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Field documentation by construction foremen traditionally has been done through 

the use of pen and paper. The drawbacks of the traditional method and the need to 

computerize the field documentation process have long been recognized by researchers of 

construction management. Mobile computing devices provide an excellent hardware 

platform for addressing this need. Unfortunately, the past research efforts and 

technological developments in this area have not provided solutions with good usability. 

This study examined past research from a usability point of view and focused on 

the graphical user interface usability aspect of the problem. The inefficiency associated 

with the data input method though stylus and touch sensitive screen was examined. The 

focus of the study was on construction foremen, but other participants in the construction 

industry were also included as a basis of comparison. The study investigated the 
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experience of the research participants with computers, personal digital assistants 

(PDA’s) and other touch sensitive screen devices.  

The study evaluated the usability properties of icons and pre-determined text lists 

as potential candidates for automated data entry on mobile computing devices in the 

construction field. The views of participants on the standardization of the content of the 

field documentation, importance of quick data entry in the field, and the inefficiency 

associated with a stylus writing data input method were explored.  

Thirty-five construction foremen employed by sitework contractors, 37 

construction professionals, and 28 university students were selected to complete a 

specially designed computer visual search game that consisted of an icon visual search 

interface and a text visual search interface. Each subject completed 14 visual search tasks 

in each interface. Results showed foremen and construction professionals performed 

visual search tasks faster with icons than with pre-determined text lists. Study results also 

showed comparable levels of accuracy of data input and also good satisfaction ratings 

when using the icon interface when compared with the text interface. The results also 

suggested a strong positive correlation between the task completion time and task errors 

(fewer errors when task times were short). A strong negative correlation was noted 

between the construction experience of the research participant and the task errors; i.e., 

participants with less experience made more errors.
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CHAPTER 1 
INTRODUCTION 

The value and importance of information acquisition, transfer, organization, and 

utilization are well accepted in the construction industry. “In a profound sense, the 

management of a construction project is about managing the project information flow” 

(Winch 2002, pp. 339). A construction project from inception to completion involves a 

multitude of varied participants and the whole construction process generates vast 

amounts of information. Effectively managing such an immense volume of information 

to ensure its accuracy and availability in a timely manner is crucial to the successful 

completion of any project (Cox et al. 2002).  

Problem Statement 

A construction project is a unique, complex, custom-built response to a client’s 
needs. (Russell 1993)  

It is not only a process whereby information from the participants in the form of 

building or site plans, specifications, construction schedules, and various other 

documents are implemented, but also a process where new information is created. This 

process takes on physical and time dimensions and often generates a mammoth amount 

of information of varying interest to the various participants. As the time dimension 

grows, the volume of the information also increases, providing new data for the spatial, 

time, resource and cost variables of the project. 
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Field Information Documentation in Construction 

Many aspects of the construction process require accurate documentation of site 

conditions, including progress, quality, quantity, change, conflicts, and as-built 

information on the project. Documentation, communication, and analysis of construction 

field data are beneficial to all participants of a construction project (Hwang et al. 2003). 

For example, field data are needed for the project owners to verify and approve 

construction payment requests. Engineers and architects rely on field data to verify their 

design assumptions and improve the designs. Contractors require up-to-date field 

information to have a good understanding of the project status. In the construction 

industry, where disputes and litigation are almost commonplace, accurate documentation 

not only minimizes the possibility of disputes and claims, but also facilitates construction 

innovations and improvements (Liu 2000). The importance and legal ramifications of 

accurate vs. poorly documented construction information are well cited by the 

practitioners and academicians in the construction industry (Kangari 1995, O’Brien 

1998). 

Field information documentation is especially important to contractors. Russell 

(1993) pointed out that the collection of field information is important to 

• Record the values of various context variables (weather conditions and work-force 
parameters) that are helpful in explaining reasons behind the current status of a 
project. 

• Assess the current status of activities, extra work orders, and back charges in terms 
of active state (postponed, started, ongoing, idle, and finished), work scope 
completed, and problems encountered and their immediate consequences (man-
hours and/or time lost). 

• Measure resource consumption rates and their allocation to ongoing activities  



3 

 

Besides having these functions, information collected in the field is often kept by 

contractors as historical data for preparing future estimates and schedules (Fayek et al. 

1998).  

Problems Associated with Paper-based Documentation Method 

Traditionally, field information documentation has been done through the use of 

paper forms. This practice remains the same with few changes over the years for the 

majority of the construction industry (McCullouch and Gunn 1993, Fayek et al. 1998, 

Cox et al. 2002). With the paper-based documentation method, information is manually 

entered in notebooks or pre-printed forms. These notebooks (sometimes called “logs”) 

and forms are periodically sent to the main offices for top management review and for 

archival purposes. Sometimes the pre-printed forms can be further processed by copying 

desired information from multiple forms into one form and even into a computer 

spreadsheet.   

Unfortunately, such systems are based on a large number of paper documents and 

have numerous drawbacks, especially when the need arises for accessing and retrieving 

the information that has been collected. Fayek et al. (1998) identified some of the 

problems with paper documentation as follows: 

• Inconsistent procedures for collecting data on different types of resources (labor, 
equipment, materials, and subcontractors); 

• Inaccurate assignment of hours to cost codes; 

• Lack of data on site conditions, schedule progress, and problems associated with 
activities which lead to cost and schedule overruns; 

• Multiple entry of the same data; 

• Lack of timely feedback on project performance. 
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With these deficiencies, it is difficult to obtain timely information on potential 

problems with schedules, resources and safety issues and to initiate the appropriate 

corrective actions. Incomplete/inadequate and inaccurate documentation, as a result of 

poor recordkeeping, are often considered inferior evidence documents in litigation or 

arbitration procedures (Kangari, 1995). 

The use of inaccurate information in project bidding and project resource allocation 

often results in significant economic consequences that are manifested as construction 

delays and business losses (Cox et al. 2002). As in any competitive industry, nothing 

could be more devastating to construction companies than making important decisions on 

unreliable information. 

Computerizing Field Information Documentation 

With the apparent problems associated with the paper-based documentation 

method, the need and importance to computerize the field information collection process 

have long been recognized in the construction industry (Russell 1993, McCulloch 1993, 

Condreay 1997, Elzarka et al. 1997, Liu 2000, Cox et al. 2002, Hwang et al. 2003). As an 

industry-wide practice, the use of computer technology in fulfilling this need has not yet 

come to reality.  

Computer use in the offices of the construction companies is no longer considered 

“high-tech” business “things” that only a few privileged ones can have access to. The use 

of desktop computers and desktop applications is an essential part of business operations 

that include accounting, word processing, project estimating, project scheduling, and e-

mail communications. However, computer use by field personnel for documenting field 

data is still not a common practice in the construction industry. Communications between 

field personnel and office management, to a large extent, continue to be verbal 
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communications through the use of telephones (wired or wireless) and two-way radios. 

Although this part of the communication channel between the field and the office has 

been greatly improved by the advancement of wireless communication technologies, the 

transient nature of verbal communications leaves few means by which the information 

can be conveniently stored and retrieved. 

This obstacle in computerizing construction field communications is perceived in 

the industry to be due to various forms of barriers (Toole 1998, Davis and Songer 2003, 

Flood et al. 2003). Flood et al. summarized the barriers as follows: 

1. Lack of application development: various computing models and concepts have 
been developed through years of research. However realizing and fine-tuning that 
concept into a workable application often requires financial and time commitments 
for research and development that are not readily available. 

2. Institutional and individual barriers: these include old beliefs and resistance to 
change and to the adoption of new technologies; lack of understanding of the 
potential of a tool; lack of resource commitment to its proper implementation; 
concerns about possible legal ramifications in the use of a new technology; and 
lack of confidence in the integrity of the output from a new technology. 

3. Quality issues as “user-friendliness” and “integrity of the software:” these include 
issues such as the ease with which an application can be learned by its users, the 
ease of which output and results can be interpreted, the convenience of data input, 
the convenience with which the application can be tailored to work for each 
specific problem, etc. 

The “barriers” or problems described by Flood et al. are inter-related. For example, 

the institutional barriers exist because although the computer technologies advance 

rapidly there has not yet been any stabilized system of solutions that fully considered the 

differing characteristics of various potential construction field users. To clarify the point, 

the lack of a unified operating system standard in the mobile computing technologies has 

resulted in many different mobile computing devices that are available commercially and 

these technologies cannot be considered as stabilized as they are under constant patch, 
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upgrade and refinement. Second, existing software applications for mobile computing 

devices to be used for construction field documentation are scarce and often the end-user 

characteristics and working environment was not considered when they were developed. 

All these factors along with the old beliefs have made it difficult for construction 

companies to invest in these technologies for their field personnel. Since construction 

companies have not universally adopted the mobile computing technologies for their field 

supervisors, there has been little enthusiasm from the software developers to address this 

application.     

The third category of barriers, discussed above, seems to be the root problem. The 

ability to conveniently input data in the construction field has been a challenge and a 

driving force for the research in computerizing the construction field documentation 

process. Many ideas and directions exist in providing solutions for this need. However, 

there have not been any studies taking on the system usability point of view in examining 

the problems. Usability refers to how easily a system can be learned and used by its 

intended end users, how fast the users can complete the required tasks, how much the 

system is prone to errors, and how much the users like to use the system. Among the 

major aspects of the system usability, hardware usability issues are generally addressed 

by the computer industry on a continuing basis while the software usability issues 

constitute the primary interest to researchers in the construction industry. This study will 

undertake a system usability approach to examine the problems existing in the computer 

software interfaces designed for use in the construction industry and evaluate possible 

alternative solutions. 
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Research Objectives 

With respect to the third category of the problem as summarized by Flood et al. 

(2003), existing research efforts have mainly focused on the hardware aspect of the issue. 

Research in the past has mostly revolved around the approach of exploring commercially 

available mobile computing devices and their suitability for construction field 

information communications. Small-sized mobile computing devices equipped with 

touch sensitive screens have now been accepted as a basic platform for computer use in 

the construction field environment; however, the graphical user interface aspect has not 

been extensively investigated.   

This study will introduce the concept of the usability of the computer graphical user 

interface into the construction research world and use this concept to provide a new 

perspective on how past research on mobile computing in construction has progressed. 

The problems related to the inefficiency of the pen/stylus handwriting input method on 

mobile computing devices will be examined. Existing studies on alternative automated 

data collection technologies to augment the pen/stylus data input method for mobile 

computing systems in construction will also be reviewed and discussed.  

As the main objective of this study, icons (graphical or illustrative representations 

of concepts or items) as a possible alternative mechanism for automated data entry on 

mobile computing systems will be investigated. This study will focus on construction 

foremen as the real field information providers and the validity of icons as the main 

mechanism in the graphical user interfaces designed for them. From the usability 

approach, icons and pre-defined text lists will be compared in evaluating their relative 

effectiveness and efficiency in construction field data input processes. A user interface 

experiment with the participation from sitework construction foremen in Central Florida 
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will be conducted to determine which mechanism results in better usability, e.g., shorter 

task times, fewer user errors and higher user satisfaction. The priority order assessment 

by foremen for these three important usability factors (task completion time, task errors, 

and user satisfaction) will be surveyed. The effect of foremen demographics on the 

resulting data will also be analyzed and discussed. 

The experience of construction foremen with mobile computing devices will be 

explored. This study will also investigate through face-to-face interviews their opinions 

about using icon-based mobile documentation tools. As potential end users, they will be 

asked questions related to the computerization of field documentation. 
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CHAPTER 2 
LITERATURE REVIEW 

This chapter will discuss some general concepts related to human-computer 

interaction/interface (HCI), graphical user interface (GUI), icon, and usability theories. 

Past research on computerizing construction field communications will be reviewed from 

a system usability perspective. Construction foremen and their role in the information 

communication process on construction sites will be examined. Limitations associated 

with the pen/stylus handwriting-based data input method will be discussed as well. This 

chapter will also provide a brief historical review on icons, signs and symbols. In the later 

part of this chapter, the concept of using icons as an automated data entry mechanism in 

graphical user interfaces designed for construction foremen will be discussed.     

Human-Computer Interface/Interaction (HCI), Graphic User Interface (GUI), and 
Usability 

Barker (1989) informally defined a human-computer interface (HCI) as a 

mechanism which facilitates the flow of information between a computer and a human. 

The Association for Computing Machinery’s Special Interest Group on Computer-

Human Interaction (ACM SIGCHI) described human-computer interaction as a field with 

intertwined roots in computer graphics, operating systems, human factors, ergonomics, 

industrial engineering, cognitive psychology, and computer system engineering. 

Redmond-Pyle and Moore (1995) stated that in typical information systems and office 

systems the human-computer interface includes the following: 

• The parts of the computer hardware that the user interacts with, e.g., screen, 
keyboard, mouse, on/off switch, etc. 
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• The images or data that are visible on the screen, e.g., windows, menus, messages, 
help screens. 

• User documentation such as manuals and reference cards. 

The second component in Redmond-Pyle and Moore’s definition of the HCI 

structure is often referred as the graphic user interface (GUI). GUI provides the 

uppermost presentation layer for the communications (visual input and output) between 

the users and the computers.  

The term “usability,” in simple words, defines how usable a product or system is 

when it is put to use by the users to perform the intended activities or tasks. In other 

words, a product with high usability is easier to learn and use than a product with low 

usability. Therefore it is easy to understand that if a product has a low “usability,” it will 

have less probability to be accepted by its intended customers or users.  

The definitions most cited by the researchers in the usability world are from 

Shackel (1990) and Nielsen (1994). Shackel’s definition of usability and Nielsen’s 

definition share many common aspects and the main components and characteristics of 

their definitions are summarized as follows: 

• Effectiveness: for a specified range of tasks and group of users in a particular 
environment, how effectively can the tasks be performed using the interface? What 
are the frequency and seriousness of the user errors? This is sometimes referred to 
as “productivity” or efficiency of use once the system has been learned, as it 
includes how fast the user can correctly perform tasks. 

• Learnability and retention of knowledge and skills learned: how much training and 
how much practice do users require before they become proficient with the system? 
If use is intermittent, how much relearning time do users need to re-gain the 
required knowledge and skills to use the system? 

• Flexibility: to what extent is the interface still effective if there are changes in the 
task or environment? 
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• Attitude or subjective user satisfaction: do people who use the system find it 
stressful and frustrating, or do they find it rewarding to use, and feel a sense of 
satisfaction? Do users like the system? 

Since the 1980’s, usability theory is widely recognized as an important software 

quality alongside technical aspects such as functionality, internal consistency, reliability 

etc. Most of the major information technology companies maintain their own usability 

divisions to investigate potential usability pitfalls in their products and systems before 

they are released to the market. Usability engineering is a crucial part of the computer-

related business to survive in today’s customer/user-driven market where user acceptance 

is critical to success when launching new products or systems. To the end users, a system 

with good usability can help improve their productivity, reduce the quantity or frequency 

of user errors, and require less training for those who will use the new system (Redmond-

Pyle and Moore 1995). 

Past Research Examined from A HCI and Usability Perspective 

Complex technical systems do not evolve fully formed, but rather in fits and starts 
as the combination of technical possibility and economic advantage encourages 
localized development. (Winch 2002, pp. 341)  

In a retrospective point of view, the past research in the construction industry on 

computerizing field information communication has mainly focused on usability issues of 

the hardware and functionality aspects of the Human-Computer Interface. The approach 

adopted by most researchers consisted of taking the technologies and computing devices 

commercially available and evaluating their appropriateness and functionalities in various 

types of field information documentation/communication tasks. Examples of such include 

research on pen computers (McCullouch 1993, Coble and Kibert 1994, Songer et al. 

1995, Elzarka et al. 1997, Liu 2000), research on bar code technology (Coble and Elliott 

1995, Condreay 1997), research on Radio Frequency Identification (RFID) technology 
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(McCullouch 1991, Jaselskis and El-Misalami 2000), research on wireless 

communication technology used in conjunction with handheld PC’s (De La Garza and 

Howitt 1997), and more recently research on pocket PC’s (Repass et al. 2000, Bowden et 

al. 2002, Cox et al. 2002, Williams 2003).  In addition to these adaptive approaches in 

finding the ideal computing device suitable for construction field needs, there are also 

some innovative research studies such as Digital Hardhat (Liu 1997, a system employing 

a hardhat-mounted video camera and pen computer that is capable of capturing textual, 

sound, pictorial information) and Gator Communicator (Alexander 1996, a handheld 

computer prototype that is based on the OS-9000 real-time operating system and includes 

a global position receiver (GPS), digital compass, digital stereo camera, and digital two-

way wireless radio functions). 

While these research efforts provided many valuable insights and lessons as to the 

characteristics of the ideal mobile computing platform that would be suitable for 

construction field settings, the graphic user interface or software aspect of the system 

usability has unfortunately often been neglected. The characteristics of an effective 

graphical user interface for field users was seldom considered. It should be recognized 

that usability of the graphical user interfaces has considerable importance. A good 

example to illustrate such a point was a study conducted by Tektronix Laboratories on the 

effect of user interface design upon user productivity (Bailey et al 1988). In that study, a 

Tektronix 11000 series laboratory oscilloscope was compared to its predecessor 7000 

series. The 7000 series interface was a dedicated physical control system while the 11000 

system employed a rich graphical user interface that included icons, popup menus, 

assignable controls and a touch panel. The study results showed that the 11000 series had 
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a 77% performance gain over the 7000 series and the researchers attributed the 

performance gain to the benefit from the better cognitive factors of strategy selections 

and recall of operational details associated with the 11000 series’s user interface. 

Foremen and Their Role in the Information Communication Process 

Recognizing the users and their particular needs is the first step in the process of 

successful usability engineering. There are various groups of existing and potential field 

computer users on construction sites. For general contractors and construction managers 

their field personnel are typically project superintendents, field engineers, and often 

project managers on some larger projects. For self performed work, the general 

contractors are also similar to subcontractors or specialty contractors where their field 

personnel include construction workers and foremen.   

According to the Household Data Annual Averages statistics for 2002 released 

from the Bureau of Labor Statistics of the U.S. Department of Labor, there are 6.774 

million workers employed in the U.S. construction industry. A foreman in the 

construction industry usually supervises two to more than twenty workers, with a crew 

size of six to eight workers being most typical (Borcherding 1977a, Elliot 2000). Based 

on this ratio, it therefore can be estimated that there are approximately one million 

foremen in the U.S. construction industry. Therefore, research on foremen and 

computerizing their documentation tasks can have significance in improving the 

computer use and possibly improving the productivity and the product quality in the 

construction industry. 

Foremen are key individuals on the construction site. Research work on foremen 

and their roles in the construction process occur primarily in literature published in the 

1970’s and 1980’s, with a few studies in the 1990’s. For example, Borcherding, who 
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perhaps contributed most in the research work related to construction foremen, defined 

foremen as the “key link between management and individual workmen” (Borcherding 

1977a).  In an effort to identify and clarify the functions and information needs of various 

construction management personnel, Tenah (1986) defined the primary functions of 

foreman as one who “organizes and coordinates employees engaged in a specific craft or 

function on a construction project; reads and interprets drawings, blue prints, and 

specifications; allocates, assigns and inspects work; administers union agreements and 

safety enforcement; hires and trains employees.” Hinze and Kuechenmeister stated that 

(1981) foremen as first-line supervisors are responsible for directing, guiding, and 

managing crew members to achieve quality workmanship within budget and on schedule. 

Senior (1996) observed the efficient foremen devote a substantial proportion of their time 

to planning the job.  

With the challenging characteristics of their job and a busy work schedule, foremen 

often devote most of their attention to field problem solving, issuing work orders to their 

crews, coordinating with other contractors, and performing other functions of their job 

responsibilities. Field documentation such as daily field activity reports, accident 

investigations, daily safety reviews, and other company internal report forms (Coble and 

Baker 1993) are often relegated to the bottom of their priority list. As a result, these field 

documentation tasks are either completed haphazardly or deferred to whenever their 

schedules allow the time for such activities. Consequently these field documentation 

efforts often contain incomplete information or inaccurate information that makes it 

difficult for management to fully exploit its value. As previously discussed, management 

often relies on the information collected in the field for making essential business 
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decisions such as preparing a bid for a new project or allocating manpower and 

equipment resources among ongoing projects. The deficiency in the information collected 

in the field, though clearly desirable to be rectified, is often sacrificed by management as 

a trade-off to a smooth running project that is on schedule and within budget. This 

dilemma has been long recognized in the construction industry (Borcherding 1977a, 

Coble and Baker 1993).  

Coble and Baker (1993) stated “construction foremen are clearly the missing link to 

fully computerizing a construction company.” Coble (1994) further pointed out that in 

order to successfully computerize them, the research effort must take into consideration 

the foremen’s background, characteristics, and job concerns. It was generally believed the 

majority of the construction foremen have no education beyond high school and this was 

supported in a study conducted at Stanford University (Borcherding 1977) and another 

study conducted at the University of Florida (Elliott 2000). Elliott’s study also indicated a 

mean foreman age of 40.0 and an average of 9.5 years of experience for the construction 

foremen included in the study sample (N=119). In the construction industry, foremen 

typically advance to their position through many years of experience from craft workers 

in crews to positions of leadership, primarily as foremen. Foremen must be willing to 

accept responsibility, possess the ambition to lead others, and the desire to achieve goals 

(Borcherding 1977a). The feeling of threatened job security, diminished social status, or 

reduced self-esteem is usually understood as the driving force for the individual 

resistance to the changes brought forth by new technologies and was considered as a 

factor in foremen’s resistance towards the idea of using computers in their realm (Coble 

1994). This paradigm may seem to have changed some in the recent years with the 
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increasing indispensability of computers in the society and is somewhat indicated in 

Elliott’s study. In fact, 79.9% of the foremen Elliott surveyed indicated that handheld 

computing systems may have the potential on helping them do their jobs. While this 

possible trend is encouraging, the fundamental characteristics of construction foremen as 

being efficient and productive individuals will still require handheld/mobile computing 

systems designed for them to be efficient and easy to use. Unfortunately, as previously 

mentioned, this area historically has not made much progress. 

Graphic User Interface on Pen-Based Mobile Computing Devices 

Most research on the mobile computing systems in the construction field revolve 

around the basic concept of using pen and touch sensitive screens as the main input 

platform regardless of their sizes/categories (e.g., tablet PC’s, palmtop computers, pocket 

PC’s, etc.) or operating systems. It is widely accepted that in the construction field the 

use of a physical keyboard is not practical for mobile users such as construction foremen 

on a busy and rugged construction site (Coble et al. 1996, Alexander et al. 1997). Yet 

manual data entry through a pen (sometimes called stylus) is not a faster or more reliable 

way than using a keyboard either. To input a character the user has to make a series of 

hand strokes with the stylus across the touch sensitive screen and it requires extensive 

practicing for a user to become proficient in using a stylus. A few research studies in the 

construction industry on pen computing technologies have recognized this limitation 

(e.g., Rojas and Songer 1996, Bowden et al. 2002).  This problem of inconvenient data 

entry is inherent with such use of a pen or stylus (Masui 1998).  

As a result, alternative automated data entry technologies such as bar codes, radio 

frequency identification, etc. as previously discussed, were explored by some 

construction researchers to augment the manual data entry limitations associated with 
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pen/stylus technology. Particularly, the advancement of speech recognition technologies 

in recent years brought construction researchers’ interest into this area to explore the 

potential uses of speech recognition technologies as an automated data entry method on 

construction sites. Sunkpho and other researchers at Carnegie Mellon University explored 

such technologies and have prototyped a framework for developing audio-centric 

(namely speech recognition) interfaces in field data collection applications (Sunkpho et al 

2000, Sunkpho and Garrett 2003). Speech technologies hold great potential in providing 

automated data entry in computer applications as they are considered one of the “natural” 

communication mechanisms between humans and computers and as a general rule 

speaking is faster than typing or writing. However, this technology has its limitations in 

the construction field as well. First, noise interference on the construction site is a major 

problem in the reliability of data entry (speech input) process and this problem is 

unfortunately inherent with the construction environment and cannot be eliminated. 

