensions: 

task complexity, task interdependence, time criticality, and location sensitivity. 

New instruments are developed to measure the constructs of time criticality and 

location sensitivity. Six typical mobile work support functions are examined: 

mobile communication, mobile information searching, mobile transaction 

processing, location ~elated service, mobile job dispatching and mobile office. In 

light of contingency theory and attitude/behavioral theory, a research model is 

proposed to identify the ideal fit between task characteristics and typical mobile 

work support functions. 

Based on empirical data from real mobile workers, the nature of mobile work 

and the differences in mobile work between mobile knowledge workers and field 

workers are analyL;ed. New instruments for the time and location related 

constructs are validated through the empirical data. The differences in perceived 

usefulness of the typical mobile work support functions between mobile 

knowledge workers and field workers are presented, as well as those of the 
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current usage and intention to use. Finally, the ideal fit is identified on the basis of 

the empirical data. 

This study contributes both to theory and practice. The establishment of a 

mobile task model, including the development of new instruments for time and 

location constructs, provides a foundation for future mobile business research. 

The identification of the ideal fit between task characteristics and mobile 

technology functions, based on contingency theory and attitude/behavioral theory, 

extends and enriches mobile business research. The results of the study can 

provide guidance and recommendations on how to strategically plan and 

implement suitable mobile applications, and to identify opportunities for the 

development ofappropriate technological solutions for mobile work support. 
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Chapter 1: Introduction 

1.1 Research Backgr[)und 

The rapid growth in the use ofwireless communication and portable devices in 

recent years has created a great potential for a variety of mobile work technology 

support. The impleme 1tation ofmobile work support brings a competitive edge as 

well as improves work productivity for business (Barnes 2003; Chen and Nath 

2004). However, mobile work support applications do not necessarily with any 

certainty bring value to mobile work. Not all mobile tasks require or can benefit 

from the use of mobile work support, nor do all types of mobile work support 

guarantee that they will be of value. As shown in a case by Luff and Heath (1998), 

the utilization of mobile technologies may be problematic, and mobile 

technologies may be tsed in unexpected ways. For example, mobile devices were 

introduced to provide communication and collaboration support between foremen 

and field workers at a construction site. However, the usage of mobile devices 

actually did not fac[litate work collaboration. Instead of being used as a 

collaboration tool, mJbile devices were primarily used by workers as a data 

collection device. Thi~: does not mean that mobile devices are not useful tools, but 

merely demonstrates tb.at they are not useful in some specific situations (Luff and 

Heath 1998). There£)re, identifying the appropriate mobile technologies for 

various kinds of mobile work is critical to achieving value from mobile work 

support applications. 
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Despite the great potential of mobile technologies, we still lack theories to 

fully understand the nature of mobile work. Without this understanding, it will be 

difficult to identify the needs for mobile work support applications developed for 

mobile workers. The pivotal focus of existing information systems research has 

been mainly focused on stationary office environments. It is time for IS 

(Information Systems) research to "move on or move over", i.e., to identify what 

theories are still valid and what theories are no longer adequate and need to be 

extended. The demands of mobile work support require us to rethink many 

fundamental assumptions underlying IS research (Lyytinen and Y oo 2002). The 

research in this thesis is an attempt to contribute to the extending the 

fundamentals of IS theory in the new mobile environment. 

1.2 Research Objectives and Research Questions 

The objective of this study is to explore the nature of mobile work, to examine 

the needs for mobile work technology support, and to identify the ideal fit 

between the characteristics of mobile tasks and mobile functionalities. 

The research questions of this study are presented as follows. The first research 

question is: What is the nature of mobile work? To answer this question, we need 

to address the following four sub-questions: 1) How should mobile tasks be 

modeled? 2) What are the characteristics of mobile tasks? 3) How can mobile 

tasks be evaluated? and 4) What are the key differences in mobile work between 

different types ofmobile workers? 

2 
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The second research question is: What are the typical functions that are used to 

support mobile work? To answer this question, we need to address the following 

sub-questions: 1) wr at are the typical mobile technology functions needed to 

support mobile work':' 2) How are these functions related or clustered? 3) What 

are the differences b{:tween different types of mobile workers in terms of their 

current usage of, perceived usefulness of, and intention to use mobile technology 

functions? and 4) What is the gap between the current usage of these functions 

and worker intentions to use them? 

The third research question is: What is the ideal fit between the characteristics 

of mobile tasks and mobile technology support functions? Before answering this 

question, we need to: 1) address how to define and measure this fit and 2) find the 

ideal fit, based on empirical data analysis. 

To respond to theBe questions, this study will propose a model to describe 

mobile tasks in four dimensions: 1) task complexity, 2) task interdependence, 3) 

time criticality, and ·C) location sensitivity. While using existing instruments to 

measure task complexity and task interdependence, new instruments for time 

criticality and locatio t1 sensitivity must be developed and validated through the 

analysis of empirical data. The nature of mobile work is to be explored, based on 

empirical data. Based on an investigation of currently existing mobile technology 

functions, six typical mobile technology functionalities are identified: 1) mobile 

communication, 2) mobile information searching, 3) mobile transaction 

processing, 4) mobil1~ job dispatching, 5) location related service, and 6) the 
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mobile office. The current usage of, perceived usefulness of, and intention to use 

these mobile technology functions are examined through empirical data. After a 

thorough and comprehensive literature review, especially of contingency theory 

and its applications in information systems research, this study defines this fit as 

the congruence between task characteristics and the functionality of the 

technology that improves work performance. It then uses perceived usefulness to 

measure the fit. Finally, the ideal fit between the characteristics of mobile tasks 

and mobile functionalities is explored through the analysis of empirical 

quantitative data. 

This study aims to contribute to both theory and practice. With respect to 

theory, the primary objectives are: to explore the nature of mobile work based on 

a theoretical task model, to examine the usefulness of mobile work technology 

support functions, and to identify the ideal fit between task characteristics and 

mobile technology functions. Regarding practice, the purpose of the study is: to 

provide guidance and recommendations on how to strategically plan and 

implement suitable mobile applications, and to help identify opportunities for the 

development of appropriate technological solutions to support mobile workers. 

1.3 Organization of the Thesis 

The thesis consists of seven chapters. Chapter 1 (this chapter) introduces the 

research background and the motivation for the study, presents research 

4 
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objectives and research questions, and highlights the expected contributions to 

both theory and practice. 

Chapter 2 offers a comprehensive review of related work on mobile work 

technology support, i o.cluding the definition of mobile workers, the nature of 

mobile work, the support technologies for mobile work, and the utilization of 

mobile technology for mobile work. 

Chapter 3 presents a thorough review of the theoretical background for this 

study. Contingency theory and attitude/behavior models are discussed. The 

applications of contingency theory in information systems research, the concept 

of fit and how to measure the fit are addressed in detail. 

Chapter 4 propose:; a research model. The task model is then presented. Four 

dimensions of the task model are discussed in detail. Mobile technology and the 

six typical mobile work support technology functions are discussed. The chapter 

concludes with the de·,relopment of the research hypotheses. 

Chapter 5 discusses the methodology utilized in this study. Measurements of 

constructs and instrument validation methods are introduced, along with sampling 

and data collection methods. Finally, data analysis methods are presented. 

Chapter 6 offers data analysis and results. First, the data collection procedure 

and the profiles of survey respondents are introduced. Second, instrument 

validation is discussei. Third, the nature ofmobile work is analyzed. Fourth, the 

usage of mobile technology supported is discussed. Fifth, hypotheses testing is 

conducted through multiple regression and a structural equation model. 

5 
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Chapter 7 offers conclusions from the study. First, the research questions posed 

in the introduction are answered. Second, research contributions from the study 

are presented, followed by a discussion of the limitations of the study, and 

suggested avenues for future research. 

6 
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Chapter 2: Rebted Studies of Mobile Work Technology Support 

The objectives of the review of related studies are: (1) To review the status of 

relevant mobile work support studies; (2) To discuss flaws and weaknesses of 

existing studies; (3) Tc organize existing literature as the basis for this study. 

The work reviewed in this chapter is summarized in Table 1. In this chapter, 

definitions of mobile workers are reviewed, followed by a review of studies on 

the nature of mobile work. Next, studies of characteristics of mobile technology 

and categorization o : mobile applications are discussed. Then studies are 

introduced about why and how mobile applications are used by mobile workers, 

and finally, comments arising from the chapter are presented. 

2.1 Definition of Mobile Work 

In this section, we will review the studies that answer the following questions: 

Who are mobile worh:rs? What is the categorization ofmobile workers? 

First, we need to darify the concept of mobility. There are many different 

views of this concep·:. Mobility has been viewed as the physical mobility of 

persons, either by walking or by some means of transportation; it has also been 

viewed as information mobility by means of broadcasting media such as 

television or the Intenet, or the mobility of objects (Urry 2000). There are also 

concepts of social mobility and economic mobility (Smith and Katz 1993; Urry 

2000). In our research, we define mobility as the physical movements of people 

7 
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Table 1: Framework of Literature Review 

Review subject Review objectives Review results 
Definition of 
mobile workers 

What is the concept of 
mobility? 

Mobility refers to people's 
physical movements (Urry 2000) 

Who are mobile workers? Mobile workers are workers who 
are away from their office desks 
for more than 20 percent of the 
work time (Gartner 2002). 

What is the categorization In terms ofjob category, there are 
of mobile workers? two types ofmobile workers: 

mobile knowledge workers and 
field workers (Yuan and Zheng 
2006). 
In terms ofdegree ofmobility, 
there are five types ofmobile 
workers: On-site movers; Y o-yos; 
Pendulums; Nomads; Carriers 
(Lilischkis 2003). 

Nature of 
mobile work 

What are the characteristics 
of mobile work compared 
to stationary work? 

Uncertainty, lack of awareness 
and connection, dynamic time 
structure were mentioned in the 
literature. 
Characteristics of mobile work 
were summarized and compared 
with stationary work by Yuan and 
Zheng(2005); Zheng and 
Yuan(2006). 

Are there studies that try to 
establish a theoretical 
model to describe mobile 
work? 

A conceptual model for 
describing mobile work was 
proposed by Yuan and 
Zheng(2005); Zheng and 
Yuan(2006). Not tested by 
empirical study. 

Support 
technology for 
mobile work 

What are the characteristics 
of mobile technology? 

Portability, Ubiquity, Uniqueness, 
and Context Awareness (Watson 
et al. 2002) 

What are the typical No widely accepted 
functionalities ofmobile categorization of mobile 
applications? How to technology support functions. 
categorize them? 

8 
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Table 1: Framework of Literature Review (Cont.) 

Review subject Review objectives Review results 
Utilization of 
mobile 
technology in 
mobile work 

WhCJt factors 
dete,mine/affect the 
adoption ofmobile 
applications by mobile 
workers? 

Attitude/behavior theory is used, 
mostly for mobile consumer 
service adoption 

f----· 
In which situation can 
mobile technology support 
improve the performance 
of rr obile work? 

- Identify fit profile between 
location dependence/time 
dependence and 
ubiquity/uniqueness (Junglas and 
Watson 2003). 
- Mobile procurement system for 
urgency and structured process 
situations (Gebauer and Shaw 
2004) 

from one place to another and/or temporary stays in places other than their own 

fixed offices. The mobile workforce is defined as workers who are usually away 

from their office desks for more than 20 percent of the work time, or who do not 

have office desks (Gmtner 2002). 

Mobile workers can be classified by industry. The typical mobile workforce 

includes managers, sales force, transportation workers (such as truck drivers, taxi 

drivers), field service workers, emergency workers, healthcare professionals, etc. 

(Gartner 2002). We c:m generally categorize these mobile workers into two types: 

one is mobile knowledge workers (MKW), mainly including managers, 

salesperson, and mob [le professionals. The other is mobile field workers (MFW), 

mainly including transportation/delivery workers, field service workers, and 

emergency workers (Yuan and Zheng 2006). 
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Mobile workers can also be classified by patterns of mobility. In one of the 

earlier studies of mobile work, Whittaker et al. (1994) distinguished two types of 

mobile professionals. One was primarily mobile in the local office environment, 

the other was mobile in both the local office and also remotely (within the local 

metropolitan area) (Whittaker et al., 1994). Local mobility (defined as within easy 

walking distance of the office, such as walking between rooms or buildings at a 

local site) was further examined in an ethnographic . field study of a distributed 

design team by Bellotti and Bly (1996). 

Kristoffersen and Ljungberg (2000) further distinguished two kinds of remote 

mobility: traveling and visiting. Thus they contended that there are three types of 

mobility, which they called wandering, traveling and visiting. Wandering is an 

activity characterized by extensive local mobility. Traveling is an activity that 

takes place while traveling in a vehicle or walking. Visiting is an activity that 

happens in one place for a coherent but temporal period of time (Kristoffersen and 

Ljungberg 2000). 

Lilischkis (2003) distinguished five types of mobile work in terms of an 

increasing level of detachedness of the workplace (Lilischkis 2003 ). Every mobile 

worker performs one or another kind of mobile work sometime, and some mobile 

workers may perform many types of mobile work in a certain period of time. 

These five types ofmobility are discussed below: 

(1) "On-site movers": work requiring movement around a certain site. "On-site 

movers" are working on a certain site but have to move around or back and forth 

10 
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for certain purposes. Examples are security agents walking around and watching 

sites, and hospital doct,Jrs visiting patients. 

(2) "Y o-yos": occas: onally working away from a fixed location. The definition 

of the yo-yo type of mobile work refers to a fixed location as a reference point 

that is left for a certain time to work elsewhere. People may leave the workplace 

for meetings, customer visits, and the like, from time to time. 

(3) "Pendulums": c:.lternate working at two different fixed locations. The 

pendulum type of mobile work includes work with two fixed work locations such 

as the employer's premises, a home office, or a client's premises, between which 

the workers alternate. The pendulum type includes the classical telework: work 

being carried out at a distance, implying computer use, and the use of 

telecommunication f01 electronically exchanging work results and messages with 

colleagues, superiors, or external agents such as clients. 

(4) "Nomads": working at changing fixed locations. The nomad type of mobile 

work refers to people who constantly move from one work location to another. 

The number of work locations is more than two, otherwise they would be 

classified as pendulums. Field sales forces as in the insurance business may visit 

many customers a day and could be considered to be "nomads" in a wider sense. 

(5) "Carriers": working on the move transporting goods or people. The 

definition of the cam er type of mobile work refers to personal or commodity 

transportation involving continuous moving from one place to another. Examples 

are jobs such as truck :irivers and taxi drivers. 

11 
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In this study, mobile workers classed as pendulums, such as tele-workers, are 

not included since they differ in special ways from other mobile workers. Dix and 

Beale (1996) make the distinction by claiming that telework is dependent upon 

spatial location, i.e., the home, a hotel room etc. Telework, broadly defined, 

means "working at a distance". The most popular example is the person who 

works at home instead of commuting to a distant office. A mobile worker is one 

whose "place of work" isn't fixed at all, and who needs to be effective in a range 

of different work settings (Dix and Beale 1996). 

2.2 Nature of Mobile Work 

In this section, we review studies that answer the following questions: What 

are the characteristics of mobile work as compared with stationary work? Is there 

a theoretical framework to describe mobile tasks? 

2.2.1 Characteristics of Mobile Work 

In the literature, the following three characteristics of mobile work are 

discussed: uncertainty, lack of connection, and temporal mobility. 

Many studies have found that uncertainty is the main characteristic of mobile 

work. Perry et al.'s study ofmobile workers traveling on business discovered that 

mobile work is unpredictable (Perry et al., 2001), and that this is one of the major 

difficulties in mobile work. Hence, one of the important features for mobile 

workers is how to deal with uncertainty. Tamminen et al. described situational 

(unplanned) actions within planned ones (Tamminen and Oulasvirta 2004). For 
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mobile workers, there are inherent uncertainties associated with place that impact 

on their work choices and the kinds of activities they pursue, and managing the 

uncertainty of place is of particular concern to mobile workers (Brown and 

O'Hara 2003). Tamminen and Oulasvirta found that location-related problems are 

usually solved through interaction with other people. When people on the move 

come up against obsta.cles, or are simply feeling unable to navigate their routes 

correctly, they often seek help via interaction with others (Tamminen and 

Oulasvirta 2004). In tb is study, this kind of problem was solved with the help of a 

mobile phone. 

Maintaining informal awareness of what is going on in the office, and building 

a sense of community, are important for mobile workers. Evidence for this is seen 

in the workplace design literature (Tanis and Duffy 1999) and in studies of 

informal communica:ion (Whittaker et al., 1994; Luff and Heath 1998). 

Awareness and comrr unication problems were also discussed in Luff and Heath 

(1998)'s mobility studies. One example comes from their observations of staff 

and management at the London Underground. In this case, many of the 

information and communication resources required for the staff to perform their 

work were located in the operations room. When members of staff were mobile 

and away from this worn, they were unable to access the ongoing changes taking 

place in it: the staff member no longer had continuous visual and auditory access 

to colleagues and in£)rmation gained by inadvertently overhearing conversations 

and phone calls (Luff and Heath 1998). Perry et al.' s study also showed that one 
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of the problems faced by mobile workers away from the office is how to maintain 

an informal awareness of what is going on back at the office and also how to 

maintain a sense of community at work (Perry et al., 2001). Mobile technologies 

can potentially help support these aspects of work, and these researchers saw 

some evidence of this. 

The temporal structure of mobile work is highly varied and fluctuating 

{Tamminen and Oulasvirta 2004). Tamminen et al. (2003) called this temporal 

tension. Temporal tension could be classified into four stages: acceleration, 

normal (anticipated) proceeding, slowing down, and stopping. Some situations get 

accelerated. Sometimes, they get "slower", or even "stop". The two important 

tensions emerging from the study of Tammine et al. (2003) are hurrying and 

waiting. When hurrying, people are actively orienting to the temporal aspects of 

their actions. They are managing their current activities to fit in a time frame - the 

planned action is not unfolding as anticipated, and more "doings" must be 

squeezed into the same amount of time than in a normal situation, to keep up with 

the original plan. When waiting, the relationship between time and action is 

stretched. The waiting time can then be used in various time-killing activities (e.g., 

by reading, playing games, or calling somebody). This waiting time is called 

"dead time" (Perry et al., 2001 ). During travelling, there are often large amounts 

of time when mobile workers have nothing to do or cannot do something. This 

time occurs between tasks and between meetings, in which the mobile workers 

usually have little control over the resources available to them (Perry et al., 2001 ). 
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2.2.2 Framework to Describe Mobile Work 

Some studies hav<:: tried to establish a framework that can be used to 

characterize mobile work, with most of them trying to use time and location as 

the main dimensions of the framework. For example, Wiberg and Ljungberg 

proposed a conceptual framework that analyzes mobile tasks along the two 

dimensions of time ani space. Combinations of the two dimensions produce four 

scenarios of mobile work. The four scenarios of the model are (Wiberg and 

Ljungberg 1999): 

(1) "Anytime, any.vhere": Tasks that can 	be done independent of time and 

place. They car be done anytime, anywhere. 

(2) "Anytime, particular place": Tasks that need to 	be done at a particular 

place but can h~ done whenever. 

(3) "Particular time, any place": Tasks that can be done independent of place 

but at a certain time or in a certain order. 

(4) "Particular time, particular place": Tasks that must be done at a particular 

place and on a particular time. 

Saugstrup and Henten (2003) proposed a preliminary framework of mobile 

work, in which location (that is the geographical parameters in their model) and 

time are the main dimtmsions (Saugstrup and Henten 2003): 

(1) Geographical parameters. 	 Starting with Kristoffersen and Ljungberg's 

(2000) definitions of mobile modalities, wandering, visiting, they further 
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categorized visiting modality into three sub-modalities/levels: world 

traveler, regional traveler, and local traveler. 

(2) Time parameters. 	The time parameters consist of two aspects: being 

dependent or independent of time regarding communication and 

interaction, and being synchronous or asynchronous regarding 

communication patterns. 

Junglas and Watson (2003) proposed three dimensions to describe mobile 

tasks: time-dependent, location-dependent, and identity-dependent tasks. 

(1) Time-dependent tasks are those that have to be fulfilled as soon as possible. 

Depending on whether the task is initiated by the task doer or triggered by 

someone external, the taxonomy distinguishes between intrinsic and 

extrinsic time-dependent tasks. 

(2) 	 Location-dependent tasks are those that require location information 

either about the person (intrinsic), or about somebody else (extrinsic). 

(3) Finally, 	 identity-dependent tasks are those that require a unique 

identification of a person, including his/her preferences. Identity 

information can either be provided about the person (intrinsic, e.g., billing 

information), or about others (extrinsic, e.g., personal preferences for one­

to-one marketing). 

Gebauer et al. (2005) extended the traditional task model with two traditional 

task dimensions (task difficulty and task interdependence) into the mobile context 

by adding the third dimension of time criticality. Time criticality is defined as the 
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importance with which a task needs to be performed promptly (urgency) (Gebauer 

et al., 2005). 

Yuan and Zheng (:W05) and Zheng and Yuan (2006) proposed a conceptual 

framework and used this framework to analyze four fundamental aspects of 

mobile work: mobile workers, mobile tasks, mobile context, and mobile 

technology. Besides the traditional task dimensions of task complexity and task 

interdependence, time and location dimensions were emphasized in their model. 

Most of the foregoing studies do not provide empirical evidence to verify their 

models. 

2.3 Supporting techn<)logy for mobile work 

In this section, we will review the studies that answer the following questions: 

What are the characteristics of mobile technology? How should mobile 

applications be categolized? 

2.3.1 Characteristics of mobile technology 

It is generally accepted that portability, ubiquity, umqueness and context 

awareness are the main characteristics of mobile technologies. 

Clarke contended that the unique characteristics of mobile applications are 

found in the specific dimensions of ubiquity, convenience, localization, and 

personalization (Clarke 2001). Mobile devices offer users the ability to receive, 

send, and process inft)rmation from virtually any location on a real-time basis. 

The agility and access [bility provided by wireless devices enable people to access 
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mobile services without constraints of time and place. Location-specific 

information leverages the key proposition of mobile commerce over traditional e­

commerce by supplying information relevant to the current geographic position of 

the user. Mobile devices are typically used by a single individual, making them 

ideal for target marketing of individuals. 

Watson et al. proposed that mobile technology is characterized by four Us: 

ubiquity, universality, uniqueness and unity (Watson et al., 2002). Ubiquity 

relates to the "anytime-anywhere" access focus, which the mobile phone with 

associated networks is fast bringing to reality. The convergence ofnetwork access 

is enabling universality. The ability to individualize information and provide pull 

information based upon location, time, role, or some combinations brings the 

promise of uniqueness. This is also called context awareness. Synchronization of 

access devices, information provision, and software drivers are essential pre­

requisites for the success of the four Us. 

2.3.2 Categorization of Mobile Application Functions 

Functions of mobile applications have often been described by mobile product 

and service providers. In the academic world, there are no widely accepted 

categorizations ofmobile applications. However, some progress is indicated from 

the following two studies. 

Liang and Wei classified mobile applications into six categories (Liang and 

Wei 2004): 
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• Time-Critical Services. This category of application provides emergency 

and time-critical services, such as mobile notification, and event-trigger 

messaging. 

• Location-Aware and Location-Sensitive Services. A location-aware 

service is one for which the location information of moving targets is 

important to th1! delivery of the service. Location-sensitive services rely on 

location infom1ation about moving targets for delivering "relevant" and 

"appropriate" s~rvices. 

• Identity-Enacted Services. Mobile devices can be used to identify users. 

Examples of identity-enacted services include mobile financial 

applications ( e g., mobile banking and brokerage services, mobile money 

transfer, and mobile micro-payments) that allow customers to conduct 

financial tran!;actions. User-sensitive mobile advertising is another 

identity-enacted service. 

• Ubiquitous C[)mmunications and Content Delivery Services. Mobile 

communications facilitate personal contact anytime, anywhere. While 

voice and short message service (SMS) are currently the primary form of 

mobile communication, future mobile devices such as 3G phones are 

capable of hnndling much more information and providing broader 

bandwidth. 

• Business Process Streamlining. Mobile services can be used to enhance 

the efficiency ofbusiness processes that include location-sensitive or time­
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critical activities to reduce transaction costs or improve service quality. 

On-the-spot claim payment processing is one example. 

• 	 Mobile Offices. Mobile devices may be used within or external to offices. 

Mobile workers (i.e., workers equipped with mobile applications) are able 

to retrieve critical information from central office systems, perform job 

assignments, scheduling, and dispatch, and collaborate with others (mobile 

or not) in a wireless environment. 

Balasubramanian et al. proposed that mobile applications be categorized along 

three dimensions (Balasubramanian et al., 2002): (1) the extent to which the 

application is location sensitive, (2) the extent to which the application is time 

critical, and (3) the extent to which the application is controlled by the 

information receiver or by the provider. 

Applications vary along the first dimension (location) in terms ofhow "tied in" 

they are to the physical location of the information recipient. In some cases, 

applications may closely relate to the surrounding physical environment (e.g., 

mapping one's location using a satellite-based GPS (Global Positioning System)). 

In other cases, applications may be entirely independent of physical location (e.g., 

obtaining a stock quote over a cellular phone). Generally, when an application is 

related to the surrounding physical environment, it will involve interactions with a 

fixed physical asset in that environment (e.g., repairing on the spot), a 

repositioning of the receiver unit within that environment (e.g., truck rerouting), 

or information generated about the environment itself (e.g., GPS-based mapping). 
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Applications vary along the second dimension (time) in terms of the degree to 

which they are time <:ritical. At one extreme, applications may be highly time 

critical (e.g., emergency handling); at the other extreme, applications may not be 

time critical at all (e.g., meter reading). In general, when an application is time 

critical, it will involvt; the exchange of information related to a scheduled event 

(e.g., an appointment with a customer), information that quickly depreciates in 

value (e.g., a stock }rice), or information that is required to address some 

emergency (e.g., a roadside assistance request). 

Finally, applications vary along the third dimension (control) in terms of 

whether they are controlled by an information receiver (e.g., a taxi driver) or a 

provider (e.g., a dispa1 cher). Applications controlled by a receiver of information 

would tend to relate to more random, unforeseen needs (e.g., a call for service 

after an automobile br,~akdown). In contrast, applications controlled by a provider 

would tend to be marl< eting "broadcast" activities (e.g., announcement broadcasts 

according to geographical proximity) and applications that are maintained on an 

ongoing basis by servi :::e providers or coordinators (e.g., monitoring of truck fleets 

using onboard sens Jrs in conjunction with satellite-based sensing and 

communication systems). 

2.4 Utilization Studies of Mobile Applications 

In this section, we will review the studies that answer the following questions: 

What factors affect and lead to the adoption of mobile applications by mobile 
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workers? In which situation might or might not a specific mobile application 

improve the performance ofmobile work? 

In recent times, many studies have been conducted to analyze the factors that 

affect and lead to the adoption of mobile services (e.g., Lee 2002; Pedersen 2002; 

Bruner II 2003; Fang 2003; Hung 2003; Wu and Wang 2005; Wakefield and 

Whitten 2006). Most of these studies have applied existing adoption models of 

information systems or their extensions. The constructs that are typically used in 

these studies include: Perceived usefulness, Perceived ease of use, Subjective 

norm (Peer influence, External influence), Image, Connection speed, Service 

costs, User satisfaction, Personal innovativeness, Perceived playfulness/Fun, 

Perceived security, Consumer visual orientation, Internet device, Self-efficacy, 

Facilitating condition, and Service Quality. Most of these studies have been in the 

consumer field, with very few in the business field. 

Many scholars have argued that for an information system to have a positive 

impact on performance the technology must be a good fit with the task it supports 

(Goodhue and Thompson, 1995, Zigurs and Buckland, 1998). TTF (Task­

technology Fit) provides a conceptual basis for explaining in which way the 

nature of the task impacts individual and organizational performance (Goodhue 

and Thompson, 1995). There are two studies (Junglas and Watson (2003) and 

Gebauer and Shaw (2004)) that used the TTF model or a combination of the TTF 

model and TAM (Technology Acceptance Model) to explore the ideal fit between 

mobile tasks and the functions of mobile applications. These studies focused on 
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determining where mobile applications could improve the performance of mobile 

work. 

Junglas and Watson (2003) distinguished between three different levels of fit: 

ideal fit, over-fit, and under-fit. Whereas ideal fit reflects the ideal mapping of 

ubiquity and uniquene:;s task characteristics and technological functionality, over-

and under-fit, respectively, describe a digression from the ideal mapping. In the 

case of over-fitting, te::hnology provides more functionality than required for the 

task. In the case of under-fitting, a technology does not provide sufficient 

functionality to perforn that task efficiently. These authors propose that ideal fit 

will lead to the highe:;t level of individual performance, usefulness, and ease of 

use, whereas over-fit is expected to lead to a high level of performance, 

usefulness, and ease cf use, but not to the same extent as ideal fit. Under-fit, in 

contrast, is expected to lead to the lowest levels of all three. The fit profile 

identified is shown in Table 2. 

Table 2: Fit Profile in Janglas and Watson's (2003) Study 

Ub-H/Un-H Ub-H!Un-L Ub-L/Un-H Ub-L/Un-L 
Ti-H/Lo-H Ideal fit Under-fit Under-fit Under-fit 
Ti-H/Lo-L Ove·-fit Ideal fit Under-fit Under-fit 
Ti-L/Lo-H Ove~-fit Under-fit Ideal fit Under-fit 
Ti-L/Lo-L Ove~-fit Over-fit Over-fit Ideal fit 

Ub- Ubiquity; Un- Uniqueness 
Ti - Time dependen,::e; Lo - Location dependence 
L- Low; H- High 

Gebauer and Shaw (2004) conducted a case study of a Fortune 100 company 

that was developing and introducing a W AP-enabled mobile application to 

enhance its procurem ~nt system. Their study found that users value two things 
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most: notification and support for simple activities, as opposed to handling more 

complex processes completely on-line. Their study also indicated that it is critical 

to develop simple yet functional solutions. 

Gebauer and Shaw's study verified that it is often easier to support or automate 

structured and semi-structured tasks with mobile transaction processing, while 

unstructured tasks often rely more on the use of mobile information access and 

mobile communication (Gebauer and Shaw 2004). They proposed that: (1) 

Workers performing highly structured tasks tend to use mobile business 

applications for data processing, and (2) Workers performing unstructured tasks 

tend to use mobile business applications for accessing information and for 

communication purposes. In their study, the tasks of finance and accounting 

approvers were much more structured than the tasks of their approving managers. 

Consequently, the approving managers reported longer time spent because of 

missing information and actually making approval decisions. For the finance 

approvers, decisions were more straightforward, providing evidence for the fact 

that their decisions depended largely on compliance with procedural requirements 

and not so much on managerial decision-making. As soon as all the necessary 

information was provided, decisions could typically be made instantly. Compared 

to approving managers, finance and accounting approvers indicated a higher 

percentage of approvals that could be submitted via the mobile system. Approving 

managers, however, indicated a higher percentage of approvals where the mobile 

application could support communication and access to information. 
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Gebauer and Shaw (2004) also examined the proposition that the use of mobile 

business applications is positively related to the perceived need to handle 

emergency situations. In their study, several participants acknowledged the fact 

that the mobile application could help address emergency situations. For example, 

one finance approver acknowledged a need for continuous system access for 

people who traveled f~equently and who were the final decision makers on high 

value ad hoc and unp' anned purchases that were urgent and required immediate 

approval. Another finance approver indicated that she tried to respond to requests 

as quickly as possible given that she did not know the urgency of individual 

requests. She had experienced situations where requestors had waited for her to 

get back from lunch to get her final sign-off, before the purchase order could be 

sent off to the supplit::r. This finance approver also described an incident where 

her swift reaction to an urgent approval request helped secure a major deal for the 

customer. Another fin:mce approver indicated that requests he processed were not 

urgent and could thus be handled by the administrative assistant in his absence. 

The finance approver ~:::ited this arrangement as the reason why he did not want to 

use the mobile application (Gebauer and Shaw 2004). 

2.5 Comments and Discussion on Literature Review 

Firstly, there have been a number of studies on the definition of mobility, 

mobile work, and different types of mobile workers. We can therefore adopt these 

definitions from the existing literature. That is, mobility is defined as physical 
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movement of people from one place to another and/or temporary stays at places 

other than their own fixed office (Urry 2000). The mobile workforce consists of 

workers who are usually away from their offices for more than 20 percent of work 

time, or who may even not have office desks (Gartner 2002). Mobile workers can 

be categorized into mobile knowledge workers and field workers (Yuan and 

Zheng 2006). And mobile work can be classified into the following five types: 

On-site movers, Yo-yos, Pendulums, Nomads, and Carriers (Lilischkis 2003). 