Secondly, as Sunkpho and others recognized, integrating a speech interface into 

application is not a trivial feat as this is a complex technology (Sunkpho and Garrett 

2003). Moreover, speech recognition is not the most efficient method in actuating the 

computer commands in the graphical user interfaces. Querying and database 

manipulation on the colleted voice data are even more complicated tasks.   

Experts in the construction research field have accepted that predefined drop-down 

menus and text lists in the graphic user interface may be a more efficient and easy-to-

implement method to automate the data entry process in the construction field. Many 

researchers believe a substantial portion of the information documented in the field is 

repetitive from project to project and can easily be standardized (e.g., McCullouch 1993, 
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Rojas and Songer 1996, Cox et al. 2002, Bowden et al. 2002). Using a pen/stylus to click 

and select items in the graphic user interface is a relatively quick and effortless process 

therefore the user efforts in performing computer tasks seem to be trivial.  

As a user industry in information technologies, the construction industry has not 

studied the graphical user interfaces in much detail compared to the computer industry. 

This is probably a result of the unique nature of the construction industry that is not 

generally understood by those in the computer industry. Yet graphic user interface can 

play an important role in determining the overall usability of a computer system. For 

example, older adults usually have a difficult time in using the graphics user interfaces 

designed for average users as a result of the normal effects of aging including some 

decline in cognitive, perceptual and other abilities. Studies have found using area cursors 

(larger sized cursors) and sticky icons (feature of icons that eases the selection process) 

can improve their performance in basic selection tasks (Worden et al. 1997). In addition, 

even different operating system user interfaces on similar types of personal digital 

assistant (PDA) devices can result in significantly different user performance (Teresa et 

al. 2001). 

Icons, Signs and Symbols – A Brief Historical Review 

Before words there were sounds and intonation, before writing there were symbols. 
Speech splintered into different languages, different symbols developed into 
various writing systems. Writing systems separated into the symbolic and the 
phonetic, but symbolic iconographies persisted from earliest writing to the present 
day. Only the symbols changed. As the computer replaced the pen and the brush, so 
iconography, with today’s symbols, prepares for tomorrow.  (pp. 63, Sassoon, R. 
and Gaur, A. 1997) 

Icons, signs and symbols exist everywhere in our lives and workspaces. Because of 

their communicative power, icons are used in a wide variety of situations to inform 

people about particular conditions or to give instruction. For example, symbols or 
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pictographs are widely used in the Olympic games to depict various sports; they are used 

on product packaging cartons and in instructional manuals to inform people how to 

properly handle, transport, store and use products; they are used in public places such as 

airports and train stations worldwide to provide directions and identification of important 

facilities (e.g., luggage claim areas, telephone booths, currency exchanges, escalators, 

etc.); they are used in equipment instrumentations such as the instrument clusters in 

automobiles to indicate malfunctions and warnings (e.g., low fuel reserve, engine 

malfunction, etc.) when illuminated; they are used on the roadways to alert drivers of 

road conditions, allowable speeds, recreational interest areas, general service facilities at 

exits, etc.; they are used at workplaces to caution of safety perils, hazardous materials and 

required safety equipment and measures, etc. This list can go on and on.   

The general philosophy that icons, signs and symbols are used instead of the 

character-based representations is that they are more intuitive and effective in conveying 

the intended information. In fact, using pictorial representations by humans to 

communicate non-verbally dates back to primitive times (Sassoon and Gaur 1997). In 

early times, the need for written communication was simple and character-based written 

languages did not exist. Yet, our ancestors used pictographs carved on rocks and other 

objects to document information or communicate intellectual thoughts between one 

another. Later when the need for written communication became more sophisticated and 

more specific, the pictographs gradually broke down into smaller information units and 

by the use of conventions they have evolved into today’s written languages which are 

totally based on abstract characters or radicals (radical are used in Chinese, Japanese and 

other Asian written languages). In his book “The Alphabet: An Account of the Origin and 
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Development of Letters,” Taylor (1991) illustrated an example that how the picture of the 

owl was conventionalized into today’s letter “M.” In the old Egyptian language the name 

of the owl was mulak. The picture of the owl is believed to have been primarily used as 

an ideogram to denote the bird itself, secondly as a phonogram standing for the name of 

the bird. It then became a syllabic sign used to express the sound mu, the first syllable of 

the name, until ultimately it was employed simply to denote m, the initial sound of that 

syllable. In his book “The Icon Book: Visual Symbols for Computer Systems and 

Documentation,” Horton (1994) also listed similar illustrations on how the letters “A” 

and “O” have evolved from the ancient Egyptian hieroglyph, Sinai script, Moabite stone, 

and early Phoenician to Greek and Roman characters. In Chinese, words denoting the 

objects such as sun, moon, and mountains were also evolved from the early actual 

graphic representations of these objects.  Therefore, in one sense, the use of signs, 

symbols and icons in today’s society may be regarded as an effort of reverse engineering 

of the human written communication evolution process.  

The twentieth century has seen quite a few systemized research efforts in 

developing visual communication systems using signs and symbols. Otto Neurath (1882-

1945) developed a method of visual presentation of statistical information as an 

educational medium using pictograms that later became well known as the “International 

System of Typographic Picture Education” (ISOTYPE). The basic principle of the 

ISOTYPE system is that each symbol represents both a topic and a designated quantity, 

and symbols can be “compounded” (McLaren 2000). For example, ‘man’ + mining’ = 

mine worker (McLaren 2000) or ‘shoes’ + ‘factory’ = shoe factory (Horton 1994). In the 

1960’s Charles Bliss developed a system called “Semantography” which consists of an 



21 

 

“alphabet” of 100 fundamental symbols that can be juxtaposed or superimposed to 

represent even richer concepts. The fundamental set of symbols includes numbers, 

mathematical symbols and simple geometric shapes and many of these shapes are easily 

recognizable because they are abstractions of familiar objects or are already used 

internationally (Horton 1994). The International Organisation for Standardisation (ISO) 

and the International Electrotechnical Commission (IEC) also developed approximately 

1,450 standardized symbols for international use. These are compiled respectively in ISO 

7000 ‘Graphical Symbols for Use on Equipment – Index and Synopsis’ and IEC 417 

‘Graphical Symbols for Use on Equipment – Index, Survey and compilation of the Single 

Sheets” (McLaren 2000).  

Icons, and other terms including signs, symbols, signets, ideograms, index, 

phonograms, and pictograms/pictographs are closely related and are often confusing to 

ordinary people. From the semiotics (defined as “ the science of signs,” Eco 1976) point 

of view, Marcus summarized (2003) the definitions of these terms as follows (pp. 38): 

• Signs: perceivable (or conceivable) objects that convey “meaning.” 

• Symbols: signs that have meaning by convention and are often abstract, like the 
letters of this sentence or the national flag. 

• Icons: Signs that are self-evident, “natural,” or “realistic” for a particular group of 
interpreters, like a photograph of a person, a “realistic” painting, or a right-pointed 
arrow to indicate something should move to or is located to the right. 

• Index: a special semiotics term for signs that are linked by the cause-and-effect in 
space and time, like a photograph representing a scene, or a fingerprint on the 
coffee mug at the scene of the crime. 

• Ideograms: symbols that stand for ideas or concepts, for example, the letter “i” 
standing for “information,” “ help desk,” or “information available.” 

• Phonograms: symbols that stand for sounds, for example, the letter “s.” 
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• Pictogram: an icon (or sometimes symbol) that has clear pictorial similarities with 
some object, like the person or men’s room sign that (for some interpreters) appears 
to be a simplified drawings of a (specially, male) human being. 

Despite such seemingly detailed linguistic delineations of these terms, the nuances 

between icons and other terms and the significance of the nuances often diminish when 

they are used in various disciplines. The interchangeable use of some of the terms is 

common in today’s society where graphically enriched software application user 

interfaces are flourishing.  In the computer applications, icons can be referred to 

anything, not just the easy-to-recognize pictographs but also the abstract images or 

symbols which can be totally unrelated but arbitrarily assigned to represent certain 

computer commands. More interestingly, there are also studies on audible icons or 

“earcons” which have taken the definition of icons to a new dimension (Brewster et al. 

1993). 

The use of icons in computer graphical user interface was early incorporated in the 

design of Xerox’s 8010 “Star” Office Workstation (Bewley et al., 1983) and has become 

the main component in software applications to allow the user to easily navigate through 

the programs. The motivation of using icons in computer graphical user interfaces is 

similar to other applications (e.g., public information displays, equipment labeling, traffic 

controls, etc.) – to facilitate the communication process between the human and 

computer. As shown in Figure 2-1, in the early days that computers technology, users of 

computers communicated with them by means of simple ‘binary state’ switches, buttons 

and numeric (octal or hexadecimal) key pads. As interface technology improved, the 

mode of interaction was superseded by the use of QWERTY keyboards which enabled 

the construction of command line interfaces. As the complexity of these grow, they 

became more difficult to learn and remember. The introduction of graphical user 
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interface in the Xerox ‘Star’ workstation and later on Microsoft Windows® took away the 

complexity of the command line interface through the use of ‘dialogue boxes.’ With the 

graphical user interface, the need for a user to type is substantially reduced. Instead, users 

use mouse to point to objects (such as icons and pictures) on the screen to execute desired 

commands. In some sense, much of the “ease to use” of a computer system often depends 

upon the power of the metaphors embedded in the end-user interfaces. Since icons are 

more visually distinctive than abstract words, it is generally believed that it is easier to 

identify an icon than a word from a group of screen objects in a graphical user interface. 

Icons can represent a considerable amount of information in very little space and space is 

often at a premium on computer display screens (Hemenway, 1982).  

 

Figure 2-1. Illustration of the Evolution of Human-Computer Communication Process 

Signs, Symbols and Icons in Construction and the Possibility of Using Icons as 
Automated Data Entry in Graphic User Interface 

Signs and symbols are widely used in the construction industry. Pictorial symbols 

based signs are commonly used on construction sites to convey various safety warnings 
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and messages. Construction plans by nature are graphical representations of the 

construction process of buildings via conventionally accepted symbols and rules. For 

example, in site utility plans, straight or curved lines stand for various types of pipes with 

the size information either directly noted near the lines or indirectly noted by means of a 

pipe schedule. Different symbols are used to show various fittings or structures (e.g., gate 

valves, bends, fire hydrants, backflow preventers, sanitary manhole, etc.). This system is 

also used in drawings for virtually all other trades (e.g., plumbing, fire sprinklers, HVAC, 

electrical, etc.). Construction foremen, whose main job functions include reading the 

construction plans and then issuing work orders to their crews, have considerable 

experience working with symbols-based graphical communication systems in this regard. 

 Using the “click and select” concept as previously discussed, Coble and Elliott 

(1996) proposed the idea of using icons as the basic means not only for computer 

commands but also for data entry in the graphic user interfaces designed for construction 

field users. Unfortunately this idea never got to the stage of being implemented into a 

working system and therefore was never tested in real settings to assess the usability. 

Coble B. (1997) at the University of Florida tested 56 icons with 59 respondents 

consisting primarily of construction project managers, superintendents, foremen and field 

engineers for icon recognition response and 41 icons were matched successfully to their 

descriptions by the respondents with a 90% or better concurrence rate. These results 

indicate that if designed properly, icons can be used for automated data entry in the 

graphic user interface designed for construction foremen. 

Both icons and pre-defined text have the potential benefit of reducing the data input 

effort by construction foremen as the intended end users. Therefore it would be 
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interesting to know if there is a difference between these two options in terms of 

usability. Usability comparison between icons and pre-defined text lists in the graphic 

user interface needs to be studied in order to validate or invalidate the concept of using 

icons to automate the data entry process in the mobile computing systems designed for 

construction foremen.  

Icons vs. Pre-defined Text 

Existing empirical studies have equivocated on the issue of whether there is a 

difference in terms of task completion time and user errors between textual 

representations and iconic representations in the computer user interfaces. A few earlier 

studies suggested there is little or no performance gain that iconic representations have 

over textual representations. For example, Rohr and Keppel (1984) compared icons and 

text as computer commands in word processing and reported no improvement for icons 

over text in terms of task completion time and error rates. Kacmar (1989) compared text, 

icons and text+icon combination in matching programming concepts and labels and 

found combined labels most accurate and no difference in all three mechanisms in terms 

of task time. Whiteside et al. (1985) did a comparison of different interface design 

approaches and their effect on different types of computer users (novice, transfer, and 

expert). Whiteside et al. (1985) found there was no significant performance improvement 

for iconic interfaces and novice and transfer users actually performed worse with iconic 

interfaces. Egido and Patterson (1988) studied effects of icons on navigation through a 

catalogue and the study results showed the search time for icons was slower than text or 

text plus labels. The study results by Egido and Patternson also indicated that icon users 

took fewer steps but spent more time on each step than those with labels. Benbasat and 

Todd (1993) conducted an experimental investigation under two factor levels where icons 
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versus text and direct manipulation versus menu-based were paired into four different 

interface types. Benbasat and Todd concluded that there were no difference between the 

icon and text-based interfaces for the time taken to complete the task and the number of 

errors made. On the other hand, a more recent study by Staggers and Kobus (2000) 

indicates icon-based graphical user interface has a shorter response time, fewer errors and 

higher user satisfaction than text-based user interface. In Staggers and Kobus’s study, 98 

randomly selected male and female nurses completed 40 tasks using a text-based 

interface and an icon-based graphical interface. Overall, nurses had a significantly faster 

response time (P<0.01) and fewer errors (P<0.01) using the graphical interface than the 

text-based interface. The icon-based graphical user interface was also rated significantly 

higher for satisfaction than the text-based interface, and the graphical user interface was 

faster to learn (P<0.01). Given these seemingly contradicting conclusions of previous 

studies, a reliable statistical inference could not be drawn that there is no difference 

between icon and text-based interfaces for construction foremen in terms of task 

completion time, number of errors, and level of user satisfaction. The reasons are further 

discussed below. 

Effect From Interface Implementation Differences 

Many of the earlier empirical studies did not preclude the effect of interface 

implementation differences on the study results. Factors such as font size, icon size, 

spacing and layout might have influenced the study results but were not counterbalanced 

to minimize their effects on the study results.  Therefore these study results were not 

totally conclusive.  
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Visual Appeal Factor Associated With Iconic Interfaces 

 Visual appeal refers to the phenomena that users tend to spend more time on icon-

based user interfaces because of their visual attractions. Therefore, if the visual appeal 

factor was not counterbalanced in the study, the results may not be conclusive to show if 

the longer task time associated with icon-based user interface was a result from longer 

processing and recognition time or from the visual appeal factor associated with the 

iconic interface. Many earlier studies did not take this factor into consideration. 

Abstract Vs. “Concrete” Icons And Icons As Computer Command Vs. As 
Information Units 

Icons in existing empirical studies are generally abstract icons and used for 

denoting computer commands. Icons used for computer command are often abstract in 

concept and arbitrarily assigned to a particular computer command and require extensive 

usage for a user to acquire the relationship association. Icons of interest in this study are 

“concrete” icons, which means they are on the lesser abstract end of the scale and are 

primarily used for information units. Therefore there is clearer association between the 

icons and the objects/activities represented.  

Subject Characteristics 

The subjects included in many of the earlier studies were often college students or 

people who had considerable computer experience. The specific advantages and 

disadvantages associated with icons may vary from novice users to intermediate users to 

expert users. Therefore, advantages associated with icon-based interfaces may not be as 

remarkable to expert users as to novice users. Previous studies have addressed little in 

this area. 
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Summary 

Computerization of the field documentation tasks of construction foremen has not 

become a prevalent practice to date. Of the efforts done in the past, little has been focused 

on the usability of the graphical user interface for the data collection systems designed for 

construction foremen. The comparison of the use of icons and pre-determined text lists as 

automated data input mechanisms for construction foremen in particular was non-

existent. 
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CHAPTER 3  
RESEARCH METHODOLOGY 

This chapter introduces the research questions that this study attempted to address. 

It also discusses the methods used to accomplish the research objectives stated in the 

previous chapters. The chapter is organized in the following sections: (1) research 

questions, (2) methods,  (3) sample selection criteria and techniques, (4) study design, (5) 

survey questionnaire design, and (6) statistical procedures for analysis of the results. 

As stated in the previous chapters, it has not been determined whether icons have 

better usability than pre-defined text lists in the graphical user interfaces designed for 

construction foremen. This was the main question that this study attempted to answer. In 

the field of cognitive psychology, humans are characterized as information processors – 

everything that is sensed (sight, hearing, touch, smell and taste) is considered as 

information that the mind processes (Preece et al. 1994). With the information processor 

theory, information enters and exits the human mind through a series of ordered 

processing stages (Lindsay and Norman 1977). As summarized in Figure 3-1, 

information from the environment is encoded into some form of internal representation in 

Stage 1; in Stage 2 the internal representation of the stimulus is compared with 

memorized representations that are stored in the brain; in Stage 3 a response is 

formulated to the encoded stimulus; when an appropriate match is made the process 

passes on to stage 4, which deals with the organization of the response and the necessary 

action (Preece et al. 1994). Based on this theory, it can be conjectured that the human 

brain would process text and graphic information differently in these four stages and the 
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difference would be dependent on the predominant information processing mode 

(graphical or textual) that one is accustomed to. Larkin and Simon (1987) pointed out that 

textual and pictorial information differs in terms of the effort associated with making 

inferences. Jacob (1995) stated that the problem of human-computer interaction could be 

viewed as two powerful information processors (human and computer) attempting to 

communicate with each other via a narrow-bandwidth, highly constrained interface. 

Therefore to address the human-computer interaction problem, more natural and more 

convenient means need to be provided for users and computers to exchange information 

easily and reliably. Addressing this problem can also help the researchers understand 

better whether construction foremen as information processors may process the graphic-

based information faster and more accurately than the text-based information. The answer 

may depend on their extensive experience working directly in the field and dealing with 

construction plans as highly graphic-based communication media.  

 

 

 

 

 

Figure 3-1. Extended Stages of the Information Processing Model (Preece at al. 1994). 

Determining whether foremen process icons better than text is important to the 

information technology sector providing IT solutions to the construction industry because 

the computer programming to implement the graphical user interface typically takes 40-

90% of the entire program code in today’s software applications (Chalmers 2003). It 

takes a great amount of time and effort to develop quality icons and often requires many 
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trial and error processes and refinements before finalizing an icon that perfectly serves 

the design intent. Therefore it is important first to know whether or not icons can actually 

improve the usability of the graphical user interfaces designed for construction foremen, 

otherwise time and efforts invested in designing icons and implementing iconic user 

interface are not guaranteed to reap the intended benefits. 

Research Questions 

In the computer field, the usability of a system is typically measured by collecting 

and analyzing the following data: time required for using the system to complete a given 

task; number of errors and type of errors experienced by using the system to perform the 

task; time required to learn the system to perform the task; retention quality of the 

knowledge learned to use the system; and the user’s subjective assessments of the system 

(Chin et al. 1988, Roberts and Engelbeck 1989, Jeffries et al. 1991, Nielsen and Philips 

1993).   

From the usability point of view, there are several questions of primary interests in 

this study and they are discussed below. 

Do Construction Foremen Perform Computer Tasks Faster Using Icons Than Using 
Predefined Text Lists Or Vice Versa?  

More specifically, do construction foremen tend to find the correct choice faster 

using icons or pre-defined text lists? User tasks in computer graphical user interfaces 

usually take two basic steps: first locating the correct screen target (e.g., button, menu 

item, etc.) that can be the most time-consuming, and then performing the desired action 

on the chosen component. One salient trend in the human-computer interaction research 

field in recent years has focused on studying the visual searching or location learning 

aspect of user tasks in the graphical user interfaces to gain more understanding about the 
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cognitive models of human-computer interaction and subsequently to find ways to 

improve the usability of the human-computer interface (Salvucci 1999, Byrne et al. 1999, 

Ehret 2002, Hornof and Halverson 2003). Being able to quickly find the screen objects 

can reduce a user’s task time, errors, and frustration (Ehret 2002). Investigating this 

question is especially meaningful to construction researchers because although the 

timesaving in visual searching or location learning for each individual task may appear to 

be small, the aggregated effect can be significant in the entire software application over a 

sustained period of time. For construction foremen, computer systems need to be efficient 

and effective to use. Therefore, any effort to achieve this goal is significant in the process 

of computerizing the field documentation tasks of construction foremen. 

Do Construction Foremen Experience Fewer Errors Using Icons Or Pre-Defined 
Text List? 

Frequency and seriousness of the errors in user computer tasks also account for an 

important aspect of the usability in a system. It is easy to understand that if users 

experience more errors on one system then it is likely for them to become more easily 

frustrated with the said system than any other competing system. The frustration could in 

turn lower their motivations to use the system. If provided with choices, users would 

naturally reject the error-prone system and adopt the one with fewer errors. User errors in 

graphical user interface generally can be grouped into the following three categories: 1) 

identification errors (observed errors are clearly the results of incorrect identification), 2) 

selection errors (observed errors are accidental mouse/pen selection errors although the 

user has identified the correct choice), 3) experimenter interventions, both subject 

initiated and experimenter initiated. Although it is desirable to analyze all types of user 

errors, this study will specifically focus on the identification type of user errors as these 
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types of errors are directly related to how the interfaces are implemented. Selection errors 

as a result of pen/touch screen sensitiveness and pen-using skills are considered as 

hardware related and therefore would generally have equal effects on icon-based user 

interface and text-based user interface (provided the icon-represented screen objects and 

text-represented screen objects are comparable in size). Selection errors will not be 

explored in this study. 

Do Construction Foremen Have A Preference Between Predefined Text Lists And 
Icons? 

Using a 7-step Likert ranking scale, what are typical foremen satisfaction ratings 

with the icon interface and the text interface (1. Very Dissatisfied; 2. Dissatisfied; 3. 

Slightly Dissatisfied; 4. No Opinion; 5. Slightly Satisfied; 6. Satisfied; 7. Very Satisfied)? 

Users’ satisfaction with a system is not only closely related to the efficiency and efficacy 

of the system that is directly translated to task time and users errors, but also is affected 

by the psychological effect (disorientation, anxiety, etc.) and the cognitive load (how 

much mental effort is required) of the user interface.  Computer anxiety and computer 

related anxiety was estimated to affect 30% of the United States workforce (Logan 1994). 

Computer related distress is commonly believed to yield increases in mistakes, 

debilitating thoughts, self-depreciating thoughts, irrational beliefs and absenteeism 

(Ramsay 1997). Rozell and Garden (2000) further noted that researchers have observed 

that motivation, or level of effort, is one of the primary variables affecting individual 

performance in general and computer-related performance in particular. Recognizing and 

developing systems towards user preference and user satisfaction is the key in today’s 

user-driven information technology market.  
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While the above three questions comprise the main focus of this study, the 

following questions are also to be explored. 

What Is The Ranking Order Of The Above Three Usability Aspects From The Point 
Of View Of Construction Foremen? 

 Which aspect do they perceive as the most important? Text-based user interface 

and icon-based user interface both have their advantages and disadvantages. Although it 

is desirable to have a system that is far superior to its competition in all aspects, reality 

shows it is not always the case. Therefore, when making system selections, it is important 

to know which factors are viewed as most important to construction foremen. 

What Are The Views Of Construction Foremen About The Concept Of The Icon 
Based Mobile Field Documentation Applications? 

In other words, how do construction foremen as the end users perceive the icon 

based mobile documentation applications for automating the field documentation 

process? Would they perceive that this kind of applications would help do their jobs 

better? 

What Is The General Knowledge And Experience Of Construction Foremen On 
Mobile Computing Devices? 

How do they perceive the difficulty and inefficiency associated with handwriting 

input using pen/stylus on current mobile computing devices? Elliott’s study (2000) 

indicated the 84.0% of the construction foremen in his sample (N=119) did not use 

computers to perform any part of their jobs, but 50.4% of the sampled foremen did use 

computers in their homes. Elliott’s study also showed 79.9% of the foremen responded 

positively that they thought mobile computing devices would help them do their jobs. 

Mobile computing devices such as the personal digital assistants (PDA’s) are 

commonplace nowadays, and affordability no longer seems to be the issue as it was a few 
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years ago. They are more widely used, not only for work-related tasks, but also as a tool 

for better organization of personal business. Therefore, the knowledge and experience of 

foremen with mobile computing devices need to be investigated to understand their 

exposure to this type of technology. Difficulty associated with handwriting input using 

pen/stylus has long been perceived by the researchers as a roadblock in the 

implementation process of mobile computing devices in the construction field. However 

it is not known whether construction foremen as the end users have the same perception. 

Therefore this issue needs to be explored.   

What Percentage Of The Information In Current Field Documentation Do Foremen 
Think Can Be Standardized For Use With The “Click And Select” Concept? 

There always exist non-standard and miscellaneous information items in foremen’s 

field documentation. But is the percentage of the items that can potentially be 

standardized significant enough to justify the use of automated information entry either 

by icons or pre-determined text lists? 

 Last, how do construction foremen demographics (age, construction experience, 

computer use experience, etc.) affect the results for the first three research questions? Are 

there any correlations between these user parameters and the observed user performance 

variables in terms of task time and error rates? 

Samples 

Although it was desirable to include all the foremen from all construction trades in 

the sample universe, the study was specifically focused on construction foremen in the 

sitework trades (e.g., clearing and excavating, underground utilities, and paving) in the 

greater Orlando area in the state of Florida. The declaration on the sample universe was 

important to minimize the effect on the study results by potential external factors such as 
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1) subjects’ individual knowledge differences on trade specific construction activities, 

procedures, and equipment, i.e., construction foremen in the sitework trades may not be 

very familiar with knowledge pertaining to the mechanical or electrical trades, 2) 

geographical location factor (although the influence from this factor may likely be very 

small as the construction workforce in U.S. are generally very mobile). 

The Blue Book, a business directory widely used in the U.S. construction industry, 

was used to identify the potential sitework contractors in the greater Orlando area that 

could be included in the study. The management personnel of these firms were contacted 

to seek their permission to solicit the participation of their foremen in the study. When a 

foreman agreed to participate in the study, the visual searching experiment was arranged 

and conducted in an indoor environment (e.g., contractors’ main offices, and job site 

trailers) and the questionnaire survey was given subsequently. 

The inclusion criteria for this study were as follows: 

• Firm management agreed to allow their foremen to be included in the study 

• The foreman was willing to voluntarily participate in the study 

• The foreman was able to readily read and write in English fluently 

• The foreman had normal vision or corrected vision and was able to read the 14 pt 
text without any difficulties when seated 12 to 18 inches in front the experiment 
apparatus. 

Although only the foremen sample was initially planned, two additional samples 

were taken in the final study phase. The initial sample included thirty-five foremen who 

were selected from eight different sitework construction companies. A total of twelve 

companies were contacted but eight actually participated in the final study. These eight 

companies were not the same ones that participated in the pilot study phase. The second 

sample included thirty-seven subjects whose professions were closely related to civil 



37 

 

engineering/sitework construction. This sample included twelve project managers, five 

superintendents, four project engineers, one construction inspector, one construction 

estimator, eight civil engineers, four CAD technicians employed by civil engineering 

firms, and two construction management consultants. Subjects in this sample were 

employed by seventeen different firms, with six subjects employed by the state 

transportation department and thirty-one by private companies. Additionally, these 

subjects were located in the U.S. except for one who was in the U.K. The subject from 

the U.K. was a research consultant in the field of mobile computing technologies for the 

construction industry. The third sample included twenty-six graduate students and two 

undergraduate students in the School of Building Construction at the University of 

Florida. These students were selected because they would likely be in various 

construction supervision/management positions when they graduate from the university. 

Their views about the research questions were of interest as well. 

Methods 

Two methods were employed in this study to collect data to answer the above 

stated research questions. The first method was essentially a computer visual search game 

that each subject was required to play. The computer game contained the code to track 

various user interface events (screen targets pressed, mouse cursor locations, time stamps 

for various events, etc.) that provided the quantitative data to answer the first two 

research questions (user task completion time and error rate). Such information was 

recorded in a simple text format data file that was then imported to a spreadsheet 

application for data formatting and initial processing.  

For the more qualitative questions (Research questions 3 through 8), a survey 

questionnaire was used to obtain the subjects’ views/answers to these questions. The 
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survey questionnaire also included the section for the subjects’ demographic information, 

their knowledge and experience in mobile computing devices equipped with touch 

sensitive screens, their subjective evaluations on the experimental apparatus, and other 

research questions.  

For research question #5, a sample icon-based application operating on the Palm 

OS for documenting equipment usage was demonstrated to the subjects. The sample 

equipment usage tracking application was designed to work with the stylus and the touch 

sensitive screen and required no typing or handwriting to input the key information. A 

user would only need to use the stylus to select different icons to navigate between the 

screens and to input the equipment usage information (equipment number, operating 

hours, idle time, downtime (if any), and the quantities of the work completed). The more 

detailed discussion on the sample icon-based equipment usage tracking application can 

be found in the later part of the chapter.  After the icon application demonstration, the 

subjects were then asked to describe their views about the icon-based mobile field 

documentation application. Data collected through the computer experiment and survey 

questionnaires were imported into a statistics program for analysis.  

Visual Searching Task Experiment 

The visual searching task experiment was designed to collect the data for a user’s 

task time and error rate response variables under the two different factor levels (icons or 

pre-defined text lists). The visual searching task required a subject to identify and select 

either an icon screen object or a pre-defined text screen object from a group of screen 

objects to match the instruction given at the top of the screen. The instruction was given 

in a different format from the screen objects, i.e., textual instruction for icon interface and 

iconic instruction for textual interface. Each visual search task basically consisted of 
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three steps: reading the instruction, and locating an icon or pre-defined text list that 

matched the instructions, and selecting the correct screen target. The computer game 

tracked the time used for reading the instruction and the time for locating and selecting 

the screen objects for each search task. 

Apparatus/Materials 

The apparatus used in the visual searching task experiment was a custom developed 

icon/text matching computer game. The computer game was tested in a pilot study phase 

and underwent several iterations and refinements to incorporate the findings learned 

during the pilot study phase. The computer game recorded users’ mouse movements and 

actions on the screen during each visual search game session. The recorded information 

provided data on the time and user errors variables for each visual searching task. The 

visual search game included three icon-training sessions, one text→icon visual search 

session, and one icon→text visual search session. Each subject was required to complete 

three icon-training sessions before the text→icon visual search session or the icon→text 

visual search session could begin. The order of the text→icon visual search session and 

the icon→text visual search session in each game was randomly determined by the code 

in the computer game. Three training sessions were given to each subject as the pilot 

study (see Chapter 4) showed this to be needed for a test subject to adequately learn the 

icons. In the event that a subject’s overall time for any icon training session was longer 

than 91 seconds (a threshold level determined in the pilot study that 90% of tested 

subjects were able to complete 3 sessions), a dialog box would pop up on the screen to 

alert the test subject that the session time was longer than the baseline and they needed to 

endeavor to do better in the next training session.  In addition, an elapsed time meter was 
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also displayed at the corner of the computer screen to remind the test subject of the time 

and to motivate them to complete the game quickly.  

Icon training session 

Figure 3-2 shows the screenshot of a typical icon training session. Fifteen icons 

were displayed in 3 rows and 5 columns. The locations of the icons were randomly 

determined by the code in the computer program. In a typical icon training session, a 

textual instruction for the target screen object was displayed near the top of the screen. 

When the screen was completely displayed, the clock would start counting the elapsed 

time. The test subjects were required to read the textual instruction and then try to find 

the correct icon matching the textual description, e.g., “Excavator Laying Pipe” as shown 

in Figure 3-2. When a correct icon was selected, that particular icon would be removed 

from the screen and then the next visual search task would begin. If an incorrect icon 

were selected, a dialog box would pop up on the screen to prompt the test subject to retry. 

A total of 4 retries were allowed before that visual search task was called unsuccessful. 

Each test subject was required to complete three icon training sessions before being 

allowed to move on the subsequent text→icon or icon→text visual search test sessions.   
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Figure 3-2. Sample Screen Shot of the Icon Training Session 

Icon visual search test 

After completing three icon-training sessions, each test subject was considered to 

have acquired the knowledge on the corresponding matching relationships between the 

icons and the text descriptions. The test subjects were then given either the icon visual 

search test or the text visual search test based on the random number generated by the 

computer (icon visual search test first if the random number was an odd number and visa 

versa). Figure 3-3 shows a typical icon visual search test interface. The icon visual search 

test screen is essentially identical to the icon-training interface except that after each 

successful match the full screen would be re-generated with all the icons at completely 

different locations from the previous visual search task. Figure 3-4 shows a typical text 

visual search interface. The text visual search interface utilized the same principle as the 
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icon visual search interface (screen re-generated after each visual search task). In the text 

visual search interface, the target instruction was given in icon format with screen objects 

consisting of a pre-determined text description list. Fourteen text objects were used in the 

text visual search game and they were organized in 7 rows and 2 columns. 

 

Figure 3-3. Sample Screenshot of the Icon Visual Search Session 
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Figure 3-4. Screenshot of the Text Visual Search Session 

Test platform 

The computer game was designed to run on any computer with Windows 2000 or 

other later Micorsoft Windows operating systems and supporting at least 800-pixel by 

600-pixel screen resolution. The computer game was designed with the capability to 

capture the system time stamps accurate to one millisecond (1/1000 second). Data 

obtained in the pilot study phase (see Chapter 4) showed the differences in the results 

from tests conducted on various computer platforms were not significant at a confidence 

coefficient of 95% (α = 0.5). The computers used in this study were a Fujitsu Stylistic 

3400 pen tablet PC and an IBM 600E Laptop computer.  
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Icons and Pre-defined Text Lists 

Icons used in the computer game were designed to depict various construction 

activities/operations. Thirty-five icons were initially designed with the guidance from a 

university professor in the construction management research field. After the preliminary 

icon recognition testing and pilot study, fifteen icons with the highest recognition success 

rates were selected and used in the computer game for this study. These icons and their 

corresponding text descriptions are listed in Table 3-1.  

Table 3-1. Icons and Pre-defined Text Lists Used in the Visual Search Tests 
#  Icon   Pre-defined Text List   
 

1    3-wheel Steel Roller Compacting 
 

2    Traffic Roller Compacting Asphalt 
 

3    Asphalt Paving Operation 
 

4    Dozer Grading Dirt 
 

5    Mobilizing Equipment 
 

6    Excavator Backfilling trench 
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Table 3-1. Continued 
#  Icon   Pre-defined Text List   
 

7    Excavator Excavating Trench  
 

8    Excavator Installing Structure  
 

9    Excavator Laying Pipe 
 

10    Excavator Loading Truck 
 

11    Pouring Concrete 
 

12    Loader Moving Dirt 
 

13    Loader Moving Pipe 
 

14    Material Delivery 
 

15    Motor Grader Fine Grading 
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Data collection method 

The tools used to evaluate system usability in the computer industry have changed 

greatly over the last two decades. When the field of usability was first formed, simple 

prototyping tools such as HyperCard were often used to create the scenario task user 

interfaces. Primitive data collection methods such as paper and pencil were often used to 

log user event information and the test administrator’s observations. As the usability 

discipline have gained more importance in the computer industry, the usability study 

tools also have become more sophisticated to explore deeper usability issues in computer 

hardware and software products. The usability divisions in most major information 

technology companies have dedicated usability testing labs that are well equipped to 

allow the evaluators to observe and analyze the potential users’ task behaviors in a 

controlled environment. The study platforms in simulated manner or actual product form 

are often assisted with special computer programs that can capture the user interface 

events (e.g., time spent on each task, time paused, time that a subject stayed on a 

particular user interface object) and store this information in an event log file that can be 

retrieved later and analyzed in detail. One example of such sophisticated usability study 

tools used in recent years is the eye-tracking system (e.g., Salvucci 1999, Byrne et al. 

1999, Hornof and Halverson 2003) that can record the participant’s eye movement 

information during a task scenario. Eye-tracking can identify the patterns of visual 

activities that subjects exhibit while interacting with computer graphical user interfaces. 

Such tools are highly desirable in most usability studies. However the complexity and 

costs associated with procuring, setting up, calibrating, and operating them often makes it 

prohibitive to use the eye-tracking system on small-scaled and incidental research 

projects. 
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Nonetheless, the main feature of these laboratory usability tools is no more than 

tracking and collecting the user interface event data such as menu selections, keystrokes, 

cursor location and movement, etc. The same concept is used in the data collection 

method designed in this study. As discussed before, the visual search game was 

programmed to capture the time stamps and mouse/pen event information and log the 

collected data in a tab delineated text file that could be imported into a Microsoft Excel 

spreadsheet program for initial data formatting and processing. 

Response Variables 

The visual search game captured and recorded the system time stamps at the 

following user interface events: screen displayed/elapsed time meter started, search 

instruction displayed, mouse cursor enters the search object panel, and screen object 

selected. It also recorded information such as the target object names and the name of 

each screen object selected.  

As shown in Figure 3-5, the instruction reading time treading was derived as the 

difference between the time stamp “screen displayed/search instruction displayed” and 

the time stamp “mouse cursor entered the search object panel.” Similarly, the time used 

to search for the target object was obtained by subtracting the time stamp “mouse cursor 

entered the search object panel” from the time stamp “the “Nth screen object selected” for 

that particular search task. The number of search errors was counted as N-1, namely the 

number of attempts before the correct target was selected at the Nth try. The session time 

was also obtained by finding the difference between the time stamp “elapsed time meter 

started” and the time stamp of the last selected object in the session.  
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Figure 3-5. Visual Search Response Variable Definitions 

Visual Search Game Design considerations 

Special considerations were taken in the design of the visual searching experiment 

and are discussed below. 

Instruction format. Verbal instructions were initially contemplated in the pilot 

study phase with the intent of precluding the potential bias that might exist in the user 

interface for the pre-defined text lists in situations where study participants might attempt 

to locate the choice by word matching. However it was evident that this was not a 

concern that needed to be addressed and on the contrary it could possibly introduce the 

“noise” in the result data from other factors, such as instructor accent, 

environment/background distractions, etc. As a result, the verbal instruction mode was 

dropped from the later versions of the visual search game. Instead, the iconic interface 

was designed with textual instruction and the pre-determined text list interface was 

designed with iconic instruction. This modification in instruction format/mode also 

facilitated comparing the time used for reading textual instruction with the time used for 

reading iconic instruction to see whether there was a difference in processing the iconic 

information and textual information by the test subjects.   

Number of Search Errors 
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Target Instruction 
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Enters Search 
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http://en.wikipedia.org/wiki/Optic_fovea
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Randomly-sequenced screen objects layout scheme. In order to reduce any bias 

that might exist when participants tried to locate the screen object (icon or pre-defined 

text list) by remembering its location in the previous task screen, the layout sequences of 

the screen objects in all the experiment graphical user interfaces were randomly re-

assigned for each visual search task.  

Font size. The font and size of the text used in the pre-defined text user interface 

was Arial 14 point which is approximately 0.15 inch in height when shown on the Fujitsu 

Stylistic 3400 screen. The Arial 14 point size of text as in the pilot study was deemed 

adequate for most people when the Fujitsu Stylistic 3400 screen was held approximately 

12 to 18 inches in front of the eyes.  

Colors and contrast.  Previous research by Nasanen and Ojanpaa (2003) showed 

that with increased the levels of contrast or sharpness, the search time, the number of eye 

fixations per search and fixation duration decreased. As colors and contrast are not of 

particular interest in this study, the screen objects (text lists and icons) in this study were 

designed in monochrome (the highest contrast) to eliminate or minimize the potential 

effect of the color and contrast factors on the study results. 

Size of the icons. Prior research (Lindberg and Nasanen 2003) found that the size 

of icons has a strong effect on the speed of icon processing in the human vision system. 

Lindberg and Nasanen’s study showed that icons smaller than a 0.7° view angle resulted 

in significantly longer search times. As the study of the size of icons was not within the 

scope of this study, icons used in this study were designed to have a view angle 

significantly greater than 0.7° as observed by Lindberg and Nasanen.  Icons used in this 

study were designed in 64-pixel by 64-pixel which is approximately 0.67 inch by 0.67 
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inch when shown on the Fujitsu Stylistic 3400 screen. This icon size translates to 3.19° 

and 2.13°, respectively, when the test subjects are seated 12 to 18 inches in front of the 

screen. 

Repeated Measures. In order to maximize the information obtained from each 

study participant, repeated measures were used as the residual effects between the two 

user interfaces is generally believed negligible. Each participant completed 14 visual 

searching tasks (matching icons or text to the specified tasks) in the icons user interface 

and 14 tasks in the pre-defined text lists user interface during the test sessions.   

Sample Icon-Based Mobile Equipment Usage Documentation Application 

To obtain the foremen’s views on icon-based field information documentation 

tools, a sample icon-based construction equipment timesheet application running Palm 

OS was developed for the study. Equipment usage is a piece of information commonly 

tracked by almost all sitework contractors. This information is typically used for prepare 

the billing and also to measure productivities. Often foremen have to write on the pre-

printed paper form to record the equipment use time and the activities that the equipment 

is used for. Figures 3-6 to 3-10 show the major screenshots of the icon based mobile 

application. To document equipment usage time information, a foreman would select the 

equipment timesheet icon in the first screen (Figure 3-6). For example, to document the 

equipment usage on scrapers, the foreman would select the scrapers icon in the second 

screen as shown in Figure 3-7 (shows various types of construction equipment). The third 

screen (Figure 3-8) showed all scrapers that had been mobilized onto the project site. The 

foreman then would select the particular scraper for which the time information was to be 

logged. In the fourth screen (Figure 3-9), the foreman would enter the equipment hour 
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meter reading, equipment operating time, idle time and downtime information by clicking 

the icons and the soft keypad displayed on the touch sensitive screen. In the fifth screen 

(Figure 3-10), the foreman would enter the completed work information by also selecting 

appropriate icons. The application was designed in such a way that the foremen would 

not have to write with stylus or use the hard keypad and combination keys to enter the 

above information.   

   

Figure 3-6. Main Screen of the Sample Icon-based Field Documentation Application 
(shown running on Handspring Treo® 270 Model)  
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Figure 3-7. Equipment Selection Screen  

 

 

Figure 3-8. Scraper Selection Screen 
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Figure 3-9. Scraper Time Information Entry Screen 

 

   

Figure 3-10. Scraper Work Production Input Screen 
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Procedures 

Based on the experience from the pilot study phase, it was found that the total time 

required for each subject to complete the visual search game and fill out the questionnaire 

survey needed to be limited to ten minutes or less. Otherwise, the interest to participate 

by the potential subjects, and their employing firms, tended to be very low. The final 

version was designed to be completed in the ten minutes time frame with six to eight 

minutes allotted for the visual search game and two to three minutes for filling out the 

survey forms. Generally the manager of a company would first be contacted to obtain the 

permission to interview the foremen and also to obtain their assistance in making 

arrangements for the interviews. The actual interviews were usually held in conjunction 

with the companies’ weekly or monthly meeting at the home offices but some were held 

at the jobsite offices.  

Once a potential subject had agreed to participate in the study, a short introduction 

was provided on the visual search game and the survey. For the subjects who had never 

used a computer or mouse before, the test administrator provided additional guidance 

through the first training session to ensure they could efficiently use the mouse and 

understood the game protocols. As stated before, the subject started with either the icon 

visual search test or the text visual search test based on the random number generated by 

the computer code. At the end of the visual search experiment, the subjects were asked to 

complete the questionnaire survey. Subjects either verbally gave their answers to the 

questions that were recorded on the survey form by the experiment administrator or filled 

out the questionnaire by themselves. 
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Research Hypotheses 

From the research questions 1, 2 and 3 discussed earlier in this chapter, the 

following hypotheses were formulated: 

Task Completion Time 

Regarding the task completion time between icon-based user interface and text-

based user interface, the null hypothesis and the alternative hypothesis are stated as 

follows: 

H10: There is no difference in the task completion time for icon-based user 

interface and text-based user interface. 

H1a: There is a difference in the task completion time for icon-based user 

interface and text-based user interface. 

For the purpose of this study, a meaningful difference between the task completion 

time for icon-based user interface and text-based user interface on the per-task level was 

defined as 1,000 milliseconds (or one second). This number is selected because according 

to the theories in the physiology and psychology of eye movements, the vision acuity is 

not distributed uniformly across the visual field (Jacob 1995). Instead, the highest acuity 

is concentrated on the fovea that covers approximately one degree of the field of view. As 

shown in Figure 3-11, fovea is a spot located near the rear center of the human eye that is 

responsible for sharpest central vision. Outside the fovea, the peripheral vision acuity 

ranges from 15 to 50 percent of that of the fovea. The peripheral vision is generally 

inadequate to see an object clearly; therefore, in order to see an object (e.g., a word or an 

icon) clearly, one must move the eyeball to make that object appear directly on the fovea. 

During a typical visual search process, when the target appears in the peripheral vision, 

the eyes make sudden movements (called saccades, typically 30-120 milliseconds) to 
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make the target appear in the fovea vision range and then a fixation (a period of relative 

stability during which an object can be viewed) follows. Fixations typically last between 

200 and 600 milliseconds. There is also a 100-300 milliseconds delay before the saccade 

occurs. It is estimated that a complete fixation process could take 330-1,020 milliseconds. 

Therefore, 1,000 milliseconds (translated to one to three fixation periods) could be used 

as a suitable meaningful difference.  A significance level of 0.05 (α = 0.05) was chosen 

for this hypothesis.   

 

Figure 3-11. Schematic Diagram of the Human Eye, With the Fovea at the Bottom 
Courtesy from Wikipedia, http://en.wikipedia.org/wiki/Optic_fovea, February 
7, 2006  

http://en.wikipedia.org/wiki/Optic_fovea
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Task Errors 

Regarding the number of identification errors between icon-based user interface 

and text-based user interface, the null hypothesis and the alternative hypothesis are stated 

as follows: 

H20: There is no difference in number of identification errors for icon-based 

user interface and text-based user interface. 

H2a: There is a difference in the number of identification errors for icon-based 

user interface and text-based user interface. 

The meaningful difference in identification errors is defined as 1 (one error).  As 

factors such as screen brightness, screen object sizes, color, contrast, and newness to the 

icons are muted to the extent that their effects on the resultant data are minimal, the 

number of identification errors are expected to decrease significantly. In the pilot study, 

the maximum number of identification errors in all icon visual search tests and text visual 

search tests was two. A significance level of 0.05 (α = 0.05, for Type I error) was chosen 

for this hypothesis. 

User Satisfaction 

Research question #3 concerns the satisfaction rating of the icon-based interface as 

compared to the text-based interface. The response to this question would generally be an 

ordinal variable. However, if the rankings of the satisfaction rating scale can be evenly 

placed on a –1 to +1 scale, the response variable then could be treated as a numeric 

variable and therefore more information would be available from the resultant data. With 

this treatment, the rating “Not at all” was assigned a value of –1.0, “Did not like it” –

0.67, “Slightly disliked it” –0.33, “No opinion” 0, “Liked it a little” +0.33, “Liked it” 
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+0.67, and “Liked it very much” +1.0. The null hypothesis and the alternative hypothesis 

were formulated as follows: 

H30: There is no difference in construction foremen’s satisfaction rating for 

icon-based user interface and text-based user interface.  

H3a: There is a difference in construction foremen’s satisfaction rating for icon-

based user interface and text-based user interface.  

The meaningful difference in foremen’s satisfaction rating was defined as 0.165 

(1/2 step on the satisfaction rating scale). A significance level of 95% was also chosen for 

this hypothesis (α = 0.05). 

Survey Questionnaire Design 

Research questions 4 through 9 as stated earlier in the chapter were to be answered 

from the information collected through the survey questionnaire. The questionnaire used 

in this study was designed to facilitate an organized and consistent method of gathering 

data during personal interviews. Questions pertinent to the research were developed and 

then refined in the pilot study. For many questions, a Likert scale or semantic differential 

scale was deemed appropriate and scaled answers were developed. Several variations of 

the Likert scale were used and are listed as following: 

• Agreement Scale: 

•  

•          

• Importance Scale 

•  

•  

 

1 
 

strongly 
disagree 

2 
 

disagree 

3 
 

slightly 
disagree

4 
 

no 
opinion

5 
 

slightly 
agree 

6 
 

agree 

7 
 

strongly 
agree

1 
 

not important 
 at all 

2 
 

of little 
importance 

3 
 

Fairly 
important

4 
 

important 

5 
 

very 
important 
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• Efficiency Scale 

•  

•  

• Satisfaction Scale 

 

 

There were also open-ended questions in the survey questionnaire because the 

possible answers to some of the questions could not be anticipated. The answers to the 

open-ended questions were sorted and grouped in the results analysis phase.  