Secondly, some studies have found that mobile work has the characteristics of 

uncertainty (Perry et al., 2001; Tamminen and Oulasvirta 2004), lack of 

awareness and connection (Luff and Heath 1998; Perry et al., 2001), and highly 

varied temporal structure (Perry et al., 2001; Tamminen and Oulasvirta 2004). 

While some literature has proposed frameworks that try to characterize mobile 

work (Wiberg and Ljungberg 1999; Junglas and Watson 2003; Saugstrup and 

Henten 2003; Gebauer et al., 2005), there is as yet no theoretical and systematic 

framework for the nature of mobile work. Time and location (or place) were 

emphasized by Wiberg and Ljungberg (1999), Junglas and Watson (2003), and 

Saustrup and Henten (2003), but they ignored the traditional task dimensions: task 

complexity and task interdependence. Gebauer et al.' s (2005) task framework 

includes the two traditional task dimensions plus time criticality. It is therefore a 

good framework for describing mobile tasks, but their task framework doesn't 

include a location-related dimension. Yuan and Zheng's (2005) and Zheng and 

Yuan's (2006) conceptual model for describing mobile work includes the 
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traditional task dimen:;ions (task complexity and task interdependence) and the 

time and location dinensions. None of the existing literature includes the 

operationalization of time and location constructs. 

Thirdly, as to the characteristics of mobile work technology support, it is 

widely accepted that portability, ubiquitous connection, location awareness, and 

identity are the main 1;haracteristics of mobile technology (Watson et al., 2002; 

Clarke 2001). However, on the functionality level, there is no accepted 

classification of mobile application functionalities. Liang and Wei's (2004) and 

Balasubramanian et al.'s (2002) studies are good attempts to classify mobile 

application functionalities, but they do not fully meet the five criteria for 

evaluating classificaticn schema that were proposed by Hunt (1983), i.e., whether 

the schema: (1) adeqtately specifies the objects to be classified, (2) adequately 

defines the characteri ;;tics to be used as a basis for classification, (3) defines 

categories which are mutually exclusive, (4) is collectively exhaustive, and (5) is 

useful.. 

Fourthly, as to th~ utilization study of mobile applications, most existing 

literature focuses on mobile commerce, i.e., in consumer fields. Most of these 

studies used an attitude/behavior model (such as TAM) as their theoretical 

background (e.g., Lee 2002; Pedersen 2002; Bruner II 2003; Fang 2003; Hung 

2003; Wu and Wang ~~005; Wakefield and Whitten 2006), some of them used the 

Task-Technology Fit model (Gebauer and Shaw 2004; Lee et al., 2004) or a 

combination ofTAM and TTF model (Junglas and Watson 2003). While TAM is 
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powerful and has been verified by many studies, one major drawback it has is that 

the nature of the task is not included (Junglas 2003). As to the utilization of 

mobile technology in mobile work, there is only one relevant study, i.e., Gebauer 

and Shaw's (2004) case study. They conducted a case study on a procurement 

system based on the TTF model. Their study is of great value to mobile business 

studies. However, they only investigated one application, and there is no 

theoretical and systematic task model in their study. 
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Chapter 3: Theoretical Background 

Information systems research has long recognized the importance of 

understanding how and why people use information systems (Junglas 2003). 

During the past decade, two significant theories have emerged which provide a 

strong theoretical bas,;: for studies of information system utilization behavior: 

attitude/behavior theory and contingency theory. This study will be based on these 

two streams of theory. There have been two general applications of contingency 

theory in information systems research: the Information Processing Model in 

which uncertainty is the key concept, and the Task-Technology Fit (TTF) Model. 

In the TTF model, the~e are three kinds of concept of fit: fit as congruence, fit as 

interaction, and fit as absolute fit. For fit as congruence, there are two 

conceptualizations cf fit: subjective and objective. For subjective 

conceptualization of fit, there are also two methods to measure the fit: predicted 

outcomes and facets cf fit. In this study, we will use the predicted outcomes to 

measure fit. Specifically, we will use perceived usefulness to measure fit. We will 

explain the theoretical background following the framework shown in Figure 1. 

3.1 Attitude/behavior Theory 

According to att tude/behavior models, characteristics of information 

technology lead to user attitudes about the system. These attitudes, along with 

social norms and other situational factors, lead to utilization. This stream of 
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Figure 1: Theoretical Background 
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research focuses on inc,ividual acceptance of technology by using intention and/or 

usage as a dependent variable (e.g., Davis 1989; Compeau and Higgins 1995). 

The role of intention as a predictor of behavior (e.g., usage) is critical in 

attitude/behavior models. Drawn from social psychology, Theory of Reasoned 

Action (TRA) is one of the most fundamental and influential theories of human 

behavior. In this model, the core construct is attitude toward behavior (an 

individual's positive o~ negative feelings (evaluative affect) about performing the 

target behavior) and subjective norm (the person's perception that most people 

who are important to him/her think he/she should or should not perform the 

behavior in question) (Fishbein and Ajzen 1975). Unlike TRA, the final 

conceptualization of the Technology Acceptance Model (TAM) excludes the 

attitude construct in order to better explain intention parsimoniously (as shown in 

Figure 2). This model contends that perceived usefulness (the degree to which a 

person believes that 1sing a particular system would enhance his or her job 

performance) and pereeived ease of use (the degree to which a person believes 

that using a particular system would be free of effort) will lead to intention to use 

(Davis 1989). TAM2 extends TAM by including subjective norm as an additional 

predictor of intention in the case of mandatory settings (Venkatesh and Davis 

2000). Theory of Planned Behavior (TPB) extends TRA by adding the construct 

of perceived behavioral control (the perceived ease or difficulty of performing the 

behavior). In the context of IS research, these are perceptions of internal and 

external constraints en behavior (Ajzen 1991; Taylor and Todd 1995). After 
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examining the previous adoption models, V enkatesh et al. (2003) proposed a 

Unified Theory of Acceptance and Use of Technology (UTAUT). They argue that 

four constructs will play a significant role as direct determinants of user 

acceptance and usage behavior (Venkatesh, Morris et al. 2003): performance 

expectancy (the degree to which an individual believes that using the system will 

help him or her to attain gains in job performance), effort expectancy (the degree 

of ease associated with the use of the system), social influence (the degree to 

which an individual perceives that important others believe he or she should use 

the new system), and facilitating conditions (the degree to which an individual 

believes that an organizational and technical infrastructure exists to support the 

use of the system). 

Perceived 

Usefulness 


Behavioral 
Intention to Use 

Actual 
System Use 

Perceived Ease 
of Use 

Figure 2: Technology Acceptance Model (Davis 1989; Ajzen 1991) 
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3.2 Contingency Theory 

The other theory that is used in IS utilization studies is contingency theory. At 

the most abstract level, contingency theory contends that the effect of one variable, 

X, on another, Y, depends upon some third variable, W. Thus the effect of X on Y 

when W is low differs from the effect of~ on Y when W is high. For example, it 

might be that when W is low, X has a positive effect on Y, whereas when W is 

high, X has a negative effect on Y. Thus we cannot state what the effect of X on 

Y is, without knowing whether W is low or high, that is, the value of the variable 

W. There is no valid bivariate relationship between X andY that can be stated. 

The relationship between X and Y is part of a larger causal system involving a 

trivariate relationship (Donaldson 2001). Much of contingency theory research 

has studied organizational structure (Lawrence 1993; Donaldson 1995; Donaldson 

1996), and this traditi,)n is referred to as structural contingency theory (Pfeffer 

1982). The essence of structural contingency theory is that organizational 

effectiveness results :rom fitting characteristics of the organization, such as 

structure, to contingen;ies that reflect the situation of the organization (Bums and 

Stalker 1961; Woodw::rd 1965; Lawrence and Lorsch 1967; Pennings 1992). This 

fit-performance relaticnship is the heart of the contingency theory paradigm. It 

provides the theoretic.:tl explanation of the two points: the association between 

contingency and structure, and the contingency change causing structural change. 

In the structural cc,ntingency theory, the relationship is between some 

characteristic of the organization and effectiveness, and a contingency is defined 
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as any variable that moderates the effect of an organizational characteristic on 

organizational performance. Thus the contingency factor determines which 

characteristics produce high levels of effectiveness of the organization 

(Donaldson 2001). 

There are two main applications of contingency theory in IS research. One is 

the information processing model, and the other is the task-technology fit model. 

Both are discussed below. 

3.2.1 Information Processing Model 

While applying contingency theory in information systems research, a large 

number of organizational theory researchers have made information processing 

the central concept in certain models. These models attempt to describe how 

organizations can match information processing requirements arising from 

uncertainties to information processing capacity arising from organization design 

and structure, in order to achieve high organizational performance (Galbraith 

1973; Tushman and Nadler 1978; Daft and Lengel 1984; Daft and Lengel 1986; 

Keller 1994). From the information processing view of organization, 

organizations can be viewed as open social systems which must cope with 

environmental and organizational based uncertainty. Organizational structure 

must perform the major functions of facilitating the collection of information from 

external areas as well as permitting effective processing of information. 

Organizational effectiveness is a function of the fit between the information 

requirements and the information processing capacity of the organization (as 
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shown in Figure 3). T,)O much capacity will be redundant and costly, while too 

little capacity will not get the job done (Tushman and Nadler 1978). 

Task characteristics 

-Task complexity 

-Task interdependence 


\ 
~Uncertainty 

I 
Task environment 

Information Fit Information 
processing processing 
requirements capability 

r 
Effectiveness is a function of matching 
information processing capabilities with 
information processing requirements 

Figure 3: Information Processing Model (Tushman and Nadler 1978) 

3.2.1.1 Uncertainty 

Uncertainty is the key concept in the information processing model. It is 

widely accepted that the objective of information systems is to deal with 

uncertainty (Daft ard Lengel 1986). Uncertainty means the absence of 

information (Miller and Frick 1949; Shannon and Weaver 1949; Gamer 1962; 

Downey and Slocum l975; Tushman and Nadler 1978). Galbraith (1977) defined 

uncertainty as "the dtfference between the amount of information required to 

perform the task and the amount of information already possessed by the 

organization" (Gal bra [th 1973). As information increases, uncertainty decreases. 
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The amount of information needed to perform the task has a negative relationship 

with task predictability (Daft and Macintosh 1981 ). 

According to the information processing approach, task uncertainties give rise 

to information processing needs that should be matched by information 

processing capacities. Information is needed to reduce uncertainty, and 

effectiveness depends on capacity to process information and match information 

processing capacities with the uncertainty that organizations face (Galbraith 1973; 

Tushman 1978; Tushman and Nadler 1978; Daft and Lengel 1986). In the 

situation of high uncertainty, preplanning is not possible, so a greater need exists 

for information related actions on an ongoing basis (Galbraith 1973; Daft and 

Macintosh 1981; Daft and Lengel 1986). In the situation of high certainty, 

workers can pre-plan to handle expected tasks and usually do not need to get extra 

and/or large amounts of information. 

There are three distinct sources of work-related uncertainties: task complexity, 

task interdependence, and task environment (Tushman 1979). 

Task complexity means uncertainty (Galbraith 1973; Tushman and Nadler 

1978; Weick 1979; Daft and Macintosh 1981). Most studies support the notion 

that task complexity is associated with greater information needs (Hackman 1968; 

Hage and Aiken 1969; Hackman and Vidmar 1970; Tushman 1978; Tushman 

1979; Van de Yen and Ferry 1980; Daft and Macintosh 1981). 

Task interdependence requires coordination (Malone and Crowston 1994). 

Coordination means integrating or linking different related roles to accomplish a 
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collective set of tasks (Van de Ven et al., 197 6). Coordination also means mutual 

adjustments based upon new information (Thompson 1967). Coordination lends 

itself well to support Jrom information and communication technologies. When 

interdependence is high, frequent adjustments are needed, and hence more 

information must be pr::>cessed (Van de Ven et al., 1976). 

The task environment is defined as those external actors which are attended to 

by organizational menbers (Downey and Slocum 1975; Tushman and Nadler 

1978). The environment is generally seen as a source of uncertainty, since areas 

outside the organization are not under control and are therefore potentially 

unstable (Thompson 1967; Weick 1979). 

3.2.2 Task-Technology Fit Model 

Another application of contingency theory in information systems research is 

the task-technology fit model. TTF models take a decidedly rational approach by 

assuming that users choose to use the type of IT that provides benefits, such as 

improved job performance, regardless of their attitude toward the IT. The task­

technology fit model s 1ggests that information systems should affect performance, 

depending upon the fit between task requirements and capability of the systems 

(Goodhue 1995; Zigurs and Buckland 1998). After investigating the link between 

information technology and individual performance, Goodhue and Thompson 

(1995) found that utilization and task-technology fit together predicted 

performance better thm each factor alone (Goodhue and Thompson 1995) (as 

shown in Figure 4). D shaw and Strong (1998) developed conceptually and tested 
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empirically a model based on Goodhue and Thompson's (1995) task-technology 

fit construct, to explain the factors that lead to the use of software maintenance 

support tools. In their empirical study, Dishaw and Strong (1998) showed that a fit 

between software maintenance tasks and available maintenance support software 

tools was associated with the actual use of the tools. Task-technology fit 

explained usage better than task and technology variables alone (Dishaw and 

Strong 1998). 

Task Performance 
Characteristics Impact 

Task Technology 
Fit 

Technology 
UtilizationCharacteristics 

Figure 4: Task Technology Fit Model (Goodhue and Thompson 1995) 

While the focus of Goodhue and Thompson's (1995) general theory is on the 

performance of individual users of information technology, Zigurs and Buckland 

(1998) proposed a specific theory of task-technology fit that addresses the 

development and deployment of group support systems to improve group 

performance (as shown in Figure 5). Zigurs and Buckland's (1998) specific theory 

of task-technology in the context of group support systems was later tested and 
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largely confirmed by Zigurs et al. (1999), in a review of examples of published 

group support systems (Zigurs et al., 1999). 

Group Task 

Fit Profile 
GroupI Performance

J 

GSS 
Technology 

Figure 5: Task Technology Fit for GSS (Zigurs and Buckland 1998; 
Zigurs et al., 1999) 

We summarize the main constructs of the models discussed above in Table 3. 

3.2.3 Operational Concepts of Fit 

The concept of fit [s central to contingency theory. Fit can be conceptualized 

and tested in a number of different ways. It is important to be very precise in 

specifying what kind of fit is proposed and how to test that specification with an 

appropriate method (Schoonhoven 1981; Van de Ven and Drazin 1985; 

Venkatraman 1989). I l1 contingency theory, three distinct definitions of fit have 

been identified: fit as congruence, fit as interaction, and fit as internal consistency 

(Drazin and Ven 19B5). These ideas were extended to identify six unique 

perspectives on fit: fit as matching, fit as covariation (internal consistency), fit as 
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Table 3: Main Constructs of the Models Used as Theoretical Background in 
This Study 

Theory Main constructs 
Attitude/behavior 

Models 
Theory of • Attitude Toward Act or Behavior; 

Theory Reasoned Action • Subjective Norm; 
(TRA) (Fishbein • Behavioral Intention; 
and Ajzen 1975) • Behavior. 
Technology Accep • Perceived Usefulness; 
tance Model • Perceived Ease ofUse; 
(TAM) (Davis • Behavioral Intention to Use; 
1989; Ajzen 1991) • Actual System Use. 
Theory ofPlanned • Attitude Toward Act or Behavior; 
Behaviour (TPB) • Subjective Norm; 
(Ajzen 1985; Ajzen • Perceived Behavioral Control; 
1991) • Behavioral Intention; 

• Behavior. 
Unified Theory of • Performance Expectancy; 
Acceptance and • Effort Expectancy; 
Use of Technology • Social Influence; 
(UTAUT) • Facilitating Conditions; 
(V enkatesh et al., • Behavioral Intention; 
2003) • Use Behavior. 

Contingency Information • Task complexity; 
Theory Processing Model • Task interdependence; 

(Tushman and • Task environment; 
Nadler 1978) • Uncertainty; 

• Information Processing 
Requirements; 

• Information Processing Capability; 
• Effectiveness of Information 

Systems. 
Task-Technology • Task characteristics; 
Fit (TTF) (Goodhue • Technology Characteristics; 
and Thompson • Task-Technology Fit; 
1995) • Utilization; 

• Performance Impacts 
Task-Technology • Group Task; 
Fit (TTF) (Zigurs • GSS Technology; 
and Buckland 1998; • Fit Profile; 
Zigurs, Buckland et • Group Performance. 
al. 1999) 
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gestalts (internal congruence), fit as moderation (interaction), fit as mediation 

(intervention), and fit as profile deviation (adhere to a specified profile). 

These perspective~: vary in their degree of specificity of the theoretical 

relationship between "ariables, in the number of variables in the fit relationships, 

and in whether the concept of fit is anchored to a particular criterion variable 

(Venkatraman 1989). The first three conceptualizations of fit are criterion-free, 

i.e., they have universal applicability and are not anchored to any particular 

dependent variable, such as effectiveness. Since the purpose of the study of fit in 

the information systens area is to examine the relationship between fit and 

performance impact, 1hese three conceptualizations are not suitable (Nidumolu 

1996). 

Three mam operal:ional concepts of fit are used in the literature: fit as 

congruence, fit as interaction (Pennings 1987), and fit as absolute difference. The 

definitions of the three operational concepts are summarized in Table 4. The 

concept of fit as congrience is the above mentioned "fit as profile deviation". The 

operational concept of fit as congruence holds that fit is a combination of the 

levels of contingency and structure that produce higher performance. Other 

combinations are incongruent so that the level of the structure does not fit that 

required by the level o ~the contingency and hence lower performance results (i.e., 

lower performance tha1 in fit). There is some line of fit, which may be curvilinear 

or linear. This is the line that connects all the points of fit. For each level of the 

contingency variable there is a level of the organizational structural variable that 
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is the fit (i.e., yields the highest performance). Deviation from this fit line 

constitutes misfit and so produces lower performance. This idea can be taken 

farther by conceptualizing degrees of misfit. The farther the organization is away 

from fit, the greater is its misfit and the lower is its resulting performance 

expected to be. The concept of fit as congruence is used in the studies of Zigurs 

and Buckland (1998) and Zigurs et al. (1999). 

There is a second operational definition of the fit concept in the literature. This 

is fit as an interaction between the contingency and the organizational structural 

variable. Specifically, fit is measured by a multiplicative interaction term, that is, 

the contingency variable multiplied by the organizational structure variable 

(Schoonhoven 1981). This corresponds to Venkatraman's (1989) 

conceptualization of fit as moderation and Van de Ven and Drazin's (1985) 

interaction approach. The concept of fit as interaction is used by Goodhue (1995) 

and Dishaw and Strong (1998). However there are many problems in 

operationalizing fit as an interaction term (Donaldson 2001). First, a multiple 

interaction term does not capture the relationship between congruence (fit) and 

performance. Another issue is that the multiplicative interaction term assumes that 

the fit is a straight line. However, some of the fits are not linear, but are 

curvilinear. Thus the multiplicative interaction term is not a correct 

operationalization of the fit construct. An interaction term tells us something that 

may be of interest, but conceptually it does not have the meaning of fit that has 

existed in contingency theory research. 
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The third operational definition of fit is fit as absolute difference. It was 

developed by Alexander and Randolph (1985) and has been used by David et al. 

(1989), Keller (1994), and Lai (1999). With this approach, fit is defined as the 

absolute difference between the values of technologies and task characteristic 

variables, i.e., fit = I technology variable - task variable 1. The approach assumes 

that for each value of a technology characteristic, there is a best value ofmatching 

task characteristic that results in high performance. 

Researchers wishing to study fit in the sense that has been meant in 

contingency theory re~;earch should use congruence measures, not the interaction 

term. Therefore it is preferable to use the concept of fit as congruence rather than 

conception of fit as interaction (Donaldson 2001 ). This study will use the concept 

of fit as congruence. The concept of fit as congruence must identify the ideal fit 

profile. That is, in each situation what kind of mobile work support can lead to 

perceived performanct: improvement. 

Table 4: Operational Concepts of Fit 

Operation of fit Studies used 
Congruence Fit is a combination of the levels of the 

contingency and structure that produce 
higher performance (Drazin and V en 
1985). 

Zigurs and Buckland 
(1998); Zigurs et al. 
(1999) 

Interaction Fit is neasured by a multiplicative 
interaction term, that is, the contingency 
variable multiplied by the organizational 
structure variable (Schoonhoven 1981 ). 

Goodhue (1995); 
Dishaw and Strong 
(1998) 

Absolute Fit is cefined as the absolute difference Alexander and 
difference between the values of technologies and 

task claracteristics variables (Alexander 
and Rmdolph 1985). 

Randolph (1985); 
David et al. (1989); 
Keller (1994); Lai 
(1999) 
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There are two conceptualization methods for the fit as congruence: the 

subjective method, and the objective method (Junglas 2003). 

3.2.4 Two Fit Conceptualizations for the Fit as Congruence: Subjective and 
Objective 

In general, two conceivable fit conceptualizations exist (Junglas 2003): a 

subjective and an objective conceptualization of fit. The objective form of fit is 

sometimes referred to as "engineering fit" (Nance and Straub 1996) whereas the 

subjective form of fit is called "tool fit" (Davern 1996). 

Taking a subjective stance means measuring fit from a user's perspective. 

Users that utilize a technology because of its instrumentality in their task are 

believed to be capable of evaluating that technology's fit from their personal 

experience. That is, users will give evaluations based on the extent to which they 

perceive the system meets their needs and abilities. In this case, user evaluations 

serve as surrogates for task-technology fit (Goodhue 1995). 

Taking an objective stance of fit means determining fit from an external 

position, i.e., fit is not determined by system users, but by system builders. Any 

software development can serve as an example. When developing an application, 

system specifications are always designed in such a way that they match the task 

that the application is expected to solve, with user characteristics. In this case, fit 

is measured by system specifications. 

This study will use the subjective conceptualization method. The subjective 

conceptualization method can be further classified into two types: One is facets-

of-fit; the other is predicted-outcome. 
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3.2.5 Two Types of Subjective Conceptualization of Fit 

There are two ways of assessing task-technology fit: facets-of-fit or predicted 

outcomes (Staples and Seddon 2004). If the facets of task technology fit are 

correctly identified, h)th measures should be highly correlated. Facets-of-fit is 

used to identify important facets of the task requirements and to assess whether 

the proposed tool, in the hands of the intended user, meets each of these facet-of­

fit requirements. The other is to predict the outcomes of tool use, again in the 

hands of the intended user, and see if they are as desired. This is called the 

predicted-outcomes aJ~proach. The facet-of-fit approach to assessing fit would 

involve asking whetht::r certain key facets of the task requirements are met. By 

contrast, the predicted-outcomes approach to assessing task-technology fit asks: 

"Would this toolset, in the hands of this user, lead to the desired outcome?" To 

answer this question, :he respondent imagines using the toolset and attempts to 

predict the outcome. From this perspective, Davis' (1989) famous questionnaire 

on perceived usefulness is a predicted-outcomes measure. Goodhue and 

Thompson's (1995) task technology fit instrument is a facets-of-fit measure. 

This study will usc the predicted outcome method to assess the fit. We 

summarize studies that used different methods of conceptualization of fit in Table 

5. 
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Table 5: Methods of Conceptualization of Fit in Existing Literature 

Author(s) Study Method of 
conceptualization of fit 

Goodhue and 
Thompson 
(1995) 

Task-Technology Fit and Individual 
Performance 

Subjective 
conceptualization of fit 
- Facets-of-fit 

Goodhue 
(1995) 

Understanding User Evaluations of 
Information Systems 

Subjective 
conceptualization of fit 
-Facets-of-fit 

Dishaw and 
Strong (1998) 

Assessing Software Maintenance Tool 
Utilization Using Task-technology Fit 
and Fitness-for-Use Models 

Subjective 
conceptualization of fit 
-Facets-of-fit 

Ferratt and 
Vlahos (1998) 

An Investigation ofTask-Technology 
Fit for Managers in Greece and the US 

Subjective 
conceptualization of fit 
-Facets-of-fit 

Goodhue et al. 
(2001) 

User Evaluation of IS as Surrogates 
for Objective Performance 

Subjective 
conceptualization of fit 
-Facets-of-fit 

Gebauer and 
Shaw (2004) 

Success Factors and Impacts of 
Mobile Business Applications: Results 
from a Mobile e-Procurement Study 

Subjective 
conceptualization of fit 
- Predicted outcomes 

Lee et al. 
(2004) 

Analysis of Mobile Commerce 
Performance by Using the Task-
Technology Fit 

Subjective 
conceptualization of fit 
- Predicted outcomes 

Staples and 
Seddon (2004) 

Testing the Technology-to-
Performance Chain Model 

Subjective 
conceptualization of fit 
-Both Facets-of-fit 
and Predicted 
outcomes 

Zigurs and 
Buckland 
(1998) 

A Theory of Task/Technology Fit and 
Group Support Systems Effectiveness 

Objective 
conceptualization of fit 

Zigurs et al. 
(1999) 

A Test ofTask-Technology Fit Theory 
for Group Support Systems 

Objective 
conceptualization of fit 
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Table 5: Method:; of Conceptualization of Fit in the Literature (Cont.) 

Author(s) Stud) r Method of 
conceptualization of fit 

Kim et al. 
(1998) 

Utili:~:ation and User Satisfaction in 
End-1Jser Computing: A Task 
Conti ngent Model 

Fit as interaction 

Mathieson and 
Keil (1998) 

Be yo nd the Interface: Ease of Use and 
Task! Technology Fit 

Fit as interaction 

Dishaw and 
Strong (1999) 

Extertding the Technology Acceptance 
Modt :1 with Task-Technology Fit 
Cons tructs 

Fit as interaction 

Anandarajan 
and Arinze 
(1998) 

Mate 1ing Client/Server Processing 
Archi tectures with Information 
Proct::ssing Requirements: A 
Conti ngency Study 

Fit as interaction 

Dishaw and 
Strong (1998) 

Supp,)fting Software Maintenance 
with;~oftware Engineering Tools: A 
Com]mted Task-Technology Fit 
Anal' /SIS 

Fit as interaction 

Alexander and 
Randolph 
(1985) 

The I ~it between Technology and 
Struc ture as a Predictor of 
Perfo rmance in Nursing Subunits 

Fit as absolute 
difference 

Keller (1994) Teem 1ology-Information Processing 
Fit ar "d the Performance ofR&D 
Project Groups: A Test of 
Conti ngency Theory 

Fit as absolute 
difference 

Lai (1999) A Co ntingency Examination of 
CASJ~-task Fit on Software 
Deve loper' s Performance 

Fit as absolute 
difference 

3.3 Integrating Contingency Theory with Attitude/behavior Theory 

Both aspects, attitude toward IT in attitude/behavior theory and rationally 

determined expected c::msequences from using IT in contingency, are likely to 

affect user choices to utilize IT. That is, combining the two models is likely to 

provide a better explan1tion of IT utilization than either an attitude or a fit model 

could provide separately. Goodhue and Thompson's (1995) technology-to­
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performance chain model combined insights from research on user attitudes as 

predictors of utilization and insights from research on task-technology-fit as a 

predictor of performance (as shown in Figure 6). The basic argument of the model 

is that, for an information technology to have a positive impact on individual 

performance, the technology must fit with the tasks it is supposed to support and 

for which it has to be used (Goodhue and Thompson 1995). Dishaw and Strong 

(1999) also combine TAM and TTF to propose an integrated model (Dishaw and 

Strong 1999). 

Goodhue and Thompson's (1995) technology-to-performance chain model 

was tested by Staples and Seddon (2004). Based on Goodhue and Thompson's 

(1995) technology-to-performance chain model, Junglas and Watson (2003) also 

proposed an integrated model (as shown in Figure 7). 

3.3.1 Are Perceived Usefulness and Task Technology Fit the Same Constructs 

or Different Constructs? 

We argue that the concepts of perceived usefulness and performance 

expectancy are identical with the concept of task-technology fit. They are just in 

different kinds ofperspectives. 

The definition of perceived usefulness in TAM (the degree to which a person 

believes that using a particular system would enhance his or her job performance 

(Davis 1989)) can be compared with the definition of performance expectancy in 

the Unified Theory of Acceptance and Use of Technology (UTAUT) (the degree 
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Feedback 
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Task 


Technology 


-Affect Towards Using 

-Social Norms 

-Habit 
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-Facilitating C)nditions 
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- Expected Consequence 
of Utilization (Beliefs) Utilization 

Performance 
Impact 

Fi~:ure 6: The Technology-to-Performance Chain 
(G>odhue and Thompson 1995) 
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Feedback 

Individual 
Characteristics 

Perceived 
ImpactUsefulness 

Intension 
to Use 

- Organizational 
Task Level: 

Task EfficiencyTechnology
Characteristics EffectivenessFit 

Perceived - Individual level: 
Ease ofUse Efficiency 

Effectiveness 

Technology 
Characteristics 

Feedback 

Figure 7: Integrated Model (Integrating TAM and 
TTF) (Junglas and Watson 2003) 
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to which an individual believes that using the system will help him or her to attain 

gains in job performance (Venk:atesh, Morris et al. 2003)). Fit is a combination of 

the levels of the con:ingency and structure that produce higher performance 

(Venk:atraman 1989). Goodhue and Thompson (1995) define task technology fit 

as the correspondenc{: between task requirement, individual abilities, and the 

functionality of the technology (Goodhue and Thompson 1995). Zigurs and 

Buckland (1998) define task technology fit (for GSS) as ideal profiles composed 

of an internally consistent set of task contingencies and GSS elements that affect 

group performance (Zigurs and Buckland 1998). To conclude, in IS research, fit is 

the combination of technology and task that produces higher performance. 

The argument that task technology fit and perceived usefulness are the same 

construct is supported by Staples and Seddon (2004) and Dishaw and Strong 

(1998). Staples and Seddon (2004) contended that Davis's (1989) perceived 

usefulness is conceptualization of fit as predicted-outcomes, while Goodhue's 

(1995) task-technolof,Y fit instrument is conceptualization of fit as facets-of-fit. 

Dishaw and Strong (998) contended that Goodhue's (1995) task-technology fit 

instrument (i.e., conc~ptualization of fit as facets-of-fit) and fitness for use (i.e., 

conceptualization of fit as predicted-outcomes) are just differently derived 

operationalizations of a single fit construct (Dishaw and Strong 1998). 

There are some studies that have viewed Goodhue's (1995) task-technology fit 

and Davis's (1989) perceived usefulness as the same construct. Garrity and 

Sanders (1998) mixed Davis's (1989) perceived usefulness and Goodhue's (1995) 
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task-technology-fit instruments to measure the success of information systems 

(Garrity and Sanders 1998). Lee et al. (2004) also use perceived usefulness as the 

measurement of task-technology fit (Lee et al., 2004). 

Combining contingency theory and attitude/behavior theory, we propose the 

research model in the next chapter. 

52 




PhD Thesis - W. Zheng McMaster - Business Administration 

Chapter 4: Research Model 

The main objective of tais study is to identify the ideal fit between the characteristics 

of mobile tasks and mobile technology work support functionalities. In this study, fit is 

defined as the congruence between task characteristics and the functionality of the 

technology that improves work performance. We will analyze task characteristics along 

the dimensions of 1) task <~omplexity, 2) task interdependence, 3) time criticality, and 4) 

location sensitivity. For mobile work support functions, we examine six typical 

applications: 1) mobile communication including voice communication, text messaging, 

and mobile notification, 2) mobile information searching, 3) mobile transaction 

processing, both offline and online, 4) mobile job dispatching, including batch mode and 

real time, 5) location-rela1:ed services including location tracking and navigation, and 6) 

mobile office. We will analyze the fit between the four dimensions of mobile task 

characteristics and the six typical mobile work support applications. The perceived ideal 

fit should then lead to intention to use. The research model is illustrated in Figure 8. As 

we discussed earlier, fit i:; measured by perceived usefulness. We represent the research 

model with the associate( path between task characteristics and the perceived usefulness 

ofmobile technology functionalities in Figure 9. 

4.1 Mobile Task Model 

A task is defined as an activity the task doer performs in order to accomplish a goal 

(Vakkari 2003). We analyze the task characteristics of mobile work along four 

dimensions: task complexity, task interdependence, time criticality, and location 

sensitivity. 
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Functionalities of Mobile Work Technology 
Support 
- Mobile Communication 
- Mobile Information Searching r-­

- Mobile Transaction Processing 
- Location Related Service 
-
-

Mobile Job Dispatching 
Mobile Office __.. 

Perceived Fit for 
Mobile Work ~ 

Intention to 

Fit Support Use 

Mobile Task Characteristics 
- Task Complexity 
- Task Interdependence -
- Location Sensitivity 
- Time Criticality 

Figure 8: Research Model 
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Figure 9: Research Model with Associated Paths Between Task Characteristics and Perceived Usefulness of Mobile 

Technology Functionalities 
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Tasks are usually analyzed along the dimensions of task complexity and task 

interdependence (Tushman and Nadler 1978; Goodhue and Thompson 1995). 