Foremen Demographics 

The first section of the questionnaire gathered demographic information about the 

individual participant and the participant’s employer. This included the company name, 

years in business, the foreman’s specific trade, the duration of the foreman’s construction 

experience, the foreman’s average crew size, the foreman’s education level, and the 

foreman’s age. 

Foremen’s Experience with Touch Sensitive Screen Devices and Mobile Computing 
Devices 

The survey questionnaire was also intended to obtain general information of the 

construction foremen’s experience and use of touch sensitive screen devices and mobile 

computing devices. Many of today’s touch sensitive systems in use already have 

incorporated icons to some extent. A foremen’s experience on such systems might have 

an effect on the foreman’s answer on the preference between text based interface and 

icon based interface.  

• Which of the following touch-sensitive screen devices have you used? (check all 
that apply) 

1 
 

very 
inefficient 

2 
 

inefficient 

3 
 

slightly 
inefficient

4 
 

no 
opinion

5 
 

slightly 
efficient 

6 
 

efficient 

7 
 

very 
efficient

1 
 

not at all 

2 
 

did not like  

3 
 

slightly 
disliked it

4 
 

no 
opinion

5 
 

liked it a 
little 

6 
 

like it 

7 
 

liked it 
very much
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a. ATM Machines  

b. Information Kiosks  

c. Store checkout services 

d. Other, please specify       

• Have you ever used a mobile computing device (for example, Palm Pilot or pocket 
PC’s)? (Yes/No) 

• Do you use a mobile computing device for work or for your own personal 
business? (Yes/No) 

• If “Yes,” what do you mainly use it for? 

a. Work   b. Personal Business  c. Both 

• If “Yes,” how much time do you use it for on a weekly basis?  

    minutes 

• How efficient do you think it is to enter the field information on computers using 
the stylus writing method? [Efficiency Scale] 

• How important do you think it is to be able to enter the field information on 
computers in a quick and efficient manner? [Importance Scale] 

Foremen’s View on Standardization of the Content of Field Documentation 

Foremen were asked whether they thought the information content of their typical 

field documentation could be standardized. If the answer was “Yes,” then they were 

asked to estimate a percentage of the amount that could be standardized.  

• Do you think most information in your field documentation can be standardized on 
the computer so you can pick and choose on the computer screen? [Agreement 
Scale] 

• If the answer is “Yes,” what is the percentage of information that you think can be 
standardized?   % 

Foremen’s Preference Between Icons and Pre-defined Text List 

As one of the important factors in usability, foremen satisfaction ratings with text-

based interface and icon-based interface were assessed. Foremen were asked how much 
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they liked the icon visual search game and the text visual search game using a 7-step 

Likert scale as previously mentioned. This study was more interested in knowing which 

interface had a higher user satisfaction and to what extent the difference varied.  

• How much did you like the icon game? [Satisfaction Scale] 

• How much did you like the text game? [Satisfaction Scale] 

• Please rank the importance of the following three usability factors (“1” being the 
lowest and “10” being the highest): 

a. shorter task completion time    

b. fewer errors     

c. satisfaction     

Foremen’s View about Icon-based Field Information Documentation Tools 

After the visual search game, the subjects were shown how to use the sample icon-

based mobile equipment usage documentation application. The subjects were then asked 

their opinions as to whether they thought the icon-based mobile computing system could 

help them better fulfill their field documentation responsibilities.  

• Do you think the icon-based mobile computer tools like the one shown to you 
would help you do your daily log? [Agreement Scale] 

Please comment on the answer:       

• If you were given an icon-based mobile computer tool just as the one shown to you 
for your field documentation, would you use it? 

a. Yes  

b. No, please explain reason         

As the survey questionnaire was originally designed for foremen, it was used for 

the “other construction professionals” sample and the subjects were asked to fill out the 

survey as best applicable to them. A shortened and modified questionnaire survey form 
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was used for the student sample with most questions the same as the foremen 

questionnaire. 
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CHAPTER 4  
PILOT STUDY 

This chapter documents the preliminary studies conducted during the process of 

designing the visual search game. The chapter is organized into the following sections: 

icon design and recognition quality testing, sample size preliminary estimation for 

hypothesis testing, visual search game initial testing, test platform effect study, and icon 

learning curve analysis.  

Icon Design and Recognition Quality Testing 

Icons included in this study were designed in the Axialis® AX-Icons 4.5 program. 

A total of 35 (see Table 4-1) 64-pixel by 64-pixel icons were developed to represent 

various sitework construction activities and operations. These icons were first evaluated 

by a university professor in the construction management research field and went through 

several iterations before a recognition quality testing by other construction related 

professionals was conducted. In the icon recognition quality-testing phase, a total of 18 

persons whose professions were directly related to sitework construction participated in 

the evaluation: 

• 6 construction foremen 

• 3 equipment operators  

• 2 superintendents for a sitework contractor  

• 1 project engineer 

• 2 superintendents for general contractors 

• 3 construction inspectors for a civil engineering firm 
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• 1 construction surveyor 

A printout sheet with the 35 icons was shown to the 18 participants and they were 

asked to identify the construction activity that each icon represented. If a participant’s 

description of the icon matched the design intent then the recognition of that icon was 

deemed successful. All 18 participants completed the recognition quality evaluation and 

the results are shown in the Table 4-1. Recognition success rate for an icon was defined 

as the percentage of evaluators who successfully identified that particular icon at the 

verbal prompt over the total number of evaluators. Table 4-2 shows the number of icons 

successfully recognized by each evaluator.  

Table 4-1. Icon Recognition Quality Testing Results  
Icon 
No. 

Icon Image Icon Description Recognition 
Success Rate 

1 

 

Excavator Excavating Trench 16/18 (or 
88.89%) 

2 

 

Excavator Laying Pipe 17/18 (or 
94.44%) 

3 

 

Excavator Setting a Structure 15/18 (or 
83.33%) 

4 

 

Excavator Loading Truck 17/18 (or 
94.44%) 

5 

 

Pouring Concrete 17/18 (or 
94.44%) 

6 

 

Dozer Clearing Trees 16/18 (or 
88.89%) 
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Table 4-1. Continued 
Icon 
No. 

Icon Image Icon Description Recognition 
Success Rate 

7 

 

Excavator Clearing Trees 14/18 (or 
77.78%) 

8 

 

Dump Truck Unloading Materials 17/18 (or 
94.44%) 

9 

 

Flat Belly Pan Loading Material 10/18 (or 
55.56%) 

10 

 

Peddle Pan Loading Material 8/18 (or 
44.44%) 

11 

 

Dozer Cutting Trench 7/18 (or 
38.89%) 

12 

 

Dozer Grading Dirt 17/18 (or 
94.44%) 

13 

 

Motor Grader Fine Grading 17/18 (or 
94.44%) 

14 

 

Survey and Layout 15/18 (or 
83.33%) 

15 

 

Maintenance of Traffic 17/18 (or 
94.44%) 

16 

 

Loader Grading Dirt 13/18 (or 
72.22%) 

17 

 

Loader Moving Dirt 16/18 (or 
88.89%) 
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Table 4-1. Continued 
Icon 
No. 

Icon Image Icon Description Recognition 
Success Rate 

18 

 

Loader Moving Pipe 17/18 (or 
94.44%) 

19 

 

Mixer Mixing Subgrade   9/18 (or 
50.00%) 

20 

 

Box Blade Grading Dirt 16/18 (or 
88.89%) 

21 

 

Single-drum Roller Compacting 16/18 (or 
88.89%) 

22 

 

Maintenance of Traffic 17/18 (or 
94.44%) 

23 

 

Self-elevating Scraper Loading Material 15/18 (or 
83.33%) 

24 

 

Double-drum Roller Compacting 
Asphalt 

17/18 (or 
94.44%) 

25 

 

Paving Asphalt 17/18 (or 
94.44%) 

26 

 

Traffic Roller Compacting Asphalt 17/18 (or 
94.44%) 

27 

 

3-Wheel Steel Roller Compacting 17/18 (or 
94.44%) 

28 

 

Small Double Roller Compacting 
Asphalt 

17/18 (or 
94.44%) 
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Table 4-1. Continued 
Icon 
No. 

Icon Image Icon Description Recognition 
Success Rate 

29 

 

Plate Tamp Compacting Dirt 17/18 (or 
94.44%) 

30 

 

Broom Tractor Sweeping 15/18 (or 
83.33%) 

31 

 

Excavator Backfilling Trench 17/18 (or 
94.44%) 

32 

 

Mobilize Equipment 17/18 (or 
94.44%) 

33 

 

Material Delivery 17/18 (or 
94.44%) 

34 

 

Construction Accident 16/18 (or 
88.89%) 

35 

 

Dewatering Operation 15/18 (or 
83.33%) 
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Table 4-2. Icon Recognition Evaluation Results Organized by Evaluator 
Evaluator 
# 

Evaluator Job Function # of Icon Successfully 
Recognized 

1 Construction Inspector 30 
2 Construction Inspector 32 
3 Earthwork Foreman 35 
4 Earthwork Foreman 33 
5 Construction Surveyor 32 
6 Earthwork Foreman 31 
7 Equipment Operator 29 
8 Equipment Operator 30 
9 Earthwork Foreman 34 
10 Construction Inspector/P.E. 29 
11 Equipment Operator 33 
12 General Superintendent 29 
13 Superintendent 33 
14 Project Engineer 30 
15 Project Superintendent (General Contractor) 32 
16 Underground Utilities Foreman 32 
17 Earthwork Foreman 34 
18 Project Superintendent (General Contractor) 31 

 
Based on the icon recognition quality test results, fifteen icons with relatively high 

recognition success rates were selected from the 35 icons and used in the visual search 

game computer program. 

Test Platform Difference Study 

As it was likely that the visual search game would be administered on different 

computer platforms during the final testing phase, it was important to know whether 

different computer platforms could cause differences in the test results. To answer this 

question, a test platform difference study was conducted to investigate the potential 

influence of the platform differences. 

Data 

Two independent samples with 15 subjects per sample were drawn from a local 

civil engineering firm. Each subject completed five (5) icon-training sessions. The 
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subjects completed 15 visual search tasks in each session. None of the subjects had 

previously seen the icons or the visual search game before the test. The first sample test 

was taken on a Fujitsu 3400 Tablet PC. The second sample test was taken on various 

types of computers that the test subjects used daily. The results for the average task time 

and task errors from the icon-training sessions are shown in Table A-1 in Appendix A. 

The individual task time was defined as the time used by a subject to read the textual 

instruction and subsequently find the corresponding icon. The average task time for each 

session was defined as the average of the individual task times in that session. To reduce 

the bound of error in the results, the two highest and two lowest task times were excluded 

and only the remaining eleven (11) observations were used to compute the average time 

for each session. For example, Table 4-3 illustrates how Subject 1’s average task time in 

Session 3 was calculated. Two lowest individual task time observations 500 ms and 1,407 

ms and two highest observations 13,172 ms and 10,859 ms were considered as the 

outliers and were not included in the computation of the average search task time for 

Session 3. The average task time for Session 3 was computed with the remaining eleven 

individual task time observations. Based on this method, the average task time by Subject 

1 in Session 3 was computed to be 3,966 milliseconds. The reason for excluding the 

outliers was mainly to reduce the bound of error due to either excessively long or short 

incidental task times. The excessively long task times usually occurred where the visual 

search process was halted on one particular icon with which the subject had great 

difficulty. The excessively short task times typically occurred when the mouse cursor was 

right on the target icon when the next task started. The shortest task time also frequently 

occurred with the last visual search task where only one icon remained on the screen.  
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Table 4-3. Example of Excluding Outliers in the Computation of the Average Task Time 
Search Task # Task Time (in Milliseconds) 
1 6,937 
2 10,859 
3 3,156 
4 2,156 
5 13,172 
6 3,031 
7 4,953 
8 6,172 
9 3,625 
10 5,562 
11 1,407 
12 3,281 
13 1,578 
14 3,172 
15 500 
 

Figure 4-1 shows the mean task time and search errors in each of the five icon 

training sessions for the Fujitsu sample and Non-Fujitsu sample. As it is evident in Figure 

4-1, the mean task time decreased as the training sessions progressed and the task errors 

also reduced in a similar fashion on both of the Fujitsu and Non-Fujitsu platforms. 

Pearson correlation coefficients between the mean task time and task errors on both of the 

Fujitsu platform and Non-Fujitsu platform, as shown in Tables 4-4 and 4-5, indicate that 

the correlation is significant at 0.01 level on both platforms. In other words, task time and 

task errors were highly correlated. Longer task time was generally correlated to more task 

errors while shorter task time correlated to fewer errors.   
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Figure 4-1. Mean Task Time and Search Errors Observed in the Platform Difference 
Study 

Table 4-4. Correlation Between the Mean Task Time and Task Errors on the Fujitsu 
Platform 

 
Fujitsu Task 
Time 

Non-Fujitsu 
Task Errors 

Pearson Correlation 1 0.999 
Sig. (2-tailed)   0.01 

Fujitsu Task Time 

N 5 5 
Pearson Correlation 0.999 1 
Sig. (2-tailed) 0.01   

Fujitsu Task Errors 

N 5 5 
 
Table 4-5. Correlation Between the Mean Task Time and Task Errors on the Non-Fujitsu 

Platform 

 
Non-Fujitsu 
Task Time 

Non-Fujitsu 
Task Errors 

Pearson Correlation 1 0.998 
Sig. (2-tailed)   0.01 

Non-Fujitsu Task Time 

N 5 5 
Pearson Correlation 0.998 1 
Sig. (2-tailed) 0.01   

Non-Fujitsu Task Errors 

N 5 5 
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Hypotheses Testing 

In determining the potential differences in study results that might be caused by 

different computer platforms, the hypotheses about the differences between the means of 

the two populations and the hypotheses about the variances of the two populations were 

tested. 

Hypotheses testing about variances of the populations on Fujitsu and Non-Fujitsu 
platforms 

It was important to compare the variability in the results data from the Fujitsu and 

Non-Fujitsu platforms. This was because for the small sized samples (N<30) the 

assumption of equal variance would be required to calculate the pooled sample variance 

to test the hypotheses about the means from these two different populations. 

With a confidence level of 95% (α = 0.05), the following Hypotheses were stated: 

 Hypothesis Conclusion 

H0: σ2
T1Fujitsu = σ2

T1Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the average task times in Session 1 between the 
Fujitsu platform and Non-Fujitsu platform. Test 
platform is unlikely a factor that causes different 
variability in test results. It is appropriate to 
calculate pooled sample variance from sT1Fujitsu and  
sT1Non-Fujitsu. 

T1 

H1: σ2
T1Fujitsu ≠ σ2

T1Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the average 
task times in Session 1 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is likely a factor that causes different variability in 
test results. It is not appropriate to calculate 
pooled sample variance from sT1Fujitsu and sT1Non-

Fujitsu. 

T2 H0: σ2
T2Fujitsu = σ2

T2Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the average task times in Session 2 between the 
Fujitsu platform and Non-Fujitsu platform. Test 
platform is unlikely a factor that causes different 
variability in test results. It is appropriate to 
calculate pooled sample variance from sT2Fujitsu and 
sT2Non-Fujitsu. 
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H1: σ2
T2Fujitsu ≠ σ2

T2Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the average 
task times in Session 2 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is likely a factor that causes different variability in 
test results. It is not appropriate to calculate 
pooled sample variance from sT2Fujitsu and sT2Non-

Fujitsu. 

H0: σ2
T3Fujitsu = σ2

T3Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the average task times in Session 3 between the 
Fujitsu platform and Non-Fujitsu platform. Test 
platform is unlikely a factor that causes different 
variability in test results. It is appropriate to 
calculate pooled sample variance from sT3Fujitsu and 
sT3Non-Fujitsu. 

T3 

H1: σ2
T3Fujitsu ≠ σ2

T3Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the average 
task times in Session 3 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is likely a factor that causes different variability in 
test results. It is not appropriate to calculate 
pooled sample variance from sT3Fujitsu and sT3Non-

Fujitsu. 

H0: σ2
T4Fujitsu = σ2

T4Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the average task times in Session 4 between the 
Fujitsu platform and Non-Fujitsu platform. Test 
platform is unlikely a factor that causes different 
variability in test results. It is appropriate to 
calculate pooled sample variance from sT4Fujitsu and 
sT4Non-Fujitsu. 

T4 

H1: σ2
T4Fujitsu ≠ σ2

T4Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the average 
task times in Session 4 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is likely a factor that causes different variability in 
test results. It is not appropriate to calculate 
pooled sample variance from sT4Fujitsu and sT4Non-

Fujitsu. 

T5 H0: σ2
T5Fujitsu = σ2

T5Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the average task times in Session 5 between the 
Fujitsu platform and Non-Fujitsu platform. Test 
platform is unlikely a factor that causes different 
variability in test results. It is appropriate to 
calculate pooled sample variance from sT5Fujitsu and 
sT5Non-Fujitsu. 



74 

 

H1: σ2
T5Fujitsu ≠ σ2

T5Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the average 
task times in Session 5 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is likely a factor that causes different variability in 
test results. It is not appropriate to calculate 
pooled sample variance from sT5Fujitsu and sT5Non-

Fujitsu. 

H0: σ2
E1Fujitsu = σ2

E1Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the task errors in Session 1 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is unlikely a factor that causes different variability 
in test results. It is appropriate to calculate pooled 
sample variance from sE1Fujitsu and sE1Non-Fujitsu. 

E1 

H1: σ2
E1Fujitsu ≠ σ2

E1Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the task 
errors in Session 1 between the Fujitsu platform 
and Non-Fujitsu platform. Test platform is likely 
a factor that causes different variability in test 
results. It is not appropriate to calculate pooled 
sample variance from sE1Fujitsu and sE1Non-Fujitsu. 

H0: σ2
E2Fujitsu = σ2

E2Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the task errors in Session 2 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is unlikely a factor that causes different variability 
in test results. It is appropriate to calculate pooled 
sample variance from sE2Fujitsu and sE2Non-Fujitsu. 

E2 

H1: σ2
E2Fujitsu ≠ σ2

E2Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the task 
errors in Session 2 between the Fujitsu platform 
and Non-Fujitsu platform. Test platform is likely 
a factor that causes different variability in test 
results. It is not appropriate to calculate pooled 
sample variance from sE2Fujitsu and sE2Non-Fujitsu. 

E3 H0: σ2
E3Fujitsu = σ2

E3Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the task errors in Session 2 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is unlikely a factor that causes different variability 
in test results. It is appropriate to calculate pooled 
sample variance from sE3Fujitsu and sE3Non-Fujitsu. 
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H1: σ2
E3Fujitsu ≠ σ2

E3Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the task 
errors in Session 3 between the Fujitsu platform 
and Non-Fujitsu platform. Test platform is likely 
a factor that causes different variability in test 
results. It is not appropriate to calculate pooled 
sample variance from sE3Fujitsu and sE3Non-Fujitsu. 

H0: σ2
E4Fujitsu = σ2

E4Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the task errors in Session 4 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is unlikely a factor that causes different variability 
in test results. It is appropriate to calculate pooled 
sample variance from sE4Fujitsu and sE4Non-Fujitsu. 

E4 

H1: σ2
E4Fujitsu ≠ σ2

E4Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the task 
errors in Session 4 between the Fujitsu platform 
and Non-Fujitsu platform. Test platform is likely 
a factor that causes different variability in test 
results. It is not appropriate to calculate pooled 
sample variance from sE4Fujitsu and sE4Non-Fujitsu. 

H0: σ2
E5Fujitsu = σ2

E5Non-Fujitsu 

If H0 is accepted - equal variance likely exists in 
the task errors in Session 5 between the Fujitsu 
platform and Non-Fujitsu platform. Test platform 
is unlikely a factor that causes different variability 
in test results. It is appropriate to calculate pooled 
sample variance from sE5Fujitsu and sE5Non-Fujitsu. 

E5 

H1: σ2
E5Fujitsu ≠ σ2

E5Non-Fujitsu 

If H0 is rejected - there is insufficient evidence to 
support that equal variance exists in the task 
errors in Session 5 between the Fujitsu platform 
and Non-Fujitsu platform. Test platform is likely 
a factor that causes different variability in test 
results. It is not appropriate to calculate pooled 
sample variance from sE5Fujitsu and sE5Non-Fujitsu. 

 

To test the above stated hypotheses, F values (F=S1
2/S2

2, note Population 1 was 

denoted as the population providing the largest sample variance) for each set of 

hypotheses were calculated and listed in Table 4-6. Fα/2 (α/2 = 0.025) value with n1-1 

(15-1=14) degrees of freedom for the numerator and n2-1 (15-1=14) degrees of freedom 

for denominator is also shown in Table 4-6. 
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Table 4-6. Platform Difference Study – Sample Variance F Values 

Sample 
Variable S1

2 S2
2 F=S1

2/S2
2 

F0.025 
(n1-1 = 14,  
n2-1=14) 

T1 47,779,430.471 34,221,720.004 2.119 2.983 
T2 17,371,668.271 19,017,158.084 1.603 2.983 
T3 14,929,980.804 14,415,690.240 1.101 2.983 
T4 13,533,569.440 13,647,113.640 1.364 2.983 
T5 12,102,513.284 11,557,280.160 2.099 2.983 
E1 31.360 27.738 1.795 2.983 
E2 5.444 9.000 1.340 2.983 
E3 3.004 5.138 1.446 2.983 
E4 2.778 3.484 1.655 2.983 
E5 1.960 2.778 1.111 2.983 

 

As shown in Table 4-6, the calculated F values for T1, T2, T3, T4, T5, E1, E2, E3, E4, 

and E5 are all less that than F0.025 values. Therefore, at a confidence level of 95% (α = 

0.05), the H0 hypotheses for T1, T2, T3, T4, T5, E1, E2, E3, E4, and E5 cannot be rejected. 

This led to the conclusion that at a confidence level of 95% (α = 0.05) different computer 

test platforms (Fujitsu or Non-Fujitsu computers) did not introduce the difference in the 

variability in the average task time and task errors for each of the five icon training 

sessions. Therefore, it is assumed with confidence that data to be collected on different 

computer platforms would have the equal variances.   

Hypotheses testing about the difference between the means of the data collected on 
the Fujitsu and Non-Fujitsu platforms 

It is important not only to analyze the variability of the data collected on the Fujitsu 

and Non-Fujitsu platforms but also to compare the means of the data from these two 

independent samples. If different platforms do result in different means, then the data in 

the final study should all be collected on the same platform to avoid the unwanted bias in 

the data that may exist because of the platform difference factor. For this, the following 

hypotheses were stated with a confidence level of 95% (α = 0.05): 
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 Hypothesis Conclusion 

H0: T1Fujitsu - T1Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the average task 
times of the Fujitsu population and Non-Fujitsu 
population for Session 1. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  T1 

H1: T1Fujitsu - T1Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the average task times collected on 
the Fujitsu platform and Non-Fujitsu platform 
for Session 1. Test platform is likely to be a 
factor that causes a difference in test results. 

H0: T2Fujitsu – T2Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the average task 
times of the Fujitsu population and Non-Fujitsu 
population for Session 2. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  T2 

H1: T2Fujitsu – T2Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the average task times collected on 
the Fujitsu platform and Non-Fujitsu platform 
for Session 2. Test platform is likely to be a 
factor that causes a difference in test results. 

H0: T3Fujitsu – T3Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the average task 
times of the Fujitsu population and Non-Fujitsu 
population for Session 3. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  T3 

H1: T3Fujitsu – T3Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the average task times collected on 
the Fujitsu platform and Non-Fujitsu platform 
for Session 3. Test platform is likely to be a 
factor that causes a difference in test results. 

T4 H0: T4Fujitsu – T4Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the average task 
times of the Fujitsu population and Non-Fujitsu 
population for Session 4. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  
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H1: T4Fujitsu – T4Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the average task times collected on 
the Fujitsu platform and Non-Fujitsu platform 
for Session 4. Test platform is likely to be a 
factor that causes a difference in test results. 