Some studies have proposed three task dimensions. For example, Poole (1978) 

suggested: task difficulty, task variability, and task interdependence (Poole 1978). 

Fry and Slocum (1984) combined Perrow's (1967) and Thompson's (1967) 

dimensions to create a three-dimensional construct of task characteristics: variety 

(number of exceptions), difficulty (non-analyzable search behavior) and 

interdependence (Perrow 1967; Thompson 1967; Fry and Slocum 1984). However, 

as we will discuss later, the two dimensions of task vatiety and difficulty (also 

called analyzability) can be combined into one dimension of task complexity. 

For mobile work, the two dimensions of task complexity and task 

interdependence can not totally catch all the task characteristics of mobile work 

(Junglas and Watson 2003; Gebauer et al., 2005). For mobile work, context in 

which the tasks are performed is a very important characteristic. It is the key 

characteristic that distinguishes mobile work from stationary work. Any activities 

are inherently situated in a particular context that frames and is framed by 

performing the activities recursively. There is as yet no accepted definition of 

context. Schilit et al. (1994) divides context into three categories: Computing 

context, user context, and physical context. Chen and Kotz (2000) argued that 

time is also an important and natural context for many applications. Schmidt et al. 

(1999) define context as knowledge about the user's and IT device's state, 

including surroundings, situation and, to a lesser extent, location. Dey defines 
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context as "any information that can be used to characterize the situation of an 

entity. An entity is a person, place, or object that is considered relevant to the 

interaction between a user and an application, including the user and applications 

themselves" (Dey and Abowd 2000; Dey 2001 ). They contend that combining 

several context values may generate a more powerful understanding of the current 

situation. "Primary" contexts, including location, entity, activity, and time, act as 

indices into other sources of contextual information (Dey and Abowd 2000). 

Abowd and Mynatt (2 )00) argue that although a complete definition of context is 

elusive, the "five W's" of context are a good minimal set of necessary context: 

who is using the system; what the system is being used for; where the system is 

being used; when the system is being used; and why the system is being used 

(Abowd and Mynatt 2000). 

In this study, the Cl)ntext of mobile work is defined as the circumstances in 

which mobile tasks are being carried out by mobile workers. From the definitions 

of context we find that time and location are the two fundamental elements for 

context. Ohta (1993) has noted, "If time is the warp of economics, then space is 

its woof' (Ohta 1993). Balasubramanian et al. (2002) consider jointly mapping a 

specific activity in tenns of the degree to which the activity is constrained (or 

flexible) spatially and the degree to which the activity is constrained (or flexible) 

temporally (Balasubraraanian et al., 2002). Junglas and Watson (2003) propose 

the dimensions of time- dependent and location-dependent to describe mobile task. 

Gebauer et al. (2005) introduce the concept of time criticality. This study uses the 

57 




PhD Thesis- W. Zheng McMaster- Business Administration 

two dimensions of time criticality and location sensitivity to describe the context 

characteristics of mobile work. Of course, context includes more than time 

criticality and location sensitivity. 

The four dimensions of the task model are presented in Table 6 and discussed 

in detail as follows. 

Table 6: Four Dimensions of the Task Model 

Task Dimension Definition 
Task complexity The degree ofnon-routinization and non-repetitiveness 

of the task being performed 
Task interdependence The extent to which workers depend upon each other to 

accomplish their tasks 
Time criticality The degree ofhow time is critical to the performing of 

the task 
Location sensitivity To what extent the performing of the task is dependent 

on the location-related information. 

4.1.1 Task complexity 

Task complexity means the degree of routinization and repetitiveness of the 

task performance. The concept of task complexity is frequently used to 

differentiate tasks in organizational studies, information science, and psychology 

(Bystrom 1999). In the literature, there are three main definitions of task 

complexity. 

The first is Campbell's (1988) integrative framework for task complexity. He 

relates task complexity directly to the task attributes that increase information 

load, diversity, or rate of change. He claims that complexity can be defined 

objectively, independent of particular task doers. He concludes that these three 
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information-processing factors can also capture the cognitive demands 

experienced by task doers. The framework consists of four basic task 

characteristics that mt:et the requirements of information load, diversity, and 

change: (1) multiple paths indicate the number of possible ways of arriving at a 

desired outcome, (2) multiple outcomes, (3) conflicting interdependence among 

paths, and (4) uncertain linkages between potential path activities and desired 

outcomes. By combining these characteristics, Campbell creates a typology of 

complex tasks. Based on the typology, he classifies tasks into simple, decision, 

judgment, and problen tasks (Campell 1988). This classification was used by 

Zigurs and Buckland (1998) as the basis to explore the relations between 

task/technology fit and GSS (Group Support System) effectives. However, this 

definition of task complexity is not relevant to mobile work tasks. 

The second is the definition of the concept of task complexity by Bystrom 

(1999), Bystrom and Jarvelin (1995), and Tiamiyu (1992). In their studies, task 

complexity is assumed to depend on the degree of uncertainty associated with the 

inputs (including information), the procedures for performing the task, and the 

outcomes of the task (based on the work of Van de and Ferry (1980)) (Tiamiyu 

1992; Bystrom and Ja:velin 1995; Bystrom 1999). Task complexity is seen as 

resulting from experienced uncertainty produced by incomplete a priori 

knowledge about inputs, procedures, and outcomes of the task at hand. This 

knowledge is termed a~: pre-determinability by Bystrom and Jarvelin (1995). They 

divide task complexity into five subcategories (Bystrom and J arvelin 1995): 
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(1) Automatic information processmg tasks are a priori completely 

determinable so that, in principle, they could be automated - whether actually 

automated or not. 

(2) Normal information processmg tasks are almost completely a priori 

determinable, but require some case-based consideration concerning. 

(3) Normal decision tasks are still quite structured, with case-based 

consideration having a major role. 

(4) Known, genuine decision tasks: the type and structure of the result is 

known a priori, but permanent procedures for performing the tasks have not yet 

emerged. Thus, the process is largely indeterminable, and so are its information 

requirements. 

(5) Genuine decision tasks are unexpected, new, and unstructured. Neither the 

result, the process, nor the information requirements can be characterized in 

advance. 

The degree of task complexity increases when moving from category 1 to 5. 

The third is the definition of task complexity in organizational studies. They 

differentiate task complexity into two components: task variety and task 

analyzability (Zeffane and Gul1993). The distinction is based on the work of Daft 

and Macintosh (1981 ). Task variety refers to the frequency of unexpected and 

novel events that occur in work processes (Perrow 1967; Daft and Macintosh 

1981; Fry and Slocum 1984). For Thompson (1967), Hickson et al. (1969), and 

Woodward (1965), task variety was measured as the stability and uniformity of 
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inputs and outputs (Woodward 1965; Thompson 1967; Hickson et al., 1969). Task 

variety has also been measured as the routinization, repetitiveness, stability, or 

rigidity of the work (L[twak 1961; Hage and Aiken 1969). Galbraith (1973) uses 

the term "predictability" to refer to the same concept of variety. He suggests that 

tasks differ in their amount ofpredictability and thus, in the amount of uncertainty 

which the organization must deal with during task execution (Galbraith 1973). 

Low variety means that workers experience considerable certainty about the 

occurrence of future activities, high variety means that workers typically cannot 

predict problems or :lctivities in advance (Vakkari 1998). Analyzability is 

concerned with how workers respond to problems that arise. It refers to the degree 

of how the process c f dealing with exceptions is analyzable once they are 

encountered (Perrow 1967). When the work process is analyzable, workers 

typically follow objective and known procedures to deal with problems. If the 

work is not analyzabk, no computational procedures can be found for solving 

problems. Workers have to search for solutions themselves (Fry and Slocum 1984; 

Vakkari 1998). Actually, the two dimensions of variety and difficulty might tend 

to be correlated in practice, so they might be combined into a single dimension 

(Perrow 1967). Work by Van de Ven and Delbecq (1974) supports the notion that 

it is often difficult to tt:ase out these two separate dimensions in practice (Van de 

Ven and Delbecq 1974). Thus it's better to consider task complexity as one 

concept other than two geparate dimensions of variety and analyzability (Tushman 

and Nadler 1978; Goodhue and Thompson 1995). 
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In fact, the second and third concepts of task complexity are highly consistent. 

When the information requirements, procedures, and outcomes of a task are 

difficult to anticipate, the workers face unexpected and novel events that they 

cannot predict in advance, and the process does not follow any known procedures. 

The pre-determinability of a task's input, process, and output, affects task variety 

and task analyzability to a great extent (Vakkari 1998). In this study, the 

definition of task complexity will be based on the two concepts of task 

complexity; that is, task complexity is the degree of non-routinization and non­

repetitiveness of the task being performed. 

4.1.2 Task Interdependence 

There are four types of task interdependence: pooled interdependence, 

sequential interdependence, reciprocal interdependence, and team work. The first 

three types of interdependence were identified by Thompson (1967), while Van 

De Ven et al. (1976) added the fourth type team work. Pooled interdependence 

exists when the task completion of one worker is not directly contingent upon 

others, but it is impacted by the performance of all others based upon their shared 

fate as members of the larger collective. In these cases frequent communication is 

unnecessary for task completion, and activity coordination can be regulated 

through establishing regular standard procedures. Sequential interdependence 

occurs when the task completion of one worker relies upon others. In sequential 

interdependence, interactions occur in a certain order, in which the outputs of one 

worker become the inputs of another (Hackathorn and Keen 1981 ). In reciprocal 
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interdependence there is a bi-directional flow, and the outputs of each worker may 

become inputs for oth~rs. Because this process is continuous, the nature of the 

communication patterns is similarly dynamic. Consequently, standardization and 

planning are ineffective means to coordinate behaviors. Instead, Thompson 

suggests coordination by mutual adjustment in these situations, which "involves 

the transmission of new information during the process of action" (Thompson 

1967). Team work flow refers to situations where the work is undertaken jointly 

by workers who collaborate in order to complete the work. There is no 

measurable temporal lapse in the flow of work between members, as there is in 

the sequential and r~~ciprocal cases; the work is acted upon jointly and 

simultaneously by workers at the same point in time (Van de Ven et al., 1976). 

There exists a hierarchical relationship between the types of task interdependence: 

pooled must exist befo:e sequential, sequential must exist before reciprocal forms 

of interdependence, and reciprocal interdependence must exist before team work 

(Thompson 1967; Van de Ven et al., 1976). In this study task interdependence is 

defined as the extent :o which workers depend upon each other to accomplish 

their tasks (Thompson 1967; Fry and Slocum 1984). 

4.1.3 Time Criticality 

Time is an essenti 1l feature of social and organizational life (Whipp et al., 

2002), and is a resource that is consumed by activities (Hassard 1996). Time is a 

way of locating human behavior, a mode of fixing the action that is particularly 

appropriate to circum~tances (Moore 1963). Time is a scarce resource, and its 
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scarcity enhances its worth (Hassard 1996). Lakoff and Johnson put forward three 

metaphors for time: time is money; time is limited resource; time is a valuable 

commodity (Lakoff and Johnson 1980). Time control is a central task for 

management. In management, time has been closely related to productivity. An 

organization is considered more productive or efficient when it shortens the 

period of time it takes to accomplish a given amount of work (Lee and Liebenau 

1999). 

People in organizations experience time through the shared temporal structures 

they enact in their working practices. Whether implicitly or explicitly, people 

make sense of, regulate, coordinate, and account for their activities through the 

temporal structures they enact. Like social structures in general (Giddens 1984), 

temporal structures simultaneously constrain and enable activities. According to 

Hassard (1996), temporal structuring is at the heart of organization and therefore 

temporal factors should be of primary concern for an organization. The neglect of 

temporality may hinder our understanding of information and communication 

technology used in organizations (Lee and Liebenau 2000). 

For mobile work, the temporal structure is greatly affected by location. Time 

and space are always interlinked - changes in space provoke changes in time 

(Giddens 1990). Social geographers (Hagerstrand 1975; Carlstein 1982) have 

developed a time geography approach to analyze human actions across time­

space. Time geography perceives time and space as inseparable and makes 

considerable effort to understand social phenomena in terms of a "time-space 
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ecology" (Hagerstrand 1975). This approach looks at the context in which human 

activities are carried on, tracing how this influences (and is influenced by) the 

daily movements or paths of human agents and groups. This approach pays 

particular attention to the source of constraints over human activities deriving 

from the physical prop1~rties of bodies and their social context. In order to analyze 

human activities across time and space, time geographers use dynamic "time-

space maps" to represmt these daily paths and the overall "boundaries" limiting 

behavior across time-~:pace provided by these constraints. Individual activities 

often are associated wth certain locales. Carlstein (1982) illustrates this using a 

concept of "packing" cf "bundles" of time consuming activities of different sizes 

and durations into a ~roup time budget. Due to the mobility characteristics of 

mobile work, the temporal structure of mobile work is irregular, while the 

temporal structure of stationary work is regular. As shown in Figure 10 the 

temporal structure of :;tationary work is linear, while the temporal structure of 

mobile work is broken and various. 

Time Time 

Time 

Frame 


Stationary work 

Figure 10: Temporal Structure 

Mobile work 

Time 
Frame 

Place 
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There have been some studies that address the dimensions of temporal 

structures, or temporality. Zerubavel (1981) delineated four major dimensions of 

the temporal profile of any situation or event: sequential structure, duration, 

temporal location, and rate of recurrence. The sequential structure refers to the 

ordering of situations and events. It is in the nature of many events, activities, and 

situations that they cannot all take place simultaneously and must, therefore, be 

temporally segregated from one another in terms of 'before' and 'after'. The 

sequential order in which events are arranged may sometimes be purely random. 

However, it is very often the case that it is rigid in the sense that events are not 

reversible. The duration concerns how long situations and events last. Numerous 

events in social life have a relatively fixed duration on a regular basis. Most of the 

timetables and schedules we use would not be possible without the relatively rigid 

duration of events and activities in our daily life. Temporal location is concerned 

with when situations and events take place. Locating an event at a particular point 

over the continuum of time is the basis of scheduling, by which we routinely fix 

events and activities at particular prearranged points in time- at particular hours, 

on particular days of the week, and in particular months of the year. In general, 

most routine daily activities are scheduled in a fairly rigid manner for particular 

times of the day and for particular days of the week. Fixing the temporal location 

of events entails the norm of "punctuality", which assigns a normative character 

to the acts of being "early" or "late". The rate of recurrence is concerned with 

66 




PhD Thesis - W. Zhen g McMaster - Business Administration 

how often situations md events take place. When they occur repeatedly and 

regularly, they entail rhythms or cycles (Zerubavel1981). 

An instrument to rr.easure temporal norms developed by Schriber (1986) and 

Schriber and Gutek ( 1987) consists of the following dimensions: Allocation, 

Scheduling, Sequencing, Deadline, Punctuality, Pace, Temporal buffers, and 

Autonomy (Schriber 1986; Schriber and Gutek 1987). Allocation is the amount of 

time, whether planned or expended, devoted to a task or activity, regardless of 

when the amount occurs. This is primarily concerned with size or amount and is 

based on a conventional standard of measurement (e.g., hours or minutes). 

Scheduling concerns the location of activities and tasks in the temporal realm 

(e.g., a meeting at 10 a.m.). The temporal boundaries provided by scheduling can 

be further defined in terms of sequence, deadlines, punctuality, pace, and buffers. 

Sequencing is at the heart of the concept of scheduling. It refers to "actions 

following one another in a prescribed order" (Moore 1963). Deadline is also 

implicit in the concept of scheduling. Deadlines are temporal start and stop points, 

and can be external or internal to the task, or both. Punctuality is the degree of 

rigidity to which deadines are adhered. Some deadlines require tasks to be 

completed on a certain day, others require completion by a certain hour of a 

specified day, and still others require completion by an identified minute of a 

particular hour. Pace is the rate at which activities can be accomplished. It is a 

measure of the speed I)[ activity or the number of activities that can be done 

within a given interval of time. Allocation, scheduling and deadlines depend on 
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pace. Temporal buffers are unspecified amounts of time that are built into 

schedules to allow for the uncertainty in the estimated duration to accomplish a 

task. The necessity of buffers is evident in lags and delays, and they provide 

organizations with temporal elasticity. Autonomy is the amount of freedom the 

job holder has in setting schedules for the completion of his or her tasks over 

time. It measures the degree to which respondents perceive autonomy over the use 

of their time. 

Based on the work of Zerubavel (1981), Schriber (1986) and Schriber and 

Gutek (1987), Lee and Liebenau identified six dimensions of temporality: 

duration, sequence, temporal location, deadline, cycle and rhythm. "Duration" is 

concerned with the amount of time spent to complete a task or activity. "Temporal 

location" concerns when activities take place. "Sequence" refers to the order in 

which activities and tasks take place. "Deadline" refers to the fixed time by when 

work is to be done. "Cycle" means the periodic regularity in which work is 

completed repeatedly. "Rhythm" refers to the alteration in the intensity of being 

busy (Lee and Liebenau 2000). 

In this study, we will use the concept of time criticality, which refers to the 

degree of how time is critical to the performing of the task (Gebauer et al., 2005). 

Borrowing Lee and Liebenau's (2000) work on the dimensions of temporality, we 

analyze the time criticality of mobile work along the three dimensions of time 

window, the degree of on-time, and the degree of urgency. The concept of time 

window is the same as the "duration" in Lee and Liebenau' s (2000) study. That is, 
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the amount of time spent to complete a task or activity at a specific location. 

Different locations construct different time windows. The time window for 

mobile work is narrower than stationary work. The degree of on-time means to 

what extent the mobile tasks must be performed on time. It corresponds to the 

time dimension of "temporal location" in Lee and Liebenau's (2000) study and 

the "punctuality" in Zerubavel (1981). The degree of urgency refers to the 

importance with which a task needs to be performed promptly (urgency) (Gebauer 

et al., 2005). It also corresponds to the time dimension of "deadline" in Lee and 

Liebenau's (2000) study. 

4.1.4 Location Sensitivity 

Mobility makes m think automatically about location. The very idea of 

"mobility" demands an understanding of location, and the location information 

may be exploited as a means of understanding the overall mobile context (Dix et 

al., 2000). Some work :;an be independent of any particular geographic location. It 

may be performed fron different places over time, or even while moving around. 

The performing of the tasks is not dependent on dynamic location related 

information and familiarity with locations. The amalgamation of information and 

communication technologies help realize the vision of access to information and 

services "anytime" anj "anywhere", hence people should be able to carry out 

their computational or communicatory activities independently of the hour of the 

day - i.e., anytime - a!; well as doing so not being confined to a specific spatial 

location - i.e., anywhere (Kleinrock 1995; Kleinrock 1996). The notion of 

69 




PhD Thesis - W. Zheng McMaster - Business Administration 

"anytime, anywhere" is one of the major premises ofmobile technology, in that it 

promises to remove the bonds between a person's location in space and that 

person's information and communication resources (Perry et al., 2001). That is, 

the mobile workers gain freedom through mobile technology support. 

However, not all activities are affected by mobile technologies 

(Balasubramanian et al., 2002). Often the location is the reason for being on the 

move. Wiberg and Ljungberg's (1999) ethnographic study of mobile 

telecommunication engineers shows that mobile work often has places of non­

negotiable importance. That is, travel could not easily be avoided; you cannot 

reframe the earth by putting away distance (Wiberg and Ljungberg 1999). Some 

work is very much sensitive to location related information. For example, field 

service workers have to go to customer locations to perform the work. Dynamic 

location related information is critical for job schedule and dispatching of field 

service work. The familiarity of location may greatly affect field service. Thus 

field service work is highly location sensitive. 

In this study, we propose the concept of location sensitivity to reflect the 

location characteristics of mobile work. Location sensitivity means to what extent 

the performing of the task is dependent on location-related information. It can be 

viewed from two aspects: location variety and location dependence. Location 

variety means to what extent the mobile workers work at various locations. Low 

location variety means the task must be performed at a specific location, and 

workers have less freedom in choosing the working location. Location 
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dependence means to what extent the dynamic location-related information is 

required to perform the task (Junglas and Watson 2003). The two aspects of 

location sensitivity are presented in Table 7. 

Table 7: Three Aspects of Location Sensitivity 
,---------------­

Aspect Definition 
Location variety To what extent mobile workers work at various 

locations. 
Location dependence To what extent dynamic location-related information is 

required to perform the task 

4.2 Mobile Work Technology Support 

Technology is viewed as human-made advancements that increase the 

effectiveness and effic[ency of specific tasks (Good and Schultz 2000). Mobile 

technologies can be seen as new resources for accomplishing various everyday 

activities that are carried out on the move (Tamminen and Oulasvirta 2004). 

We should clarify that "wireless" and "mobile" are two different concepts. 

"Wireless" means communication without the use of landlines. "Mobile" means 

that the devices are nc,t continuously fixed to a certain place. Mobile does not 

certainly mean wireless. For example, PDAs (Personal Digital Assistants) are 

mobile but not necessarily linked through wireless networks, and TV satellite 

network links are wireless but not necessarily mobile. 

4.2.1 Mobile Devices 

There is a variety of mobile devices ranging from pagers, cell phones, PDAs to 

laptop computers and specific devices. 

(1) Pagers 
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A pager is an electronic device used to contact people via a paging network. It 

pre-dates mobile phone technology, being most popular during the 1980s and 

1990s, but similarly uses radio transmissions to communicate between a 

control/call center and the recipient. Pager subscriptions have been on the decline 

since the widespread availability of mobile phones. Pagers have the advantage of 

distributing text information to large numbers of recipients simultaneously by 

using group call features. 

(2) Cell phones 

Most current cell phones connect to a cellular network of base stations (cell 

sites), which is in tum interconnected to the public switched telephone network 

(PSTN) (the exception are satellite phones). In addition to the standard voice 

function of a telephone, a mobile phone can support many additional services 

such as SMS (Short Message Service) for text messaging, wireless email, packet 

switching for access to the Internet, and MMS (Multi-Media Message Service) for 

sending and receiving photos and video. Further applications include location 

services, etc. 

Decreasing size, new data display technologies, and longer lived batteries may 

further enhance cell phone technology. "Small and light-weight" have long been 

the most important criteria when purchasing cell phones. While light weight is 

favorable for mobile workers, cell phones have become smaller and smaller, to 

some extent limiting their usability for commercial applications; the small size of 

the display allows only a few lines of text and only a limited display of graphics 
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and colors, and the ktyboard is designed for typing in numbers rather than text. 

Although word recc gnition software can be integrated into cell phone 

functionalities, enterin.~ an e-mail or Internet address can be an arduous task. 

(3) Radiophone 

A radiophone is a eommunications device that allows two or more people to 

talk using radio. Whi:e in recent years the cell phone has largely superseded 

radiophones for the average user, they are still widely used in many more 

specialist applications: police communications, emergency services, taxi services, 

and private mobile radio networks (PMR). 

(4) Personal Digital As:;istants 

Personal digital assi:;tants (PDAs) are handheld computers that were originally 

designed as personal organizers, but became much more versatile over the years. 

PDAs are also known as pocket computers or palmtop computers. PDAs may 

have a variety of applications: calculations, use as a clock and calendar, playing 

computer games, acce~.sing the Internet, sending and receiving e-mails, video 

recording, typewriting md word processing, address book, making and writing 

spreadsheets, receiving radio or stereo, and location positioning through Global 

Positioning System (GP S). Newer PDAs also have both color screens and audio 

capabilities, enabling them to be used as mobile phones (smartphones), web 

browsers, or portable media players. Many PDAs can access the Internet, intranets, 

or extranets via Wi-Fi 01 Wireless Wide-Area Networks (WWANs). 
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One of the most significant PDA characteristics is the presence of a touch 

screen on many PDA products. Touch screen PDAs, including Windows Pocket 

PC devices, usually have a detachable stylus that can be used to enter or select 

information on the screen. Text input is usually done in one of two ways: (1) 

Using a virtual keyboard, where a keyboard is shown on the touch screen. Input is 

done by tapping the letters. (2) Using letter or word recognition, where letters or 

words are written on the touch screen, and then "translated" to letters in the 

currently activated text field. 

Many PDAs have an IrDA (Infrared) port for connectivity. This allows 

communication between two PDAs, a PDA and any device with an IrDA port, or 

between a PDA and a computer with an IrDA adapter. Most modem PDAs also 

have Bluetooth wireless connectivity, which is used by many mobile phones, 

headsets and GPS devices. In order to use such PDAs for e-mail and m-commerce 

they must be connected to a mobile network device. The mobile phone can be 

used for this purpose by linking both devices with a cable or IrDA. Some newer 

models have built-in network capabilities. 

An important function of PDAs is synchronizing data with a PC. The 

possibility of connecting the PDA to a personal computer is vital to be able to 

synchronize addresses, phone numbers or e-mails. 

(5) Smart phone 

A smart phone is a full-featured mobile phone with personal computer-like 

functionality. It integrates the functionality of a mobile phone, personal digital 
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assistant (PDA) or otller information appliance. Most smartphones are camera 

phones that support f 1ll featured email capabilities with the functionality of a 

complete personal organizer. An important feature of most smartphones is that 

applications for enhanced data processing and connectivity can be installed on the 

device, by contrast to regular phones which support specially developed 

applications. These applications may be developed by the manufacturer of the 

device, by the operate~, or by any other third-party software developer. "Smart" 

functionality includes any additional interface including a miniature QWERTY 

keyboard, a touch scre1~n, or even just secure access to company mail, such as as 

that provided by a RIM BlackBerry. 

(6) Portable computers 

Portable computers are also called notebook or laptop computers. They are 

capable of the same tasks as a desktop PC, although they are typically less 

powerful for the same price. They contain components that are similar to their 

desktop counterparts and perform the same functions, but are miniaturized and 

optimized for mobile tse and efficient power consumption. Portable computers 

usually run on a single battery or from an external AC/DC adapter which can 

charge the battery while also supplying power to the computer itself. The battery 

has been a problem in earlier generations, but modem portable computers may 

work for five or six hou~s before recharging. 

(7) Industry-specific mobile devices 
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In many industries the use of particular mobile devices is common. Examples 

are: 1) Parcel deliverers use a hand-scanner to let the receiver indicate the receipt 

of goods. 2) Tow truck drivers use credit card readers to charge customers. 3) 

Conductors can issue tickets on a train with a handheld device that calculates 

prices and prints tickets. 4) Ruggedized mobile devices, such as products from 

Symbol1 and Intermec2 that can stand up to tough conditions, even in harsh, dirty 

or extreme environments. 5) Wearable devices for firefighters or soldiers. 

Mobile devices are used by mobile workers due to their portability, 

connectivity, and processing power. It is expected that, to perform different tasks, 

different mobile workers will select different mobile devices. For example, 

mobile knowledge workers prefer smart phones while ruggedized mobile devices 

are suitable for field workers such as in warehouse. In the future, the capabilities 

of some of the competing classes of mobile devices will continue to expand, 

resulting in mergers with other classes. For example, smart phones and wireless 

PDAs now offer very similar functionalities. 

4.2.2 Wireless Networks 

Wireless networks can be classified into Wireless Wide Area Networks 

(WWAN) - e.g. GSM and UMTS, and WAP, Wireless Local Area Networks 

1 See: http://www.symbol.com/products/mobile _computers/mobile_ computers. 

2 See: 

http://www. intermec. com/ eprise/ main/Intermec/ Content/Products/Products_ ListProducts ?Categor 

y=CMPTR&Family=CMPTRl 
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(WLAN) - e.g., IEEE 802.11, and Wireless Personal Area Networks (WPAN) ­

e.g. Bluetooth. 

(1) Wireless Wide Area Network 

Wireless Wide Are:t Network cells cover distances of 100 meters up to 35 km. 

The frequency spectmm used is not normally free, which means it has to be 

licensed. Since first generation networks (analogue G1) were intended for voice 

communications only, the data rates were quite low ( 4.8 kbps ). The Global 

System for Mobile (GSM) and General Packet Radio Service (GPRS) are the 

second generation wirdess network (digital G2) which can transfer higher data 

rates (GSM: 9.6 - 14 kbps; GPRS: 20 - 115 kbps). But these rates are still 

insufficient with resped to multimedia applications. For these purposes new 3rd 

Generation networks are currently being deployed. In Europe these wideband 

systems are called UMTS (Universal Mobile Telecommunication System) and 

can reach data rates up to 2 Mbps. 

Recently, WiMAX network capability has been emergmg. WiMAX is a 

standards-based techno logy enabling the delivery of last mile wireless broadband 

access as an alternative to cable and DSL (Digital Subscriber Link). WiMAX will 

provide fixed, nomadi ~. portable, and eventually, mobile wireless broadband 

connectivity. In a typical cell radius deployment of three to ten kilometers, 

WiMAX systems can be expected to deliver capacity of up to 40 Mbps per 

channel for fixed and 1= ortable access applications. This is enough bandwidth to 

simultaneously support hundreds of businesses with T-1 speed connectivity and 
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thousands of residences with DSL speed connectivity. It is expected that WiMAX 

technology will be incorporated in notebook computers and PDAs by 2007, 

allowing for urban areas and cities to become "metro zones" for portable outdoor 

broadband wireless access. 

(2) Wireless Local Area Networks 

Wireless Local Area Networks cover distances from 10 m to 150 m (300m 

outdoors). They use the unlicensed spectrum and provide much higher data 

transfer rates (100 Mbps) than WWAN. Since WLAN technology has emerged as 

an extension to computer LANs, this type of network is specialized to data 

transfer. Mobile stations connected by WLANs can use simple infrastructures 

with Access Points (APs) and WiFi instead of base stations or can connect to one 

another directly in ad hoc mode. 

(3) Wireless Personal Area Networks 

Wireless Personal Area Networks provide short range connectivity, e.g., for 

digital cameras or headsets. The covered area radius is about 1Om but may 

increase up to 1OOm in future. The used frequency spectrum is unlicensed and 

data rates are about 0.5 Mbps, thus in between WWAN and WLAN. These 

devices connect and disconnect as needed and have therefore a so called ad hoc 

topology. Most WPANs are based on the Bluetooth standard. Advantages 

compared to WLAN are voice support and better security. 
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The use of different networks for mobile workers depends on patterns of 

mobility. For local mobility, WiFi is enough to support mobile work. For remote 

mobility, WWANs such as GSM and GPRS are needed. 

4.2.3 Mobile Work Support 

From mobile applications that are used for mobile work force support, we have 

identified the following typical mobile functionalities: 

(1) Mobile communication 

Mobile communications include the general mobile communication functions 

of voice communicatio as and text messaging, and mobile notification as well. 

Mobile voice communication is the earliest and the most popular application 

for supporting mobile work. Mobile workers use mobile voice communication to 

discuss, exchange information, or to interact socially with their colleagues. 

Mobile text messag[ng is usually handed by pagers, SMS, and mobile email. 

Although pagers pre-date mobile phone technology, they are still used to notify 

people in emergency cases. Short Message Service (SMS) is available on most 

digital mobile phones (and other mobile devices, e.g., Pocket PCs, or occasionally 

even desktop computers) that permit sending short messages between mobile 

phones, other handheld devices, and even landline telephones. Mobile e-mail has 

become a popular application on various handheld devices (such as: RIM's 

Blackberry, Palm Pilot, and Pocket PC devices) and smart phones. Another 

implementation of wire ess e-mail is instant messaging where senders can interact 
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with recipients on-line in almost real-time mode. Documents can also be sent 

through e-mail attachments and other solutions. 

Both mobile voice communication and mobile text messaging can be used for 

mobile notification. Mobile notification refers to time-critical information, or 

event triggered information that can arise in emergencies. 

(2) Mobile information searching 

Mobile information searching means searching for information using mobile 

devices through wireless connections. This is to a large extent dependent on 

wireless access to the relevant databases, Intranet or Internet access, and the 

processing power ofmobile devices. 

There are three levels of information searching: 

1) Enterprise information searching, such as customer information searching 

and inventory and shipping information checking and tracking, functionalities 

typically available through CRM (Customer Relationship Management) and ERP 

(Enterprise Resource Planning) systems. 

2) Industry-specific information searching, such as physician prescribing 

histories, up-to-date marketing and sales information, and real estate industry 

multiple listing service (MLS). 

3) Internet information searching on Websites or through Internet search 

engmes. 

(3) Mobile transaction processing 
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Transactions may i 11clude one or more well structured activities in a series of 

actions that have ckar inputs and outputs. The goal is to process routine 

organizational transactions in an efficient, cost effective manner (Kirs et al. 1989). 