H0: T5Fujitsu – T5Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the average task 
times of the Fujitsu population and Non-Fujitsu 
population for Session 5. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  T5 

H1: T5Fujitsu – T5Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the average task times collected on 
the Fujitsu platform and Non-Fujitsu platform 
for Session 5. Test platform is likely to be a 
factor that causes a difference in test results. 

H0: E1Fujitsu - E1Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the task errors 
of the Fujitsu population and Non-Fujitsu 
population for Session 1. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  E1 

H1: E1Fujitsu - E1Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the task errors collected on the 
Fujitsu platform and Non-Fujitsu platform for 
Session 1. Test platform is likely to be a factor 
that causes a difference in test results. 

H0: E2Fujitsu – E2Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the task errors 
of the Fujitsu population and Non-Fujitsu 
population for Session 2. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  E2 

H1: E2Fujitsu – E2Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the task errors collected on the 
Fujitsu platform and Non-Fujitsu platform for 
Session 2. Test platform is likely to be a factor 
that causes a difference in test results. 
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H0: E3Fujitsu – E3Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the task errors 
of the Fujitsu population and Non-Fujitsu 
population for Session 3. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  E3 

H1: E3Fujitsu – E3Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the task errors collected on the 
Fujitsu platform and Non-Fujitsu platform for 
Session 3. Test platform is likely to be a factor 
that causes a difference in test results. 

H0: E4Fujitsu – E4Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the task errors 
of the Fujitsu population and Non-Fujitsu 
population for Session 4. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  E4 

H1: E4Fujitsu – E4Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the task errors collected on the 
Fujitsu platform and Non-Fujitsu platform for 
Session 4. Test platform is likely to be a factor 
that causes a difference in test results. 

H0: E5Fujitsu – E5Non-Fujitsu = 0 

If H0 is accepted – sample evidence is not 
sufficient to support the conclusion that there is a 
difference between the means of the task errors 
of the Fujitsu population and Non-Fujitsu 
population for Session 5. Test platform is 
unlikely to be a factor that causes a difference in 
test results.  E5 

H1: E5Fujitsu – E5Non-Fujitsu ≠ 0 

If H0 is rejected – there is a difference between 
the means of the task errors collected on the 
Fujitsu platform and Non-Fujitsu platform for 
Session 5. Test platform is likely to be a factor 
that causes a difference in test results. 

 
As the sample sizes of the Fujitsu sample and Non-Fujitsu sample were both less 

than 30, the t distribution with 28 degrees of freedom (n1+n2-2 = 15+15-2=28, n1=15, 

n2=15) was used to develop the critical values for the test. The following assumptions 

were made for the test: 1) Fujitsu population and Non-Fujitsu population both have 

normal distributions; 2) population variances in the Fujitsu population and Non-Fujitsu 
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population are equal.  Pooled estimates of the population variances were calculated from 

the variances of the Fujitsu sample and Non-Fujitsu sample. For α = 0.05, tα/2 with 28 

degrees of freedom is 2.048.  Critical values (lower value 0 – 2.048*Spooled, upper value 0 

+ 2.048*Spooled) for the test were also calculated and the resultant data are listed in Table 

4-7.  

Table 4-7. Platform Difference Study – t Test for Equality of Means 
(Sample 1- Fujitsu Platform, Sample 2- Non-Fujitsu Platform) 

Critical Values 
Sample 
Variable 

Sample 
1 
Mean 

Sample 
2 
Mean 

Difference 
of Sample 
Means 

S1 S2 

Pooled 
Sample 
Variance 
(S1

2/n1+ 
S2

2/n2)0.5 
Lower Upper 

T1 6,912.27 5,849.93 1,062.33 3,199.987 2,198.060 1,002.377 -2,052.868 2,052.868 
T2 4,167.93 4,360.87 -192.93 1,084.059 1,372.435 451.572 -924.820 924.820 
T3 3,863.93 3,796.80 67.13 746.550 711.389 266.259 -545.299 545.299 
T4 3,678.80 3,694.20 -15.40 1,050.892 899.898 357.229 -731.606 731.606 
T5 3,478.87 3,399.60 79.27 1,012.110 698.636 317.538 -650.318 650.318 
E1 5.60 5.27 0.33 4.763 3.555 1.535 -3.143 3.143 
E2 2.33 3.00 -0.67 3.063 2.646 1.045 -2.140 2.140 
E3 1.73 2.27 -0.53 1.387 1.668 0.560 -1.147 1.147 
E4 1.67 1.87 -0.20 1.759 2.264 0.740 -1.516 1.516 
E5 1.40 1.67 -0.27 1.056 1.113 0.396 -0.811 0.811 

 
As shown in Table 4-7, the observed sample mean differences for T1, T2, T3, T4, T5, 

E1, E2, E3, E4, and E5 were all located between the lower and upper critical values. 

Therefore, at a confidence level of 95% (significance level α = 0.05), the H0 hypotheses 

for T1, T2, T3, T4, T5, E1, E2, E3, E4, and E5 cannot be rejected.   

Based on the results from the platform difference study, there is not sufficient 

evidence to reject the hypotheses that data collected on the different platforms do not 

differ in terms of the population means and population variance. Therefore, risk of 

introducing bias in the results by administering the visual search game on different 

computers can be considered to be low.   
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Icon Learning Curve Analysis 

Learning Curve Regression 

To obtain a general idea of how learning effects take place in the icon training 

sessions, the data from the platform difference study were further analyzed for the 

learning curve regression. As indicated in the platform difference study, different 

platforms did not appear to generate differences in the means and variances in the two 

independent samples. Hence the data from both samples were merged and the descriptive 

statistics for the merged sample are listed in Table 4-8. 

Table 4-8. Platform Difference Study - Sample Group Statistics 

 N Minimum Maximum Mean Std. 
Deviation 

T1 30 2333 13510 6381.10 2750.947 
T2 30 2443 7430 4264.40 1219.127 
T3 30 2679 5315 3830.37 717.312 
T4 30 2239 6402 3686.50 961.329 
T5 30 2100 6185 3439.23 855.440 

 
It can be seen from Table 4-8 that the minimum observed average task times for 

each session did not vary greatly while the maximum observed average task times 

exhibited great variability with a general trend of decreasing as the session number 

increased. The means of the average task times from Session 1 to Session 5 also exhibit a 

similar decreasing trend. The scatter plot of the mean average task times is shown in 

Figure 4-2 with an estimated logarithmic trend line calculated with the least square 

method superposed.  
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Figure 4-2. Learning Effect of the Mean Average Task Time 

 The concept of the learning curve was introduced to the aircraft industry in 1936 

when T. P. Wright published an article in the February 1936 issue of the Journal of the 

Aeronautical Science. Wright described a basic theory for obtaining cost estimates based 

on the repetitive production of airplane assemblies. Since then, learning curves (also 

known as progress functions) have been applied to many types of work, from simple 

tasks to complex projects as manufacturing a Space Shuttle (NASA website, 2005).  

 There are various models for learning curve analysis. For the Wright learning 

curve, the underlying hypothesis is that the direct effort (time) necessary to complete a 

unit of production will decrease by a constant percentage each time the production 

quantity is doubled. For example, if the rate of improvement is 20% between doubled 

quantities, then the learning percent would be 80%. A learning curve analysis program 

developed by J. Gambatese, entitled Construction Scheduling and Productivity Impacts 

(CSPI) program, predicts the time to perform a particular unit of work (individual units) 

as: 
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TN = Kt*Ns 

 Where: 

 TN = Effort required to complete the Nth unit 

  N = Unit number 

  Kt = Constant (Theoretically K1 = T1)  

  s = Slope parameter or improvement rate (negative value) 

   s = log(phi) /log2 

phi = rate of improvement (generally based on double units, log2 implies 

doubled units). If phi = 0.80, then the second unit is completed with 80% of the 

effort of the first unit. The 4th unit would require 64% of the effort of the first 

unit.   

The CSPI program uses the least squares fit method to calculate s and K. The data 

for the mean of the average task time from the merged sample were entered in the CSPI 

program and the computed results determined s = -0.374 and K = 6020. With s known, 

phi was computed to be 77.18%. Therefore, using the CSPI program, the learning curve 

equation for the average icon match task time is TN = 6020*N-0.374.  

Wright’s learning curve and the CSPI program are both based on the assumption of 

the constant rate of improvement. With this assumption and a sufficiently large N, 

mathematically the formula could result in a TN that may not be realistically attainable. 

For example, with the above derived equation from the CSPI program, given N = 40, T40 

would equal to 1,516.5 ms which is already less than any observed individual task time. 

Given N at 1,000, T1,000 would be 455.4 ms and this number would almost be impossible 

for an average person to attain. It is logical to conjecture that as N increases TN should 
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approach a number that represents the physical limit of the test subject. Therefore the 

assumption of the constant rate of improvement may not be able to fully address the 

factor of the human physical learning limits in the learning curve equations. For this 

reason, the learning curve equation is generally accepted as being applicable when the 

time to produce one unit is high and where the total number of units produced is low. 

Learning curves exhibit a greater gradient at the beginning of the curve and the 

gradient gradually decreases as N increases as illustrated in the learning curve of icon 

training session. If LRN = (TN-1-TN)/TN-1 is denoted as the learning rate in session N, the 

task time TN can be expressed as TN = TN-1(1- LRN). The learning rate is a function of 

session number N, i.e., LRN =ƒ(N). The data in Table A-1 can be transposed into a new 

group of learning rate data as shown in Table 4-9.  

Table 4-9. Learning Rate on the Average Task Time Per Icon for Each Training Session 
(LRN-N-1 denotes the learning rate from Session N-1 to Session N) 

Learning Rate Subject 
No. 

 
Platform LR1-2 LR2-3 LR3-4 LR4-5 

1 Non-Fujitsu 0.3169 0.0794 0.0270 0.2848 
2 Non-Fujitsu -0.0596 -0.0837 0.1642 0.0621 
3 Non-Fujitsu -0.1105 0.3315 0.1398 0.2830 
4 Non-Fujitsu 0.1044 0.1670 0.0037 -0.1339 
5 Non-Fujitsu 0.3186 -0.2005 0.2904 -0.2826 
6 Non-Fujitsu 0.3897 0.3139 -0.0755 0.0564 
7 Non-Fujitsu 0.5291 -0.0028 0.1216 -0.0696 
8 Non-Fujitsu 0.3485 0.1521 -0.1520 0.0512 
9 Non-Fujitsu 0.1800 0.0311 0.0022 0.2812 
10 Non-Fujitsu 0.3738 -0.0295 0.1976 -0.1058 
11 Non-Fujitsu -0.0137 0.2399 -0.1916 0.0862 
12 Non-Fujitsu -0.0402 0.1836 -0.3936 0.1087 
13 Non-Fujitsu 0.4583 -0.0577 0.2879 -0.0982 
14 Non-Fujitsu 0.3520 0.1317 -0.2690 0.1555 
15 Non-Fujitsu 0.0487 0.1794 0.1458 0.1759 
16 Fujitsu 0.2339 0.0012 0.0235 0.0383 
17 Fujitsu 0.2216 0.1077 0.0034 0.1441 
18 Fujitsu 0.3532 -0.1058 0.3632 0.0050 
19 Fujitsu 0.3257 0.1128 0.1275 -0.1706 
20 Fujitsu 0.0766 -0.0039 0.1591 0.0729 
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Table 4-9. Continued 
Learning Rate Subject No.  

Platform LR1-2 LR2-3 LR3-4 LR4-5 
21 Fujitsu 0.5867 0.0512 0.1363 -0.3809 
22 Fujitsu 0.5284 0.1030 -0.3969 0.2626 
23 Fujitsu 0.4341 0.1987 0.2256 -0.0050 
24 Fujitsu 0.1242 0.1016 0.0819 -0.2624 
25 Fujitsu 0.4624 -0.0209 -0.0991 0.0683 
26 Fujitsu 0.4407 0.1165 -0.0030 0.1782 
27 Fujitsu 0.2753 -0.1993 0.2208 -0.0105 
28 Fujitsu 0.4562 0.1306 -0.0350 0.1755 
29 Fujitsu 0.4840 0.2376 0.1065 0.1798 
30 Fujitsu 0.1596 -0.0105 -0.1890 0.2731 

 
The above learning rate data were entered in the SPSS (Version 13.0) program and 

the group statistics were computed and summarized in Table 4-10. 

Table 4-10. Group Statistics of Learning Rates 
 N Minimum Maximum Mean Std. Deviation
LR1-2 30 -0.1105 0.5867 0.278620 0.1932216 
LR2-3 30 -0.2005 0.3315 0.075197 0.1332881 
LR3-4 30 -0.3969 0.3632 0.034110 0.1913727 
LR4-5 30 -0.3809 0.2848 0.047443 0.1755864 

 
It can be seen from Table 4-10 that the minimum, maximum and mean of the 

learning rates over the sessions still exhibit the general decreasing trend while the 

negative value of the minimum learning rate suggests the increasing difficulties of 

making improvements over the previous sessions. The scatter plot of the mean learning 

rates over each session is shown in Figure 4-3 with an estimated logarithmic trend line 

calculated with the least square method superposed.  
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Figure 4-3. Mean Learning Rate Scatter Plot  

It can be seen in the Figure 4-3 that when the session number exceeds 4 the 

logarithmic learning rate trend line could cross the X-axis and the learning rate could be 

negative. In other words, as session numbers increase, it may be possible for the learning 

rate to approach zero and transition to the reverse direction (the Nth session requires more 

time to complete than in the N-1th session). Therefore, it can be inferred that the 

additional improvement may not be remarkable when the number of training sessions 

exceeds 4.  

Long Term Effect of Icon Training 

  To obtain a general glimpse on the long-term effect of the leaning curve in the 

icon training process, three (3) subjects were solicited and each completed twenty (20) 

icon-training game sessions (total 300 icon visual search tasks). Among the three 

subjects, one was a superintendent for a regional homebuilder, one was a professional 

engineer working for the state transportation department, and the third one was a foreman 
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for a local framing contractor. These three subjects were not part of the sample for the 

platform difference study. 

Table A-3 in Appendix A shows the session errors, average task time, average 

instruction reading time, and average search time per each session that Subject 1 

(homebuilder’s superintendent) achieved in 20 icon training game sessions. Each icon 

training game session included 15 icon visual search tasks so each subject completed 300 

icon visual search tasks. Of the 15 groups of time observations for each icon training 

session, the 2 shortest and the 2 longest observations were excluded from the final 

calculation and the averages were computed using the remaining (11 sets) data.  

Figure 4-4 shows the scatter plot of Subject 1’s average task time, average 

instruction reading time, and average search time. Figure 4-5 shows the scatter plot of 

Subject 1’s task errors.  
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Figure 4-4. Average instruction reading time, search time, and task time (Subject 1) 
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Figure 4-5. Task Errors (Subject 1) 

Similarly, the data for the icon training games for Subject 2 and Subject 3 are 

shown in Table A-4 and Table A-5. Scatter plots of these data are shown in Figures 4-6, 

4-7, 4-8, and 4-9. 
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Figure 4-6. Average instruction reading time, search time, and task time (Subject 2) 
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 Figure 4-7. Task Errors (Subject 2) 
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Figure 4-8. Average instruction reading time, search time, and task time (Subject 3) 
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Figure 4-9. Task Errors (Subject 3) 

From Figures 4-4, 4-6, and 4-8, it can be seen that the average task time and the 

average search time have a general decreasing trend over the 20 sessions but they also 

have localized cycles that vary from 3 to 7 sessions. Within each of these cycles, the 

average task time or the average search time would first decrease and then gradually 

transition to increase at the end of the cycle and then decrease again when the next cycle 

starts. Although three groups of data are not adequate to provide a true representation of 

the long-term effect of the icon training process, it is possible that a concentrated 

repetitive training program may not produce a consistent rate of improvement. This may 

be due to the decaying factor of fatigue/loss of interest over the time. Therefore, the 

learning rate function previously discussed LRN =ƒ(N) could be further refined to include 

the decaying factor kD (constant) as LRN =ƒ(N, kD). Since the regression of the learning 

rate function is not the focus of this study, it will not be discussed in depth here. 

It can also be seen from the aforementioned scatter plots that the repetitive training 

over the 20 sessions provided little or no improvement on the instruction reading time. 
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This might be explained by the fact the recognition/comprehension of the textual 

information is an acquired knowledge/skill for each of the test subjects and this 

knowledge/skill has undergone many learning sessions over years and has reached the 

learning curve limit. 

The number of errors per session for each of the three test subjects was not 

significant and did not appear to exhibit any patterns. This may be explained by the fact 

that all three subjects have considerable construction experience and were familiar with 

the construction operations/activities represented by the icons.  

Number of Training Sessions Required for the Final Study 

One of the important questions in the pilot study phase was to determine roughly 

how many training sessions would be required for a subject to adequately master the 

icon-text description corresponding relationships. This information was needed to ensure 

the total time allotted for each study subject was realistically attainable. The learning rate 

data derived in Table 4-10 were used for this analysis. The basic principle used to 

determine the required number of training sessions was to select the number for which 

the gains in the learning rate slowed down and stabilized. More specifically, the criterion 

was set for when the learning rate dropped less than 10%. As shown in Table 4-10, the 

learning rates in Session 2, 3, 4, and 5 were 0.2786, 0.0752, 0.0341 and 0.0474. The most 

learning gains took place in Session 2 and the learning rate dropped below 10% as soon 

as the training sessions reached the third round. Therefore, three rounds of training 

sessions would very likely be adequate for an average subject to master the icons. 

Establishing Training Session Time Baseline  

Another objective of the pilot study was to obtain a general idea of the upper 

threshold limit of the session time that 90% of population would be able to achieve 
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within three (3) training sessions. The session time data from the platform study samples 

were used for this purpose and are shown in Table A-6 in Appendix A. 

As previously discussed, the platform difference did not appear to have caused any 

difference in the means and variances of the data collected on the Fujitsu and Non-Fujitsu 

platforms. Therefore, the session time data collected on both platforms are joined and the 

resulting descriptive statistics of the data are shown the Table 4-11.  

Table 4-11. Session Time Data Statistics 
 N Minimum Maximum Mean Std. Deviation
ST1 30 47,615 246,765 123,572.23 44,766.980 
ST2 30 40,244 221,020 83,512.17 33,879.883 
ST3 30 35,340 100,757 65,806.63 15,519.586 
ST4 30 32,029 113,553 62,626.97 17,618.954 
ST5 30 32,451 94,376 60,107.37 15,349.895 
Valid N (list 
wise) 30     

 
Based on the assumption that the session time data from the above sample (N=30) 

conforms to a normal distribution, the upper threshold limit with a 90% confidence 

coefficient for the session time in Session 3 would be: 65,807+1.645×(15,520) = 91,337 

ms. Twenty-nine of 30 (96.7%) sampled subjects completed Session 3 in less than 91,337 

ms. This upper threshold limit was used as a baseline in the icon visual search game to 

prompt a faster visual search when a subject’s session time was lower than this value. 

However, it should be noted that this value was not the absolute criterion to determine 

whether a subject had adequately mastered the icons because some individuals are by 

nature “slow-performers” and yet have great accuracy in their visual search tasks.  

Lessons Learned During the Pilot Study 

Two main issues were identified during the pilot study and the solutions to these 

issues were incorporated into the final study design. 



93 

 

Experimental environment 

Although the experimental apparatus (Fujitsu Stylistic 3400 pen tablet PC) used in 

this study was equipped with an indoor/outdoor viewable screen, it was still difficult to 

see in the outdoor environment under some circumstances. Coupled with other distractive 

elements (noise from equipment, workers, and interruption from radio contact) on 

construction sites, the test results can be very unreliable. Data obtained in the pilot study 

were all conducted indoors with one exception. Study participants need to give their 

undivided attention during the test. The test would be best administered in an indoor 

environment where screen readability and noises/distractions posed a minimal effect in 

the study results. 

Verbal instructions 

 During the pilot study, it was also observed that if word-for-word verbal 

instructions were given, the time for a subject to find the correct target on the text 

interface tended to be significantly less because subjects tended to search for the target by 

the exact word-matching strategy instead of trying to process the instruction first and then 

finding the object that matched the exact meaning. In addition, other factors associated 

with the mode of verbal instructions (e.g., test administer accent, tone of voice, etc.) 

could be problematic. Therefore, verbal instructions were eliminated in the final study. 
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CHAPTER 5 
RESULTS AND DISCUSSIONS 

This chapter presents the results of the study and discusses the statistic analysis of 

the findings. The research hypotheses stated in Chapter 3 are also tested here.  

Sample Demographics 

Demographic information of each sample group was collected through a 

questionnaire survey. This included age, years of construction experience, education level 

(or academic status for the student sample), craft of foreman, crew size (not applicable to 

the construction professionals sample and student sample), and occupation.  

Age 

Thirty-four foremen provided information on their age. The mean age of the 

foremen sample was 40.8 years and the median age was 40.5 years. This appears to be 

consistent with the findings from Elliott’s study (2000) which reported a foreman median 

age of 40.0 years. Thirty-three of 37 construction professionals gave their age and the 

mean of the age in this sample was 38.2 years with a median age of 34.0 years. Twenty-

seven of the 28 students in the third sample responded to the age question and the mean 

age of the students was 28.4 years with a median age of 27.0 years (see Table 5-1).   

Table 5-1. Mean and Median Ages of the Foremen, Construction Professionals, and 
Students 

 Mean Age (Years) Median Age (Years) 
Foremen Sample (N=34) 40.8 40.5 
Construction Professionals 
Sample (N=33) 

38.2 34.0 

Student Sample (N=27) 28.4 27.0 
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The ages of the foremen and the construction professionals appear to be somewhat 

evenly distributed across the major working age categories while the age distribution of 

the students was more concentrated in the 20 to 30 years age group (see Figure 5-1). Over 

82% of the foremen were over 30 years old and more than half (52.94%) were over 40 

years old. Over 66% of the construction professionals were over 30 years old. By 

comparison, the majority (70.4%) of the students were between 20 to 30 years old.  
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Figure 5-1. Age Group Distributions of the Research Subjects 

Education 

The education levels between the three samples are in sharp contrast. Most (73.5%) 

of the foremen surveyed in this study had no formal education beyond high school. This 

was comparable to 64.3% in Borcherding’s study in 1977 and 61.3% in Elliott’s study at 

the University of Florida in 2000.  The majority (75.8%) of the construction professionals 

had college level of education with three having attended graduate school. By contrast, 

the students had the most advanced education with 92.9% enrolled in the graduate school 

(see Figure 5-2). 



96 

 

26.5%

75.8%

9.1%7.1%

73.5%

15.2%

92.9%

0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
70.0%
80.0%
90.0%

100.0%

High School College Graduate School

%
 o

f t
he

 R
es

po
nd

en
ts

Foremen (N=34) Construction Professionals (N=33) Students (N=28)
 

Figure 5-2. Education Levels of the Research Subjects 

Construction Experience 

The mean construction experience of the foremen was 19.6 years with a median of 

20 years. This was almost 10 years more than the mean construction experience (9.5 

years) reported in Elliott’s study (2000). The mean construction experience of the 

construction professionals was 15.1 years with a median of 9.5 years. By comparison, the 

mean construction experience of the students was 1.7 years with a median of 0.8 year 

(see Table 5-2). 

Table 5-2. Mean and Median Construction Experience Durations of the Foremen, 
Construction Professionals and Students 

 Mean (Years) Median (Years) 
Foremen 19.6 20.0 
Construction Professionals  15.1 9.5 
Students 1.7 0.8 

 
The construction experience duration group distributions varied greatly between the 

foremen, the construction professionals, and the students. The foremen had the most 

construction experience with 85.3% of the respondents having over 10 years of 

construction experience. Over the half (55.9%) of the foremen had over 20 years 
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construction experience. The extent of construction experience among the construction 

professionals was somewhat mixed and did not appear to have any discernable pattern. 