The difference between mobile transaction processing and traditional transaction 

processing is that wireless access overcomes geographical restrictions using the 

portable processing pcwer of mobile devices. Mobile transactions can be used to 

enhance the efficiency of business processes, reducing transaction costs and/or 

improving service quality. For example, a claims adjuster may meet with a 

customer and use a mobile device to upload pictures of damage or other case­

related digitizable evidence to a central database. Once approval is obtained, the 

adjuster can downlo(;.d customer profile and coverage information from the 

company's database at1 d print a check from a printer attached to the mobile device. 

In this scenario, the claim payment process is streamlined, allowing on-the-spot 

claim adjustment and payment (V arshney and Vetter 2002). 

We distinguish two kinds of transaction processing: 1) off-line transaction 

processing, such as scanning, data entry, and signature capture, where data are 

captured by on-the-spot mobile devices and uploaded for batch processing; 2) 

online transaction processing, where the wireless connection is used for real time 

processmg. Samples l)f online transactions include: order placement, payment 

processmg, inventory management, shipment/delivery management, and policy 

approval (such as insu~ance policy approval, and automatic loan approval). 

(4) Mobile job scheduling and dispatching: 
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Job scheduling typically involves the assignment of scarce resources to 

completing tasks over time to optimize some aspect of system performance, either 

exactly or approximately (Aytug et al., 2005). Mobile job scheduling and 

dispatching includes both scheduling appointments (time, location, tasks to be 

done etc.) and scheduling shared resources (equipment etc.). Generally, there are 

two types of schedule (Aytug et al., 2005). The first is a predictive schedule. This 

kind of schedule develops a schedule under certain assumptions as to the 

execution environment (most commonly, that no exceptions will occur) and 

releasing it to workers to guide their decisions. In mobile work, this type of 

schedule is referred to as batch-mode job scheduling and dispatching. In this 

mode, the job assignment can be loaded into mobile devices at the beginning of 

the work day. 

The second type of schedule is reactive scheduling or re-scheduling. This is a 

process of modifying the predictive schedule in the face of executional exceptions 

and instant job assignment or re-assignment. In mobile work, this is referred to as 

real time mobile job schedule and dispatching. In this mode, mobile workers 

receive their orders during working hours. One example is taxi dispatching. 

(5) Location related service 

Location related service provides mobile work support through job related 

location information. There are two main location related services that are used to 

support mobile work currently: location tracking and navigation. 

a) Location tracking 
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Location tracking provides location information about workers or equipment. 

The ability to identify the location of a mobile worker or a moving target 

dynamically creates significant value for mobile work. One popular example is 

tracking courier packLges so customers or courier companies know where their 

goods are at any time. First generation package tracking technology is barcode 

scanning, and second generation package tracking technology is RFID (Radio 

Frequency Identificat[on), which is being adopted rapidly in a number of 

environments. RFID i~: an automatic identification method, relying on storing and 

remotely retrieving data stored in devices called RFID tags. An RFID tag is an 

object that can be attached to or incorporated into a product for the purpose of 

identification using radio waves. Chip-based RFID tags contain silicon chips and 

antennas. Passive tags require no internal power source, whereas active tags 

require a power source. Typically passive RFID can be accessed at only very 

short range, usually within a very few meters, while active RFID such as those 

used for highway toll data collection have ranges of perhaps 50 to 100 meters. 

Vehicle tracking i~ used for locating and dispatching vehicles. GPS (Global 

Positioning System) i:; the main technology used for vehicle tracking. GPS is a 

fully-functional satelLte navigation system. A constellation of more than two 

dozen GPS satellites broadcast precise timing signals by radio to GPS receivers, 

allowing a GPS receiver on the vehicle to accurately determine its location within 

a few meters by triangulation (longitude, latitude, and altitude) in any weather, 

day or night, anywhen: on Earth. 
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GPS also allows companies to locate field personnel (for example, salespeople 

and repair engineers) so that they are able, for example, to dispatch the nearest 

engineer and provide customers with accurate personnel arrival times. In addition 

to GPS, network-based positioning is also used to local personal. For network­

based positioning, tracking and evaluation of the user location is done through a 

base station network, such as the cell phone network. The mobile device sends 

either a signal or is sensed by the network, which uses triangulation from several 

base stations to determine the position of the device. Whereas GPS delivers a very 

accurate position (accuracy up to 5m), network-based positioning delivers a very 

coarse position (accuracy 1OOm to kms). These techniques are both outdoor 

positioning methods. To obtain indoor positions with high accuracy, as needed for 

instance in warehouses, localization methods based on WLAN, Bluetooth or 

infrared technologies can be applied. 

b) Navigation services 

The simplest way to navigate is by using cell phones. The cell phone network 

provides location services. By positioning a cell phone, an operator can let the 

user know exactly where they are as well as give detailed directions on how to get 

to a desired destination. 

The most efficient way for navigation is to use GPS to guide travelling, such as 

in car navigation systems. An automotive navigation system is a satellite 

navigation system designed for use in automobiles. Unlike other GPS systems, 
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these use position data to locate the user on a road. Using a road database can give 

directions to other locations along roads that are in the same database. 

(6) Mobile office 

The mobile office i:; the mobile version of the traditional office. The functions 

of a mobile office include word processing, spreadsheet, presentation software, 

and database applications, as well as calendar, address book, and calculator. 

These are equivalent :o the functions that PDAs and laptops have. Cell phones 

have relatively limited built in functionalities such as notes, calendars, address 

books, and task lists. 

In summary, this study has discussed six typical mobile technology functions: 

mobile communicatic'n (voice communication, text messaging, and mobile 

notification), mobile information searching, mobile transaction processing (offline 

and online), location related services (location tracking and navigation), mobile 

job dispatching (batch mode and real time job dispatching), and mobile office 

functions. These are stmmarized in Table 8. 

4.2.4 Dimensions to Characterize Mobile Work Support Functions 

Based on the Gorry and Scott Morton framework (Gorry and Scott Morton 

1971), Zmud (1983) classified information systems in terms of variations in the 

structural complexity of decisions, contending that there are three types of 

information systems: transaction processing systems, information reporting 

systems, and decision reporting systems. Time and location are dimensions that 
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classify mobile applications (Balasubramanian et al., 2002; Liang and Wei 2004) 

as shown in the literature review. 

Table 8: Typical Functionalities of Mobile Work Technology Support 

Functionalities Examples 

1 Mobile 
communication 

Voice 
communication 

Conversation; Discussion; 
Information exchange 

Text messaging Short messages; Mobile emails. 

Notification Time-critical messages; Event trigged 
information 

2 Mobile information searching Customer and market information; 
Mobile CRM; Mobile ERP; Industry 
information systems access, such as 
real estate industry multiple listing 
service (MLS); Stock information; 
Market information 

3 Mobile 
transaction 
processmg 

Off-line Scanning/Signature/Printing/Data 
entry 

Online Mobile inventory management; order 
processing; shipment/delivery 
management; policy approval 
(Insurance policy approval, automatic 
loan approval) 

4 Location 
related service 

Location 
tracking 

Tracking personal locations by GPS 

Navigation GPS navigation systems 
5 Mobile job 

dispatching 
Batch mode Job assignment (Task contents; 

expected completion time; location 
related information; customer related 
information); 
Job com_pletion report; 

Real time Real time job assignment and 
dispatching, job tracking and 
monitoring, automatic reporting 

6 Mobile office Word processing, spreadsheet, power 
point presentation, etc. 
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Based on the work of Liang and Wei (2004), Balasubramanian et al. (2002), 

and Zmud (1983), we can characterize mobile work support functionalities along 

the three dimensions: degree of structure {Table 9), degree of time criticality 

(Table 10) and degree of location sensitivity {Table 11). 

Table 9: Mobile Work Support in Terms of Degree of Structure 

Degree of structure Examples 

Well-structured Mobile off-line transaction processing 

Mobile online transaction processing 
Semi -structured Batch mode mobile job dispatching 

Real time mobile job dispatching 

Ill-structured Mobile communication 

Mobile information searching 

Mobile office 

Table 10: M(1bile Work Support in Terms of Time Criticality 

Degree ofTime-Criticality Examples 

Not time critical Mobile office 

Mobile offline transaction processing 

Real time, always online, 
time critical 

Mobile communication 

Real time mobile job dispatching 

Real time location tracking 

Table 11: Moblile Work Support in Terms of Location Sensitivity 

Degree of Locati< 
Sensitivity 

m Examples 

Independent of lo 
information 

cation Mobile communication 
Mobile office 
Mobile transaction processing 
Mobile information searching 

Dynamic location Location tracking 
information is cri1ical Navigation 
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4.3 Benefits of Mobile Work Support 

Organizations that spend millions of dollars on information technology are 

primarily concerned about how their investments will influence organizational 

and individual performance (Torkzadeh and Doll 1999). The benefits of 

information systems can be examined at two levels: organizational level, and 

process level. At the organization level, there are three major types of objectives 

of organizational investment: strategic, informational, (Gory and Morton 1971; 

Turner 1985; Kirs et al., 1989; Weil1992; Mirani and Lederer 1998) and financial. 

Strategic benefits include competitive advantage and customer relations. 

Informational benefits include information access, information quality, and 

information flexibility. 

The benefits of information systems at the process level include productivity 

and management control (Gory and Morton 1971; Turner 1985; Kirs et al., 1989; 

Weil 1992; Mirani and Lederer 1998; Doll and Torkzadeh 1998; Torkzadeh and 

Doll 1999). Task productivity refers to the extent that an application improves 

user outputs per unit time. Information technology impacts on task productivity 

have been discussed in numerous studies (Braverman 1974; Curley and Pyburn 

1982; Hirschhorn and Farduhar 1985; Zuboff 1988; Kraemer and Danziger 1990; 

Liff 1990; Weick 1990; Sulek and Marucheck 1992). Management control 

implies that applications help to monitor and regulate work processes and 

performance. Many authors suggest that one of the initial intents for using a new 
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technology is to increase management control (Braverman 1974; Hirschhorn 1981; 

Shaiken 1985; Zuboff 1988; Kraemer and Danziger 1990). The above benefits of 

information systems are summarized in Table 12. 

Tahle 12: Benefits of Information Systems 

Level Benefits of IS 

Organizational Strategic: competitive advantage; customer relationships 

Financial 

Informational 

Process Productivity 

Management control 

Just like general information systems, mobile work technology support systems 

also have these benefits. Existing cases have demonstrated the benefits that users 

get from implementing mobile technology support. For competitive advantage, 

for example, Fedex introduced a nationwide cellular-based wireless data service 

in the late 1980s. Tr e implementation of this mobile solution resulted in an 

increase in its market :>hare and the retention of the company's competitive edge. 

This forced UPS to do the same or better, through its introduction of parcel 

barcode tracking in 1993 (Hayes and Kuchinskas 2004). For customer 

relationship mana gem ~nt, N ah et al.' s (2005) study of mobile applications in a 

utility company shows that real-time access to up-to-date customer and utility 

service information helps improve the quality of services and customer 

communication. For informational benefits, Hayes and Kuchinskas's (2004) case 

study of a beverage company's mobile applications, showed how the data goes to 
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the central computer at the warehouse, which builds the next day's delivery loads. 

That same information goes to the company's accounting, management, pre-sales 

division and delivery truck drivers. The financial benefits of such mobile 

applications are hard to measure. However, many cases have shown that mobile 

applications can help to lower operating costs, by reducing paperwork and 

eliminating redundant work (e.g., Nah et al. 2005). For productivity improvement, 

Nah et al. (2005) study of mobile applications in a utility company also showed 

that efficiency can be improved by minimizing delay and saving time in 

retrieving, updating, and communicating information. For management control, 

the case of J.B. Hunt Transport Inc. showed that the implementation of mobile 

applications helps to manage fleets more efficiently. Before implementing mobile 

applications, fleet managers in this company spent most of their time contacting 

truck drivers on the phone3
. 

Benefits at the organizational level are hard to measure, especially over a short 

time. Both academics and practitioners recognize that the success of information 

technology can potentially be measured through its impact on work at the level of 

the individual end-user (Doll and Torkzadeh 1998; Torkzadeh and Doll 1999). In 

this study, we will only examine the benefit of mobile work support at the process 

level, where we will only focus on productivity improvement, as assessed by 

mobile workers through perceived usefulness of mobile technology support. This 

is the dependent variable in this study. 

3 See: http://www.mobileinfo.com/Case _Study/Transportation/fleet_ management.htm 
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4.4 Hypotheses Development 

Hypotheses were developed through analyses of the characteristics of tasks 

and the needs for related support. 

4.4.1 Support for Task Complexity 

According to the information processing model (Tushrnan and Nadler 1978; 

Tushrnan 1979), uncertainty leads to a need for information processing. Task 

complexity is one of 1he main sources of task uncertainty (Tushrnan 1979). If a 

task is non-routine, th~ worker must attend to substantial information processing 

requirements, since complex tasks require generating and evaluating alternative 

approaches to performing the task. Furthermore, the more complex the task, the 

less it is likely that the requisite information will be available. Information 

processing requirements are therefore positively related to task complexity 

(Tushrnan 1978; Daft and Macintosh 1981 ). To meet information processing 

requirements, process1 ng capacity is needed. Information processing generally 

includes gathering data, transforming data into information, and communication 

and storage ofinformction (Galbraith 1973; Tushrnan and Nadler 1978; Egelhoff 

1991). Keller (1994) suggested that performing nonroutine tasks matched with the 

amount of information processing would lead to higher performance. In the 

mobile context, thes,~ needs translate into mobile communication, mobile 

information searching, and mobile office applications. Gebauer and Shaw (2004) 

study showed that workers performing unstructured tasks tend to use mobile 
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business applications to access information and for communication purposes. This 

leads to the following hypothesis: 

Hl-1: The perceived usefulness of mobile general communication is 

positively associated with task complexity. 

Hl-la: The perceived usefulness of mobile voice communication is 

positively associated with task complexity. 

Hl-lb: The perceived usefulness of mobile text messaging is positively 

associated with task complexity. 

Hl-2: The perceived usefulness of mobile information searching is 

positively associated with task complexity. 

Tasks with low complexity can be fulfilled by fixed programs, rules, and 

standard operating procedures (Van de Ven and Delbecq 1974). In the mobile 

context, mobile transaction processing (both offline and online) is used to process 

well structured activities. The Gebauer and Shaw's (2004) study found that 

workers performing highly structured tasks tend to use mobile business 

applications for data processing (which corresponds with mobile transaction 

processing in this study). We developed the following hypotheses: 

Hl-3: The perceived usefulness of mobile transaction processing is 

negatively associated with task complexity. 

Hl-3a: The perceived usefulness of mobile offline transaction 

processing is negatively associated with task complexity. 
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Hl-3b: The perceived usefulness of mobile online transaction 

processing is ne:~atively associated with task complexity. 

Mobile job dispatching (both batch mode and real time) also has defined 

procedures. Nilsson and Hertzum's (2005) study showed that, since home-care 

workers were thoroughly familiar with a regular schedule that constituted a 

recurrent structure forming the backbone of their weekly schedules, they 

downloaded the work schedule to their PDAs (i.e., batch mode mobile job 

dispatching). Although real time mobile job dispatching has to deal with 

uncertainty, job dispatching activities themselves are well structured. We 

developed the followirg hypotheses: 

Hl-4: The perceived usefulness of mobile job dispatching is negatively 

associated with task <omplexity. 

Hl-4a: The per1!eived usefulness of batch-mode mobile job dispatching 

is negatively associated with task complexity. 

Hl-4b: The perceived usefulness of real time mobile job dispatching is 

negatively associated with task complexity. 

Mobile office applications are usually used by mobile knowledge workers to 

complete complex tasks, such as preparing and conducting presentations, 

analyzing data, and writing reports. For example, preparing and making 

presentations at the cListomer's site are major activities for mobile sales force 

(Ingram 1990); therebre, having a dynamic, on-the-spot presentation can help 

seal crucial deals (Yarbrough 2001). In their study of the utilization of mobile 
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information systems for executives, Puuronen and Savolainen (1997) found that 

most of executives were satisfied with the mobile work support functions of text 

processing and presentation graphics (84% of subjects in their study are satisfied 

with these functions). 80% of the executives interviewed thought that the use of 

text processing would grow, and. 82% thought that the use of presentation 

graphics would grow. This leads to the following hypothesis: 

Hl-5: The perceived usefulness of mobile office is positively associated 

with task complexity. 

4.4.2 Support for Task Interdependence 

Task interdependence requires coordination and can be seen as an important 

source ofwork-related uncertainty (Thompson 1967; Galbraith 1973; Van de Ven 

et al., 1976; Tushman 1978). Some workers work independently while others 

must continuously adjust to one another. High interdependence occurs when 

workers interact cooperatively and depend on each other for information, 

materials, and reciprocal inputs (Emery and Trist 1969; Campion et al., 1993). 

When interdependence is low, workers experience greater autonomy, stability, 

and certainty with respect to coordination (Van de Ven et al., 1976). A mobile 

worker who is fairly autonomous has little need for information from others. The 

more substantial the task interdependence, the greater the coordination needs 

(Tushman 1979). Increased levels of task interdependence require more 

information exchange to clarify task assignments, requirements, and progress. 

Productivity is diminished because of time spent in coordinating (Straus and 
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McGrath 1994). The amount of communication is positively related to task 

interdependence (Tushman 1978). Based on the above, we developed the 

following hypotheses: 

H2-1: The percEived usefulness of mobile general communication is 

positively associated with task interdependence. 

H2-la: The perceived usefulness of mobile voice communication is 

positively associated with task interdependence. 

H2-lb: The perceived usefulness of mobile text messaging is positively 

associated with task interdependence. 

4.4.3 Support for Lo< ation Sensitivity 

Location theory and other spatial economic theories consider transportation 

related costs as a key factor in decisions about economic activities (Mennecke and 

Strader 2001). Location theory articulates that, with no transport costs 

whatsoever, all production would be concentrated in one, or a few, optimum-sized 

plants located at random (Valavanis 1955). For mobile work, if transportation 

costs do not matter, we will not need to track the location of mobile workers and 

assign the nearest mol:ile worker to the job, so anyone anywhere could do the job. 

In the more likely situation that mobile tasks are location- sensitive, dynamic 

location-related infomtation is critical to performing mobile tasks (Chen and Kotz 

2000). The Junglas and Watson (2003) study indicated that location dependence 

and uniqueness (locat ng the position of a mobile user) is an ideal fit. Based on 

this argument, we developed the following hypothesis: 
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H3-1: The perceived usefulness of location tracking is positively associated 

with location sensitivity. 

The task environment is generally seen as a source of work-related uncertainty 

(Dill 1958; Thompson 1967). In the mobile context, location is one important 

dimension. Uncertainty arising from location will lead to information 

requirements. A situation that frequently occurs is that mobile workers look for 

their work destinations, forcing them to resort to mobile communications 

(Tamminen and Oulasvirta 2004). However, interacting with other people to find 

a place takes time. And in most cases, it is not easy to find people who have the 

required information. The more efficient way would be to use GPS navigation 

mapping systems to provide guidance. As shown in the Brown and Chalmers 

(2003) study on tourism and mobile technology, one problem that tourists have is 

finding where things are. For example, when visiting a city, many of the 

attractions are distributed around the city. There is therefore a need to avoid 

spending too much time traveling between places. In their study, the solution for 

this problem was electronic guidebooks and maps augmented with GPS (Brown 

and Chalmers 2003). This leads to the following hypothesis: 

H3-2: The perceived usefulness of navigation is positively associated with 

location sensitivity. 

4.4.4 Support for Time Criticality 

Time is money and it is a scarce resource (Whipp et al., 2002). If time 

criticality is low for tasks, mobile workers don't need to be contacted until they 
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get back to their fixed office or home. When time criticality is high for tasks, 

mobile notification is needed to inform mobile workers anytime and anywhere. If 

time critical information cannot reach the workers who need the information, the 

value of the informat[on will be lost (Choudhury and Sampler 1997; Sampler 

1998). The Gebauer and Shaw (2004) study found that mobile applications (in the 

form of mobile notific:ttion) could help address emergency situations. Junglas and 

Watson's (2003) stud:r found that time dependence and ubiquity is an ideal fit. 

This leads to the following hypothesis: 

H4-1: The perceived usefulness of mobile notification is positively 

associated with time eriticality. 

This is also the cas~ for location tracking. If it is not critical for the dispatcher 

to know the current 1c cation of mobile workers, they can call mobile workers or 

ask mobile workers to call them and tell them where they are located in a certain 

period time. However, if time is critical, the more efficient way is to track the 

current locations of mobile workers through location tracking systems. Evidence 

of a relationship between time criticality and location tracking is shown in Basole 

and Chao's (2004) study of M-DSS (Mobile Decision Support Systems). They 

contended that infon11ation timeliness is an important criterion to the perceived 

usefulness of location-based M-DSS and suggested that timeliness is positively 

related to the perceived usefulness of location-based M-DSS (Basole and Chao 

2004). This leads to th~ following hypothesis: 
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H4-2: The perceived usefulness of location tracking is positively associated 

with time criticality. 

Time consideration is a major reason for job scheduling and dispatching (Aytug 

et al., 2005). Younger (1930), in perhaps the first book dedicated to scheduling, 

put it this way: Well-organized and carefully executed work routing, scheduling, 

and dispatching are necessary to produce the required quantity, of the required 

quality, at the required time, and at the most reasonable cost (Younger 1930). 

More specifically, Reinfeld contended that production control is the task of 

predicting, planning and scheduling work, taking into account manpower, 

materials availability and other capacity restrictions, and cost. This is important 

in order to achieve proper quality and quantity at the time it is needed, and to 

follow up the schedule to see that the plan is carried out, using whatever systems 

have proven satisfactory for the purpose (Reinfeld 1959). Scheduling of the 

management, control, and allocation of people and other resources on a time­

critical basis can generate significant improvements in service productivity and 

quality (Blumberg 1994). These arguments lead to the following hypotheses: 

H4-3: The perceived usefulness of mobile job dispatching is positively 

associated with time criticality. 

H4-3a: The perceived usefulness of batch mode mobile job dispatching 

is positively associated with time criticality. 

H4-3b: The perceived usefulness of real time mobile job dispatching is 

positively associated with time criticality. 
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Table 13 shows a matrix of the different dimensions of task characteristics and 

different types of me bile work support applications. The hypotheses are also 

shown in Table 13. Supporting literature for the hypotheses HI to H4 is listed in 

Table 14. 

4.4.5 Perceived Usefulness Leads to Intention to Use 

In the literature, many studies based on TAM have shown that perceived 

usefulness of information technology (or technology), leads to an intention to use 

it (Davis 1989). This result has also been supported by certain studies of mobile 

applications (e.g., Jun!~las and Watson 2003). This leads to: 

HS: Intention to 11se mobile technology support is positively associated 

with the perceived usefulness of mobile technology support. 

Mobile technology support relevant to H5 includes: mobile voice 

communication, text messagmg, notification, information searching, offline 

transactions, online transaction processing, location tracking, navigation, batch­

mode job dispatching, real time job dispatching, and mobile office functionalities. 
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Table 13: Fit Between Task Characteristics and Mobile Technology 
Functionalities 

Task 
Complexity_ 

Task 
Interdependence 

Location 
Sensitivity 

Time 
Criticality 

Mobile 
communication 

Voice H1-1a H2-1a 

Text 
messagmg 

H1-1b H2-1b 

Notification H4-1 

Mobile information searching H1-2 

Mobile 
transaction 
processmg 

Offline Hl-3a 

Online H1-3b 

Location 
related service 

Location 
tracking 

H3-1 H4-2 

Navigation H3-2 

Mobile job 
dispatching 

Batch-
mode 

H1-4a H4-3a 

Real time H1-4b H4-3b 

Mobile office H1-5 

Table 14: Supporting Literature for Hypotheses Hl to H4 
Hypotheses Supporting literature 
H1-1a, H1-1b, 
H1-2 

Tushman and Nadler (1978); Keller (1994); Gebauer and Shaw 
(2004). 

H1-3a, H1-3b Van de Ven and Delbecq (1974); Gebauer and Shaw (2004) 

H1-4a, H1-4b Van de Ven and Delbecq (1974); Nilsson and Hertzum (2005) 

Hl-5 Tushman and Nadler (1978); Keller (1994); Ingram (1990); 
Yarbrough 2001); Puuronen and Savolainen (1997) 

H2-la, H2-1b Van de Ven et al. (1976); Tushman (1978); Tushman and Nadler 
(1978); Tushman (1979); Straus and McGrath (1994) 

H3-1 Location theory: Mennecke and Strader (2001 ); Valavanis (1955). 
Junglas and Watson (2003); Chen and Kotz (2000) 

H3-2 Tamminen and Oulasvirta (2004); Brown and Chalmers 2003) 
H4-1, H4-2 Time studies: Choudhury and Sampler (1997); Sampler (1998); 

Whipp et al. (2002). 
Gebauer and Shaw (2004); Junglas and Watson (2003); Basole and 
Chao (2004) 

H4-3a, H4-3b Aytug et al. (2005); Blumberg (1994). 
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Chapter 5: Research Design 

5.1 Research Method 

This study used cuantitative survey research to test the research model. 

Quantitative research is designed to ensure objectivity, generalizability and 

reliability (Babbie 2 000). Relevant techniques cover the ways research 

participants are selected randomly from the study population in an unbiased 

manner, the standardized questionnaire they receive, and the statistical methods 

used to test predetemLined hypotheses regarding relationships between specific 

variables. The researcher is considered external to the actual research, and results 

are expected to be replicable no matter who conducts the research. The strengths 

of the quantitative paradigm are that its methods produce quantifiable, reliable 

data that are usually generalizable to some larger population. Quantitative 

approaches aim to test hypotheses, and usually to identify numerical differences 

between groups. The greatest weakness of the quantitative approach is that it 

decontextualizes humcn behavior in a way that removes the event from its real 

world setting and ignc res the effects of variables that have not been included in 

the model. 

5.2 Operationalizatiolll of the Constructs 

The measures for task complexity, task interdependence, perceived usefulness, 

and intention to use w~re developed by modifying instruments already developed 
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and used by other researchers. The scales developed and validated by Withey et al. 

(1983) to measure task variety and analyzability were adapted to measure task 

complexity (Withey et al., 1983). Withey et al. (1983) evaluated six of the most 

important studies in which various instruments were used to assess Perrow's two 

task dimensions: variety and analyzability. Each dimension consisted of five 

questions, requiring respondents to indicate their perceptions of task on a 7 -point 

Likert type scale ranging from ( 1) to a small extent to (7) to a great extent. These 

instruments were also used by Kim et al. (1998). In this study, the Cronbach's 

alpha were 0.895 for variety (5 items) and 0.896 for task analyzability (5 items). 

As discussed earlier, it is often difficult to tease out these two separate dimensions 

in practice (Van de Ven and Delbecq 1974). So some studies measure task 

complexity as one concept and not separately (Tushman and Nadler 1978; 

Goodhue and Thompson 1995). We selected five items from Withey et al.'s (1983) 

instruments and changed the wording to adapt to this study. Besides the five items, 

we added a new item: "Your work needs to handle unexpected events". All items 

were rated on a 1-7 Disagree-Agree scale. 

Scales of task interdependence developed and validated by Pearce et al. (1992) 

were adapted to measure task interdependence in this study (Pearce et al., 1992). 

Their six-item scale of task interdependence was assessed by three researchers. 

The Cronbach alpha gotten by the three researchers were 0.88, 0.95, and 0.97. 

These scales have also been used by Sharma and Yetton (2003). We adapted 

Peace et al.'s (1992) six-item scales with little wording changes in this study, 
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except that our scale was rated on a 1-7 Disagree-Agree scale instead of their 1-5 

Disagree-Agree scale. 

Perceived usefulne:;s items were adapted from Davis et al's (1989) perceived 

usefulness scale. Their instruments of perceived usefulness are widely used (e.g., 

Bhattacherjee 2001). Vve selected three of the four items in Davis et al.'s (1989) 

instrument. 

The items for mec.suring intention to use were modified from David's (1989) 

instrument of intentio:1 to use in a TAM study. This instrument is widely used 

(e.g.,Dishaw and Strorg 1998). 

In the literature, there is no existing measurement for the constructs of time 

criticality and location sensitivity. New items were developed to measure these 

constructs. Six items were developed to measure time criticality, and location 

sensitivity was measured along two aspects: location variety (3 items) and 

location dependence ( 4 items). 

All instrument items were measured on a seven point Likert scale. 

Measurement items are listed in Tables 15 to 20. The questionnaire itself is 

attached as appendix B . 

For the six task conplexity items, except item COM2, all the other five items 

will be reverse coded to make that the higher scale, the higher degree of task 

complexity. 
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For task interdependence, the items of INTER!, INTER2, INTER4, INTERS 

will be reverse coded to make that the higher scale, the higher degree of task 

interdependence. 

Table 15: Measurements of Task Complexity 

Identifier 

Measurement items Scales 
To what extent do you agree with the 
following statements on the degree of task 
complexity? 

COMl* Your work is repetitive Scales from 1 to 7: 
!-Strongly disagree; 
4-Neutral; 
7-Strongly agree 

COM2 Your work needs to handle unexpected 
events 

COM3* There is a clearly known way to do the 
maior !_ypes of your work 

COM4* You can rely on established procedures 
COMS* Your work is routine 
COM6* There is an understandable sequence of 

steps that can be followed in doing your 
work 

*:Reverse coding 

Table 16: Measurements of Task Interdependence 

Identifier 

Measurement items Scales 
To what extent do you agree with the following 
statements on task interdependence? 

INTER!* Your work can be performed fairly 
independently of others 

Scales from 1 to 7: 
!-Strongly 
disagree; 
4-Neutral; 
7-Strongly agree 

INTER2* Your work can be planned with little need to 
coordinate with others. 

INTER3 Your work requires frequent coordination 
with others (customers, co-workers, 
supervisors) 

INTER4* Your work rarely requires obtaining 
information from others to complete this task. 

INTERS* Your work is relatively unaffected by the 
performance ofothers. 

INTER6 Your work depends on receiving information 
from others. 

*:Reverse coding 
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Table 17: Measurements of Time Criticality 

ScalesIdentifier Measurerr.ent items 
1. No Restriction TIME1 Usually, what is the average time 
2. Within a week window (from start to fmish) for you 
3. Within a few days to comple:e a typical task? 
4. Within a day 
5. Within a few hours 
6. Within an hour 
7. Within 10 minutes 

TIME2 1. Take it easy 
start or finish your typical task? 
What is the time urgency for you to 

2. Allow delays 
3. Allow a little delay 
4. At normal speed 
5. Better done sooner 
6. Immediate 
7. In a hurry 

To what extent do you agree with the following statements 
On the time criticality ofyour task? 
TIME3 It is very important for you to start Scales from 1 to 7: 

your task on time 1-Strongly disagree; 
TIME4 4-Neutral; 

complete your task on time 
It is very important for you to 

7-Strongly agree 
TIMES It is very important for you to start 

your task as soon as possible 
TIME6 It is very i:nportant for you to 


complete your task as soon as 

possible 
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Table 18: Measurements of Location Sensitivity 

Identifier Measurement items Scales 
Location variety: 
LOCVAR1 To what extent do you work at Scales from 1 to 7: 

various locations? 1. Always the same locations 
4. Some at same location, but 
some at different new locations 
7 .Always at different new 
locations 

LOCVAR2 Scales from 1 to 7: 
to a specific location? 
To what extent is your job limited 

1. At one specific location 
4. At several alternative 
locations 
7. Anyplace 

LOCVAR3 Scales from 1 to 7: 
freedom of choosing a place to 
To what extent do you have the 

1. Not at all 
perform your work? 4. Moderately 

7. To a great extent 
Location dependence 
LOCDEP1 To what extent is performing your Scales from 1 to 7: 

work dependent on information 1. Not at all 
about your current location? 4. Moderately

LOCDEP2 To what extent is performing your 7. To a great extent 
work dependent on information 

about other people's (such as co­
workers or customers) locations? 

LOCDEP3 To what extent is performing your 
work dependent on information 
about the location of things or 
equipments that are related to your 
work? 

LOCDEP4 To what extent is performing your 
work dependent on information 
about travel or navigation guides to 
the destination? 
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Table L9: Measurements of Perceived Usefulness 

Identifier 

Measun :ment items Scales 
For eacl 1 of the following mobile work 
support functionalities: Mobile voice 
commut tication; text messaging; 
notifica1 ion; information searching; off-line 
transactJ on processing; on-line transaction 
processt ng; location tracking; navigation; 
batch-m ode job dispatching; real-time job 
dispatch ing; and mobile office: 

PUl To what extent do you perceive it would 
increase the productivity of your work? 

Scales from 1 to 7: 
1. Not at all 
4. Moderately 
7. To a great extent 

PU2 To what 
improve 

extent do you perceive it would 
the performance of your work? 

PU3 To what extent do you perceive it would be 
useful fo ryourwork? 

Table 20: Measurements of Intention to Use 

Identifier 

Measunment items Scales 
For eacL of the following mobile work 
support functionalities: Mobile voice 
communication; text messaging; 
notification; information searching; off-line 
transaction processing; on-line transaction 
processi 11g; location tracking; navigation; 
batch-m)de job dispatching; real-time job 
dispatching; and mobile office: 

IUl To what ~~xtent do you intend to use it? Scales from 1 to 7: 
1. Not at all 
4. Moderately 
7. To a great extent 

IU2 To what ~~xtent do you would like to use it? 
IU3 To what ~~xtent do you think it should be used? 

5.3 Instrument Validity 

Three evaluation ~riteria are essential to instrument development: content 

validity, construct validity, and reliability (Gefen 2002). 

Content validity is a qualitative assessment of whether measures of a construct 

capture the real nature of the construct (Gefen 2002), and is usually established 
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through the literature. Also, a pre-test is conducted to assess the content validity 

of the instruments. 

Construct validity asks whether the measures chosen are true constructs 

describing the event or merely artefacts of the methodology itself (Campbell and 

Fiske 1959; Cronbach 1971). If constructs are valid in this sense, one can expect 

relatively high correlations between measures of the same construct using 

different methods, and low correlations between measures of constructs that are 

expected to differ (Campbell and Fiske 1959). Researchers should establish two 

main types of construct validity: convergent and discriminant, for their constructs. 

Convergent validity focuses on the degree to which two or more attempts to 

measure the same construct through maximally different methods are in 

agreement (Bagozzi 1980). CFA or Squared Multiple Correlations (SMC) is used 

to demonstrate convergent validity. In this study, convergent validity was tested 

using CF A by assessing the fit of measurement model and examining the loadings 

and the t-value. AVE was also examined for convergent validity test in this study. 

Discriminant validity is concerned with the possibility that users respond so 

similarly to questions on two supposedly distinct constructs that there is no 

empirical evidence that two different things are being measured (Goodhue 1998). 

Discriminant validity is usually demonstrated using Campbell and Fiske's (1959) 

multitrait-multimethod (MTMM), exploratory factor analysis (EF A), 

confirmatory factor analysis (CFA) (Nunnally 1978; Long 1983), AVE (Average 

Variance Extracted) Method proposed by Fomell and Larcker (1981) or cross 
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loading method. A more rigorous and more widely accepted SEM (Structural 

equation modeling)-bHsed approach to discriminant validity is to run the model 

unconstrained and also constraining the correlation between constructs to 1.0. If 

the two models do not differ significantly on a chi-square difference test, the 

researcher fails to coo.clude that the constructs differ (Bagozzi 1991). In this 

procedure, if there are more than two constructs, one must employ a similar 

analysis on each pair of constructs, constraining the constructs to be perfectly 

correlated and then fi-,;~eing the constraints. We will use this method along with 

AVE method to assess the discriminant validity. 

Reliability concerns the extent to which measurements are repeatable 

(Nunnally and Durham 1975), or have a relatively high component of true score 

and relatively low component of random error (Carmines and Zeller 1979). In 

other words, reliability tells us the degree to which a measure is clouded by 

random error (Goodhue 1998). The reliability of a multi-item measure is 

estimated by Cronba<:~h's alpha or Composite Reliability (CR) (Fomell and 

Larcker 1981). Both of them will be used in this study to test the reliability. 

5.4 Sampling and Data Collection 

5.4.1 Respondent Seltdion 

This research was implemented as a field study employing survey methods. 

The subjects of the stt.dy were real mobile workers. This type of research design 

does not allow us to control some variables, as in a controlled experiment (Conte 
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et al., 1986). The use of a "real world" context, however, does assist us in 

attaining a higher degree of external validity (Kidder and Judd 1986). External 

validity has to do with possible bias in the process of generalizing conclusions 

from a sample to a population, to other subject populations, to other settings, 

and/or to other time periods. Using real mobile workers as subjects is critical to 

establishing external validity, as Seddon (2006) contended that the justification for 

making generalizations to other settings ultimately depends on the representativeness 

ofthe sample, not statistical inference. 

Based on the Gartner (2002) report, we identify the following types of mobile 

workers as our subjects: managers, mobile sales force, mobile professionals 

(consultant, inspectors, etc.), transportation/delivery workers including taxi 

drivers, field service (maintenance and installation service) workers, and 

emergency service workers (such as car towing). 

5.4.2 Respondent Recruitment 

In order to increase the response rate, we gave a ten-dollar Tim-Hortons gift 

certificate to each respondent who completed the questionnaire. According to a 

study by Jobber et al. (2002), the inclusion of any financial incentive, regardless 

of the amount, raises the response rate by approximately fifteen percent. 

We used two ways to recruit respondents: email and in person. Generally, we 

used email to reach managers, mobile sales people, and mobile professionals 

across Canada. It is very hard to reach mobile knowledge workers one by one in 
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person. We contacted transportation/delivery workers, field service workers, and 

emergency workers in person within the city of Hamlton, Ontario, Canada 

(including Burlington). It is easier to meet field workers at times when they are 

working, away from fleir companies. Usually field workers do not use e-mail or 

access the Internet, so it is virtually impossible to reach them by e-mail. 

The procedure for e·mail recruiting was as follows: 

1) Search: We searched for e-mail addresses and names on the Internet from 

public information W t::b pages, and identified appropriate candidates, based on the 

nature of companies trey worked for, and their job positions. 

2) Request: Initial e-mail were sent to request voluntarily participation in the 

study and to complete the questionnaire. Respondents had three possible ways to 

complete the question:1aire: a) complete it in a Word file and send it back by e­

mail; b) print it out, fill it out with pen or pencil, and return the completed 

questionnaire by fax; c1r c) Fill out the questionnaire online. In order to receive the 

gift certificate, the respondents needed to supply their regular mailing address by 

e-mail or fax. 

3) Remind: If we did not receive a reply after about one week to one month, a 

follow-up reminder e-mail was sent. 

4) Acknowledgment. After we received the completed questionnaire, we sent a 

thank-you e-mail and mailed the ten dollar Tim-Hortons gift certificate to the 

respondents. 

The procedure for f2ce to face recruiting was as follows: 

Ill 



PhD Thesis - W. Zheng McMaster - Business Administration 

1) Find mobile workers in the field: From the types of cars people drive, we 

could generally identify mobile workers. We approached mobile workers in 

public places such as parking lots when they were taking a break or were not busy. 

2) Introduced the purpose of the study and the questionnaire to complete. 

3) Questionnaire: The mobile workers could complete the questionnaire on the 

spot. When they were filling it, if they had any questions, we explained it to them. 

If they wanted to participate but did not have time right away, they were given a 

pre-paid envelope with the questionnaire enclosed, to complete and mail back. 

4) Acknowledge: After mobile field workers completed the questionnaire, they 

were given the ten-dollar Tim Hortons gift certificate. For mobile field workers 

who mailed back the completed questionnaire, the ten-dollar gift certificate were 

sent to them. 

5.5 Data Analysis Method 

In this study both linear regression and SEM were used to test the research 

model (Dishaw and Strong 1998). Linear regression was used to test and explore 

the relationships between different constructs. SEM was used to assess the overall 

model fit and test the structural model together. 

5.5.1 Multiple Regression 

Regression analyses are a set of statistical techniques that 

allow one to assess the relationship between one dependent variable and several 

independent variables. Regression techniques can be applied to a data set in which 
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independent variables are correlated with one another and with the dependent 

variable to varying d ~grees. Because regression techniques can be used when 

independent variable5 are correlated, they are helpful both in experimental 

research and in obse1vational or survey research. The flexibility of regression 

techniques is, then, e5pecially useful to the researcher who is interested in real­

world or very complicated problems that cannot meaningfully reduced to 

orthogonal designs in a laboratory setting. There are three major analytical 

strategies in multiple regression: standard multiple regression, sequential 

(hierarchical) regression, and statistical (stepwise) regression. This study used the 

standard multiple regression method, supported by SPSS 12.0. 

5.5.2 SEM 

SEM (Structural equation modeling) is a multivariate statistical technique used 

to examine direct anc indirect relationships between one or more independent 

latent variables and one or more dependent latent variables. Mathematically, 

structural equation nodeling (SEM) combines CFA (Confirmatory Factor 

Analysis) and path analysis, and it has been referred to as a hybrid of path 

analysis (Kline 1991). SEM evaluates an entire hypothesized multivariate model, 

including the hypothesized structural linkages among variables, and between each 

variable and its respective measure. The general form of a SEM consists of two 

parts: the measurement model and the structural model. The measurement model 

specifies how the latent variables or the hypothetical constructs are measured in 

terms of the observed 'tariables, and it describes the measurement properties, such 
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as the validities and reliabilities, of the observed variables. The structural equation 

model specifies the causal relationships among the latent variables and describes 

the causal effects and the amount of unexplained variance (Musil et al., 1998). 

SEM has some advantages over multiple regression and path analysis. In path 

analysis it is assumed, unrealistically, that underlying constructs and the scales 

used to measure them are identical (Musil et al., 1998). With SEM, the 

reliabilities of each of the latent variables considered in the analysis can be 

assessed. When predictor variables do not account for changes in outcome 

variable(s), it is possible to determine whether this is because of lack of 

correlation between the variables or because of poor reliability of the operational 

measures of those variables. SEM assesses the degree of imperfection in the 

measurement of underlying constructs, whereas regression and path analyses do 

not distinguish between less than perfect measurement of variables and non­

random, unexplained variance. SEM allows for modeling of the unexplained 

variance in that it takes it into account the structural equations (Musil et al., 1998). 

Another commonly acknowledged strength of SEM is the availability of 

measures of overall fit that can provide a summary evaluation of even complex 

models that involve a large number of linear equations. Most alternative 

procedures that might be used in place of SEM (e.g., multiple regression) to test 

such models would provide only separate "mini-tests" of model components that 

are conducted on an equation-by-equation basis. In addition, via nested chi-square 

tests and other means, users can comparatively evaluate the fit of alternative 
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models that differ in complexity. In this regard, SEM supports the model 

comparison approach to data analysis (Tomarken and Waller 2005). 

There are two kind:; of SEM: component-based approach (such as Partial Least 

Square (PLS)) and cc1variance-based approach (such as Lisrel). PLS has some 

advantages over LISREL (Barclay et al. 1995; Higgins et al. 1992). Using PLS to 

test the research model does not need sound theory background. The sample size 

required is smaller. And there are no assumptions about the distribution of the 

variables. However, P LS lacks overall fit statistics (Hulland 1998). In order to 

assess the overall fit of the model, Lisrel was used in this study. Lisrel proceeds in 

two phases (Pedhazur 1997). In the first phase, which corresponds to a 

confirmatory factor am.lysis (CFA), a measurement model is tested. When there is 

evidence of an adeqmte fit of the data to the hypothesized measurement model, 

the causal model is tes:ed by SEM. 

The measurement model stipulates the hypothesized relationships among latent 

and manifest variables. In LISREL, constructs are treated as unobserved variables 

measured by two or m Jre fallible indicators. Thus, a major strength of LISREL is 

that it enables researchers to separate latent variables from errors, and then to 

study causal relationships among latent variables. The process depends on the 

judicious selection of indicators. A faulty selection of measured variables to 

represent a latent variable, leads to questions about whether the theory's 

constructs are really t:mbedded in the causal model. During the measurement 

model phase, LISRE L tests three things: (1) causal relationships between 
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measured and latent variables, (2) correlations between pairs of latent variables, 

and (3) correlations among the errors associated with the measured variables. The 

measurement model is essentially a factor analytic model that seeks to confirm a 

hypothesized factor structure. Thus, loadings on the factors (the latent variables) 

provide a method for evaluating relationships between observed and unobserved 

variables. The hypothesized measurement model is then tested against actual data 

using Lisrel. The analysis provides loadings of the observed variables on the 

latent variables, and the correlation between the two latent variables. The analysis 

also indicates whether the overall model fit is good, based on a goodness-of-fit 

statistic. If the hypothesized model is not a good fit, the measurement model can 

be re-specified and retested. 

The Structural Equation Model Phase: After an adequate measurement model 

has been found, the second phase of Lisrel can proceed. As in path analysis, 

researchers specify the theoretical causal model to be tested. In this part of the 

analysis, Lisrel yields information about the hypothesized causal parameters- that 

is, the path coefficients. The coefficients indicate the expected amount of change 

in the latent endogenous variable that is caused by a change in the latent causal 

variable. The Lisrel program provides information on the significance of 

individual paths. The residual terms - the amount of unexplained variance for the 

latent endogenous variables - can also be calculated from the Lisrel analysis. The 

overall fit of the causal model to the research data can be tested by means of 

several alternative statistics. 
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CIJ apter 6: Data Analysis and Discussion 

This chapter is organized as follows: First, data collection procedures and the 

profile of the respondents are introduced. Second, instrument validation of the 

constructs in this study is conducted. Third, the nature of mobile work and 

differences between mobile knowledge workers and field workers are examined. 

Fourth, the current usage, perceived usefulness of mobile functions, and intention 

to use them are examined. Fifth, the hypotheses are tested. 

6.1 Data Collection Procedure and the Prome of Respondents 

6.1.1 Data Collection Procedure 

Data collection proceeded in two phases: 

6.1.1.1 Pre-test. The objectives of this phase were: to test the instruments for 

comprehension, clarity, ambiguity, and difficulty in responding to; to test the 

questionnaire for length and for completion time; to revise the questionnaire as 

required, leading to an instrument that could be formally validated. 

In November, 2005, the first draft of the questionnaire was distributed to a 

small sample of MBA and PhD students. 12 questionnaires were collected. 

Feedback included: a) the wording was not quite clear. b) Some terms could not 

be understood, such a~ the definition of mobile tasks. c) The questionnaire was 

long. d) Some questions were hard to answer. These comments led to an 

improved questionnair~. 
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In the 2006 winter term (Jan. 2006 - April 2006), the second draft of the 

questionnaire was distributed to a small sample of mobile workers by an MBA 

student. 13 valid questionnaires were collected. In July 2006, the online 

questionnaire link was distributed through the MERC (McMaster E-Business 

Research Center) e-mail link, which has about 300 contacts. This resulted in 8 

responses. In summer 2006, 11 questionnaires were completed by friends of the 

researcher. 

Thus, for the second draft of the questionnaire, a total of 32 valid 

questionnaires were obtained. Cronbach's Alpha was calculated for each construct 

using the data collected. Cronbach's Alpha of task related constructs are shown in 

table 21. All values were above 0.70, the threshold for an acceptable Cronbach's 

Alpha suggested by Nunnally (1978). Cronbach's Alpha of all the perceived 

usefulness and intention to use functions was above 0.90. These pre-test results 

gave us confidence in the construct reliability. The questionnaire was further 

revised and improved, based on feedback from the pre-test. 

Table 21: Alpha of Task Related Constructs in Pre-Test 

Constructs Cronbach's Alpha 
Task complexity 0.735 
Task interdependence 0.720 
Time criticality 0.711 
Location sensitivity 0.787 

6.1.1.2 Full Scale Study 

The full scale study was conducted in the period November, 2006 to February, 

2007. Data were collected through two methods. One involved reaching mobile 
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workers face to face. About 550 mobile workers were contacted, resulting in 100 

responses, a response rate of 18.2%. Workers contacted were employed within 

the cities of Hamiltor and Burlington, Ontario. The other method used was to 

send e-mails to request responses. A total of 810 emails were sent across Canada, 

resulting in a total of 94 responses, for a response rate of 11.6%. 62 of these 

responses were returned by e-mail, 14 by fax, and 18 by online survey. A 

summary of the resp,Jnse rate data appears in Table 22. The mode of these 

responses is summarized in Table 23. 

Table 22: Requests, Responses, and Response Rate 

Request method Face-face E-mail Total 
Number of requests 550 810 1360 
Number of responses 100 94 194 
Response rate 18.2% 11.6% 14.3% 

Table 23: Numbers of Responses According to Mode 
.-------- ­

Response mode Pencil & paper E-mail Fax Online Total 
Number of 
responses 

100 62 14 18 194 

Valid responses 88 61 12 18 179 

Among the 194 smvey responses, preliminary data inspection showed that 15 

responses were not valid, and were excluded. Thus a total of 179 responses were 

retained for analysis. 

6.1.2 Testing Differelllces between Print and Electronic Surveys 

Both electronic and print surveys were used in this study. Some studies have 

found that there are no significant differences between electronic and print 

surveys. Carini et al. (:W03) examined the responses of 58,288 college students on 

8 scales involving 53 items from the National Survey of Student Engagement 
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(NSSE) to gauge whether individuals respond differently to surveys administered 

via the Web and paper. The results indicated that mode effects were generally 

small (Carini et al., 2003). Boyer et al. also suggested that there is no reason to 

believe that data collected via print or electronic means differs substantively in 

terms of either mean response or inter-item reliability (Boyer et al., 2002). 

One-way ANOV A was used to test if differences existed among the means for 

the different questionnaire completion methods used in this study. We compared 

three questionnaire completion methods: e-mail, online, and fax. E-mail and 

online are modes of electronic survey, and fax is actually a print-type survey. The 

results are shown in Table 24, with no significant differences between the means 

for different questionnaire completion methods. 

Table 24: Comparisons of Different Questionnaire Completion Modes 
Constructs Mode Number Mean Sig. ofMean 

Differences 
Task Complexity Email 61 4.6754 0.324 

Fax 12 4.1167 
Online 18 4.4889 

Task Interdependence Email 61 4.6361 0.288 
Fax 12 4.9333 
Online 18 5.0889 

Time Criticality Email 61 5.0885 0.125 
Fax 12 5.6667 
Online 18 5.4333 

Location Variety Email 61 4.5902 0.571 
Fax 12 4.2083 
Online 18 4.2500 

Location Dependence 

Location Familiarity 

Email 61 3.3525 0.667 
Fax 12 3.1250 
Online 18 3.0139 
Email 61 4.8470 0.104 
Fax 12 4.6667 
Online 18 5.6852 
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Table 24: ComparisoJilS of Different Questionnaire Completion Modes (Cont.) 

Constructs 

Perceived usefulness 
ofmobile voice 

Perceived usefulness 
of mobile text 

<::! 

Perceived usefulness 
ofmobi1e batch mod 
job dispatching 

Mode Number 

61 

Mean Sig. ofMean 
Differences 

Email 5.7484 0.816 
Fax 
Online 

12 6.0000 
18 5.6483 

Email 61 4.4318 
0.424Fax 

Online 
12 4.0833 
18 
61 

5.0556 
Email 2.1148 

0.195Fax 
Online 

12 2.8892 
18 2.8333 

Perceived usefulness 
ofmobile real time j< 
dispatching 

>b 
Email 61 2.5738 

0.061Fax 12 4.0833 
Online 18 3.2594 

Perceived usefulness 
of location tracking 

Perceived usefulness 
of navigation 

Perceived usefulness 
ofmobile notificatio1 

Perceived usefulness 
ofmobile informatio 
searching 

1 

n 

Email 61 2.0326 
0.066

Fax 12 3.3050 
Online 18 2.5556 
Email 61 3.5028 

0.053
Fax 12 4.8892 
Online 18 3.0183 
Email 61 4.0490 

0.537
Fax 12 4.8325 
Online 18 4.0372 
Email 61 4.9507 

0.797
Fax 12 5.3333 
Online 18 4.8706 

Perceived usefulness 
ofmobile offline 
transaction processin 
Perceived usefulness 
ofmobile online 
transaction processin 
Perceived usefulness 
ofmobile office 

Intention to use mob 
VOICe 

Intention to use mob 
text 

g 

g 

le 

Je 

Email 61 2.1693 0.689 
Fax 12 2.5275 
Online 18 1.9628 
Email 61 3.5790 0.799 
Fax 12 3.1950 
Online 18 3.2778 
Email 61 4.9946 0.465 
Fax 12 5.4717 
Online 18 5.6111 
Email 61 5.7541 0.846 
Fax 12 6.0278 
Online 18 5.8704 
Email 61 4.2350 0.366 
Fax 12 4.0000 
Online 18 5.0185 
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Table 24: Comparisons of Different Questionnaire Completion Modes (Cont.) 

Constructs Mode Number Mean Sig. ofMean 
Differences 

Intention to use mobile 
batch mode job 
dispatching 

Email 61 1.9617 0.050 
Fax 12 2.8056 
Online 17 2.9608 

Intention to use mobile 
real time job 
dispatching 

Email 61 2.3443 0.256 
Fax 12 2.8333 
Online 18 3.1481 

Intention to use 
location tracking 

Email 61 2.1202 0.469 
Fax 12 2.6667 
Online 18 2.5741 

Intention to use 
navigation 

Email 61 3.6557 
0.307

Fax 12 4.4167 
Online 18 3.2407 

Intention to use mobile 
notification 

Email 61 4.0383 
0.913

Fax 12 4.3056 
Online 18 4.1667 

Intention to use mobile 
information searching 

Email 61 4.7978 
0.598

Fax 12 5.4167 
Online 18 4.7222 

Intention to use mobile 
offline transaction 
processmg 

Email 61 2.3497 
0.451

Fax 12 2.6944 
Online 18 1.8889 

Intention to use mobile 
online transaction 
processing 

Email 61 3.4918 
0.490

Fax 12 3.1667 
Online 18 2.8333 

Intention to use mobile 
office 

Email 61 4.8415 0.264 
Fax 12 5.5556 
Online 18 5.6667 

6.1.3 Dealing with Non-response Bias 

Non-response Bias was evaluated by comparing early and late respondents 

(Armstrong & Overton, 1977; Kim et al. 2005; He et al. 2007). The results oft-

test shown in Table 25 indicated that non-response bias should be no problem in 

this study. 
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Table 25: t-t~~st for Comparing Early and Late Respondents 

Construct ~f Sig. (2-tailed) 
lfask complexity -1.37 177 0.17 
lfask interdependence -0.93 177 0.35 
ffime criticality -0.51 177 0.61 
Location dependence 0.71 177 P.48 
!Location variety -0.36 177 p.72 
!Perceived Usefulness of Voice 
communication 0.65 177 0.52 
Perceived Usefulness ofText messaging -1.70 177 p.09 
Perceived Usefulness of Batch mode job 
dispatching 0.77 177 0.44 
Perceived Usefulness of Real time job 
dispatching 0.36 177 0.72 
Perceived Usefulness of Location tracking 0.28 177 0.78 
Perceived Usefulness ofNavigation 1.82 177 p.07 
Perceived Usefulness ofNotification -1.80 177 p.07 
Perceived Usefulness of Information 
Searching -2.90 177 0.00 
Perceived Usefulness of Offline 
ransaction processing ~.36 177 p.n 

Perceived Usefulness of Online 
ransaction processing -0.01 177 0.99 

Perceived Usefulness of Mobile office -1.95 177 0.05 

6.1.4 Respondent Profiles 

The profile of respondents is shown in Table 26, Figure 11, and Figure 12. 

There were 84 field workers: 29 from the transportation/delivery industry, 44 field 

service workers, and 11 emergency service employees. There were 95 mobile 

knowledge workers, including 43 in sales, 31 managers, and 21 mobile 

professionals. The fac;! to face request method was used with all 84 field worker 

respondents and for 4 mobile knowledge worker respondents. The e-mail request 
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method was used with the other 91 mobile knowledge worker respondents. In 

Table 25, mobile work time refers to the percentage of their time that workers 

spent outside of their fixed offices. 

The mobile work time profile for the respondents indicates that, on average, all 

the subjects met the definition of mobile workers. The profile shows that the 

sample was roughly represented the population ofmobile workers (c. f. Table 27). 

Table 26: Profile of Respondents 

Job Categories Responses Percentage 
oftotal (%) 

Mobile Work 
Time(%) 

Field 
workers 

Transportation/ 
Delivery workers 

29 16.2% 70%-90% 

(N=84) Field service 
workers 

44 24.6% 67%-87% 

Emergency 
service workers 

11 6.1% 71%-91% 

Knowledge Sales force 43 24.0% 53%-73% 
workers Managers 31 17.3% 33%-53% 
(N=95) Mobile 

professionals 
21 11.7% 50%-70% 

Total 179 100.0% 
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Figure 12: Mobile Work Time 
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Table 27: Breakdown of Mobile Workers by Type in US in 2001 (Gartner 
2001) 

Category rrype !Percentage 

[Mobile Knowledge General Executive 16.1% 
!workers Sales 14.1% 

!Health care 7.3% 

Education 6.7% 

IFinance 6.2% 

Government Services ~.5% 

Others &.3% 

Total 64.20% 

Mobile Field Workers Transportation 10.6% 

Construction 9.8% 

Field Service 7.8% 

Others 7.4% 

rrotal 35.60% 

6.2 Instrument Validity 

First, the exploratory factor analysis (Principal components extraction (PCA) 

with varimax rotation) was used to examine whether the items that measure one 

underlying construct are actually measuring it, or possibly measuring more than 

one latent construct. PCA was run for each construct. 

The results from the PCA on six items of task complexity showed that five of 

the six items loaded together on one factor while item COM2 ("Your work needs 

to handle unexpected events") loaded on another factor. The "unexpected events" 

therefore might not belong to the complexity characteristic of tasks, and might 

only measure how task performance is affected by outside environments. The 

frequency of "unexpected events" is not related to the degree of task routinization, 
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so this item was remCived, leaving the remaining five items to measure the task 

complexity construct. 

The results of PCA on the six items of task interdependence also showed that 

five of the six items loaded on one factor while item INTER6 ("Your work 

depends on receiving information from others") loaded on another factor. This 

question might not hlVe been specific enough so we removed it, leaving the 

remaining five items to measure the construct of task complexity. 

The results of PCA on the six items of time criticality showed that all the six 

items loaded on one factor. 

The results of PCA on the ten items of location sensitivity showed that the 

seven items loaded on two factors. The two factors were actually the two aspects 

of location sensitivity that we proposed. So the two constructs of location variety 

and location depender1ce were used instead of just one construct of location 

sensitivity. The measurement item LOCV AR3 "To what extent do you have the 

freedom of choosing a place to perform your work?" was supposed to measure 

location variety, but its loading on location variety was very low, at -0.059, so it 

was removed. "The fn edom of choosing a place to perform work" was not related 

to location variety. Ev~n when mobile workers have freedom of choice, this does 

not appear to mean their work locations vary, especially if their work is to be done 

at one or two specific locations. 
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The results of PCA on the three items of perceived usefulness or intention to 

use showed that the respective three items actually measured the underlying 

construct. 

Convergent Validity 

The convergent validity was assessed by assessing the fit of the measurement 

model in CFA and by examining the loadings and t-values for each measurement 

item. AVE was also examined for the convergent validity test. 

The sample size obtained in the survey is sufficient to analyze the hypothesized 

model using Lisrel. According to Anderson and Gerbing (1988), a sample size of 

150 is needed to obtain parameter estimates that have standard errors small 

enough to be of practical use in Lisrel. The sample size in this study is 179, which 

is over the minimum requirement for Lisrel. 

In Lisrel, a non-significant x2 means a good fit. But there are problems with 

relying solely on x2 as a fit statistic. The hypothesis tested by x2 is likely to be 

implausible, because it may be unrealistic to expect a model to have a perfect 

population fit. Lisrel is sensitive to the size of the correlations: bigger correlations 

generally lead to higher values of x2. It is also affected by sample size. 

Specifically, if the sample size is large, the value of x2 may lead to model 

rejection even when differences between observed and predicted covariances are 

small (Marcoulides 1998; Musil et al., 1998). Thus, other fit indices were used to 

assess the fit of the model: the ratio of chi square to degrees of freedom (d.f.), 

RMSEA (Root Mean Squared Error of Approximation), CFI (Comparative Fit 
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Index), and NNFI (Non-normed Fit Index). The cutoff value for the ratio of chi 

square to degrees of freedom is 3:1 as suggested by Gefen et al. (2003) and 5:1 as 

suggested by Marsh a1d Hovecar (1985). The cutoff value of RMSEA is 0.10 as 

suggested by Browne ,md Cudeck (1993) and 0.08 as suggested by Jarvenpaa et al. 

(2000). The cornrnonl:r used threshold of CFI is 0.90 (Gefen et al. 2000; Gefen et 

al., 2003; Hair et al., 1998). For NNFI (a.k.a. TLI, Tucker-Lewis Index), between 

0.85 and 0.89 means a mediocre fit (model could be improved substantially); 

between 0.90 and 0.9:; means an acceptable fit, between 0.95 and 0.99 means a 

good fit, and 1.00 means an exact fit (Bentler and Bonett, 1980). 

The results from the measurement models are summarized m Table 28, 

showing that the meas 1rement model is acceptable. 

Table 28: Fit Indices for the Measurement Models 

X2 Df x2/df RMSEA CFI NNFI 
Threshold <=0.03 <=0.10 >=0.90 >=0.90 
Six task related 608.41 265 2.30 0.082 0.92 0.91 
constructs 
Eleven constructs 959.55 440 2.18 0.082 0.86 0.85 
of the perceived 
usefulness of 
mobile functions. 

The loadings, R2
, a1d t-value are shown in Tables 29 to 33. Tables 29 to 33 

also show the mean and standard deviation of the measurement items. The results 

for perceived usefulness and intention to use constructs are not listed, as the 

loading for all these :::onstructs is above 0.80 and all of them are significant. 
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The rule-of-thumb terms loadings as "weak" if less than 0.4, "strong" if more than 

0.6, and otherwise as "moderate" (De Vaus 1991; Garson 2001; Hair et al. 1995). 

From Table 31, we see that the loading of item TIME1 "Usually, what is the 

average time window (from start to finish) for you to complete a typical task?" is 

as low as 0.26, below the threshold of 0.40. So we removed this item from the 

measurement of time criticality. This question of "time window" appeared to be 

difficult for subjects to understand and answer. This was noted by comments from 

subjects when they were completing the questionnaire. 

The AVE for each construct is listed in Table 39 to Table 41. The threshold of 

AVE is at least 0.5 (Fomell and Larcker 1981). All constructs' AVE are greater 

than 0.5, except the construct of task interdependence. 
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Table 29: Means, Standard Deviations, and Loadings for Task Complexity 

Item Mean SD Loading R:z t-value 
COMI 4.46 2.04 0.72 O.Sl 
COM2* 2.10 1.42 0.13 0.02 1.67 
COM3 3.17 1.76 0.67 0.4S 8.3S 
COM4 3.26 1.82 0.81 0.66 9.9S 
COMS 4.46 1.98 0.71 O.SO 8.78 
COM6 3.30 1.82 0.82 0.68 10.08 

* Item rerr oved due to low loading 

Table 30: Means, Standard Deviations, and Loadings for Task 
Interdependence 

Item Mean SD Loading Rz t-value 
INTER I 3.31 2.11 0.67 0.44 
INTER2 4.34 2.0S 0.6S 0.43 6.58 
INTER3 S.28 1.83 0.44 0.20 4.86 
INTER4 4.77 1.99 0.46 0.22 s.os 
INTERS S.22 1.68 0.71 o.so 6.8S 
INTER 6' : S.41 1.72 0.19 0.04 2.24 

* Item remc,ved due to low loading 

Table 31: Means, Standard Deviations, and Loadings for Time Criticality 

Item Mean SD Loading Rz t-value 
TIME I* 3.77 1.98 0.26 0.07 
TIME2 4.74 1.20 0.40 0.16 6.42 
TIME3 S.61 1.67 0.64 0.41 8.72 
TIME4 S.98 1.46 O.S6 0.31 8.62 
TIMES S.21 1.68 0.8S 0.72 3.21 
TIME6 S.S3 l.SS 0.82 0.68 4.74 

*Item removed due to low loading 
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Table 32: Means, Standard Deviations, and Loadings for Location Variety 

Item Mean SD Loading Rz t-value 
LOCVAR1 4.98 1.87 0.90 0.81 
LOCVAR2 5.10 1.93 0.59 0.35 4.86 
LOCVAR3* 3.63 2.26 -0.23 0.05 -2.63 

* Item removed due to low loading 

Table 33: Means, Standard Deviations, and Loadings for Location 
Dependency 

Item Mean SD Loading Rz t-value 
LOCDEP1 3.75 2.35 0.70 0.49 
LOCDEP2 3.73 2.30 0.58 0.33 6.50 
LOCDEP3 4.40 2.18 0.70 0.49 7.58 
LOCDEP4 4.07 2.31 0.72 0.52 7.75 

Discriminant Validity 

First, discriminant validity was assessed using a series of chi-square difference 

tests (Bagozzi and Phillips 1982), where the x2 statistic of the unconstrained CF A 

model (with all constructs freely correlated) is compared with that of a 

constrained model (with correlation between two constructs set equal to 1) (as 

shown in Figure 13). A significant x2 difference between the two models 

indicates discriminant validity between the constrained pair of constructs). 