Project superintendents tended to have more years of experience when compared to 

others, such as CAD technicians, whose jobs tended to more limited to an office 

environment. By comparison, the student sample had the least construction experience 

with over half (60.7%) having one year or less of construction experience (see Figure 5-

3). 
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Figure 5-3. Construction Experience of the Research Subjects 

Foreman’s Crew size 

Thirty of the 35 foremen provided information on their typical crew size. The mean 

crew size that foremen supervised was 13 with a median of 5.5. This was also 

comparable to the mean crew size (14.8) reported in Elliott’s study. The crew size might 

be higher than typical because of the high percentage of the general foremen included in 

the sample. When general foremen are excluded from the analysis, the mean crew size 

was 5.8.  The majority of the foremen (21 out of 30, or 70%) supervised a crew size of 10 
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or fewer workers (see Figure 5-4). Seven of the 8 general foremen supervised more than 

20 workers.  
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Figure 5-4. Crew Sizes of Foremen 

Foremen Categorizations 

Of the 35 foremen, 7 (20.6%) were earthwork foremen, 14 (41.2%) were 

underground utility foremen, 2 (5.9%) were paving foremen, 8 (23.5%) were general 

foremen, and 3 (8.8%) were “other” (e.g., surveying, erosion and sediment control, and 

concrete construction) types of foremen (see Figure 5-5).  
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Figure 5-5. Foremen Specializations 

Occupations of the Construction Professionals 

The subjects in the construction professionals sample included 12 project 

managers, 8 civil engineers, 5 superintendents, 4 project engineers, 4 CAD technicians, 2 

construction consultants, 1 construction estimator, and 1 construction inspector (see 

Figure 5-6). 
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Figure 5-6. Occupations of the Construction Professionals 
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Student Status 

The majority (92.9%, 26 out of 28) of the students were graduate students. Two of 

28 student subjects were undergraduate students. The majority (26 out of 28, or 92.9%) 

of the students were majoring in building construction. While participation was 

voluntary, the students who were asked to participate were enrolled in classes conducted 

in the M. E. Rinker, Sr. School of Building Construction at the University of Florida. 

Computer Experience 

Subjects were also asked if they used a computer at work and at home. Of the 35 

foremen, 2 (5.7%) used computers both at work and at home, 15 (42.9%) used computers 

only at home, and 18 (51.4%) did not use computers at all. Of the two foremen who used 

computers at work, one was a general foremen and the other was an underground utility 

foreman with responsibilities for preparing job estimates. Overall, foremen in this survey 

did not use computers for work but several (42.9%) used computers at home (see Figure 

5-7). All of the 37 construction professionals and all of the 28 students stated that they 

used computers at work/school and at home (see Figure 5-7). 
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Figure 5-7. Computer Use Experience of Foremen 

Based on the demographic information obtained from the survey, the following 

characteristics can be generalized for the three samples: 

• Subjects in the foremen sample were generally in the older age group (>30 years 
old). A high percentage of the sample did not have education beyond the high 
school level. The majority of the sample had extensive construction experience 
(>20 years). Most subjects in the foremen sample can be considered as novice or 
beginner level computer users. 

• Subjects in the construction professionals sample were more evenly mixed in the 
age group and most had received college level education. The length of 
construction experience in this group was mixed when compared to the foremen 
group. The subjects in this sample generally can be considered as proficient 
computer users. 

• Subjects in the student sample were primarily in the younger age group (20 to 30 
years old) and had achieved relatively high education level (graduate school). The 
subjects generally had relatively little construction experience (less than 1 year). 
The student subjects generally have considerable computer experience and can be 
considered as advanced computer users. 

Experiences of the Research Subjects with Touch Sensitive Screen Devices (TSSD’s) 

Subjects were asked if they had ever used ATM machines, information kiosks, 

store self-checkout devices or other common devices that were equipped with touch-
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sensitive screens. Although these TSSD’s are in much larger formats than the typical 

mobile computing devices, the basic concept and interaction mechanisms are the same. 

Prior experience of foremen with using TSSD’s would certainly facilitate the training 

process of using the mobile field documentation systems.   

When asked if they had experience with ATM machines, information kiosks, self-

checkout devices, and similar devices, subjects responded to the question by either “Yes” 

or “No.”  If a subject had used a particular device in the past, a score of 1 was given. 

Otherwise, 0 was entered for the subject for that particular device. Each subject’s scores 

on the three common TSSD’s were then added up to obtain a total experience score 

which provides a good indication of each subject’s overall experience with these touch-

sensitive devices. 

Thirty-four of the 35 foremen, 37 construction professionals, and 27 (of 28) 

students responded to the question regarding their experiences with TSSD’s. Over 85% 

of the foremen had used ATMs, 38.2% had used information kiosks, and 73.5% have 

used store self-checkout devices. Of the construction professionals, 91.9% had used 

ATMs, 78.4% had used information kiosks, and 86.5% had used store self-checkout 

devices. All students had used ATMs, 59.3% had used information kiosks, and 81.5% 

had used store self-checkout devices (see Figure 5-8).  
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Figure 5-8. Subjects’ experience with common TSSD’s 

The mean total TSSD scores of the foremen, construction professionals, and 

students were 1.97, 2.56 and 2.41(of a possible maximum score of 3.0), respectively. The 

Levene test of Homogeneity of Variances showed the total TSSD scores of the three 

samples had equal variances at a significance level of 0.05 (see Table 5-3). A Least 

Significance Difference (LSD) test was conducted to compare the means of these scores. 

The foremen sample had the lowest mean TSDD score and the differences when 

compared with the construction professionals and students were statistically significant 

(at a significance level of 0.05). There was no statistically significant difference between 

the means of the TSSD experience scores of the construction professionals and the 

students (see Table 5-4). 

Table 5-3. Levene Test of Homogeneity of Variances on the Total TSSD’s Scores 
Levene Statistic df1 df2 Sig. 
0.414 2 95 0.662 

 

 

 



104 

 

Table 5-4. LSD Test of the Means of Total TSSD’s Scores 
95% Confidence 
Interval 

(I) Category (J) Category 

Mean 
Difference 
(I-J) Std. Error Sig. 

Lower 
Bound 

Upper 
Bound 

Foremen Construction 
Professionals -0.59698 0.19586 0.003 -0.9858 -0.2082

 Students -0.43682 0.21252 0.043 -0.8587 -0.0149
Construction 
Professionals 

Foremen 0.59698 0.19586 0.003 0.2082 0.9858

 Students 0.16016 0.20867 0.445 -0.2541 0.5744
Students Foremen 0.43682 0.21252 0.043 0.0149 0.8587
 Construction 

Professionals -0.16016 0.20867 0.445 -0.5744 0.2541

 

Experiences of the Research Subjects with Personal Digital Assistants (PDA’s) 

Participants were asked about their experience with PDA’s and whether or not they 

used PDA’s for work or personal purposes. Thirty-four of the 35 foremen responded to 

these questions and 11 (32.4%) stated that they had used PDA’s (see Figure 5-9). Of the 

11 foremen, 5 used PDA’s solely for work related activities, 4 used PDA’s solely for 

personal business and 2 used PDA’s for both work and personal business. The average 

PDA use time of the foremen was 3.70 hours per week.  

Of the 37 construction professionals, 20 (54.1%) stated that they had used PDA’s 

before. Of the 20 construction professionals, 2 (10%) had used PDA’s solely for work, 7 

(35.0%) had used them solely for personal business, and 11 (55.0%) had used them for 

both work-related need and personal business. The average PDA use time of the 

construction professionals was 4.53 hours per week with a median of 2.00 hours per 

week. 

Twenty-seven of the 28 students responded to the PDA questions and 12 (44.4%) 

stated that they had used PDA’s before. Since the use of PDA’s for school purposes or 
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other personal agenda could all be categorized as personal use, the study did not 

distinguish between the two. The average PDA use time by the student subjects was 6.67 

hours per week and the median was 2.50 hours per week.  

The construction professionals had the highest percentage (54.05%) of PDA use 

experience, while 32.35% of the foremen had PDA use experience. The foremen sample 

had lowest PDA user percentages compared with the construction professionals and 

students. Because the sample sizes in the study were fairly small, the percentage of PDA 

user shown may not be statistically significant. The data did suggest that at least some of 

the foremen had experience with PDA’s.  
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Figure 5-9. Experience of Research Subjects with PDA Devices 

Views of The Research Subjects about the Efficiency of the Data Entry Mechanism 
by Handwriting Recognition 

Participants were asked to rate the efficiency of the data input mechanism by stylus 

handwriting recognition method. For the subjects who had never used a PDA before, a 

demonstration was shown how the alphanumeric information was entered on a mobile 
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computing device by using a stylus to write on a PDA’s touch-sensitive screen. As noted 

in Chapter 3, the subjects were asked to use a 7-step modified Likert scale (1 being “very 

inefficient” and 7 being “very efficient”) to express their ratings. The lowest rating (“very 

inefficient”) was assigned a value of 1 and the highest rating (“very efficient”) was 

assigned a value of 7.  

Foremen and PDA Efficiency 

Thirty-four of the 35 foremen responded to the question about PDA effciency. Of 

the 11 foremen who had actually used PDA’s, 3 rated the stylus writing input method 

“very inefficient,” 2 rated it “inefficient,” 2 rated it “slightly inefficient,” 3 rated it 

“efficient,” and 1 rated it “very inefficient” (see Figure 5-10). The mean of the equivalent 

numeric ratings by these 11 foremen was 3.45 (“slightly inefficient” to “no opinion”). Of 

the 23 foremen who had no PDA use experience, the mean numeric rating was 4.96 

(close to “slightly efficient”). The Levene test of Homogeneity of Variances on the 

ratings from the foremen with PDA experience (N=11) and the foremen without PDA 

experience (N=23) indicated the variances in these two groups were equivalent at a 

significance level of 0.05 (see Table 5-5). The One-Way ANOVA showed the difference 

of the means of the numeric ratings from these two groups was statistically significant at 

a 0.05 level (see Table 5-6). Therefore, the prior PDA use experience by foremen may 

have played a role in their opinions about the reduced efficiency of the stylus writing 

input method. 



107 

 

0
1
2
3
4
5
6
7
8
9

10

Very
inefficient

Inefficient Slightly
inefficient

No
opinion

Slightly
efficient

Efficient Very
efficient

N
um

be
r o

f F
or

em
en

Foremen Who Had PDA Experience Foremen Who Had No PDA Experience
 

Figure 5-10. Efficiency Ratings of Foremen on the Stylus Writing Method on PDA 
Devices 

Table 5-5. Levene Test of Homogeneity of Variances on the Ratings of Foremen with 
and without PDA Experience 

Levene Statistic df1 df2 Sig. 
2.120 1 32 0.16 

 
Table 5-6. One-Way ANOVA of the Means of the Numeric Ratings of Foremen with 

PDA Experience and Foremen without PDA experience 

 
Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 16.787 1 16.787 4.207 0.05 

Within Groups 127.684 32 3.990   
Total 144.471 33    
 

Construction Professionals 

As previously noted, 20 of the 37 construction professionals had PDA use 

experience. The mean of the equivalent numeric ratings by these 20 construction 

professionals was 5.0 (“slightly efficient”). Of the 17 construction professionals who had 

no PDA use experience, the mean of the equivalent numeric ratings was 4.82 (close to 

“slightly efficient”). The Levene test of Homogeneity of Variances on the ratings from 
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the construction professionals with PDA experience (N=20) and the ones without PDA 

experience (N=17) indicated the variances in these two groups were not statistically 

different at a significance level of 0.05 (see Table 5-7). The One-Way ANOVA showed 

the difference of the means of the numeric ratings from these two groups was not 

statistically significant at a significance level of 0.05 (see Table 5-8). Therefore, there 

was not sufficient evidence supporting the assumption that prior PDA use experience 

made a difference in the opinions of construction professionals on the efficiency of the 

stylus writing input method. 
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Figure 5-11. Efficiency Ratings of Construction Professionals on the Stylus Writing 
Method on PDA Devices 

Table 5-7. Levene Test of Homogeneity of Variances on the Ratings of Construction 
Professionals with and without PDA Experience 

Levene Statistic df1 df2 Sig. 
0.087 1 35 0.77 
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Table 5-8. One-Way ANOVA of the Means of the Numeric Ratings of Construction 
Professionals with and without PDA experience 

 
Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 0.286 1 0.286 0.108 0.74 

Within Groups 92.471 35 2.642     
Total 92.757 36       
 

Students 

As previously discussed, 11 of the 26 students had previously used PDA’s.  Of 

these 11 students, the mean of the equivalent numeric ratings was 4.0 which indicates an 

almost neutral position on this question. Of the 15 students who had no PDA use 

experience, the mean of the equivalent numeric ratings was 4.67 (between “no opinion” 

and “slightly efficient”). The Levene test of Homogeneity of Variances on the ratings of 

the students with PDA experience (N=11) and the ones without PDA experience (N=15) 

indicated the variances in these two groups were not statistically different at a 0.05 level 

(see Table 5-9). The One-Way ANOVA showed the difference of the means of the 

numeric ratings of these two groups was not statistically significant (see Table 5-10). 

Therefore, there was not sufficient evidence supporting the assumption that the prior 

PDA use experience made a difference in the opinions of students on the efficiency of the 

stylus writing input method. 

Table 5-9. Levene Test of Homogeneity of Variances on the Ratings of Students with and 
without PDA Experience 

Levene Statistic df1 df2 Sig. 
0.086 1 24 0.77 
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Table 5-10. One-Way ANOVA of the Means of the Numeric Ratings of Students with 
and without PDA experience 

 
Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 2.821 1 2.821 0.875 0.36 

Within Groups 77.333 24 3.222     
Total 80.154 25       
 

Cross-groups 

Over 63% of foremen with PDA use experience rated the stylus writing input 

method toward the inefficient end of the scale while 15% of construction professionals 

with PDA use experience shared the same view. The views of the students with PDA use 

experience seemed to be more evenly divided in their ratings, with 55.5% regarding the 

stylus writing input method as inefficient while 45.5% rated it as efficient (see Figure 5-

12). Foremen with PDA use experience seemed to have the lowest mean numeric rating 

(3.45), followed by the students with PDA use experience (4.0) and the construction 

professionals with PDA use experience (5.0). The difference between the mean numeric 

ratings of the foremen and construction professionals with PDA experience was 

statistically significant at a significance level of 0.05. The differences of the foremen vs. 

students, and students vs. construction professionals were not statistically significant (see 

Table 5-11). 
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Figure 5-12. Stylus Writing Input Method Efficiency Ratings by Foremen, Construction 
Professionals, and Students Who Had PDA Use Experience 

Table 5-11. LSD Test of the Means of Numeric Ratings by Foremen, Construction 
Professionals, and Students with Prior PDA Use Experience 

95% Confidence Interval 

(I) Category (J) Category 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound 

Upper 
Bound 

Foremen Construction 
Professionals -1.545 0.692 0.03 -2.95 -0.14 

 Students -0.545 0.787 0.49 -2.14 1.05 
Construction 
Professionals 

Foremen 1.545 0.692 0.03 0.14 2.95 

 Students 1.000 0.692 0.16 -0.40 2.40 
Students Foremen 0.545 0.787 0.49 -1.05 2.14 
 Construction 

Professionals -1.000 0.692 0.16 -2.40 0.40 

 
The data suggest that foremen with prior PDA experience perceived the stylus 

writing input method as a slightly inefficient method. The firsthand PDA use experience 

by foremen may have played a role in their opinions about how efficient the stylus 

writing method would be to document the information in the construction field. Without 

the firsthand experience, the inefficiency associated with the stylus writing input method 
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might not be obvious to the respondents. The prior PDA use experience, however, did not 

seem to influence the views of the construction professionals and the students. In 

addition, the computer skills and time availability for PDA use could also be factors that 

would influence the subjects’ responses to this question. As previously discussed, 

foremen are in general novice computer users. The time available in their daily schedule 

for paperwork and any computer related tasks is far less than of the construction 

professionals and students who are generally proficient or advanced computer users and 

whose daily schedules are comprised of a significant amount of time allocated for 

computer activities. Therefore, what constitutes an efficient data input method to the 

construction foremen might not be the same as to the construction professionals and 

students. 

The Views of Subjects on the Importance of Quick Data Entry on Mobile 
Computing Devices 

Study participants were asked to rate the importance of being able to input data 

quickly on mobile computing devices. As noted in Chapter 3, the subjects were asked to 

use a 5-step modified Likert scale (1 being “not important at all” and 5 being “very 

important”) to express their ratings. Subjects from all three samples rated highly the 

importance of quick data entry in the construction field. Over 85% of the subjects in all 

three samples (97.0% in foremen sample, 100% of the “Construction professionals,” and 

88.5% in student sample) rated quick data entry as “fairly important” to “very important” 

(see Figure 5-13). Therefore, the importance of quick data entry on mobile computing 

devices in the construction field seemed to have been equally recognized by the foremen, 

construction professionals, and students. 
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Figure 5-14. The Importance Ratings on Being Able to Enter Information on Mobile 
Computing Devices Quickly 

The Views of Foremen and Construction Professionals about the Standardization of 
the Field Documentation Content 

Subjects were asked if they would agree that the content of the construction 

foremen’s field documentation could be standardized. Their responses were entered in a 

7-step modified Likert scale (1 being “strongly disagree” and 7 being “strongly agree”). 

The students were not surveyed on this question because with their limited construction 

experience. Over 70% of the foremen and 85% of the construction professionals agreed 

or strongly agreed that the content of the construction field documentation could be 

standardized  (see Figure 5-14).  
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Figure 5-14. Responses of Foremen and Construction Professionals on Whether The 
Content of The Field Documentation Could be Standardized 

The Views of Foremen and Construction Professionals about the Percentage of the 
Field Documentation Content That Could be Standardized 

Subjects were also asked how much they thought the construction foremen’s field 

documentation could be standardized. The student sample was not surveyed on this 

question for the same reason previously discussed. The mean percentages estimated by 

the foremen and the construction professionals were 75.6% and 80.3%, respectively (see 

Table 5-12).  

Table 5-12. Percentages of the Field Documentation Content that Could be Standardized 
As Estimated by Foremen and Construction Professionals 

 Mean Median Minimum Maximum 
Foremen (N=30) 75.6% 77.5% 40% 100% 
Construction Professionals (N=30) 80.3% 80.0% 50% 100% 

 
This finding indicates that the majority of the field documentation by foremen has 

the potential to be standardized. The high percentage of the information that could be 

standardized also means the productivity gains on the field documentation tasks could be 
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more noticeable. It also justifies the ongoing research efforts and costs of developing 

innovative technologies to automate the field documentation process. 

Satisfaction Ratings of the Subjects with the Icon Visual Search Game and Text 
Visual Search Game 

At the end of the visual search computer game, the participants were asked how 

they liked the icon visual search game (i.e., icon user interface) and text visual search 

game (i.e., text user interface). Subjects were asked to rate their satisfaction on a 7-step 

modified Likert scale with lowest rating being “not at all” and highest rating being “liked 

it very much.” As discussed in Chapter 3, the rankings of the satisfaction rating scale 

were evenly placed on a –1 to +1 scale so the ratings (ordinal variable) could be 

converted to an equivalent numeric variable. The rating “Not at all” was assigned a value 

of –1.0, “Did not like it” –0.67, “Slightly disliked it” –0.33, “No opinion” 0, “Liked it a 

little” +0.33, “Liked it” +0.67, and “Liked it very much” +1.0. 

Over 90% of the foremen provided favorable ratings on the icon visual search game 

and about the same percentage provided favorable ratings on the text visual search game 

(see Figure 5-15). Over 85% of the construction professionals provided favorable ratings 

on the icon visual search game and 78.4% provided favorable ratings on the text visual 

search game (see Figure 5-16). Less than 60% of the students provided favorable ratings 

on the icon visual search game and 51.8% provided favorable ratings on the text visual 

search game (see Figure 5-17).  



116 

 

17.6%

55.9%

17.6%

5.9%
2.9%

8.8%

52.9%

29.4%

5.9%
2.9%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

Not all all Did not
like it

Slightly
disliked it

No
opinion

Liked it a
little

Liked it Liked it
very

much

%
 o

f T
he

 R
es

po
nd

en
ts

Icon Visual Search Game Text Visual Search Game

 

Figure 5-15. Satisfaction Ratings of Foremen on the Icon Visual Search Game and Text 
Visual Search Game 
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Figure 5-16. Satisfaction Ratings of Construction Professionals on the Icon Visual Search 
Game and Text Visual Search Game 
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Figure 5-17. Satisfaction Ratings of Students on the Icon Visual Search Game and Text 
Visual Search Game 

The mean numeric satisfaction ratings of the foremen on the icon visual search 

game and the text visual search game were 0.59 and 0.52, respectively. The mean 

numeric satisfaction ratings of the construction professionals on the icon visual search 

game and the text visual search game were 0.64 and 0.4, respectively. The mean numeric 

satisfaction ratings of the students on the icon visual search game and the text visual 

search game were 0.64 and 0.31, respectively (see Figure 5-18). It can be seen that the 

mean numeric satisfaction ratings from all three samples on the icon visual search game 

appear to be higher than for the text visual search game. The difference of the numeric 

satisfaction ratings on the icon game vs. text game was more noticeable with the 

construction professional sample and the student sample than with the foremen sample. 

Overall, the subjects from all three samples appeared to be satisfied with the icon visual 

search game while being slightly satisfied with the text visual search game. This indicates 

the icons could be a good solution to automate the data input process in the construction 

field. 
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Figure 5-18. Subjects’ Equivalent Numeric Satisfaction Ratings on the Icon Visual 
Search Game and Text Visual Search Game 

Hypothesis Testing on Subjects’ Satisfaction Ratings with the Icon Visual Search 
Game and Text Visual Search Game 

Research Question 3 as stated in Chapter 3 sought to determine if there was a 

difference between the foremen’s satisfaction rating with the icon interface and their 

satisfaction rating with the text interface. The null hypothesis and the alternative 

hypothesis were formulated as follows: 

H30: There was no difference in subjects’ satisfaction rating for icon-based user 

interface and text-based user interface.  

H3a: There was a difference in subjects’ satisfaction rating for icon-based user 

interface and text-based user interface. 

A significance level of 95% was chosen for this hypothesis (α = 0.05). The 

meaningful difference as stated earlier in Chapter 3 was defined as 1/2 step on the 

numeric satisfaction rating scale, i.e., 0.165. The same hypotheses were also tested on the 

construction professional sample and the student sample. The hypotheses were tested 
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with Wilcoxon matched pairs signed rank tests on the subjects’ semantic differential 

ratings and paired difference t-tests on the equivalent numeric ratings based on the 

assumptions the populations were normal.  

Wilcoxon matched pairs signed rank test 

The hypotheses test results for the three samples were not the same. The attained 

significance levels for the foremen (p=0.05) and the students (p=0.18) were at or greater 

than the desired significance level (α=0.05) therefore the null hypothesis H30 cannot be 

rejected. The attained significance level for the construction professionals (p=0.01) was 

less than the desired significance level (α=0.05) therefore the null hypothesis H30 for the 

construction professionals can be rejected and the alternative hypothesis H3a can be 

accepted (see Table 5-13 and Table 5-14). 

Table 5-13. Wilcoxon Signed Ranks –Satisfaction Rating Differences between the Icon 
Visual Search Game and the Text Visual Search Game 

 
 N 

Mean 
Rank 

Sum of 
Ranks 

Negative Ranks 8a 5.63 45.00 
Positive Ranks 2b 5.00 10.00 
Ties 24c     

Foremen TextGameSatisfaction –
IconGameSatisfaction 

Total 34     
Negative Ranks 15a 8.37 125.50 
Positive Ranks 1b 10.50 10.50 
Ties 21c     

Construction 
Professionals 

TextGameSatisfaction -
IconGameSatisfaction 

Total 37     
Negative Ranks 7a 6.86 48.00 
Positive Ranks 4b 4.50 18.00 
Ties 16c     

Students TextGameSatisfaction -
IconGameSatisfaction 

Total 27     
a. TextGameSatisfaction < IconGameSatisfaction 
b. TextGameSatisfaction > IconGameSatisfaction 
c. TextGameSatisfaction = IconGameSatisfaction 
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Table 5-14. Wilcoxon Signed Ranks Test Statistics–Satisfaction Rating Differences 
between the Icon Visual Search Game and the Text Visual Search Game 

 
 

TextGameSatisfaction - 
IconGameSatisfaction 

Z -1.941a Foremen Asymp. Sig. (2-tailed) 0.05 
Z -3.038a Construction Professionals Asymp. Sig. (2-tailed) 0.01 
Z -1.348a Students Asymp. Sig. (2-tailed) 0.18 

a. Based on positive ranks. 