Discriminant validity was tested for each pair of the six task related constructs: 

task complexity, task interdependence, time criticality, location variety, location 

dependence, and location familiarity. All pairs of the six constructs showed a 

significant difference, demonstrating that they are six distinct constructs. Table 34 

shows some of the results. 
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Model 0: unconstrained Model 1 : Constrained 

J?igure 13: Discriminant Validity Test 

For the eleven perceived usefulness related constructs, we conducted 

discriminant analysis on all pairs, but in Table 35 we only list the results for some 

pairs that appear to 1: e similar. The results of this analysis confirmed that the 

eleven perceived usefdness related constructs are distinct constructs. 

Table 36 shows the results of the discriminant validity tests on each pair of 

constructs from perceved usefulness and intention to use for the eleven typical 

mobile functions. The results confirm that perceived usefulness and intention to 

use are distinct constnlcts. 

In Table 34, Table :35, and Table 36, a pair refers to two constructs that we will 

test to see whether tbese two constructs are distinct constructs or actually one 

construct. Model 0 ref ~rs to the model in which the correlation between these two 

constructs is unconstrained, while model 1 refers to the model in which the 
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correlation between these two constructs is constrained to 1 (as shown in Figure 

13). 

Discriminant validity test was also conducted by AVE method. Table 37 and 

Table 38 list the correlation matrix, with correlations among constructs and the 

square root of AVE on the diagonal. In all cases, the AVE for each construct is 

larger than the correlation of that construct with all other constructs in the model. 

Reliability Test 

AVE, CR, and Cronbach' s Alpha was calculated for each construct. The results 

are shown in Table 39, 40, and 41. CR and Cronbach alpha of a construct should 

be greater than 0.7 for items to be used together as a construct (Nunnally 1978). 

These results all exceeded the 0.7 threshold except the construct of task 

interdependence 

Table 34: Discriminant Validity for the Six Task Related Constructs 

Pair Model df x2 Significant difference? 
Location Variety­ 0 8 12.49 tl x2 (df=1) = 53.6 

(p<0.001)Location Dependence 1 9 66.09 
Time Criticality- Location 0 13 57.26 tl x2 (df=1) = 61.83 

(p<0.001)Variety 1 14 119.09 
Time Criticality- Location 0 26 68.86 tl x2 (df=1) = 139.98 

(p<0.001)Dependence 1 27 208.84 
Task Complexity- Time 0 34 128.99 tl x2 (df=1) = 256.56 

(p<0.001)Criticality 1 35 385.55 
Task Complexity- Task 0 34 113.17 tl x2 (df=1) = 129.93 

(p<0.001)Interdependence 1 35 243.10 
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Table 35: Discriminant Validity for the Eleven Perceived Usefulness Related 
Constructs 

Pair Model Df x2 Significant 
difference? 

Mobile batch mode job 0 8 34.13 11 x2 (df=1) = 50.11 
dispatching- Mobile real time 1 9 84.24 (p<0.001) 
job dispatching 
Mobile notification- Mobile 0 8 428.49 11 x2 (df=1) = 250.65 
real time job dispatcbng 1 9 679.14 (p<0.001) 
Location tracking- Navigation 0 8 510.57 11 x2 (df=1) = 280.13 

1 9 790.70 (p<0.001) 
Offline transaction processing 0 8 30.29 11 x2 (df=1) = 722.85 
- online transaction processing 1 9 753.14 (p<0.001) 
Mobile voice communication ­ 0 8 39.78 11 x2 (df=1) = 508.83 
Mobile text messaging 1 9 548.61 (p<0.001) 
Mobile voice communication ­ 0 8 41.89 11 x2 (df=1) = 525.94 
Mobile real time job 1 9 567.83 (p<0.001) 
dispatching 
Mobile voice communication­ 0 8 13.03 11 x2 (df=1) = 532.21 
Location tracking 1 9 545.24 (p<0.001) 
Mobile voice communication­ 0 8 39.29 11 x2 (df=1) = 332.76 
Mobile notification 1 9 372.05 (p<0.001) 
Mobile voice communication ­ 0 8 13.33 11 x2 (df=1) = 537.24 
Mobile information searching 1 9 550.57 (p<0.001) 
Mobile text messaging­ 0 8 18.22 11 x2 (df=1) = 7 4 7.12 
Mobile batch mode job 1 9 765.34 (p<0.001) 
dispatching 
Mobile text messaging­ 0 8 11.29 11 x2 (df=1) = 745.53 
Mobile real time job 1 9 756.82 (p<0.001) 
dispatching 
Mobile text messaging­ 0 8 29.14 11 x2 (df=1) = 710.26 
Mobile notification 1 9 739.40 (p<0.001) 
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Table 36: Discriminant Validity on Each Pair of Perceived Usefulness and 

Intention to Use Constructs 


Pair: Perceived usefulness 
vs. Intention to use 

Model df x2 Significant difference? 

Mobile voice 0 8 56.43 ~ x2 (df=1) = 127.55 
(p<0.001)1 9 183.98 

Mobile text 0 8 34.15 ~ x2 (df=1) = 373.48 
(p<0.001)1 9 407.63 

Mobile batch mode job 
dispatching 

0 8 47.43 ~ x2 (df=1) = 240.3 
(p<0.001)1 9 287.73 

Mobile real time job 
dispatching 

0 8 30.70 ~ x2 (df=1) = 276.08 
(p<0.001)1 9 306.78 

Location tracking 0 8 98.05 ~ x2 (df=I) = 291.66 
(p<O.OOI)1 9 389.71 

Navigation 0 8 48.89 ~ x2 (df=I) = 312.52 
(p<O.OOI)1 9 361.41 

Mobile notification 0 8 93.13 ~ x2 (df=1) = 241.68 
(p<0.001)1 9 334.81 

Mobile information 
searching 

0 8 16.32 ~ x2 (df=1) = 245.31 
(p<0.001)1 9 261.63 

Mobile offline transaction 
processing 

0 8 16.91 ~ x2 (df=1) = 320.43 
(p<0.001)1 9 337.34 

Mobile online transaction 
processing 

0 8 19.38 ~ x2 (df=I) = 325.15 
(p<0.001)1 9 344.53 

Mobile office 0 8 70.40 ~ x2 (df=1) = 207.05 
(p<O.OOI)1 9 277.45 

Table 37: Means, Standard Deviations, and Correlations of Task Constructs 

N=179 Mea 
n 

SD 1 2 3 4 5 

1. Task 
complexity 

3.73 1.51 0.81 

2. Task 
interdependence 

4.58 1.33 0.28 
(***) 

0.57 

3. Location 
variety 

5.04 1.67 -0.34 
(***) 

-0.05 0.75 

4. Location 
dependence 

3.99 1.76 -0.36 
(***) 

0.05 0.30 
(***) 

0.88 

5. Time 
criticality 

5.41 1.14 -0.14 0.09 0.10 0.28 
(***) 

0.77 

*: p< 0.05; **: p< 0.01; ***: p<O.OOI 


i': Diagonal elements are the square root of AVE. 
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Table 38: Means, Standard Deviations, and Pearson Correlations of Perceived Usefulness of Mobile Support Functions 
Perceived Usefulness of 
Mobile Functions 

Mean SD 1 2 3 4 5 6 7 8 9 10 11 

1.Mobile Voice 
Communication 

5.65 1.57 0.95 

2.Mobile Text 
Messaging 

4.09 2.24 0.299 
(***) 

0.80 

3.Mobile Notification 4.53 2.19 0.431 
t......) 

0.263 
t......) 

0.97 

4.Mobile Information 
Searching 

3.95 2.21 0.107 0.244 
(**) 

0.097 0.98 

5.Mobile Offline 
Transaction Processing 

2.77 2.11 0.144 0.060 0.292 
(***) 

-0.026 0.99 

6.Mobile Online 
Transaction Processing 

3.24 2.24 0.200 
{**) 

0.257 
{**) 

0.279 
(***1 

.250 
(**) 

0.475 
(***) 

0.98 

?.Location Tracking 3.28 2.29 0.157 
(*) 

0.112 0.383 
(***) 

-0.181 
(*) 

0.331 
(***) 

0.107 0.97 

8 .Navigation 4.23 2.27 0.288 
(***) 

0.164 
(*) 

0.456 
(***) 

-0.012 0.244 
(**) 

0.219 
(**) 

0.516 
***) 

0.98 

9 .Mobile Batch Mode 
Job Dispatching 

3.54 2.38 0.187 
(*) 

0.125 0.470 
(***) 

-0.107 0.338 
(***) 

0.175 
(*) 

0.497 
(***) 

0.410 
(***) 

0.98 

10.Mobile Real time 
Job Dispatching 

4.02 2.39 0.194 
(**) 

0.133 0.456 
(***) 

-0.128 0.344 
(***) 

0.130 0.666 
(***) 

0.433 
(***) 

0.637 
(***) 

0.97 

ll.Mobile Office 3.93 2.40 0.134 0.174 
(*) 

0.085 0.581 
(***) 

-0.003 0.291 
(***) 

-0.155 
(*) 

-0.013 -0.197 
(**) 

-0.169 
(*) 

0.99 

N=179 

*: p< 0.05; **: p< 0.01; ***: p<0.001 t: Diagonal elements are the square root of AVE. 
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Table 39: AVE, CR, and Cronbach's Alpha for Task Related Constructs 

N=179 Number of Items AVE CR Cronbach's 
Alpha 

Task 
complexity 

5 (Excluding item 2) 0.65 0.90 0.86 

Task 
interdependence 

5 (Excluding item 6) 0.33 0.65 0.72 

Time criticality 5 (Excluding item 1) 0.56 0.86 0.80 
Location variety 2 (Excluding item 3) 0.77 0.87 0.70 
Location 
dependence 

4 0.59 0.85 0.77 

Table 40: AVE, CR, and Cronbach's Alpha for Perceived Usefulness 

Constructs 


N=179 Number of 
Items 

AVE CR Cronbach's 
Alpha 

Mobile voice 3 0.90 0.96 0.94 
Mobile text 3 0.95 0.98 0.97 
Mobile batch mode job 
dispatching 

3 0.97 0.99 0.98 

Mobile real time job 
dispatching 

3 0.94 0.98 0.98 

Location tracking 3 0.95 0.98 0.98 
Navigation 3 0.96 0.99 0.98 
Mobile notification 3 0.95 0.98 0.97 
Mobile information 
searching 

3 0.96 0.99 0.98 

Mobile offline 
transaction processing 

3 0.97 0.99 0.99 

Mobile online transaction 
processing 

3 0.96 0.99 0.98 

Mobile office 3 0.98 0.99 0.99 
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Table 41: AVE, CR, and Cronbach's Alpha for Intention to Use Constructs 

N=179 Number of Items AVE CR Cronbach's Alpha 
Mobile voice 3 0.91 0.97 0.95 
Mobile text 3 0.95 0.98 0.97 
Mobile batch mode 
job dispatching 

3 0.94 0.98 0.97 

Mobile real time job 
dispatching 

3 0.96 0.99 0.97 

Location tracking 3 0.96 0.99 0.97 
Navigation 3 0.91 0.97 0.95 
Mobile notification 3 0.94 0.98 0.97 
Mobile information 
searching 

3 0.92 0.97 0.96 

Mobile offline 
transaction processing 
Mobile online 
transaction processing 
Mobile office 

3 0.94 0.98 0.97 

3 0.95 0.98 0.97 

3 0.97 0.99 0.99 

Conclusions on measurement validity 

Based on the above analyses, the measurement items in this study have 

established reliability, and both convergent and discriminant validity except that 

there are problems for the construct of task interdependence (AVE is less than 0.5 

and CR is less than 0.7). 

6.3 Analysis on the N:lture of Mobile Work 

In this section, th~ nature of mobile work is analyzed by examining the 

relations between dift~rent dimensions of mobile tasks. Then differences in the 

nature of mobile work between mobile knowledge workers and field workers are 

compared. 
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The means, standard deviations, and Pearson correlations between task 

variables are shown below in Table 3 7. From these data, we have the following 

findings: 

(1) Task complexity is negatively correlated with two aspects of location 

sensitivity (location variety and location dependence). Location variety implies 

resource limitations. Mobile workers usually carry or borrow the resources 

(Brown and O'Hara 2003). Limited resources tend to restrict the complexity of 

tasks that can be performed. Also, in the mobile work context, the distraction that 

mobile workers encounter affects their performance of complex tasks. On the 

other hand, when mobile workers encounter complex tasks, they usually do not 

complete them on the site, but take them back to the office to finish them. 

(2) Task interdependence is not correlated with any aspects of location 

sensitivity and time criticality. This shows that task interdependence is not 

affected by the context in which the task is performed, such as location and time. 

People tend to believe that one of the greatest values of mobile technology is 

being connected. This is not because the degree of task interdependence ofmobile 

work is higher than stationary work. It is because mobility may make workers 

lack the connections that stationary workers have in their offices. 

(3) Task complexity is positively correlated with task interdependence. For 

complex tasks, people need to interact with others to help complete the tasks. On 

the other hand, a higher degree of dependence on task performance increases the 

complexity of performing the task. 
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The comparison of task characteristics between mobile knowledge workers 

and field workers is shown in Table 42 and Figure 14 below. Table 42 also shows 

t-tests for differences from the neutral value of 4.0 and mean differences between 

mobile knowledge workers and field workers. From these data, we have the 

following findings: 

(1) The degree of task complexity for mobile knowledge workers is higher 

than that for field workers. The mean task complexity for field workers is as low 

as 2.80, while it is 4.:>5 for mobile knowledge workers (greater than the neutral 

value 4). Field worken usually do repetitive tasks in their work. They also usually 

follow a procedure when performing their work. But mobile knowledge workers 

normally do not do repetitive work, and they often do not follow standard 

procedures. 

(2) The degree of time criticality for field workers is higher than that for 

mobile knowledge workers. Transportation and delivery workers need to delivery 

goods or provide tram:portation to people in time. Maintenance workers need to 

fix the problems in a c ~rtain time. Vehicle service personnel are required to arrive 

at the scene as soon a~ possible. Field workers usually are required to complete 

their work within at rrost several hours. But mobile knowledge workers usually 

do not need to rush or to follow a restricted time schedule. Their time is more 

flexible. 

(3) The degree of location variety and location dependence for field workers is 

higher than for mobile knowledge workers. Field workers usually work outside at 
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different places. Most of them do not even have a fixed office. Transportation and 

delivery workers have to go to a specific location to pick up and drop off goods or 

people at a specific place. Maintenance workers have to go to specific places to 

fix things. Vehicle service personnel have to go to specific places to serve people. 

That is, their work is heavily dependent on location. Mobile knowledge workers 

usually still have fixed offices, although they may spend a certain of time working 

outside. Their mobile work is not as heavily dependent on place as is the mobile 

work of field workers. 

(4) The degree of task interdependence for mobile knowledge workers is a 

little higher than that for field workers. This is because, as we discussed earlier, 

the degree of task complexity for mobile knowledge workers is higher than field 

workers, and task interdependence has a positively relationship with task 

complexity. 

6.4 Analysis on the Usage of Technology Support 

6.4.1 Current Usage of Mobile Devices and Networks 

The current usage of mobile devices by mobile workers is summarized below 

in Table 43 and graphed in Figure 15. The current usage of networks is 

summarized in Table 44 and graphed in Figure 16. In Table 43 and Table 44, 

"frequency" refers to how many subjects answered that they used a specific 

mobile device or network. Percentage is the frequency divided by number of 
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Table 42: Comparison of Task Characteristics Between MFW and MKWt 

N=179 MFW (N=84) MKW (N=95) Mean 
Difference 

t-test: 
MeanMean (t-test: Mean (t-test: 

difference from difference from Difference 
neutral value of neutral value of 
4) 4) 

Task complexity 2.80 
(0.000) 

4.55 
(0.000) 

-1.75 0.000 

Task 4.34 4.80 -0.46 0.020 
interdependence (0.038) (0.000) 
Location variety 5.65 

(0.000) 
4.50 

(0.002) 
1.15 0.000 

Location 4.85 3.22 1.63 0.000 
dependence (0.000) (0.000) 
Time criticality 5.51 

(0.000) 
4.82 

(0.000) 
0.69 0.000 

t: MFW - Mobile Field Workers; MKW - Mobile Knowledge Workers 

6 

5 

4 

3 

2 

1 

0 

EEl Mobile Field Workers 

111 	 Mobile Knowledge 
Workers 

Figure 14: Comparisons of Task Characteristics between Mobile Field 

Workers and Mobile Knowledge Workers 
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respondents. Table 43 and Table 44 also show the rank order for mobile devices 

and networks. Mobile knowledge workers use more smart phones, laptops, and 

pocket PCs than field workers. Field workers use more pagers and two-way radios 

than mobile knowledge workers. For cell phone usage, mobile knowledge 

workers and field workers are almost the same. For PDAs, mobile knowledge 

workers usage is marginally higher than field workers. Mobile knowledge 

workers use more WiFi and fixed line networks, but field workers use more 

paging and two-way radio networks. 

6.4.2 Current Usage of Mobile Functions 

Comparisons of the current usage of mobile functions between mobile 

knowledge workers and field worker are summarized in Table 45 and graphed in 

Figure 17. It also shows rank ordering and t-test of mean differences between 

mobile field workers and mobile knowledge workers for current usage of mobile 

technology functions. We find that: 

(1) There are no differences m the current usage of mobile vmce 

communication, mobile text messagmg, and online transaction processmg 

between mobile knowledge workers and field workers. 

(2) Field workers use more batch mode job dispatching, real time job 

dispatching, location tracking, navigation, and mobile notification than mobile 

knowledge workers. 

(3) Mobile knowledge workers use more mobile information searching and 

mobile office functions than do field workers. 
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6.4.3 The Perceived Usefulness of Mobile Functions 

Correlations between the perceived usefulness of the eleven typical mobile 

functions are shown in Table 38. This table demonstrates that: 

( 1) The perceived usefulness of location tracking and real time job dispatching 

are strongly correlated (0.666). For real time mobile job dispatching, it is useful 

to track location in order to optimize real time job assignments. To achieve this 

objective, usually the nearest mobile worker is assigned to perform the task. The 

dispatcher needs to know the current location ofmobile workers to determine who 

the nearest mobile worker is. So real time job dispatching is usually combined 

with location tracking. This is consistent with the Bergqvist et al. (1999) study, 

indicating that the awareness of the position of potential participants is critical for 

establishing mobile meetings. Establishing mobile meetings is somewhat similar 

to real time mobile joh dispatching. 

(2) The perceived usefulness of batch mode job dispatching and real time job 

dispatching are positively correlated (0.637). Mobile workers are most often 

supported by both batch mode and real time job dispatching. They get an initial 

job list from batch mode job dispatching systems. But they may get a real time job 

assignment when uneJ~pected things or emergencies occur. 

(3) The perceived usefulness of mobile office functions and mobile 

information searching are positively correlated (0.581). Both of the two function 

are mostly used by mobile knowledge workers (as we will see below) to deal with 

complex tasks. 
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(4) The perceived usefulness of location tracking and navigation are positively 

correlated (0.516). Both ofthese functions are location based services. 
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Table 43: Usage of Mobile Devices 

Mobile Devices MFWt (N=84) MKWt (N=95) 
Frequency Percentage Rank order Freguency Percentage Rank order 

Pager 19 22.60% 4 5 5.30% 6 
Cell Phone 66 78.60% 1 76 80.00% 2 

Smart Phone 8 9.50% 6 38 40.00% 3 
PDA 12 14.30% 5 19 20.00% 4 

Pocket PC 1 1.20% 8 7 7.40% 5 
Laptop 31 36.90% 3 79 83.20% 1 

Special Devices 2 2.40% 7 0 0.00% 8 
Two-way Radio 52 61.90% 2 3 3.20% 7 

t: MFW - Mobtle Fteld Workers; MKW- Mobile Knowledge Workers 

90.00% 

80.00% 

70.00% 
~ 0 

60.00%

' 50.00% 

i 40.00% 

a 30.00% 

20.00% 

10.00% 

lEI MFW: Mobile Field Workers 

11 MKW: Mobile Knowledge 
Workers 

Figure 15. Current Usage of Mobile Devices 
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Table 44: Network Usage 

Network MFWt (N=84) MKWt (N=95l 
Frequency Percentage Rank order Frequency Percentage Rank order 

Pager network 19 22.60% 4 5 5.30% 5 
Two way radio 52 61.90% 2 4 4.20% 6 
Cell phone network 66 78.60% 1 83 87.40% 1 
WiFi 20 23.80% 3 69 72.60% 2 
Email network 13 15.50% 6 34 35.80% 4 
Fixed line network 17 20.20% 5 46 48.40% 3 

t : MFW - Mobile Field Workers; MKW - Mobile Knowledge Workers 

100.00% 
90.00% 
80.00% 
70.00% 
60.00% 
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Figure 16: Current Network Usage 
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Table 45: Comparison of Current Usage of Mobile Support Between MFW and MKWt 

N=179 MFW (N=84) MKW(N=95) Mean 
Mean Rank order Mean Rank order Differences t-test 

1.Mobile Voice 
Communication 

5.69 1 5.31 1 0.38 0.141(ns) 

2.Mobile Text Messaging 3.51 6 3.61 4 -0.1 0.779(ns) 
3.Mobile Notification 4.45 3 3.00 5 1.45 0.000(***) 
4.Mobile Information 
s~:.Jrrhil1g 

2.08 11 3.75 3 -1.67 0.000(***) 

5.Mobile Offline 
Transaction Processing 

2.46 7 1.27 11 1.19 0.000(***) 

6.Mobile Online 
Transaction Processing 

2.33 10 2.37 6 -0.04 0.901(ns) 

?.Location Tracking 3.70 5 1.55 10 2.15 0.000(***) 
8.Navigation 2.75 9 1.90 7 0.85 0.007(**) 
9.Mobile Batch Mode Job 

Dispatching 
4.12 4 1.61 9 2.51 0.000(***) 

10.Mobile Real time Job 
Dispatching 

5.06 2 1.80 8 3.26 0.000(***) 

11.Mobile Office 2.39 8 4.18 2 -1.79 0.000(***) 
t MFW- Mob1le F1eld Workers; MKW- Mob1le Knowledge Workers 
ns: non-significant;*: p<0.05; **: p<O.Ol; ***: p<O.OOl 
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Figure 17: Comparison of Current Usage of Mobile Support between MFW 
andMKW 

The compansons of perceived usefulness of the eleven typical mobile 

functions between mobile knowledge workers and field workers are summarized 

below in Table 46 and Figure 18. Table 46 also shows the rank order and t-tests of 

differences from a neutral value of 4.0 and mean differences between mobile field 

workers and mobile knowledge workers for the perceived usefulness of mobile 

technology functions. We find that: 

(1) For perceived usefulness of mobile vmce communication and text 

messaging, there are no differences between mobile knowledge workers and field 

workers. 
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(2) For mobile job di~patching (including both batch mode job dispatching and 

real time job dispatching), field workers perceive these to be more useful than do 

mobile knowledge W)rkers. Usually field worker tasks are assigned by their 

dispatchers, while mobile knowledge workers arrange their own work. 

(3) Location tracki1g and navigation are perceived to be more useful by field 

workers than by mob: le knowledge workers. This is because field worker tasks 

are more location sensitive than are mobile knowledge worker tasks. 

(4) Mobile notification is perceived by field workers to be more useful than it 

is by mobile knowledge workers. This is because the degree of time criticality for 

field workers is highe1 than it is for mobile knowledge workers. 

(5) Mobile information searching and mobile office functions are perceived to 

be more useful by rr.obile knowledge workers than by field workers. Mobile 

knowledge workers need these functions to deal with complex tasks. 

(6) Offline transaction processing is perceived by field workers to be more 

useful than for mobile knowledge workers, but there is no difference in the 

perceived usefulness of online transactions between the two classes. 

6.4.4 Intention to Us{ Mobile Functions 

The comparisons of intention to use the eleven typical mobile functions are 

summarized in Table 47 and Figure 19. Table 47 also shows the rank order and 

the t-test of differences from a neutral value of 4.0 and mean differences between 

mobile field workers ;md mobile knowledge workers for intention to use mobile 

technology functions. The pattern of these differences of intention to use is 
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similar to the differences of perceived usefulness shown in Table 46 and Figure 

18. 

6.4.5 Gap between Current Usage and Intention to Use Mobile Functions 

The gap between current usage and intention to use for the eleven typical 

mobile functions in terms of mobile knowledge workers and field workers is 

shown in Table 48 and Figures 20, 21. Table 48 also shows the rank order of the 

gap. We found that: 

For field workers, there are no gaps between the current usage of and intention 

to use mobile voice communication, mobile text messaging, and real time job 

dispatching. There are gaps for other mobile functions. For mobile knowledge 

workers, there are gaps for all mobile functions. 

The biggest gap for both mobile knowledge workers and field workers is 

navigation. This shows that navigation has a great potential market. Mobile 

knowledge workers prefer more mobile support for all the technology functions 

they use. But field workers tend to focus more on transaction processing and job 

dispatching support. 

152 




PhD Thesis - W. Zheng McMaster - Business Administration 

Table 46: Comparison of Perceived Usefulness ofMobile Support between MFW and MKWt 

N=179 MFW(N=84) MKW(N=95) Mean 
differences 

Sig. 
Mean 

(t-test: difference 
from neutral value 4) 

Rank 
order 

Mean 
(t-test: difference 

from neutral value 4) 

Rank 
order 

l.Mobile Voice 
Communication 

5.59 
(0.000) 

1 5.71 
(0.000) 

1 -0.12 0.619(ns) 

2.Mobile Text Messaging 3.80 
(0.429) 

5.05 
(0.000) 

7 4.34 
(0.126) 

5 -0.54 0.106(ns) 

3.Mobile Notification 3 4.06 
(0.787) 

4 0.99 0.002(**) 

4.Mobile Information 
Searching 

2.84 
(0.000) 

10 4.93 
(0.000) 

3 -2.09 0.000(***) 

5 .Mobile Offline 
Transaction Processing 

3.48 
(0.04) 

8 2.14 
_(0.0001 

11 1.34 0.000(***) 

6.Mobile Online 
Transaction Processing 

3.08 
(0.000) 

9 3.38 
(0.008) 

7 -0.3 0.374(ns) 

7 .Location Tracking 4.52 
(0.035) 

6 2.19 
(0.000) 

9 2.33 0.000(***) 

8.Navigation 5.03 
(0.000) 

4 3.51 
(0.026) 

6 1.52 0.000(***) 

9.Mobile Batch Mode Job 
Dispatching 

5.02 
(0.000) 

5 2.24 
(0.000) 

10 2.78 0.000(***) 

10.Mobile Real time Job 
Dispatching 

5.39 
(0.000) 

2 2.81 
(0.000) 

8 2.58 0.000(***) 

11.Mobile Office 2.51 
(0.000) 

11 5.18 
(0000) 

2 -2.67 0.000(***) 

t: MFW- Mob1le F1eld Workers; MKW- Moblle Knowledge Workers 
ns: non-significant; *: p<0.05 ; **: p<O.Ol ;***: p<O.OOl 

153 




0 

PhD Thesis - W. Zheng 	 McMaster - Business Administration 

7 

6 

5 
Bil MFW: Mobile Field 

4 Workers 

19 	MKW: Mobile 
Knowledge Workers 

3 


2 


1 


0 


~o~~<::-0;~o~~<::-0;Cd<::-0;~<::-0; ~o~<::-~<::-0;<§-c:Jo 

·~uflf s'lY~~uflf~0 0e:;, 0e:;, (1>-v ·~<§':~0 i$9 0 


~'><::'~00~0~00«.'&«.,& "' ~#.*'~ .*'~ i):-0


()o~ 0~ ~d:o<::- . o<::- ,jy0<::- ,&~&<:) ~0 


•" ,('\.qj (Y (Y () J J 


.u0 &'... 01f _c-,'lf 'vo 0.0 ~ 

~0~ ~ ~ ~..... - "-.0 ~<::-· 

~~,qj~'qj ~- w 
00 0 ~§' «:­

,x~<::' ~<::' <cqj

o"' o<::­

Figure 18: Comparison of Perceived Usefulness of Mobile Support between 
MFWandMKW 
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Figure 19: Comparison of Intention to Use Mobile Support between MFW 
andMKW 
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e : f t U M b'l S e MFW dMKWtT bl a 47 C omp_anson o flnten Ion o se o 1 e u_pportb tween an 
N=l79 MFW(N=84) 

Mean Rank 
(t-test: difference order 
from neutral value 4) 

l.Mobile Voice 5.72 1 
Communication (0.000) 
2.Mobile Text Messaging 3.84 7 

(0.545) 
3.Iviobile Notification 4.Y2 3 

(.000) 
4.Mobile Information 2.83 10 
Searching (.000) 
5.Mobile Offline Transaction 3.27 8 
Processing (0.006) 
6.Mobile Online Transaction 3.04 9 
Processin_g J.OOO) 
7 .Location Tracking 4.33 6 

(0.211) 
8.Navigation 4.50 5 

_{0.045)_ 
9.Mobile Batch Mode Job 4.87 4 
Dispatching_ _{0.001) 
1 O.Mobile Real time Job 4.99 2 
Dispatching (.000) 
11.Mobile Office 2.72 11 

(.000) 

MKW(N=95) Differences t-test: mean 
Mean Rank differences 
(t-test: difference order 
from neutral value 4) 

5.77 1 -0.05 0.824(ns) 
(.000) 
4.26 4 -0.42 0.232(ns) 

(0.267) 
3.99 5 0.93 0.004(**) 

(0.961) 
4.74 3 -1.91 0.000(***) 

(0.001) 
2.26 9 1.01 0.002(**) 

(.000) 
3.25 7 -0.21 0.532(ns) 

(0.0011 
2.16 10 2.17 0.000(***) 

(.0001 
3.56 6 0.94 0.004(**) 

.(0.040) 
2.15 11 2.72 0.000(***) 

(.0001 
2.45 8 2.54 0.000(***) 

(.000) 
5.10 2 -2.38 0.000(***) 

(.000_) 
t: MFW- Mobile F1eld Workers; MKW- Mobile Knowledge Workers 
ns: non-significant; *: p<0.05 ; **: p<O.Ol ; ***: p<O.OOl 
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.a e . n en Ion 0T bl 48 G ap between CurrentUsage an d I t t" to Use M bil e Support 
N=179 MFWt 

Current Intention Gap Sig. 
Usage to use 

1.Mobile Voice 5.69 5.72 0.03 0.840 
Communication (ns) 

2.Mobile Text 3.51 3.84 0.33 0.098 
Messaging (ns) 

3.Mobile Notification 4.45 4.92 0.47 0.038 
(*) 

4.Mobile Information 2.08 2.83 0.75 0.000 
Searching (***) 

5.Mobile Offline 2.46 3.27 0.81 0.000 
Transaction Processing (***) 

6.Mobile Online 2.33 3.04 0.71 0.000 
Transaction Processing. (***) 

?.Location Tracking 3.70 4.33 0.63 0.014 
{*) 

8.Navigation 2.75 4.50 1.75 0.000 
(***) 

9 .Mobile Batch Mode 4.12 4.87 0.75 0.004 
Job Dispatching (**) 

1 O.Mobile Real time 5.06 4.99 -0.07 0.779 
Job Di~atching (ns) 

11.Mobile Office 2.39 2.72 0.33 0.011 
(*) 

MKWt 
Rank Current Intention Gap Sig. Rank 
order Usage to use order 

9 5.31 5.77 0.46 0.000 11 
(***) 

9 3.61 4.26 0.65 0.000 7 
(***) 

7 3.00 3.99 0.99 0.000 2 
(***) 

3 3.75 4.74 0.99 0.000 2 
(***) 

2 1.27 2.26 0.99 0.000 2 
(***) 

5 2.37 3.25 0.88 0.000 6 
(***) 

6 1.55 2.16 0.61 0.000 9 
(***) 

1 1.90 3.56 1.66 0.000 1 
(***) 

3 1.61 2.15 0.54 0.000 10 
(***) 

9 1.80 2.45 0.65 0.000 7 
(***) 

8 4.18 5.10 0.92 0.000 5 
(***) 

t: MFW- Mobile F1eld Workers; MKW- Mobile Knowledge Workers 
ns: non-significant;*: p<0.05; **: p<O.Ol; ***: p<O.OOl 
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Figure 20: Gap between Current Usage and Intention to Use Mobile Support 
for Field Workers 
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Figure 21: Gap between Current Usage and Intention to Use Mobile Support 
for Mobile Knowledge Workers 
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6.5 Hypotheses Tests 

As we discussed in the instrument validation section, the three aspects of 

location sensitivity are actually three constructs. Therefore we have changed the 

two hypotheses that are related to location sensitivity: Hypothesis H3-1 "The 

perceived usefulness of location tracking is positively associated with location 

sensitivity" has been changed to: H3-la "The perceived usefulness of location 

tracking is positively associated with location variety" and H3-1b "The perceived 

usefulness oflocation tracking is positively associated with location dependence". 

Hypothesis H3-2 "The perceived usefulness of navigation is positively associated 

with location sensitivity" is changed to H3-2 "The perceived usefulness of 

navigation is positively associated with location variety". 

The hypotheses to be tested are listed in Table 58. They are first tested by 

multiple regression, and then by SEM. Since we have discovered that mobile 

knowledge workers and field workers are quite different in terms of task 

characteristics and the perceived usefulness of mobile technology functions, we 

not only tested the hypotheses for the total sample, but also tested the hypotheses 

for the mobile knowledge workers and field workers separately, through multiple 

regression. We label the hypotheses for field workers that corresponds with the 

hypotheses for the total sample by adding a "-f' to the responding hypotheses for 

total sample, as shown in Table 53. Accordingly we label the hypotheses for 

mobile knowledge workers that corresponds with hypotheses for the total sample 
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by adding a "-k" to th~ corresponding hypotheses for the total sample, as shown 

in Table 54. 

6.5.1 Multiple Linear Regressions 

6.5.1.1 Regressions for the Total Sample 

The correlations between dimensions of mobile tasks and mobile functions are 

shown in table 49. lt is clear that most of the correlations agree with our 

hypotheses. 

Regression analyses were conducted for eleven separate models. Each model 

has the perceived usefulness of one of the eleven typical mobile functions as the 

dependent variable, and uses some of the task characteristics as independent 

variables. The regression coefficient ~s corresponding to the hypotheses are 

summarized in Table :>O and R2 is reported in Table 51. 

The regressions of intention to use on perceived usefulness for the eleven 

typical mobile techno .ogy functions are shown in Table 52. The results show that 

hypothesis H5 is supported. 

6.5.1.2 Regressions for Field Workers Sample 

The same multiple regressions analyses were conducted for field worker data. 

The results for the regression of perceived usefulness of mobile technology 

functions on task characteristics are summarized in Table 53. For field workers, 

the perceived usefulness of location tracking is significantly and positively 

associated with location variety. The perceived usefulness of mobile notification 
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is significantly and positively associated with time criticality. That is, hypotheses 

H3-la-f and H4-1-f are supported. All the other hypotheses for field workers are 

not supported. The results of the regressions of intention to use on perceived 

usefulness are shown in Appendix C. They show that hypothesis H5-f is 

supported for the sample of field workers. 

6.5.1.3 Regressions for Mobile Knowledge Workers Sample 

The same multiple regression analyses were conducted for the sample from 

mobile knowledge workers. The results for the perceived usefulness of mobile 

technology functions on task characteristics are summarized in Table 54. For 

mobile knowledge workers, the perceived usefulness of mobile notification is 

significantly and positively associated with time criticality. That is, only 

hypothesis H4-1-k was supported. All the other hypotheses for mobile knowledge 

workers were not supported. 

The results from regressions of intention to use on perceived usefulness are 

shown in Appendix D. They show that hypothesis H5-k is supported for the 

sample of mobile knowledge workers. 
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Table 49: Correlations Between Task Characteristic Dimensions and Perceived Usefulness of Mobile Support 

Task 
Complexity 

Task 
Interdependence 

Time 
Criticality 

Location 
Variety 

Location 
Dependence 

Voice 
Communication 

Hl-la 
Ns 

H2-la 
ns 

0.206(**) 0.281(***) ns 

Text 
Messaging 

Hl-lb 
Ns 

H2-lb 
ns 

ns ns ns 

Notification -0.163(*) ns H4-1 
0.303(***) 

0.278(***) 0.272(***) 

Information 
Searching 

Hl-2 
0.302(***) 

ns -0.158(*) ns -0.171(*) 

Offline 
Transactions 

Hl-3a 
-0.257(**) 

ns ns 0.256(**) 0.342(***) 

Online 
Transactions 

Hl-3b 
Ns 

ns ns ns ns 

Location 
Tracking 

-0.340(***) ns H4-2 
0.342(***) 

H3-la 
0.296(***) 

H3-lb 
0.407(***) 

Navigation -0.149(*) ns 0.266(**) H3-2 
0.206(**) 

0.337(***) 

Batch Mode Job 
Dispatching 

Hl-4a 
-0.443(***) 

ns H4-3a 
0.283(**) 

0.354(***) 0.278(***) 

Real Time Job 
Dispatching 

Hl-4b 
-0.341(***) 

ns H4-3b 
0.302(**) 

0.347(***) 0.324(***) 

Mobile Office 
Functions 

Hl-5 
0.319(***) 

.197(**) -0.188(*) ns -0.190(*) 

N=l79 
*: p< 0.05; **: p< 0.01; ***: p<O.OOl 
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Table 50: Regression Coefficients Corresponding to Hypotheses for Total 

Sample 


Hypotheses ~ 
H1-1a Task complexity -> Mobile voice communication. 0.078(ns) 
H1-1b Task complexity -> Mobile text messaging -0.005(ns) 
H1-2 Task complexity -> Mobile information searching 0.302(***) 
H1-3a Task complexity -> Mobile offline transaction processing -0.257 (**) 
H1-3b Task complexity -> Mobile online transaction processing 0.060(ns) 
H1-4a Task complexity -> Batch-mode mobile job dispatching -0.427 (***) 
H1-4b Task complexity -> Real time mobile job dispatching -0.320(***) 
H1-5 Task complexity -> Mobile office 0.319(***) 
H2-1a Task interdependence -> Mobile voice communication -0.021(ns) 
H2-1b Task interdependence -> Mobile text messaging 0.054(ns) 
H3-1a Location variety -> Location tracking 0.188{**) 
H3-1b Location dependence -> Location tracking 0.305 (***) 
H3-2 Location variety-> Navigation 0.206(**) 
H4-1 Time criticality-> Mobile notification 0.278 (***) 
H4-2 Time criticality-> Location tracking 0.159 (**) 
H4-3a Time criticality-> Batch mode mobile job dispatching 0.114(ns) 
H4-3b Time criticality -> Real time mobile job dispatching 0.148(*) 

~: Standardized regression coefficients 
ns: non significant;*: p<0.05; **: p<O.Ol; ***: p<O.OOl 

Table 51: Report of R2 from Linear Regression 

rrhe Perceived Usefulness of Rz 

IVoice Communication 0.01 

rrext Messaging 0.00 

~otification 0.08 

Information Searching 0.09 

Offline Transaction Processing 0.07 

Online Transaction Processing 0.00 
Location Tracking 0.22 

Navigation 0.04 
Batch Mode Job Dispatching 0.21 
Real Time Job Dispatching 0.14 

Mobile Office 0.10 
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Table 52: Regression of Intention to Use on Perceived Usefulness for Total 

Sample 


Dependent Variable Independent Variable Rz B 

Intention to use Mobilt 
Voice Communication 

Perceived Usefulness of 
Mobile Voice Communication 

0.69(***) 0.83(***) 

Intention to use Mobik 
Text Messaging 

Perceived Usefulness of 
Mobile Text Messaging 

0.66(***) 0.81(***) 

Intention to use Mobilt 
Notification 

Perceived Usefulness of 
Mobile Notification 

0.74(***) 0.86(***) 

Intention to use Mobik 
Information Searching 

Perceived Usefulness of 
Mobile Information Searching 

0.71(***) 0.85(***) 

Intention to use Mobik 
Off-line Transaction 
Processing 

Perceived Usefulness of 
Mobile Off-line Transaction 
Processing 

0.67(***) 0.82(***) 

Intention to use Mobik 
Online Transaction 
Processing 

Perceived Usefulness of 
Mobile Online Transaction 
Processing 

0.71(***) 0.85(***) 

Intention to use Location 
Tracking 

Perceived Usefulness of 
Location Tracking 

0.77(***) 0.88(***) 

Intention to use 
Navigation 

Perceived Usefulness of 
Navigation 

0.73(***) 0.85(***) 

Intention to use Batch 
Mode Mobile Job 
Dispatching 

Perceived Usefulness ofBatch 
Mode Mobile Job Dispatching 

0.80(***) 0.90(***) 

Intention to use Real 
Time Mobile Job 
Di~atching 

Perceived Usefulness ofReal 
Time Mobile Job Dispatching 

0.71(***) 0.84(***) 

Intention to use Mobilt: 
Office 

Perceived Usefulness of 
Mobile Office 

0.90(***) 0.95(***) 

~: Standardized regresswn coefficients 
***: p<O.OOl 
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Table 53: Regression Coefficients Corresponding to Hypotheses for Field 

Worker Sample 


Hypotheses Sig. of 
regression 

~ 

H1-1a-f Task complexity -> Mobile voice communication. 0.667(ns) 0.061{ns}_ 
Hl-1b-f Task complexity -> Mobile text messaging 0.203(ns) 0.034(ns) 
H1-2-f Task complexity ->Mobile information searching 0.318(ns) O.llO(ns) 
H1-3a-f Task complexity -> Mobile offline transaction 

processing 
0.511(ns) -0.073 

(ns) 
H1-3b-f Task complexity -> Mobile online transaction 

processing 
0.107(ns) 0.177(ns) 

H1-4a-f Task complexity -> Batch-mode mobile job 
dispatching 

0.416(ns) -0.076(ns) 

H1-4b-f Task complexity ->Real time mobile job dispatching 0.208(ns) 0.192(ns) 
Hl-5-f Task com2_lexity -> Mobile office 0.817(ns) 0.026(ns) 
H2-1a-f Task interdependence -> Mobile voice communication 0.667(ns) 0.069(ns) 
H2-1b-f Task interdependence -> Mobile text messaging 0.203(ns) 0.188(ns) 
H3-1a-f Location variety -> Location tracking 0.003(**) 0.212(*) 
H3-lb-f Location dependence -> Location tracking 0.003(**) 0.167 (ns) 
H3-2-f Location variety-> Navigation 0.317(ns) O.lll(ns) 
H4-1-f Time criticality -> Mobile notification 0.008(**) 0.288 (**) 
H4-2-f Time criticality -> Location tracking 0.003(**) .210 (ns) 
H4-3a-f Time criticality -> Batch mode mobile job dispatching 0.416(ns) 0.116(ns) 
H4-3b-f Time criticality -> Real time mobile job dispatching 0.208(ns) 0.063(ns) 
~: Standardized regression coefficients 
ns: non significant; *: p<0.05; **: p<O.Ol 
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Table 54: Regressio111 Coefficients Corresponding to Hypotheses for Mobile 

Knowledge Workers Sample 


Hypotheses Sig. of ~ 
regression 

Hl-la-k Task complexity -> Mobile voice communication. 0.403(ns) 0.090(ns) 
Hl-lb-k Task complexity -> Mobile text messaging 0.086(ns) -0.171(ns) 
H1-2-k Task complexity ->Mobile information searching 0.863(ns) -0.018(ns) 
H1-3a-k Task complexity -> Mobile offline transaction 0.240(ns) -0.122 (ns) 

processin~; 

H1-3b-k Task complexity -> Mobile online transaction 0.316(ns) -0.104(ns) 
processin~. 

H1-4a-k Task complexity -> Batch-mode mobile job 0.052(ns) -0.231(*) 
dispatching 

H1-4b-k Task complexity -> Real time mobile job 0.413(ns) -0.1 OO(ns) 
dispatching 

H1-5-k Task complexity -> Mobile office 0.790(ns) -0.028(ns) 
H2-1a-k Task interdependence -> Mobile voice 0.403(ns) -0.134(ns) 

communication 
H2-1b-k Task interdependence -> Mobile text messaging 0.086(ns) -0.111(ns) 
H3-1a-k Location Yariety -> Location tracking 0.298(ns) 0.139(ns) 
H3-1b-k Location cependence -> Location tracking 0.298(ns) -0.011 (ns) 
H3-2-k Location \-ariety ->Navigation 0.365(ns) 0.094(ns) 
H4-1-k Time criticality -> Mobile notification 0.026(*) 0.229 (*) 
H4-2-k Time criticality -> Location tracking 0.298(ns) 0.122(ns) 
H4-3a-k Time criticality -> Batch mode mobile job 0.052(ns) 0.088(ns) 

dispatchin~ 

H4-3b-k Time criticality -> Real time mobile job 0.413(ns) 0.092(ns) 
dispatchin.~ 

~: Standardized regresmon coefficients 
ns: non significant; *: p<0.05 

6.5.2 SEM 

SEM was used to test the complete hypothesized model. Since relationships 

between perceived use ulness and intention to use were not the focus of this study, 

and there are many st1dies that have confirmed these relationships, we did not 

include the eleven intention to use constructs in the tested model. We included the 
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perceived usefulness of the eleven typical mobile functions and five constructs of 

task characteristics (task complexity, task interdependence, time criticality, 

location variety, and location dependence) in the model, as shown in Figure 22. 

We built paths in the model based on the hypotheses. The results of the 

Structuring Sequential Models are summarized in table 55. The path coefficients 

are provided in table 56 and shown in Figure 22. R2 is reported in Table 57. 

Table 55: Fit Indices for the Structural Model 

Model x2 df X2/df RMSEA CFI NNFI 
Threshold <=0.03 <=0.10 >=0.90 >=0.90 
Hypothesized 
model 

3032.00 1507 2.01 0.073 0.91 0.91 
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Perceived Usefulness of 
Mobile Functions:

Task Characteristics: 
Voice Communication 

Q.02(ns) · 

Task 

Interdependence 


Location Variety 

Location 

Dependence 


-0.05(ns) ... -·· ~>_>_­
~~ .. 0.01(ns) 

-,~., · ·- -._ ___ -... _. . · 9.1 O(ns)' · 


'-:-.:' 
', "\ ,.. ---· 

.· .:.<\:~.~~ ·, ~0:34(***) 

'-,'\ '· 


', ', \. Information Searching 
\ \. ".. O.Ot(ns) 

/ .0-.17('*) 

Offline Transaction 

0:13(ns) Dispatching
\ -0.4J (***) 

Real Time Job0.18(*) 
0.31(t**) Dispatching 

Figure 22: Revised Hypothesized Model 
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Table 56: Path Coefficients (Lisrel) 

Hypotheses Path Coefficient 
H1-1a Task complexity -> Mobile voice communication. 0.02(ns) 
H1-1b Task com_plexity -> Mobile text messaging -0.05(nsl 
H1-2 Task com_plexity -> Mobile information access 0.35*** 
H1-3a Task complexity -> Mobile offline transaction 

processing 
-0.34*** 

H1-3b Task complexity ->Mobile online transaction 
processing 

0.01(ns) 

H1-4a Task complexity -> Batch-mode mobile job 
disQ_atching 

-0.50*** 

H1-4b Task complexity -> Real time mobile job dispatching -0.41 *** 
H1-5 Task complexity -> Mobile office 0.37*** 
H2-1a Task interdependence -> Mobile voice communication 0.01(ns) 
H2-lb Task interdependence -> Mobile text messaging_ 0.10(ns) 
H3-1a Location variety -> Location tracking 0.28** 
H3-1b Location dependence -> Location tracking 0.26* 
H3-2 Location variety-> Navigation 0.39*** 
H4-1 Time criticality -> Mobile notification 0.34*** 
H4-2 Time criticality -> Location tracking 0.17* 
H4-3a Time criticality -> Batch mode mobile job dispatching 0.13(ns) 
H4-3b Time criticali!J -> Real time mobile job dispatchin_g_ 0.18* 
ns: non-stgmficant 
*: p<0.05; **: p<O.Ol; p<O.OOl 

Table 57: Report ofR2 from Lisrel 

rrhe Perceived Usefulness R2 (SMC) (in Lisrel) 

IVoice Communication 0.00 
rrext Messaging 0.01 

INotification 0.11 
Information Searching 0.12 
Offline Transaction Processing 0.11 

Online Transaction Processing 0.00 

Location Tracking 0.31 

INavigation 0.15 

Batch Mode Job Dispatching 0.30 
Real Time Job Dispatching 0.24 

Mobile Office 0.13 
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6.5.3 Discussion of Hypothesis Tests for Total Sample 

Tables 50 and 56 sh::>w the results of each hypothesis testing, as shown in Table 

58. The results of the study generally demonstrated that the variety of the nature 

of mobile work determines or affects the variety of the perceived usefulness of 

mobile technology functions. 

The following condusions are based on hypothesis tests on the complete 

sample: 

Hypothesis Hl-2 "The perceived usefulness of mobile information searching is 

positively associated vrith task complexity" is supported. 

Hypothesis Hl-3a "The perceived usefulness of mobile offline transaction 

processing is negative] y associated with task complexity" is supported. 

Hypothesis Hl-4a "The perceived usefulness of batch mode mobile job 

dispatching is negativdy associated with task complexity" is supported. 

Hypothesis Hl-4h "The perceived usefulness of real time mobile job 

dispatching is negativdy associated with task complexity" is supported. 

Support for the above four hypotheses is generally consistent with Gebauer 

and Shaw's (2004) study. Their study found that workers performing highly 

structured tasks tend t::> use mobile business applications for data processing, and 

workers performing unstructured tasks tend to use mobile business applications to 

access information. The data processing application in Gebauer and Shaw's (2004) 

study corresponds with mobile online transaction processing in this study. 
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Accessing information in Gebauer and Shaw's (2004) study corresponds with 

mobile information searching in this study. 

Table 58: Results of Hypothesis Tests for Total Sample 

Hypotheses Supported? 
HI-la The perceived usefulness ofmobile voice communication 

is positively associated with task complexity. 
No 

Hl-lb The perceived usefulness ofmobile text messaging is 
positively associated with task complexity. 

No 

Hl-2 The perceived usefulness ofmobile information searching 
is positively associated with task complexity. 

Yes 

Hl-3a The perceived usefulness ofmobile offline transaction 
processing is negatively associated with task complexity. 

Yes 

Hl-3b The perceived usefulness ofmobile online transaction 
processing is negatively associated with task complexity. 

No 

Hl-4a The perceived usefulness ofbatch-mode mobile job 
dispatching is negatively associated with task complexity. 

Yes 

Hl-4b The perceived usefulness of real time mobile job 
dispatching is negatively associated with task complexity. 

Yes 

Hl-5 The perceived usefulness of mobile office is positively 
associated with task complexity. 

Yes 

H2-la The perceived usefulness of mobile voice communication 
is positively associated with task interd~endence. 

No 

H2-lb The perceived usefulness of mobile text messaging is 
positively associated with task interdependence. 

No 

H3-la The perceived usefulness oflocation tracking is positively 
associated with location variety. 

Yes 

H3-lb The perceived usefulness oflocation tracking is positively 
associated with location dependence. 

Yes 

H3-2 The perceived usefulness of navigation is positively 
associated with location variety. 

Yes 

H4-1 The perceived usefulness of a mobile notification is 
positively associated with time criticality. 

Yes 

H4-2 The perceived usefulness oflocation tracking is positively 
associated with time criticality. 

Yes 

H4-3a The perceived usefulness of batch mode mobile job 
dispatching is positively associated with time criticality. 

No 

H4-3b The perceived usefulness of real time mobile job 
dispatching is positively associated with time criticality. 

Yes 
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Hypothesis Hl-5 'The perceived usefulness of mobile office is positively 

associated with task ccmplexity" is supported. 

Mobile office func1ions are used to deal with complex tasks such as: creating 

correspondence, doin.?; customer proposals, presentations to customers, and 

writing sales analysis reports. These tasks are complex because their inputs and 

outputs tend to change case by case. 

Hypothesis H4-1 "The perceived usefulness of mobile notification ts 

positively associated with time criticality" is supported. 

Support for hypothesis H4-1 is consistent with Gebauer and Shaw's (2004) 

study. Their study found that the use ofmobile business applications is positively 

correlated with the perceived need to handle emergency situations. Specifically 

their study found evidence that users saw value in mobile applications for 

supporting emergency situations, by way ofnotification. 

Hypothesis H4-2 "The perceived usefulness of location tracking is positively 

associated with time cliticality" is supported. 

In practice, there are three ways to locate or track mobile workers. The first is 

that the dispatcher em know the general whereabouts of the mobile workers 

through their work orders. The second is through mobile workers reporting their 

location in a certain time period, such as two hours. The third is by using GPS 

location tracking sys1ems to track mobile workers. If time is not critical for 

performing tasks, dispatchers need only to use the first two ways to track mobile 
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workers, as in the case of cable or phone maintenance. However, if time is very 

important for performing tasks, GSP location tracking systems are needed, as in 

the case of emergency services or taxi service. 

Hypothesis H3-la "The perceived usefulness oflocation tracking is positively 

associated with location variety" is supported. 

The support of the above hypothesis is generally consistent with information 

processing theory. According to this theory, uncertainty leads to increased 

information needs. The higher location variety of mobile workers often involves 

a need to know their location, involving an increased reliance on location tracking 

systems to get the required information. 

Hypothesis H3-1 b "The perceived usefulness of location tracking is positively 

associated with location dependence" is supported. 

The main benefit of location tracking is to know the current location ofmobile 

workers. If the performance of mobile tasks requires location related information, 

then location tracking is critical, such as in the case of taxi or delivery service. 

Hypothesis H3-2 "The perceived usefulness of navigation 1s positively 

associated with location variety" is supported. 

The higher degree of location variety, the more possible the mobile workers 

are not familiar with their work locations and the routes to them. If mobile 

workers only need to go to several specific work locations, they would be very 
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familiar with the locations and routes. So navigation is perceived more useful 

when the degree oflocation variety is higher. 

Hypothesis H4-3b "The perceived usefulness of real time mobile job 

dispatching is positively associated with time criticality" is supported. 

This confirms that real time mobile job dispatching is very important for time 

critical situations, and can greatly improve the productivity of taxi service as well 

as car towing services. If time critical performance of tasks is not important, such 

as home delivery, real time mobile job dispatching will not be important. 

Hypothesis Hl-la ·'The perceived usefulness of mobile voice communication 

is positively associated with task complexity" is not supported. 

This conflicts with previous studies. For example, Rice's (1992) study showed 

that use of informatior.-rich media will be more strongly associated with positive 

performance effectiveness in unanalyzable task environments than in analyzable 

task environments. The information-rich media used in Rice's (1992) study was 

voice mail. Actually, voice communication is a more information-rich media than 

voice mail. This also conflicts with Gebauer and Shaw's (2004) study. Their study 

found that workers pt:rforming unstructured tasks tend to use mobile business 

applications for communication purposes. 

The reason that hypothesis Hl-la is not supported may be because mobile 

voice communication is used for many purposes in mobile work. Besides 

discussing work and exchanging information, voice communication can be used 
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for mobile notification in real time job dispatching. It is also used for location 

tracking and navigation. It can even be used for online transactions. That is, 

mobile voice communication can be used in situations with both high and low 

degrees of task complexity. 

Hypothesis H2-1 a "The perceived usefulness of mobile voice communication 

is positively associated with task interdependence" is not supported. 

Hypothesis H2-1 b "The perceived usefulness of mobile text messagmg 1s 

positively associated with task interdependence" is not supported. 

Both of the two task interdependence hypotheses H2-1 a and H2-1 b were not 

supported. In fact there are different kinds of interdependence: Interaction with 

people, and interdependence through information. Interaction with people can 

further be divided into: interaction with supervisor/dispatcher/headquarters, 

interaction with colleagues, and interaction with customers. These types of 

interdependencies differ, and the information involved and the frequencies of 

different interdependence are different, leading to different needs for mobile 

technology support. For example, if a mobile worker only needs to receive 

messages from his/her dispatcher and the contents of these messages are simple 

and the frequency is low, then mobile text messaging such as through a pager is 

enough support. If the contents are relatively complicated and interaction between 

mobile workers and their dispatchers is bi-directional, then mobile voice 

communication may be needed. However, m the existing literature, 

interdependence is considered and measured as one construct. This study also 
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chose this way, and may be the reason why the two task interdependence related 

hypotheses H2-l a and H2-1 b were not supported. 

Hypothesis Hl-lb "The perceived usefulness of mobile text messaging is 

positively associated with task complexity" is not supported. 

Both of the two hypotheses H2-lb and Hl-lb that are related with mobile text 

messaging were not supported. Notice that the mean of the perceived usefulness 

of mobile text messaging is not high, just around the neutral scale ( 4.0). For field 

workers, the mean was 3.80. For mobile knowledge workers, the mean was 4.34. 

Neither of the two means were significantly different from the neutral scale (4.0). 

This may be because typing text messages while on the move is not convenient. 

The small keyboard <or similar input devices) does not make mobile text 

messaging an easy or p: easant task. SMS is not popular in North America. 

Hypothesis Hl-4b "The perceived usefulness of mobile online transaction 

processing is positively associated with task complexity'' is not supported. 

The perceived usefulness ofmobile online transaction processing is not related 

with any dimensions of task characteristics. Mobile knowledge workers and field 

workers indicated almc>st the same degree of perceived usefulness for mobile 

online transaction proce;,sing. 

Hypothesis H4-3a "The perceived usefulness of batch mode mobile job 

dispatching is positively associated with time criticality" is not supported. 
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Although time is an important factor for batch mode mobile jobs, job 

assignments in batch mode job dispatching are usually to be finished within a day. 

Within a day, mobile workers do not feel that time is critical in performing the 

task. If a completion time deadline is within several hours, or even minutes, then 

batch mode mobile job dispatching cannot meet the requirements. In this case, 

real time mobile job dispatching is needed. 

Hypothesis H5 "The perceived usefulness of mobile work support functions is 

positively associated with intention to use them" is supported. This confirms 

previous studies. 

6.5.4 Discussion of Hypothesis Tests for Separate Samples of Mobile 
Knowledge Workers and Field Workers 

Hypotheses were also tested for the separated sample of mobile knowledge 

workers and field workers, but most were not supported, as shown in Tables 61 

and 62. The reason is that there are obvious differences between mobile 

knowledge workers and field workers in terms ofboth task characteristics (except 

location familiarity) and the perceived usefulness of mobile technology support 

functions (except mobile voice communication and mobile text messaging) (see 

Tables 39 and 44). For example, Figure 23 shows a scatter plot of perceived 

usefulness of location tracking and location dependence. The points for most 

mobile knowledge workers are in quadrant 1, while the points of most field 

workers are in quadrant 3. Of the 84 field workers, there were 61 whose location 
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dependence scales wne greater than or equal to 4.0 and there were 58 field 

workers whose perceiYed usefulness of location tracking scales were greater than 

or equal to 4.0. And there were 44 field workers whose location dependence and 

perceived usefulness of location tracking are greater than or equal to 4.0. Of the 

95 mobile knowledge workers, there were 71 mobile knowledge workers whose 

location dependence measured less than or equal to 4.0 and there were 83 mobile 

knowledge workers whose perceived usefulness of location tracking were less 

than or equal to 4.0. And there were 63 mobile knowledge workers whose 

location dependence and perceived usefulness of location tracking are less than or 

equal to 4.0. Using the full population ofmobile workers captures the variation of 

independent variable (:mch as location dependence) and dependent variable (such 

as location tracking), and their relationship is highly significant. However, the 

subgroups mobile kncwledge worker and mobile field worker follow different 

distributions. Most knCiwledge worker data sample were near the lower left comer 

while most field worker data were near the top right comer (see Figure. 23). 

Between the two clusters, the relationships are weak. It is clear that neither of the 

subgroups can be treated as a random sub-sample of the parent sample, and we 

should not expect them to separately reveal the same conclusions as the total 

sample, and at the sam:: significant level. 
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dependence scales were greater than or equal to 4.0 and there were 58 field 

workers whose perceived usefulness of location tracking scales were greater than 

or equal to 4.0. And bere were 44 field workers whose location dependence and 

perceived usefulness of location tracking are greater than or equal to 4.0. Of the 

95 mobile knowledge workers, there were 71 mobile knowledge workers whose 

location dependence measured less than or equal to 4.0 and there were 83 mobile 

knowledge workers ""hose perceived usefulness of location tracking were less 

than or equal to 4.0. And there were 63 mobile knowledge workers whose 

location dependence and perceived usefulness of location tracking are less than or 

equal to 4.0. Using the full population of mobile workers captures the variation of 

independent variable (wch as location dependence) and dependent variable (such 

as location tracking), and their relationship is highly significant. However, the 

subgroups mobile knowledge worker and mobile field worker follow different 

distributions. Most knowledge worker data sample were near the lower left comer 

while most field worker data were near the top right comer (see Figure. 23). 

Between the two cluste;·s, the relationships are weak. It is clear that neither of the 

subgroups can be treatt:d as a random sub-sample of the parent sample, and we 

should not expect them to separately reveal the same conclusions as the total 

sample, and at the same significant level. 
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Figure 23: Scatter Plot of Perceived Usefulness of Location Tracking and 
Location Dependence 
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Chapter 7: Conclusions 

7.1 Answers to Resenrch Questions 

(1) How should mobile tasks be modeled? 

This study extended the traditional two dimensional task model to a four 

dimensional model which is better at capturing the features of mobile tasks. The 

four dimensions are t 1sk complexity, task interdependence, time criticality, and 

location sensitivity. Location sensitivity can be further viewed from two aspects: 

location variety and lo<~ation dependence. 

(2) How can mobile tasks be evaluated? 

Existing instruments are used to measure task complexity and task 

interdependence. New instruments were developed to measure time criticality and 

the three aspects ofloc1tion sensitivity: location variety, location dependence, and 

location familiarity. lbe new instruments were validated by empirical data 

through convergent val :dation, discriminant validation, and reliability tests. 

(3) What are tht: relationships between dimensions of mobile task 

characteristics? 

According to the analysis conducted through the task model, we found that: 

Task complexity is negatively correlated with two aspects of location sensitivity 

(location variety and location dependence). Task interdependence is not correlated 

with any aspects of location sensitivity and time criticality. Task complexity is 

positively correlated with task interdependence. 
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(4) What are the key differences in mobile work between different types of 

mobile workers? 

We found that there are differences in task characteristics between mobile 

knowledge workers and field workers. Mobile knowledge worker tasks have 

higher complexity than field worker tasks. Field workers have higher location 

variety, location dependence, and time criticality than mobile knowledge workers. 

Mobile knowledge workers have higher task interdependence than field workers. 

(5) What are the typical mobile technology functions needed to support mobile 

work? 

Six typical mobile technology functions were identified: mobile 

communication, including voice communication, text messaging, and mobile 

notification. In addition, mobile information searching, and mobile transaction 

processmg, including offline transaction processing and online transaction 

processmg. Finally, location related services including location tracking and 

navigation, and mobile job dispatching which included batch mode job 

dispatching and real time job dispatching, and mobile office functions. 

Discriminant validation tests of the perceived usefulness of these mobile 

technology functions show that their perceived usefulness of these mobile 

technology functions are distinct from each other. This, to some degree, 

demonstrated that the typical mobile functions used in this study are actually 

different functions, i.e., any two of them are not the same. 
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(6) How are these perceived usefulness of mobile technology functions related 

or clustered? 

We found that the perceived usefulness of location tracking is highly and 

positively associated with the perceived usefulness of real time mobile job 

dispatching. It is also associated with navigation. The perceived usefulness of 

batch mode mobile jCib dispatching is positively associated with the perceived 

usefulness of real tim~ mobile job dispatching. The perceived usefulness of the 

mobile office is positively associated with the perceived usefulness of mobile 

information searching. The existence of these associations shows that we may 

cluster some mobile furrctions together. 

(7) What are the differences between different types ofmobile workers in terms 

of their current usage of, perceived usefulness of, and intention to use mobile 

technology functions? 

The analysis found that there are differences between mobile knowledge 

workers and field workers in terms of the current usage and the perceived 

usefulness of typical mobile technology functions. For mobile information 

searching and the mobile office, mobile knowledge workers use them more and 

perceived them to be nore useful than did field workers. For location related 

services, mobile offlint transaction processing, and mobile job dispatching, field 

workers used these mo~e and perceived them to be more useful than did mobile 

knowledge workers. For mobile voice communication, text messaging, and 

mobile online transaction, the current usage and the perceived usefulness for 
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mobile knowledge workers were the same as for field workers. The pattern of 

these differences of intention to use is similar to the differences of perceived 

usefulness. 

(8) What is the gap between the current usage of mobile functions and worker 

intentions to use them? 

For field workers, there are no gaps between the current usage of and intention 

to use mobile voice communication, mobile text messaging, and real time job 

dispatching. There are gaps for other mobile functions. For mobile knowledge 

workers, there are gaps for all mobile functions. 

The biggest gap for both mobile knowledge workers and field workers is 

navigation. Mobile knowledge workers prefer more mobile support for all the 

technology functions they use. But field workers tend to focus more on 

transaction processing and job dispatching support. 

(9) How to define and measure fit? 

There are three different definitions of fit: fit as congruence, fit as interaction, 

and fit as absolute differences. This study used the definition of fit as congruence. 