 
Paired Difference t-test 

The attained significances for the foremen (p=0.05) and the student (p=0.24) were 

at or greater than the desired significance (α=0.05). In addition, the measured differences 

means for the foremen sample (0.0691) and the student sample (0.1000) were all less than 

the meaningful difference stated earlier in Chapter 3 (1/2 step on the numeric satisfaction 

rating scale, i.e., 0.165). This leads to the acceptance of the null hypothesis H30, i.e., 

there is no detectable difference in satisfaction ratings for icon-based user interface and 

text-based user interface by the foremen and the students. The attained significance level 

for the construction professionals (p<0.01) was less than the desired significance 

(α=0.05) and the measured differences mean (0.2438) was greater than the meaningful 

difference (0.165) therefore the null hypothesis H30 can be rejected (see Table 5-15). The 

results suggest that the foremen and the students liked the icon visual search game and 

the text search game about equally and did not have a strong preference of the iconic 

interface over the text interface in the visual search games. Construction professionals, on 

the other hand, had a higher satisfaction rating on the icon interface than the text 

interface. However, considering the interfaces used in the visual search games were 
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intentionally simplified, the same conclusion might not be made to real world 

applications where the user interfaces are more much sophisticated and complicated.  

Table 5-15. Paired Samples Differences t-Tests Statistics– Subjects’ Satisfaction Ratings 
with the Icon Visual Search Game and the Text Visual Search 

Paired Differences 
95% Confidence 
Interval of the 
Difference 

 Mean 
Std. 
Deviation

Std. 
Error 
Mean Lower Upper t df 

Sig. 
 (2-tailed)

Foremen Icon - Text 0.0691 0.19848 0.03404 -0.00017 0.13841 2.030 33 0.05 
Construction 
professionals 

Icon - Text 0.2438 0.44219 0.07270 0.09635 0.39122 3.353 36 0.01 

Students Icon - Text 0.1000 0.43320 0.08337 -0.07137 0.27137 1.199 26 0.24 
  

Ranking Order of the Three Usability Factors (Task Time, Task Errors, and 
Satisfaction Level) 

Subjects were asked to rank the importance of the three usability factors (shorter 

task time, fewer task errors, and higher user satisfaction) individually using a 1 to 10 

scale (“1” being the lowest and “10” being the highest). As the hypotheses test results for 

the three samples were different, they are discussed separately below. 

Ranking Order of the Three Usability Factors by Foremen 

Foremen gave an average importance rating of 7.767 to shorter task time, 7.900 to 

fewer task errors, and 8.200 to higher user satisfaction. Since the foremen’s importance 

ratings on these three usability factors were all very close, paired samples t-tests with a 

significance level of 0.05 (α = 0.05) were conducted to see if differences existed between 

the means of the ratings. The attained significance levels (0.54, 0.50 and 1.00 

respectively) were all greater than the desired significance level of 0.05 (see Table 5-16). 

Therefore, the sample data did not provide sufficient evidence to reject the hypothesis 

that there were no differences between the mean importance ratings for shorter task time, 
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fewer errors and higher user satisfaction. It can be stated that foremen ranked all three 

usability factors with equal importance.  

Table 5-16. Paired Samples t-Tests - Importance Ratings of the Foremen on Shorter Task 
Time, Fewer Task Errors and Higher User Satisfaction 

Paired Differences 
95% Confidence 

Interval of the 
Difference 

 Mean 
Std. 
Deviation

Std. Error 
Mean Lower Upper t df 

Sig. 
 (2-

tailed)
Pair 1 TaskTime - 

Errors -0.2759 2.3739 0.4408 -1.1789 0.6271 -0.626 28 0.54 

Pair 2 TaskTime - 
Satisfaction -0.2759 2.1530 0.3998 -1.0948 0.5431 -0.690 28 0.50 

Pair 3 Errors - 
Satisfaction 0.0000 2.2991 0.4269 -0.8745 0.8745 0.000 28 1.00 

 
Ranking Order of the Three Usability Factors by Construction Professionals 

The average importance ratings on shorter task time, fewer task errors, and higher 

user satisfaction by the construction professionals were 8.139, 9.556, and 8.389, 

respectively. Similarly, to test the hypothesis that there were no differences between these 

importance ratings, paired samples t-tests with a significance level of 0.05 (α = 0.05) 

were conducted. The attained significance level (p=0.34) for the paired samples t-test on 

the short task time vs. higher user satisfaction was greater than the desired significance 

level of 0.05. Therefore the sample data did not provide sufficient evidence to reject the 

hypothesis that there were no differences between these two importance ratings. 

However, the attained significance levels on the paired samples t-tests on shorter task 

time vs. few errors (p<0.01) and fewer errors vs. higher user satisfaction (p<0.01) were 

lower than the desired significance level. This indicates that differences exist between the 

importance ratings for shorter task time and fewer errors as well as between the 

importance ratings for fewer errors and higher user satisfaction.  
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Table 5-17. Paired Samples t-Tests - Importance Ratings of the Construction 
Professionals on Shorter Task Time, Fewer Task Errors and Higher User 
Satisfaction 

Paired Differences 
95% Confidence 

Interval of the 
Difference 

 Mean 
Std. 
Deviation

Std. Error 
Mean Lower Upper t df 

Sig. 
 (2-

tailed)
Pair 1 TaskTime - 

Errors -1.4167 1.4015 0.2336 -1.8909 -0.9425 -6.065 35 0.01 

Pair 2 TaskTime - 
Satisfaction -0.2500 1.5561 0.2593 -0.7765 0.2765 -0.964 35 0.34 

Pair 3 Errors - 
Satisfaction  1.1667 1.6987 0.2831 0.5919 1.7414  4.121 35 0.01 

 
The importance rating differences mean for Pair 1 (TaskTime-Errors) was –1.4167, 

which indicates that the importance rating for short task time was lower than the 

importance rating for fewer errors. The importance rating differences mean for Pair 3 

(Errors-Satisfaction) was 1.1667, which indicates that the importance rating for higher 

user satisfaction was lower than the importance rating for fewer errors. Thus, the 

construction professionals ranked “fewer errors” as the most important usability factor 

with “shorter task time” and “higher user satisfaction” as being of less but equal 

importance. 

Ranking Order of the Three Usability Factors by Students 

Students gave an average importance rating of 7.556 to shorter task time, 8.148 to 

fewer task errors, and 7.630 to higher user satisfaction. The attained significance levels 

(p=0.14, 0.89 and 0.36, respectively) for the paired samples t-tests were all greater than 

the desired significance level of 0.05. Therefore, the sample data did not provide 

sufficient evidence to reject the hypothesis that there were no differences between the 

mean importance ratings for shorter task time, fewer errors and higher user satisfaction. It 

can be stated that the students ranked all three usability factors with equal importance.  
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Table 5-18. Paired Samples t-tests – Students’ Importance Ratings on Shorter Task Time, 
Fewer Task Errors and Higher User Satisfaction 

Paired Differences 
95% 

Confidence 
Interval of the 

Difference 
 Mean 

Std. 
Deviation

Std. Error 
Mean Lower Upper t df 

Sig. 
 (2-tailed)

Pair 1 TaskTime - 
Errors -0.5926 2.0050 0.3859 -1.3857 0.2006 -1.536 26 0.14 

Pair 2 TaskTime - 
Satisfaction -0.0741 2.6592 0.5118 -1.1260 0.9779 -0.145 26 0.89 

Pair 3 Errors - 
Satisfaction 0.5185 2.8605 0.5505 -0.6130 1.6501 0.942 26 0.36 

 
The Views of Subjects about the Icon-based Field Documentation Systems on 

Mobile Computing Devices 

A sample icon-based construction equipment timesheet application running on 

Palm OS® (described in the Chapter 3) was demonstrated to the subjects during the 

survey. Following the demonstration the subjects were asked whether they thought the 

icon based mobile documentation applications like the one shown to them would help the 

construction foremen better fulfill their field documentation responsibilities. Subjects 

were asked to respond to this question using a 7-step modified Likert scale (1 being 

“strongly disagree” and 7 being “strongly agree”). 

The majority of the foremen, construction professionals, and student subjects 

(84.85%, 86.11%, and 81.4%, respectively) responded favorably that the icon-based field 

documentation systems would help foremen do their jobs  (see Figure 5-19). 
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Figure 5-19. Views of Subjects About Whether the Icon-based Field Documentation 
Systems would Help Foremen Do Their Jobs 

Responses from foremen were further analyzed with their computer usage and the 

LSD (Least Significant Difference) test shows the differences between the responses 

from the foremen who did not use a computer, only used computer at home or at work, 

and used computer both at work and at home were not statistically significant at a 

significance level of 0.05 (see Table 5-19). 

Table 5-19. LSD Test Results – Responses of Foremen vs. Their Computer Usage 
95% Confidence 
Interval 

(I) UseComputer (J) UseComputer

Mean 
Difference 
(I-J) 

Std. 
Error Sig. 

Lower 
Bound 

Upper 
Bound 

1 0.2050.362 0.576 -0.53 0.95 0 (Did not use a 
computer) 2 -0.8330.742 0.270 -2.35 0.68 

0 -0.2050.362 0.576 -0.95 0.53 1 (Used Computers 
only at home) 2 -1.0380.756 0.180 -2.58 0.51 

0 0.8330.742 0.270 -0.68 2.35 2 (Used computers 
both at home and at 
work) 

1 1.0380.756 0.180 -0.51 2.58 
 

Subjects who provided unfavorable assessments to the question were also asked to 

comment on their answers. Although the unfavorable responses account for a small 
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percentage of each sample, the information they provided was valuable to understand the 

reasoning behind their disapproval or their reservations about the icon system. The 

feedback is summarized as below: 

• Potential errors associated with using computers. This not only includes the 
unintended errors resulted from the foremen’s computer use skills but also the 
errors introduced by incorrectly coding tasks due to lack of better places to record 
miscellaneous information and task items not covered by the standard choices. 

• Amount of information that can be covered under the standard choices.  

• Learning curve and training effort required to proficiently use the system.  

• Individual resistance to changes in the way of doing things. This was particularly 
evident for the foremen who were reaching their 50’s and were not willing to make 
changes in the ways of doing things. These foremen, usually with many years of 
experience, have been able to perform their jobs well without having to use a 
computer, so they do not see the need to use one now. This does not necessarily 
mean that they do not have the ability to learn and use the system but simply a 
matter of lacking of interest and motivation in making changes. 

Readiness of the Foremen to Use Field Documentation Systems on Mobile 
Computing Devices 

Foremen were asked, if they were given a mobile field documentation tool like the 

one demonstrated to them, would they use it. Three (8.6%) foremen responded “No” and 

33 (91.4%) foremen responded “Yes”. Of the 28 foremen who agreed the icon based field 

documentation systems would help do their jobs, 27 stated that they would use such a 

system. It is interesting to see that of the 5 foremen who did not think the icon system 

would help do their jobs, 4 actually responded that they would give the system a try (see 

Figure 5-20). Perhaps this indicates an increased open-mindedness of the foremen 

towards new technologies that would have the potential to make their jobs easier and 

more productive. Historically, the construction research world viewed foremen’s 

rejection of computer technologies as a result of feeling a threat to their job security. This 

factor may be diminishing with the ever-increasing use of computers in their daily lives 
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through the use of the Internet at home by themselves or family members or the use of 

other electronics with embedded computing technologies such as smart phones.  
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Figure 5-20. Responses of Foremen on Whether They Would Use a Field Documentation 
System on Mobile Computing Devices 

Visual Search Game Results Analyses and Hypotheses Testing 

As stated in Chapter 3, one of the main objectives of this study was to find out if 

differences existed in usability in terms of task completion time and user errors between 

the icon interface and the text interface. The visual search game kept track of the 

subjects’ screen event information and the system time stamps for these user screen 

events. The visual search game results provided the raw data for computing the average 

task time, average task instruction reading time, average task search time, and the number 

of search errors observed during the icon visual search session and the text visual search 

session.  

Average Task Time 

The means of the average task time observed in the icon visual search session and 

the text visual search session for the foremen were 5,952 milliseconds and 7,344 
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milliseconds. The means of the average task times observed in the icon visual search 

session and the text visual search session for the construction professionals were 5,718 

milliseconds and 6,762 milliseconds. The means of the average task time observed in 

icon visual search session and the text visual search session for the students were 6,485 

milliseconds and 7,084 milliseconds. It appears that the average task times observed on 

the icon interface were generally shorter than the average task times observed on the text 

interface (see Figure 5-21).  
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Figure 5-21. Mean Average Task Time Observed on the icon interface vs. text interface 
for each sample 

To test whether there were significant differences between the average task time 

observed on the icon interface and the text interface, the following null hypothesis and 

the alternative hypothesis were established: 

H10: There was no difference in the task completion time for the icon-based 

user interface and the text-based user interface. 

H1a: There was a difference in the task completion time for the icon-based user 

interface and the text-based user interface. 
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The results from the paired differences t-test showed the differences were 

statistically significant for the foremen (p<0.01) and the construction professionals 

(p<0.01). In addition, the means of the paired differences by foremen (1,391.7 

milliseconds) and construction professionals (1,044.6 milliseconds) were greater than the 

meaningful difference (1,000 milliseconds) as stated in Chapter 3. Therefore the null 

hypothesis H10 can be rejected and the alternative hypothesis H1a can be accepted. It can 

be stated that there was a difference in the average task times between the icon user 

interface and text interface by the foremen and the construction professionals.  

The attained significance level for the students (p=0.37) on the other hand was 

greater than the desired significance level (α = 0.05) (see Table 5-20). This led to the 

acceptance of the null hypothesis H10 which means the sample data did not provide 

sufficient evidence to reject the hypothesis that there was no difference in the average 

task time between the icon interface and the text interface by students. 

Table 5-20. Paired Samples t-Tests –Average Task Time in the Icon User Interface vs. 
Text User Interface 

Paired Differences 
95% Confidence 
Interval of the 
Difference 

 Mean 
Std. 
Deviation

Std. 
Error 
Mean Lower Upper t df 

Sig. 
 (2-
tailed)

Foremen Icon Interface –  
Text Interface -1,391.7 1,519.9 264.6 -1,930.6 -852.7 -5.260 32 0.01

Construction 
Professionals 

Icon Interface –  
Text Interface -1,044.6 1,581.8 260.0 -1,572.0 -517.2 -4.017 36 0.01

Students Icon Interface –  
Text Interface -599.1 3,223.9 658.1 -1,960.4 762.3 -0.910 23 0.37

 
Average Task Instruction Reading Time 

The means of the average task instruction reading time observed in the icon visual 

search session and the text visual search session for the foremen were 1,629 milliseconds 

and 2,134 milliseconds, respectively. The means of the average task instruction reading 
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time observed in the icon visual search session and the text visual search session for the 

construction professionals were 1,509 milliseconds and 1,769 milliseconds, respectively. 

The means of the average task instruction reading time observed in the icon visual search 

session and the text visual search session for the students were 1,118 milliseconds and 

1,699 milliseconds. It appears that the average task instruction reading time observed on 

the icon interface were shorter than the average task instruction reading time observed on 

the text interface (see Figure 5-22).  
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Figure 5-22. Mean Average Task Instruction Reading Time Observed during the Icon 
Visual Search Game vs. the Text Visual Search Game 

To determine if the difference between the average task instruction reading times 

observed on the icon interface and the text interface were significant, the following null 

hypothesis and the alternative hypothesis were established: 

H20: There was no difference in the task instruction reading time for the icon-

based user interface and the text-based user interface. 

H2a: There was a difference in the task instruction reading time for the icon-

based user interface and the text-based user interface. 
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The results from the paired differences t-test showed that the attained significance 

levels for all three samples (foremen p=0.01, construction professionals p =0.01, and 

students p=0.01) were lower than the desired significance level (α = 0.05). This led to a 

rejection of the null hypothesis and an acceptance of the alternative hypothesis that there 

indeed was a difference in the task instruction reading time between the icon visual 

search game and the text visual search game. As discussed in Chapter 3, the instructions 

were given in text mode during the icon visual search session and in icon mode during 

the text visual search session. Considering the means of the paired differences (icon 

interface – text interface) were negative values, it is interesting to see that the subjects 

actually had a shorter time reading the textual instructions on the icon user interface as 

compared to reading the iconic instructions on the text user interface.  

Table 5-21. Paired Samples t-tests –Average Task Time in the Icon User Interface vs. 
Text User Interface 

Paired Differences 
95% Confidence 
Interval of the 
Difference 

 Mean 
Std. 
Deviation

Std. 
Error 
Mean Lower Upper t df 

Sig. 
 (2-
tailed) 

Foremen Icon Interface –  
Text Interface -505.6 778.6 135.5 -781.6 -229.5 -3.730 32 0.01 

Construction 
Professionals 

Icon Interface –  
Text Interface -261.3 570.3 93.7 -451.5 -71.2 -2.787 36 0.01 

Students Icon Interface –  
Text Interface -581.3 1,031.4 210.5 -1,016.8 -145.7 -2.761 23 0.01 

 
Average Task Search Time 

The means of the average task search time observed in the icon visual search 

session and the text visual search session for the foremen were 4,189 milliseconds and 

4,963 milliseconds, respectively. The means of the average task search time observed in 

the icon visual search session and the text visual search session for the construction 

professionals were 4,143 milliseconds and 4,808 milliseconds. The means of the average 
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task instruction research times observed in the icon visual search session and the text 

visual search session for the students were 5,341 milliseconds and 5,056 milliseconds 

(see Figure 5-23).  It appears that the mean task search times observed in the icon visual 

search game for the foremen and the construction professionals were less than the 

corresponding task search times in the text visual search game while it was the opposite 

scenario for the students.  
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 Figure 5-23. Mean Average Task Search Time Observed during the Icon Visual Search 
Game vs. the Text Visual Search Game 

Similarly, in order to test whether the differences between the average task search 

time observed on the icon interface and the text interface were statistically significant, the 

following null hypothesis and the alternative hypothesis were established: 

H30: There was no difference in the task search time for the icon-based user 

interface and the text-based user interface. 

H3a: There was a difference in the task search time for the icon-based user 

interface and the text-based user interface. 
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The results from the paired differences t-test showed that the differences for the 

foremen (p=0.01) and the construction professionals (p=0.01) were statistically 

significant.   This led to a rejection of the null hypothesis and an acceptance of the 

alternative hypothesis that there indeed was a difference between the task search times in 

the icon visual search game and the text visual search game for foremen and construction 

professionals. Considering the means of the paired differences (icon interface – text 

interface) were negative values, it can be said that foremen and construction professionals 

had a shorter visual search time on the icon user interface as compared to the text user 

interface. On the other hand, the attained significance level for the students (p=0.56) 

showed that the difference was not statistically significant, therefore the null hypothesis 

cannot be rejected for the students. 

Table 5-22. Paired Samples t-tests –Average Task Search Time in the Icon User Interface 
vs. Text User Interface 

Paired Differences 
95% Confidence 
Interval of the 
Difference 

 Mean 
Std. 
Deviation

Std. 
Error 
Mean Lower Upper t df 

Sig. 
 (2-
tailed) 

Foremen Icon Interface –  
Text Interface -773.5 1,452.7 252.9 -1,288.6 -258.3 -3.058 32 0.01 

Construction 
Professionals 

Icon Interface –  
Text Interface -665.6 1,544.7 254.0 -1,180.7 -150.6 -2.621 36 0.01 

Students Icon Interface –  
Text Interface 284.7 2,337.5 477.1 -702.3 1,271.7 0.597 23 0.56 

 
Task Errors 

The means of the task errors observed during the icon visual search game and the 

text visual search game for the foremen were 0.58 and 0.85, respectively. The means of 

the task errors observed during the icon visual search game and the text visual search 

game for the construction professional sample were 1.86 and 1.81, respectively. The 

means of the task errors observed during the icon visual search game and the text visual 
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search game for the students were 5.00 and 3.00 (see Figure 5-24). The foremen had 

slightly fewer errors in the icon game than the text game while the students had more 

errors in the icon visual search game. The construction professionals appeared to have 

about same amount of errors in the icon game and in the text game. Overall, the foremen 

made considerably fewer errors when compared to the construction professionals and the 

students. 
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Figure 5-24. Mean Task Errors Observed during the Icon Visual Search Game vs. the 
Text Visual Search Game 

In order to test whether the differences in the number of errors observed on the icon 

interface and the text interface were statistically significant, the following null hypothesis 

and the alternative hypothesis were tested: 

H40: There was no difference in the number of task errors for the icon-based 

user interface and the text-based user interface. 

H4a: There was a difference in the number of task errors for the icon-based user 

interface and the text-based user interface. 
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The results from the paired differences t-test showed that the differences in the 

number of errors were not statistically significant (foremen p=0.24, construction 

professionals p=0.85, and students p=0.27). Therefore, there was insufficient evidence to 

support the hypothesis that the number of task errors differed between the icon visual 

search game and the text visual search game.  

Table 5-23. Paired Samples t-Tests – Mean Task Errors in the Icon User Interface vs. 
Text User Interface 

Paired Differences 
95% Confidence 
Interval of the 
Difference 

 Mean
Std. 
Deviation

Std. 
Error 
Mean Lower Upper t df 

Sig. 
 (2-
tailed) 

Foremen Icon Interface –  
Text Interface -0.27 1.31 0.23 -0.74 0.19 -1.200 32 0.24

Construction 
Professionals 

Icon Interface –  
Text Interface 0.05 1.68 0.28 -0.51 0.61  0.195 36 0.85

Students Icon Interface –  
Text Interface 1.5 6.5 1.3 -1.3 4.3  1.127 23 0.27

 
Error Reduction in Training Sessions 

Results showed the tasks errors decreased significantly (P<0.01) from the first 

training session to the second training session while error reduction from the second 

training session to the third training session was not remarkable (see Figure 5-25). The 

numbers of task errors in the first two training sessions were also strongly correlated 

(P<0.01) to the construction experience of the participants (see Table 5-24), i.e., the more 

construction experience a participant has the fewer errors are likely to happen during the 

training sessions.  
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Figure 5-25. Task Errors Observed during the Icon Training Sessions 

Table 5-24. Correlation Between Training Session Errors and Construction Experience 

 
Training Session 1 
Errors 

Construction 
Experience 

Pearson Correlation 1 -0.453 
Sig. (2-tailed)  0.01 

Training Session 1 Errors 

N 93 85 
Pearson Correlation -0.453 1 
Sig. (2-tailed) 0.01  

Construction Experience 

N 85 91 

  
Training Session 2 
Errors 

Construction 
Experience 

Pearson Correlation 1 -0.298 
Sig. (2-tailed)  0.01 

Training Session 2 Errors 

N 93 85 
Pearson Correlation -0.298 1 
Sig. (2-tailed) 0.01  

Construction Experience 

N 85 91 

  
Training Session 3 
Errors 

Construction 
Experience 

Pearson Correlation 1 -0.211 
Sig. (2-tailed)  0.05 

Training Session 3 Errors 

N 93 85 
Pearson Correlation -0.211 1 
Sig. (2-tailed) 0.05  

Construction Experience 

N 85 91 
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One-Way ANOVA (Analysis of Variance) of Visual Search Game Results and 
Subject Types 

To determine if the foremen, the construction professionals, and the students had 

different performances in the visual search game, a one-way ANOVA of the visual search 

game results was conducted. The results of the Levene Homogeneity of variance tests on 

the observations of task times showed that the task times in all three groups had equal 

variances. The attained significance levels (p<0.01) of the Levene Homogeneity of 

variance test on the task errors showed that the differences on the task error variances 

between the three groups were statistically significant (see Table 5-25).   

Table 5-25. Levene Homogeneity of Variance Tests on the Visual Search Game Results 
Between Foremen, Construction Professionals, and Students 

 
  

Levene 
Statistic df1 df2 Sig. 