For fit as congruence, there are two ways to measure the fit: subjectively and 

objectively. For subject measurement, there are also two ways to assess the fit: 

predicted outcomes and facets of fit. This study used predicted outcomes to 

measure the fit. Specifically, the study use perceived usefulness to measure fit. 

(1 0) What is the ideal fit between the characteristics of mobile tasks and mobile 

technology functions? 
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The empirical data collected through the questionnaire were used test the 

hypotheses. Based on hypothesis tests, the ideal fit is identified Table 59. As 

shown in the table, 

• The perceived usefulness 	of mobile information searching ts positively 

associated with be task complexity. 

• The 	 perceived usefulness of mobile offline transaction processmg ts 

negatively associated with task complexity. 

• The perceived usefulness 	of mobile job dispatching (including both batch 

mode and real time) is negatively associated with task complexity. 

• The perceived mefulness of mobile office is positively associated with task 

complexity. 

• The perceived mefulness of mobile notification is positively associated with 

time criticality. 

• The perceived 	t sefulness of location tracking is positively associated with 

time criticality. 

• The perceived uefulness of real time mobile job dispatching is positively 

associated with time criticality. 

• The perceived usefulness 	of location tracking is positively associated with 

location variety. 
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• The perceived usefulness 	of location tracking is positively associated with 

location dependence. 

• The perceived usefulness of navigation is positively associated with location 

variety. 
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Table 59: Ideal Fit Between Task Characteristics and Functionalities of Mobile Technology 

Location Sensitivity 

Location Location 
Task Task Variety Dependence 
Complexity Interdependence 

1. Mobile Voice 
communication Text messaging 

1\.T"+~+';no+~"""'
.J..,Vr...L.&..&."'"''-4-'-.l.V.l.L 

2. Mobile information systems Fit:(+) 
searching H1-2 
3. Mobile Offline Fit:(-) 
transaction H1-3a 
processmg Online 

7. Location tracking Fit:(+) Fit:(+) 
H3-1a H3-1b 

8. Navigation Fit(+) 
H3-2 

9. Mobile batch-mode job Fit:(-) 
dispatching H1-4a 
10. Mobile real time job Fit:(-) 
dispatching H1-4b 
11. Mobile office Fit:(+) 

Hl-5 

Time 
Criticality 

1;'~;.. {_j_\ 
..&. .1.'-o \'} 

H4-1 

Fit:(+) 
H4-2 

Fit:(+) 
H4-3b 

+: The higher the degree of task characteristics, the more perceived usefulness of mobile functions. 
-:The lower the degree of task characteristics, the more perceived usefulness ofmobile functions. 
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7.2 Contributions 

7 .2.1 Theoretical contributions 

1) This is the first study to explore the nature of mobile work, based on a 

theoretical mobile task model. There is lack of theory in the existing literature on 

mobile work (Perry et al., 2001, Tamminen and Oulasvirta 2004; Wiberg and 

Ljungberg 1999). Most of previous studies are descriptive. They generally 

described the behaviour of mobile workers based on observations or work logs, 

and drew some conclusions. This study establishes a theoretical mobile task 

model by combining time criticality and location sensitivity with the traditional 

two task dimensions of complexity and interdependence. Gebauer et al. (2005) 

extended the traditional task model into three dimensions: task complexity, task 

interdependence, and time criticality. However, their task model does not include 

location sensitivity. Junglas and Watson (2003)'s task model focuses on time 

dependence and location dependence, and their study does include task 

complexity and task interdependence. The mobile task model used in this study is 

the most comprehensive mobile task model up to now. With this mobile task 

model, we have established a theoretical background through which we can 

examine the nature of mobile work more thoroughly. 

2) This study was a systematic and comprehensive study of mobile tasks and 

workers, which no previous study has ever accomplished. The existing literature 

has only focused on one type of mobile worker, and usually in one scenario. For 

example, Perry et al. investigated mobile knowledge workers who are traveling on 
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business (Perry et c:l, 2001). Tammine and Oulasvirta (2004) studied the 

behaviour of mobile people in everyday life. Wiberg and Ljungberg (1999) 

conducted an ethnographic study of mobile telecommunication engineers. Based 

on a theoretical mobile task model, this study conducted a systematic 

investigation of mobile workers. The subjects of this study included both mobile 

knowledge workers and field workers, including salespersons, managers, mobile 

professionals, transportation/delivery service workers, field service workers, and 

emergency service workers. This gives us a broad picture of the nature of mobile 

work. 

3) This study provided some discoveries about the nature of mobile work, 

based on the empirical data collected. These discoveries are: task interdependence 

has no relationship with time criticality and location sensitivity; task complexity 

is positively related with location variety and location dependence; and task 

complexity and task interdependence are positively related. These discoveries 

have never been mentioned in previous studies. 

4) This was the fin.t study to compare the nature of mobile work between 

mobile knowledge workers and field workers, finding that the degree of task 

complexity for mobile knowledge workers is higher than field workers. The 

degree of task interde:r;endence for mobile knowledge workers is also a little 

higher than it is for field workers. The degree of time criticality, location variety, 

and location dependenc~~ for mobile knowledge workers was found to be lower 

than for field workers. Mobile knowledge workers and field workers experience 
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almost the same degree of location complexity. These findings can help to 

identify different needs for mobile technology support according to the differing 

nature ofmobile work. 

5) This was the first study to develop and validate time and location related 

constructs through empirical data collected from real world mobile workers. The 

concepts of time and location have been mentioned and discussed in many studies 

(Wiberg and Ljungberg 1999; Saugstrup and Henten 2003; Balasubramanian et al., 

2002; Junglas and Watson 2003; Gebauer et al. 2005). However, in the previous 

literature, no instruments were used to measure these constructs. The development 

ofnew instruments for time and location related constructs through this study will 

provide a foundation for future mobile business research. 

6) This was the first study to summarize the typical functions that are used to 

support mobile work. In the existing literature, some studies categorize mobile 

applications, but the mobile applications they categorize are for general purpose 

use, and not specifically for mobile work support. 

7) This was the first study to examine the current usage of, perceived 

usefulness of, and intention to use typical mobile technology functions, based on 

empirical data. And it was the first study to compare related differences in these 

characteristics for mobile technology functions between mobile knowledge 

workers and field workers. This study also identified the gap between intention to 

use and the current usage of mobile technology functions that support mobile 

work. 
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8) This study condLicted a thorough and comprehensive review and analysis of 

the concept and measurement of fit, which has been widely used in information 

systems research, as summarized in Table 5. However, these studies use different 

views of the concept ,)f fit, and none give a complete picture of the concept. The 

clarity of the concept of fit established in this work will support future research in 

information systems. 

9) This was the first study to identify the ideal fit between the four dimensions 

of task characteristics and the six typical mobile work support functions. Gebauer 

and Shaw (2004) conducted a valuable study in which the ideal fit was explored 

for a procurement application case. However, the current research covered six 

typical mobile work support functions and identified the ideal fit, based on the 

four dimensional task model. 

7.2.2 Practical Contributions 

1) This study can provide guidance for businesses to strategically plan and 

deploy mobile workforce support systems, including a guide for selecting a 

suitable portfolio of mobile applications to fit the needs of a specific business. A 

company can first a~sess the nature of their mobile work by examining the task 

characteristics of their mobile work along four dimensions: task complexity, task 

interdependence, time criticality, and location sensitivity (which includes location 

variety, location dependence, and location familiarity). Based on the revealed 

nature of their mobile work, they will then be able to predict what kind of mobile 

work technology support is needed. 
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2) This study can offer mobile technology providers guidance in the 

development of suitable mobile workforce support systems. If providers know 

their target markets, they can assess the nature of mobile work in their target 

markets so that they can determine the kinds of mobile technology functions 

needed by the target markets. The gap shown in Table 46 and Figures 20 and 21 

demonstrate the potential market. If providers already have mobile products, they 

can check the suitability of their products in particular situations, according to the 

ideal fit identified in this study. 

7.3 Limitations and Future Research 

There are some limitations in this study, which could be extended in further 

research. 1) The contingency variables are not exhaustive and should be extended. 

In this study the variations explained by independent variables are not large, 

indicating that some variables may have been missed from the model. Issues such 

as usability may affect the usefulness of mobile applications, and mobile work 

usually is more difficult to perform than stationary work. Mobile workers often 

perform activities other than information processing. Thus, while mobile workers 

are doing their work, they may experience attention focusing or distraction 

problems. This tssue has been confirmed in many studies. For example, 

Kristoffersen and Ljungberg's (1999) study found four features of work contexts: 

a) Tasks external to mobile computer operations are the most important, as 

opposed to tasks taking place "in the computer". b) Users' hands are often used to 

manipulate physical objects, as opposed to activities by users in traditional office 
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settings, whose hands are safely and ergonomically placed on the keyboard. c) 

Users may be involved in tasks ("outside the computer") that demand a high level 

ofvisual attention (to lVOid danger as well as monitor progress), as opposed to the 

traditional office setting where a large degree of visual attention is usually 

directed at the compllter. d) Users may be highly mobile during the task, as 

opposed to in the office, where doing and typing are often separated 

(Kristoffersen and L_iungberg 1999). The demographics of individual mobile 

workers such as education level and computer-related skills may also be factors 

that affect the usefulness of mobile applications. In fact, in the Goodhue and 

Thomson's (1995) task technology fit model, individual characteristics were 

included. Incorporati 11g these variables in an expanded research model could 

produce more comprehensive and sophisticated results. 

2) Besides the four dimensions of mobile tasks, there are other dimensions that 

need to be considered and addressed. For example, whether the task is motivated 

by task doers themselves or if the task is assigned by others. What kinds of 

facilities and tools are needed to perform a task and to what degree are they 

needed? What kind of information is needed for performing a task? Adding more 

dimensions to the mobile task model will provide a more comprehensive model. 

3) This study did not examine the affect of different mobility modalities on the 

usefulness of mobile work support. Kristoffersen and Ljungberg (2000) have 

discussed mobile applications for different modality of mobility (wandering, 

traveling, and visiting). In Chapter 2, we discussed five different mobility 
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modalities for mobile workers, but we did not include all of them in the research 

model. This could be a future research topic. 

4) This study only gathered empirical data from mobile workers. To examine 

the usefulness of mobile application, we should not only ask individual worker 

views, but also manager views from the enterprise perspective. These views may 

differ in many ways. For example, field workers may prefer paper work to 

recording work processes and results on mobile devices. But managers may need 

the data recorded on the mobile devices in order to monitor and check work. 

Examining this from two different perspectives would give a more comprehensive 

picture ofneeds for mobile work support. 

5) The investigation of a general task may not capture the whole feature of a 

task. A task may be further divided into sub-tasks. A mobile worker may perform 

different types of sub-tasks with quite different characteristics from the main task. 

For example, it is the main task for a sales person to get a contract. This task can 

be divided into many sub-tasks, such as: searching and analyzing related 

information, making appointments with potential customers, preparing 

presentations, meeting and negotiating with customers, checking inventory, and 

placing orders. The main task and possibly some of the sub-tasks may not be time 

critical, but some of the sub-tasks may be very time critical. Also, some of the 

sub-tasks may be complex tasks, and some may be relatively simple. Taking these 

factors into consideration may give a better explanation of the empirical results. 
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6) Since the data were collected in Canada, any generalization of the study's 

findings to other coun:ries should be done with caution. For example, this study 

found that text messaging is not popular in mobile work. However, in China, 

mobile text messaging is very popular, in everyday life and in work situations. If 

this study were conducted in China, there could be quite different results, due to 

such environmental differences. Cultural and environmental differences would 

need to be considered in the explanation of such a study. 
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Appendix A: Glossary 

APs - Access Points 

AVE- Average Variaace Extract 

CFA- Confirmatory Factor Analysis 

CR- Composite Reliability 

CRM - Customer Relationship Management 

DSL - Digital Subscriber Link 

ERP - Enterprise Resource Planning 

GFI - Goodness-of-Fit Index 

GPRS General Packet Radio Service 

GPS -Global Positioning System 

GSM - Global System for Mobile 

GSS- Group Support System 

IrDA- Infrared 

IS - Information System 

IT- Information Technology 

LAN- Local Area Nt:tworks 

LBS - Location Based Service 

M-DSS- Mobile Dec.sion Support Systems 

MFW - Mobile Field Workers 

MKW- Mobile Knmvledge Workers 

MLS - Multiple Listing Service 
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MMS - Multi Media Messaging 

MWS - Mobile Work Support 

MTMM- MultiTrait-MultiMethod 

PCA- Principal Components Analysis 

PDA- Personal Digital Assistant 

PLS - Partial Least Square 

PMR- Private Mobile Radio Networks 

PSTN- Public Switched Telephone Network 

RFID - Radio Frequency Identification 

SEM - Structural Equation Modeling 

SMS - Short Message Service 

TRA - Theory of Reasoned Action 

TAM- Technology Acceptance Model 

TPB - Theory of Planned Behavior 

TTF- Task Technology Fit 

U-Commerce: Ubiquity, Universality, Uniqueness and Unity 

UMTS -Universal Mobile Telecommunication System 

UTAUT -Theory of Acceptance and Use ofTechnology 

W AP - Wireless Access Protocol 

WLAN- Wireless Local Area Networks 

WPAN -Wireless Personal Area Networks 

WWAN- Wireless Wide Area Networks 
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Appendix B: Consent Letter and Questionnaire 

Research Study 

Investigation of Mobile Work Support 


MeR C (McMaster eBusiness Research Centre), 

DeGroote School ofBusiness, 


McMaster University 


Investigators: 
Principal Investigator: Dr. Yufei Yuan 

Department of Management Science/Systems 
McMaster University 
Hamilton, Ontario, Canada 
(905) 525-9140 ext 23982. 
Email: yuanyuf@mcmaster.ca 
Fax: (905) 521 8995 

Ph.D. Student I Co-In'vestigator Wuping Zheng 
Department of Management Science/Systems 
McMaster University 
Hamilton, Ontario, Canada 
(905) 525-9140 ext 26185. 
Email: zhengw3@mcmaster.ca 
Fax: (905) 521 8995 

Purpose of the Study 
The objective oftbe research is to understand the value of mobile work support 

for different kinds of mobile tasks and mobile technologies. 

Procedures involved in the Research 
You are invited to fill out the following questionnaire on the nature of your 

mobile work and your needs for mobile technology. It will take about 15 minutes. 

Potential Harms, Ri!:ks or Discomforts: 
It is not likely that there will be any harms or discomforts associated with 

filling out the questionnaire. 
You do not need to answer questions that make you uncomfortable or that you 

do not want to answer. 

Payment or Reimbursement: 
To show our apt::reciation, you will receive a 1 0-dollar Tim Hortons gift 

certificate. Please tell us your mail address by email (zhengw3@mcmaster.ca) or 
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by fax (905 521 8995) (please fax your mail address on a separate sheet, i.e, not in 
the sheets of the questionnaire). If you mail the completed questionnaire to us, 
please put your mail address on the envelope. We will keep this information that 
identifies you separate from your answers. 

Confidentiality 
Your privacy will be respected. All information we collect from this survey 

will be kept in strict confidence. We are not interested in individual results, only 
in the aggregate data the survey produces. None of your individual response will 
be told to anyone else. You will not be identified individually in any reports or 
analyses resulting from this research project. 

After the study is finished all raw data will be deleted or shreded. 

Participation: 
Your participation in this study is voluntary. It is your choice to be part of the 

study or not. If you decide to participate, you can decide to stop at any time. If 
you decide to stop participating, there will be no consequences to you. 

Information about the Study Results: 
If you would like to know the results of the study, there will be information 

available at the following website: http://merc.mcmaster.ca 

Information about Participating as a Study Subject: 
If you have questions or require more information about the study itself, please 

contact Dr. Yufei Yuan at yuanyuf@mcmaste.ca or 905 525 9140- 23982. 
This study has been reviewed and approved by the McMaster Research Ethics 

Board. If you have concerns or questions about your rights as a participant or 
about the way the study is conducted, you may contact: McMaster Research 
Ethics Board Secretariat, telephone: (905) 525-9140 ext. 23142, c/o Office of 
Research Services, E-mail: ethicsoffice@mcmaster.ca. 

Reading this consent letter and then filling out the questionnaire, implies that 
you understand the terms outlined above and consent to our using your data as 
part of this research project. 

Thank you very much for your time and support! 
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Please think of a typical mobile work situation, in which mobile technology 
helps you or may help you to perform your task. Answer the following questions 
according to this situation. 

1 Pl 1 e I>_ercentage o f 1me w hen you: ease se ec t th your workf 

1.1 Work outside of your fiXed 
office desk 

0%­
20% 

20%­
40% 

40%­
60% 

60%­
80% 

80%­
100% 

1.2 Work around lo,:al areas (such as 
in a buildin_g) 
1.3 Work in regional areas (such as 
in a city) 
1.4 Work outside of your city or 
country 

2. To what extent do you agree with the following statements on the degree of 
task complexity? 

1-Strong1y1 d" - t - I1sagree; 4 N eu ra;1 7 Strong1y agree 
2.1 Your work is re_IJ etitive 1 2 3 4 5 6 7 
2.2 Your work needs to handle unexpected events 1 2 3 4 5 6 7 
2.3 There is a clearly known way to do the major types of 1 2 3 4 5 6 7 
your work 
2.4 Your work can rdy on established procedures 1 2 3 4 5 6 7 
2.5 Your work is rollltine 1 2 3 4 5 6 7 
2.6 There is an understandable sequence of steps that can 1 2 3 4 5 6 7 
be followed when doing your work 

3. To what extent do you agree with the following statements on task 
interdependence? 

1-St Irongty d"1sagree; 4 N t I 7 St- eu ra; - Irongty agree 
3.1 Your work can b ~ performed fairly independently of 1 2 3 4 5 6 7 
others 
3.2 Your work can b~ planned with little need to coordinate 1 2 3 4 5 6 7 
with others. 
3.3 Your work requires frequent coordination with others 1 2 3 4 5 6 7 
(customers, co-work~rs, supervisors) 
3.4 You are rarely required to obtain information from 1 2 3 4 5 6 7 
others to complete this task. 
3.5 Your work is relatively unaffected by others. 1 2 3 4 5 6 7 
3.6 Your work is dependent on receiving information from 1 2 3 4 5 6 7 
others. 
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4.1 Usually, what is the average time window (from start to finish) for you to 
1 t t . 1t k?compJe e a ryp1ca as . 
No Within Within a Within Within Within an Within 10 

Restriction a week few days a day a few hour minutes 
hours 

1 2 3 4 5 6 7 

t trt fi.h t . 1t k?42What•IS the f1me urgency or you o s a or m1s your ryp1ca as . 
Take it 

easy 
Allow 
delays 

Allow a 
little delay 

At normal 
speed 

Better 
done 

sooner 

Immediate In a 
hurry 

1 2 3 4 5 6 7 

4.3 To what extent do you agree the following statements on the time criticality 
of your task? 

1-Strongty d. - t - II 1sagree; 4 N eu ra;I 7 Strongty agree 
4.3.1 It is very important for you to start your task on time 1 2 3 4 5 6 7 
4.3.2 It is very important for you to complete your task on 
time 

1 2 3 4 5 6 7 

4.3.3 It is very important for you to start your task as soon 
as possible 

1 2 3 4 5 6 7 

4.3.4 It is very important for you to complete your task as 
soon as possible 

1 2 3 4 5 6 7 

51Towhta extentdo you work at vanous Iocaf1ons.? 

Always the 
same 
locations 

- -
Some at same location, 
but some at different new 
locations 

- -
Always at different 
new locations 

1 2 3 4 5 6 7 

a t · b r ·t d t ·r. I f ?52Towh t ex en t 1s yourJo 1nn e o a spec1 1c oca 1on. 
At one specific 
location - -

At several 
alternative locations 

- - Anyplace 

1 2 3 4 5 6 7 

5.3 To what extent do you have the freedom of choosing a place to perform your 
work? 

Not at all - - Moderately - - To a great extent 

1 2 3 4 5 6 7 
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5.4 To what extent is the performance of your work dependent on the 
information about: 

tNt. o t a o tl 7To a grea t ta ll4Mdera ety ex en t 
5.4.1 your current location? 1 2 3 4 5 6 7 
5.4.2 other people's (such as co-workers or customers) 
locations? 

1 2 3 4 5 6 7 

5.4.3 The location of things or equipment that are related 
to your work? 

1 2 3 4 5 6 7 

5.4.4 The travel or navigation guides to your destination? 1 2 3 4 5 6 7 

6. Please check the mobile devices that you are using (you can check more than 

one) from the list below: 

@ Pager 

@ Cell Phone 

@ Smart Phone (including Blackberry) 

@ PDA (Personal Digital Assistant) 

@ Pocket PC 

@ Laptop Computer 

@ Two way radio devices 

@ Specialized mobile device or other. Please specify: _________ 


7. Please check the networks that you are using (you can check more than one) 

from the list below: 

@ Pager network 

@ Two way radio 

@ Cell phone communication network 

@ Wireless local area network (WiFi) 

@ Wireless Email network (e.g. Blackberry) 

@ Fixed-line phone (Public phone or borrowing someone else's phone) 

@ Other. Please specify: ___________ 
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Please indicate the current usage, perceived usefulness, and your intention to 
use the following mobile technology functions: 

8.1 Voice communication on cell phone or two way radio (When you are on the 
mobile work site or in the car). 
To what extent do you 1-Not at all; 4-Moderately; 7- To a 
great extent 
8.1.1 Use it now? 1 2 3 4 5 6 7 
8.1.2 perceive it would increase the productivity ofyour 
work? 

1 2 3 4 5 6 7 

8.1.3 perceive it would improve the performance of your 
work? 

1 2 3 4 5 6 7 

8.1.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.1.5 intend to use it? 1 2 3 4 5 6 7 
8.1.6 would like to use it? 1 2 3 4 5 6 7 
8.1.7 Think it should be used? 1 2 3 4 5 6 7 

8.2 Receiving and sending text message (short message or email) (When you are 
on the mobile work site or in the car). 
To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.2.1 Use it now? 1 2 3 4 5 6 7 
8.2.2 perceive it would increase the productivity ofyour 1 2 3 4 5 6 7 
work? 
8.2.3 perceive it would improve the performance of your 1 2 3 4 5 6 7 
work? 
8.2.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.2.5 intend to use it? 1 2 3 4 5 6 7 
8.2.6 would like to use it? 1 2 3 4 5 6 7 
8.2.7 Think it should be used? 1 2 3 4 5 6 7 

8.3 Batch mode job assignment/dispatching, recording and reporting through 
mobile devices. 
To what extent do you 1-Not at all; 4-Moderately; 7- To a 
great extent 
8.3.1 Use it now? 1 2 3 4 5 6 7 
8.3.2 perceive it would increase the productivity of your 
work? 

1 2 3 4 5 6 7 

8.3.3 perceive it would improve the performance of your 
work? 

1 2 3 4 5 6 7 

8.3.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.3.5 intend to use it? 1 2 3 4 5 6 7 
8.3.6 would like to use it? 1 2 3 4 5 6 7 
8.3.7 Think it should be used? 1 2 3 4 5 6 7 
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8.4 Real time mobile job assignment and dispatching, including job monitoring, 
k" d . .trac mg, an automatic reportmg. 

To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.4.1 Use it now? 1 2 3 4 5 6 7 
8.4.2 perceive it would increase the productivity of your 
work? 

1 2 3 4 5 6 7 

8.4.3 perceive it would improve the performance of your 
work? 

1 2 3 4 5 6 7 

8.4.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.4.5 intend to use it? 1 2 3 4 5 6 7 
8.4.6 would like to use it? 1 2 3 4 5 6 7 
8.4.7 Think it should be used? 1 2 3 4 5 6 7 

8.5 Location tracking- Ability to dynamically identify your current locations. 
L f It d' t f ( h t ffi t f t)oca Ion rea e Ill orma IOU prOVISIOD SUC as ra 1c, gas s a wns, e c .. 
To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.5.1 Use it now? 1 2 3 4 5 6 7 
8.5.2 perceive it would increase the productivity of your 
work? 

1 2 3 4 5 6 7 

8.5.3 perceive it would improve the performance of your 
work? 

1 2 3 4 5 6 7 

8.5.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.5.5 intend to use it? 1 2 3 4 5 6 7 
8.5.6 would like to use it? 1 2 3 4 5 6 7 
8.5.7 Think it should be used? 1 2 3 4 5 6 7 

8.6 Travel navigation (GPS with mapping) 
To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.6.1 Use it now? 1 2 3 4 5 6 7 
8.6.2 perceive it would increase the productivity of your 
work? 

1 2 3 4 5 6 7 

8.6.3 perceive it would improve the performance of your 
work? 

1 2 3 4 5 6 7 

8.6.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.6.5 intend to use it? 1 2 3 4 5 6 7 
8.6.6 would like to use it? 1 2 3 4 5 6 7 
8.6.7 Think it should be used? 1 2 3 4 5 6 7 
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8.7 Notification of time-critical or emergency information through mobile 
voice/text communication or built-in functions in mobile devices (When you are 
on the mobile work site or in the car): 

To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
I 2 3 4 5 6 7 8.7.I Use it now? 

8.7.2 perceive it would increase the productivity of your I 2 3 4 5 6 7 
work? 
8.7.3 perceive it would improve the performance of your I 2 3 4 5 6 7 
work? 
8.7.4 perceive it would be useful in your work? I 2 3 4 5 6 7 
8.7.5 intend to use it? I 2 3 4 5 6 7 
8.7.6 would like to use it? / I 2 3 4 5 6 7 
8.7.7 Think it should be used? I 2 3 4 5 6 7 

8.8 Search/access information online, including enterprise information access 
(such as sales, inventory and/or customer information), industry information 
access (such as stock market and real estate industry's multiple listing(MLS)), and 

b·1 In (Wh th b 'I k . . h )mote temet access en you are on e mo 1 e wor site or 1n t e car . 
To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.8.I Use it now? I 2 3 4 5 6 7 
8.8.2 perceive it would increase the productivity of your 
work? 

I 2 3 4 5 6 7 

8.8.3 perceive it would improve the performance of 
your work? 

I 2 3 4 5 6 7 

8.8.4 perceive it would be useful in your work? I 2 3 4 5 6 7 
8.8.5 intend to use it? I 2 3 4 5 6 7 
8.8.6 would like to use it? I 2 3 4 5 6 7 
8.8.7 Think it should be used? I 2 3 4 5 6 7 

8.9 Offline transaction functions on mobile devices: bar code scanning, 
signature 	 capture, credit card scanning, receipt printing, data 

t I d' t ( h th b.l k . h )en ry, recor 1ng, e c. w en you are on e mo 1 e wor stte or m t e car . 
To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.9.I Use it now? I 2 3 4 5 6 7 
8.9.2 perceive it would increase the productivity of your 
work? 

I 2 3 4 5 6 7 

8.9.3 perceive it would improve the performance of your 
work? 

I 2 3 4 5 6 7 

8.9.4 perceive it would be useful in your work? I 2 3 4 5 6 7 
8.9.5 intend to use it? I 2 3 4 5 6 7 
8.9.6 would like to use it? I 2 3 4 5 6 7 
8.9.7 Think it should be used? I 2 3 4 5 6 7 
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8.10 Online transaction functions on mobile devices: on line order placing, 
online 	payment processing, online delivery processing, online appointment 

t h th b.l k . . harrangement, e c. w en you are on e mo 1 e wor s1te or m t e car. 
To what extent do yo 1-Not at all; 4-Moderately; 7- To a great extent 
8.10.1 Use it now? 1 2 3 4 5 6 7 
8.1 0.2 perceive it would increase the productivity of your 
work? 

1 2 3 4 5 6 7 

8.1 0.3 perceive it would improve the performance of 
your work? 

1 2 3 4 5 6 7 

8.1 0.4 perceive it would be useful in your work? 1 2 3 4 5 6 7c. 
8.1 0.5 intend to use it? 1 2 3 4 5 6 7 
8.1 0.6 would like to use it? 1 2 3 4 5 6 7 ' 

8.10.7 Think it should be used? 1 2 3 4 5 6 7 

8.11 Mobile office software: Spreadsheet, Power Point, Word processing, 
Access or other database applications, Address book, Calendar, etc. when you 
are on the mobile work site or in the car. 
To what extent do you 1-Not at all; 4-Moderately; 7- To a great extent 
8.11.1 Use it now? 1 2 3 4 5 6 7 
8.11.2 perceive it would increase the productivity of your 
work? 

1 2 3 4 5 6 7 

8.11.3 perceive it would improve the performance of 
your work? 

1 2 3 4 5 6 7 

8.11.4 perceive it would be useful in your work? 1 2 3 4 5 6 7 
8.11.5 intend to use it? 1 2 3 4 5 6 7 
8.11.6 would like to use it? 1 2 3 4 5 6 7 
8.11.7 Think it should be used? 1 2 3 4 5 6 7 

9. Which category does your work fall in? 
D Managers (at all levels). 
D Sales force (including real estate agents) 
D Mobile professional (consultants, engineers) 
D Transportation/Delivery (including taxi drivers) 
D Field work (repair/maintenance) 
D Public safety (police, security guard) 
D Healthcare personal 
D Others. Please specify: __________ 

10. Please list some benefits that mobile technologies bring to your work? 

End of questionnaire - Thank you! 
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Appendix C: Regression oflntention to Use on Perceived Usefulness for Field 
Workers Sample 

Dependent Variable Independent Variable Rz B 

Intention to Use Mobile 
Voice Communication 

Perceived Usefulness of 
Mobile Voice 
Communication 

0.804*** 0.896*** 

Intention to Use Mobile 
Text Messaging 

Perceived Usefulness of 
Mobile Text Messaging 

0.619*** 0.787*** 

Intention to Use Mobile 
Notification 

Perceived Usefulness of 
Mobile Notification 

0.692*** 0.832*** 

Intention to Use Mobile 
Information Searching 

Perceived Usefulness of 
Mobile Information 
Searching 

0.685*** 0.828*** 

Intention to Use Mobile 
Off-line Transaction 
Processing_ 

Perceived Usefulness of 
Mobile Off-line 
Transaction Processin_g 

0.733*** 0.856*** 

Intention to Use Mobile 
Online Transaction 
Processing_ 

Perceived Usefulness of 
Mobile Online Transaction 
Processing 

0.763*** 0.874*** 

Intention to Use 
Location Tracking_ 

Perceived Usefulness of 
Location Trackin_g 

0.725*** 0.851 *** 

Intention to Use 
Navigation 

Perceived Usefulness of 
Navigation 

0.727*** 0.852*** 

Intention to Use Batch 
Mode Mobile Job 
Dispatching 

Perceived Usefulness of 
Batch Mode Mobile Job 
Dispatching 

0.769*** 0.787*** 

Intention to Use Real 
Time Mobile Job 
Dispatching 

Perceived Usefulness of 
Real Time Mobile Job 
Dispatching 

0.662*** 0.814*** 

Intention to Use Mobile 
Office 

Perceived Usefulness of 
Mobile Office 

0.805*** 0.897*** 

~: Standardized regression coefficients 
***: p<O.OOl 
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Appendix D: Regres~ion oflntention to Use on Perceived Usefulness for Task 
Characteristics for Mobile Knowledge Workers Sample 

Dependent Variable Independent Variable RL B 

Intention to Use Mobile Perceived Usefulness of 0.590*** 0.768*** 
Voice Communicaticn Mobile Voice 

Communication 

Intention to Use Moble Perceived Usefulness of 0.698*** 0.835*** 
Text Messa_ging Mobile Text Messa_ging 
Intention to Use Moble Perceived Usefulness of 0.626*** 0.791 *** 
Information Searching Mobile Information 

Searching 
Intention to Use Mol:ile Perceived Usefulness of 0.767*** 0.876*** 
Notification Mobile Notification 
Intention to Use Mobile Perceived Usefulness of 0.517*** 0.719*** 
Off-line Transaction Mobile Off-line 
Processing Transaction Processing 
Intention to Use Mobile Perceived Usefulness of 0.669*** 0.818*** 
Online Transaction Mobile Online Transaction 
Processing Processing 
Intention to Use Perceived Usefulness of 0.665*** 0.816*** 
Location Trackin_g_ Location Tracking_ 
Intention to Use Perceived Usefulness of 0.720*** 0.848*** 
Navigation Navigation 
Intention to Use Bate h Perceived Usefulness of 0.643*** 0.802*** 
Mode Mobile Job Batch Mode Mobile Job 
Dispatching Dispatching 
Intention to Use Rea: Perceived Usefulness of 0.569*** 0.754*** 
Time Mobile Job Real Time Mobile Job 
Dispatching Dispatching 
Intention to Use Mobile Perceived Usefulness of 0.917*** 0.957*** 
Office Mobile Office 
~: Standardized regresswn coefficients 
***: p<O.OOI 
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