Average Task Time 2.591 2 91 0.08 
Average Instruction Reading 
Time 2.528 2 91 0.09 

Average Search Time 2.653 2 91 0.08 

Icon Visual Search 
Game 

Task Errors 20.822 2 91 0.01 
Average Task Time 1.128 2 91 0.33 
Average Instruction Reading 
Time 0.174 2 91 0.84 

Average Search Time 0.971 2 91 0.38 

Text Visual Search 
Game 

Task Errors 10.837 2 91 0.01 
 
The one-way ANOVA results showed the differences on the average task time and 

the average task instruction reading time between the three samples were not statistically 

significant (see Table 5-26). This led to an acceptance of the null hypotheses that 

foremen, construction professionals and the students performed equally on their average 

task time and average task instruction reading time.  

The attained significance level (p=0.03) of the one-way ANOVA F test showed the 

difference on the average task search times in the icon visual search game among the 



138 

 

foremen, construction professionals, and students were statistically significant. Therefore 

the null hypothesis that foremen, construction professionals and students performed 

equally on the icon visual search time can be rejected. The one-way ANOVA Post-Hoc 

LSD test showed the differences between the foremen/construction professionals and 

students were statistically significant. The difference between the foremen and the 

construction professionals was not statistically significant (see Table 5-27).  

Table 5-26. One-way ANOVA of the Average Task Time, Average Task Instruction 
Reading Time, and Average Task Search Time – Subject Type as Factor 
Levels 

    Sum of Squares df Mean Square F Sig. 
Between 
Groups 8,665,548.482 2 4,332,774.241 1.207 0.30 

Within Groups 326,644,841.997 91 3,589,503.758   

Average Task 
Time 

Total 335,310,390.479 93    
Between 
Groups 3,828,279.157 2 1,914,139.578 2.721 0.07 

Within Groups 64,012,323.748 91 703,432.129   

Average Task 
Instruction 
Reading 
Time Total 67,840,602.904 93    

Between 
Groups 24,761,133.574 2 12,380,566.78

7 3.792 0.03 

Within Groups 297,085,150.980 91 3,264,671.989   

Icon Visual 
Search 
Game 

Average Task 
Search Time 

Total 321,846,284.553 93    
Between 
Groups 5,933,930.329 2 2,966,965.164 0.522 0.59 

Within Groups 516,968,573.884 91 5,680,973.339   

Average Task 
Time 

Total 522,902,504.213 93    
Between 
Groups 3,367,207.347 2 1,683,603.674 1.327 0.27 

Within Groups 115,470,659.462 91 1,268,908.346   

Average Task 
Instruction 
Reading 
Time Total 118,837,866.809 93    

Between 
Groups 962,704.004 2 481,352.002 0.110 0.89 

Within Groups 396,794,469.410 91 4,360,378.785   

Text Visual 
Search 
Game 

Average Task 
Search Time 

Total 397,757,173.415 93    
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Table 5-27. Post-Hoc LSD Test Results on Task Search Time in the Icon Visual Search 
Game 

95% Confidence 
Interval 

 (I) Category (J) Category 

Mean 
Difference 
(I-J) Std. Error Sig. 

Lower 
Bound 

Upper 
Bound 

Construction 
Professionals 46.496 432.624 0.92 -812.86 905.85Foremen 
Students -1,151.576 484.724 0.02 -2,114.42 -188.73
Foremen -46.496 432.624 0.92 -905.85 812.86Construction 

Professionals Students -1,198.072 473.563 0.01 -2,138.75 -257.40
Foremen 1,151.576 484.724 0.02 188.73 2,114.42

Students Construction 
Professionals 1,198.072 473.563 0.01 257.40 2,138.75

 
As indicated by the Levene Homogeneity of variance test results, the equal 

variance assumption would not be appropriate for the task errors in the icon visual search 

game and the text visual search game and therefore the F test cannot be used. A 

Tamhane's T2 test was conducted for these variables. The difference between the task 

errors of foremen and the task errors of the construction professionals and students were 

statistically significant (p<0.05). The mean task errors of foremen were lower than the 

construction professionals and significantly lower than the students in both user 

interfaces. The difference in the task errors between the construction professionals and 

students were not statistically significant (see Table 5-28).  
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Table 5-28. Tamhane's T2 Test on the Task Errors in The Icon Visual Search Game And 
Text Visual Search Game – Subject Type As Factor Levels 

95% 
Confidence 
Interval 

Dependent 
Variable (I) Category (J) Category 

Mean 
Difference 
(I-J) 

Std. 
Error Sig. 

Lower 
Bound

Upper 
Bound

Construction 
Professionals -1.289 0.487 0.03 -2.49 -0.09Foremen 
Students -4.341 1.301 0.01 -7.68 -1.00
Foremen  1.289 0.487 0.03 0.09 2.49 Construction 

Professionals Students -3.052 1.359 0.09 -6.50 0.40 
Foremen  4.341 1.301 0.01 1.00 7.68 

Task Errors in 
Icon Visual 
Search Game 

Students Construction 
Professionals  3.052 1.359 0.09 -0.40 6.50 

Construction 
Professionals -0.962 0.383 0.05 -1.91 -0.01Foremen 
Students -2.568 1.039 0.06 -5.24 0.10 
Foremen  0.962 0.383 0.05 0.01 1.91 Construction 

Professionals Students -1.606 1.090 0.39 -4.37 1.16 
Foremen  2.568 1.039 0.06 -0.10 5.24 

Task Errors in 
Text Visual 
Search Game 

Students Construction 
Professionals  1.606 1.090 0.39 -1.16 4.37 

 
Correlation Analysis between Construction Experience and the Average Icon 

Search Time 

The one-way ANOVA results in Table 5-26 and the Post-Hoc LSD test results in 

Table 5-27 showed that the means of the average icon search times of the foremen and 

the construction professionals were shorter than the average icon search times of the 

students. As previously discussed, the mean construction experience of the foremen and 

the construction professionals (19.5 years and 15.1 years, respectively) were much higher 

than the mean construction experience of the students (1.7 years). The Pearson 

correlation analysis on the icon search time and construction experience however did not 

suggest a linear correlation existed between these two variables (see Table 5-29). A non-

linear association might exist between these two variables but this issue is beyond the 

scope of this study. 
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Table 5-29. Correlation Analysis on the Construction Experience and Icon Search Time 

 
Construction 
Experience 

Icon Average 
Search Time 

Pearson Correlation 1 0.036 
Sig. (2-tailed)  0.75 

Construction 
Experience 

N 91 86 
Pearson Correlation 0.036 1 
Sig. (2-tailed) 0.75  

Icon Average Search 
Time 

N 86 94 
 

Correlation Analysis between Construction Experience and the Task Errors 

The Tamhane's T2 test results on task errors in Table 5-28 suggested the mean of 

the task errors by foremen differed from that of construction professionals and the 

students. The Pearson bivariate correlation analyses on the task errors and construction 

experience showed there was a significant and fairly strong negative correlation between 

the construction experience and task errors in the icon visual search game and text visual 

search game (see Table 5-30 and Table 5-31). In other words, the more construction 

experience a subject has the fewer visual search errors are likely to be made.  

Table 5-30. Correlation Analysis between the Construction Experience and Icon Search 
Errors 

 
Construction 
Experience Icon Search Errors 

Pearson Correlation 1 -0.287 
Sig. (2-tailed)  0.01 

Construction 
Experience 

N 91 86 
Pearson Correlation -0.287 1 
Sig. (2-tailed) 0.01  

Icon Search Errors 

N 86 94 
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Table 5-31. Correlation Analysis between the Construction Experience and Text Search 
Errors 

 
Construction 
Experience Text Search Errors 

Pearson Correlation 1 -0.225 
Sig. (2-tailed)  0.04 

Construction 
Experience 

N 91 86 
Pearson Correlation -0.225 1 
Sig. (2-tailed) 0.04  

Text Search Errors 

N 86 94 
 

Correlation Analysis of the Average Task Search Time and Task Errors 

As discussed in Chapter 3, the task time was defined as the total amount of time 

used by a subject to successfully locate a target (icon or text) on the screen and it also 

included the “penalty” time incurred (pauses and retrials) due to search errors. It is 

plausible to think there might be an association between the average task search time and 

task errors. The Pearson correlation analyses on the average icon search time vs. icon 

search errors and the average text search time vs. text search errors showed there were 

strong positive correlations between the average task search times and task errors (see 

Table 5-32 and Table 5-33). That is, longer task times were generally associated with 

more task errors.  

Table 5-32. Correlation Analysis between the Icon Search Time and Icon Search Errors 
 IconAverSearchTime IconSearchErrors 

Pearson Correlation 1 0.581 
Sig. (2-tailed)  0.01 
Sum of Squares and 
Cross-products 321,846,284.553 401,354.447 

Covariance 3,460,712.737 4,315.639 

Icon 
AverSearchTime 

N 94 94 
Pearson Correlation 0.581 1 
Sig. (2-tailed) 0.01  
Sum of Squares and 
Cross-products 401,354.447 1,484.553 

Covariance 4,315.639 15.963 

IconSearchErrors 

N 94 94 
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Table 5-33. Correlation Analysis between the Text Search Time and Text Search Errors 
 TextSearchErrors TextAverSearchTime

Pearson 
Correlation 1 0.364 

Sig. (2-tailed)  0.01 
Sum of Squares 
and Cross-products 867.713 214,087.138 

Covariance 9.330 2,302.012 

TextSearchErrors 

N 94 94 
Pearson 
Correlation 0.364 1 

Sig. (2-tailed) 0.01  
Sum of Squares 
and Cross-products 214,087.138 397,757,173.415 

Covariance 2,302.012 4,276,958.854 

TextAverSearchTime 

N 94 94 
 
One-Way ANOVA (Analysis of Variance) of Visual Search Task Time of Foremen 

with Computer Usage as Factor Levels 

Results were analyzed to see if the task times of the foremen differed in relation to 

their experience with computer usage. Foremen’s computer usage is categorized as one of 

the following: 0 – does not use computer at all; 1 – use computer only at home; 2 –use 

computer only at work. The results of the Levene Homogeneity of Variance tests on the 

observations of task times showed that the task times in all three computer usage 

categories had equal variances (see Table 5-34). The one-way ANOVA results showed 

there were no statistically significant differences in the task times among the foremen 

who had different experience with computer usage (see Table 5-35).  

Table 5-34. Levene Homogeneity of Variance Tests – Task Time of Foremen with 
Different Computer Usage 

 Levene Statistic df1 df2 Sig. 
IconAverTaskTime 1.192 2 30 0.32 
TextAverTaskTime 0.798 2 30 0.46 
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Table 5-35. One-way ANOVA of the Task Time of Foremen – Computer Usage as 
Factor Levels 

 Sum of Squares df Mean Square F Sig. 
Between 
Groups 8,178,038.571 2 4,089,019.285 2.181 0.13

Within 
Groups 56,253,038.399 30 1,875,101.280   

IconAverTaskTime 

Total 64,431,076.970 32    
Between 
Groups 1,294,661.285 2 647,330.642 0.166 0.85

Within 
Groups 116,769,787.685 30 3,892,326.256   

TextAverTaskTime 

Total 118,064,448.970 32    
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CHAPTER 6 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  

Summary 

This study focused on the graphical user interface usability aspect of the 

computerization process of field documentation by construction foremen. Two potential 

automated data input methods on mobile computing devices were compared through a 

computer visual search game that was conducted with 35 foremen, 37 construction 

professionals and 28 construction students. 

Are Computer Tasks Performed Faster When Using Icons Than When Using 
Predefined Text Lists? 

The study results showed that the foremen performed computer tasks faster on the 

icon interface than on the text interface. The task time consisted of the time reading the 

search game instructions and the task search time. The results showed that foremen, on 

average, completed individual tasks almost 1.5 seconds (1,392 milliseconds) faster on the 

icon interface than on the text interface, i.e., the text-based task time was about 20% 

longer than the icon-based task time. The construction professionals also performed the 

tasks faster (almost 15% faster) with icons than with text. The time difference represents 

a significant amount of timesaving over the life expectancy of a computer application that 

could potentially be used by construction foremen. Among the student participants, no 

discernable difference was noted between the text-based and the icon-based tasks. 
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Are Textual Instructions Processed Faster Than The Iconic Instructions? 

It is interesting to see that the study results showed foremen and other subjects 

(construction professionals and students) read textual instructions faster than the iconic 

instructions. This indicates that text has an advantage over icons in the initial information 

processing stage. Icons when used as the direct instructions for computer tasks can be 

problematic as the multiple meanings associated with them can make it ambiguous for 

the readers to decipher the design intention; therefore, icons could take more time to 

process or evaluate. A user would have to go through several information-processing 

cycles to make a decision on the intent of the iconic instructions while it may only take 

one information processing cycle for textual instructions. Note that the textual 

instructions were associated with the icon search tasks and that the iconic instructions 

were associated with the text search tasks. 

Are Icons Located Faster Than Text? 

When looking at the time used for the actual search portion of a computer task, 

excluding the time used for reading instructions, icons possess an advantage over the text. 

The study results showed that foremen and construction professionals used less time to 

locate icons than to locate text. Results show that recognizable figures (icons) are 

identified faster than pure text. The search time for students provided no discernable 

advantage of icons over text, possibly because the students (with limited experience) 

were not as familiar with the large construction equipment depicted in the icons.   

Errors With Icons Versus Errors With Pre-Defined Text List 

Study results showed the number of errors that participants (foremen, construction 

professionals, and students) made on the icon interface were not different from the 

number of errors they made on the text interface. Overall, it was noted that foremen made 
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relatively fewer errors. In fact, errors were found to be fewer in number as construction 

experience increased. Results also showed that as the training sessions progressed, the 

task errors decreased.  

Preferences of Pre-defined Text Lists Versus Icons 

Results showed that construction professionals had high satisfaction ratings with 

the icon interface but for the foremen and students there were not clear preferences for 

either icons or pre-defined text lists. 

Ranking Order of the Three Usability Factors 

Foremen and students viewed the three usability factors (shorter task time, fewer 

errors, and higher user satisfaction) as equally important. The construction professionals, 

on the other hand, ranked “fewer errors” as the most important usability factor with 

“shorter task time” and “higher user satisfaction” being of equal but slightly less 

importance.  

Views about Using Icon Based Mobile Field Documentation Applications 

Research participants generally agreed that the icon based mobile field 

documentation system (introduced to the participants) would help foremen do their jobs. 

In fact, most foremen indicated they would use such a system if one were to be provided 

to them. The positive feedback, especially from the foremen, suggests that icon-based 

mobile documentation tools may be readily accepted by construction supervisors. 

Views about the Standardization of Information Contained in Field Documentation 

The participating foremen and construction professionals (students views were not 

sought) generally agreed that most construction field documentation could be 

standardized. Standardization is associated with rapid data input and this is generally 

regarded as a valuable feature.  The results indicated a large amount of the information 
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can potentially be standardized for quick and easy entry (pick and choose action) on 

mobile computing devices, while information input through keyboard and stylus 

handwriting (standard input) can be cumbersome.  

Experience of Foremen with Mobile Computing Technologies 

The number of PDA users among foremen is relatively small, but it has increased 

substantially in recent years (based on Elliott’s study in 2000). This increase is perhaps 

attributed to the fact that the use of the mobile computing technologies in society is more 

prevalent. The use of the conventional computer technologies (desktop computers and 

laptop computers) for documenting field work among foremen has remained low (5.7%) 

and is slightly lower than the 16.0% reported in the Elliott study. The use of computers 

by foremen in their homes (48.6%) seemed to remain unchanged from the extent of use 

(50.4%) reported in the Elliott study.  It was noted that the icon task times were not 

noticeably affected by the participants’ experience with the use of computer or other 

related technologies.  

Conclusions 

Icons hold great potential to be an efficient and effective data input mechanism for 

construction foremen in the construction field. The efforts required for implementing, 

training and learning the iconic data input system can be minimal. The foremen in the 

study did not have any previous knowledge about the icons used in the test interfaces and 

many had very limited computer use experience. Yet these foremen were able to learn to 

effectively use the icons and the iconic user interface in a relatively short amount of time. 

They have performed computer tasks as fast as the more proficient computer users such 

as construction professionals and university students, and they made few errors. With 

positive views of the foremen towards the icons and iconic interfaces, the implementation 
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of icon-based data input systems on mobile computing devices should not encounter 

much individual resistance from foremen as the end users.  

Designing of the graphical user interfaces for construction foremen must take into 

consideration of the usability factors associated with foremen’s characteristics and their 

working environment in order to provide a truly user-friendly and effective system. In 

general, based on all study participants, minimizing errors and task time, while 

maintaining user satisfaction, should all be goals when developing a graphical user 

interface. 

Icon-based data input systems on mobile computing devices can make foremen 

more productive and reduce the errors associated redundant data input in the information 

flow process on construction sites. In fact, foremen made fewer errors on the iconic 

interface compared to the text interface. The extensive field experience and knowledge of 

the graphic nature of the construction activities give construction foremen a unique 

advantage of using icons as an automated data input mechanism.  

With the computerization of the field documentation of construction foremen, field 

information can be easily input and reliably retrieved by other participants of the 

construction process for timely and accurate feedback of the construction progress. This 

in turn leads to better decisions on project management and cost control and makes the 

overall construction process more productive and profitable. 

Research Limitations 

This study revealed findings that contribute to the improvement of the usability of 

the graphical user interface on mobile computing devices designed for construction 

foremen. Despite this, some research limitations should be noted. 
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Since this research project was not funded and the interviews were conducted by 

the researcher, the number of foremen surveyed was limited by the researcher’s resources 

and time. The foremen sample size (N=35) was adequate to test the research hypotheses 

in the study but in general is a small representation of the general population. The 

foremen included in this study were sampled from the contractors performing sitework 

construction in Central Florida. Therefore, the results may not be generalized with 

confidence to the other sectors of the construction industry or to other geographical areas. 

Recommendations 

Too often, when evaluating and implementing two competing alternative 

approaches, a misconception is that one must be far superior to the other and one should 

be used for all scenarios while the other should be totally rejected. However, as found in 

this study, icons and pre-determined text lists both have their own 

advantages/disadvantages in different aspects of a visual searching task. It is logical in 

this case for these two data input methods to co-exist in a graphical user interface. The 

optimal combination in the design of the graphical user interfaces for construction 

foremen would be to use text for the computer task instructions and to use icons as choice 

items for faster selection. 

Although the interfaces used in the study were intentionally simplified and may not 

be the exact format as real world applications, the errors in real world applications are 

likely to be fewer because the users generally would have more opportunities to practice 

and get over the learning curve. 

As indicated in the study, foremen performed as well as the more experienced 

computer users such as construction professionals and university students in task 

completion time, made fewer errors in the visual search tasks, and had relatively high 
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user satisfaction ratings on both of the icon interface and the text interface. Thus, the lack 

of experience of a foreman with the use of computers should not be a factor when 

considering the implementation and use of such data input technology on construction 

sites.  Most foremen were receptive to the equipment timesheet application that was 

introduced to them. Therefore, implementing field documentation tools based on mobile 

computing technologies should not require extensive efforts in training and in the actual 

use of the systems as previously thought. As the mobile computing technologies such as 

PDA’s become more mature and affordable, companies should get more familiar with the 

technologies that are readily available and start to “computerize” foremen. There is a 

missing link in the computerized information flow on construction sites.  

Future Research Recommendations  

Other Sectors of the Construction Industry and Other Geographical Areas 

As previously discussed, this study has focused on foremen in sitework 

construction. It is recommended that similar studies be conducted with foremen from 

other sectors of the construction industry with representation from a wide distribution of 

crafts or trades. Studies could also be performed in other geographical areas. With a large 

percentage of non-English speaking workers on some construction sites, the scope of the 

study should be extended to other languages. The advantage of icons in a cross-language 

system should be examined to see if error reduction is significant. 

Intelligent Data Validation in Data Input Process 

One of the inherent drawbacks with the pen and paper-based data input method is 

that if a user inadvertently makes an error during the data input process, the error may not 

be caught until it is passed onto the next recipients and discovered a period of time later. 

By then, data correction may be highly unreliable due to the time then has elapsed. An 
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intelligent data validation feature is imperative for computerized field documentation 

tools. For example, when a user enters the daily equipment timesheet information and 

accidentally enters 77 (hours) instead of 7 (hours), the application should recognize the 

data entered is out of norm and query the user for verification. This not only applies to 

the numeric information but also to the textual information such as the descriptions of the 

work performed that need to be congruent with the construction schedule. Research on 

establishing such a data validation model is recommended. 

Modeling of the Cognitive Activities of the Visual Search Process Through the Use 
of Eye-tracking Technologies 

Although the modeling of the cognitive activities of the subjects during the visual 

search sessions was not part of the scope of this study, it would be an interesting research 

direction and an additional contribution to the understanding of the human-computer 

interactions in the interfaces designed for mobile computing devices. Fitts Law, 

commonly referred in the experimental psychology and human-computer interaction 

research field, is a model of human movement, predicting the time required to rapidly 

move from a starting position to a final target area, as a function of the distance to the 

target and the size of the target. Although the visual search game computer program used 

in this study kept track of the cursor (x,y) locations on the screen at various user events, 

the (x,y) positions records did not always correspond to the focal points of the eyes of the 

subjects. With the current eye-tracking technologies becoming more and more reliable 

and reduced setup costs, it is recommended that research be conducted on the cognitive 

activities that may differ between the icon user interface and the text user interface during 

a visual search process.  
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APPENDIX A 
PILOT STUDY RESULTS DATA 

Table A-1. Average Task Time for Each Training Session 
(Tn denotes for the Average Task Time for the Nth Training Session) 
Subject 
No. 

Test Platform T1 
(ms) 

T2 
(ms) 

T3 
(ms) 

T4 
(ms) 

T5 
(ms) 

1 Fujitsu 4224 3236 3232 3156 3035 
2 Fujitsu 4711 3667 3272 3261 2791 
3 Fujitsu 6167 3989 4411 2809 2795 
4 Fujitsu 5311 3581 3177 2772 3245 
5 Fujitsu 4415 4077 4093 3442 3191 
6 Fujitsu 13224 5466 5186 4479 6185 
7 Fujitsu 10834 5109 4583 6402 4721 
8 Fujitsu 7977 4514 3617 2801 2815 
9 Fujitsu 5122 4486 4030 3700 4671 
10 Fujitsu 5776 3105 3170 3484 3246 
11 Fujitsu 6724 3761 3323 3333 2739 
12 Fujitsu 3371 2443 2930 2283 2307 
13 Fujitsu 7545 4103 3567 3692 3044 
14 Fujitsu 13510 6971 5315 4749 3895 
15 Fujitsu 4773 4011 4053 4819 3503 
Mean (Fujitsu) 6912.27 4167.93 3863.93 3678.80 3478.87 
Std. Deviation (Fujitsu) 3199.987 1084.059 746.550 1050.892 1012.110 
Std. Error Mean (Fujitsu) 826.233 279.903 192.758 271.339 261.326 
16 Non-Fujitsu 6307 4308 3966 3859 2760 
17 Non-Fujitsu 2333 2472 2679 2239 2100 
18 Non-Fujitsu 6242 6932 4634 3986 2858 
19 Non-Fujitsu 3658 3276 2729 2719 3083 
20 Non-Fujitsu 4993 3402 4084 2898 3717 
21 Non-Fujitsu 12174 7430 5098 5483 5174 
22 Non-Fujitsu 7626 3591 3601 3163 3383 
23 Non-Fujitsu 5834 3801 3223 3713 3523 
24 Non-Fujitsu 5716 4687 4541 4531 3257 
25 Non-Fujitsu 5575 3491 4138 3594 2884 
26 Non-Fujitsu 4728 4793 3643 4341 3967 
27 Non-Fujitsu 3802 3955 3229 4500 4011 
28 Non-Fujitsu 6590 3570 3776 2689 2953 
29 Non-Fujitsu 6177 4003 3476 4411 3725 
30 Non-Fujitsu 5994 5702 4679 3997 3294 
Mean (Non-Fujitsu) 5849.93 4360.87 3796.80 3694.20 3399.60 
Std. Deviation (Non-Fujitsu) 2198.060 1372.435 711.389 899.898 698.636 
Std. Error Mean (Non-
Fujitsu) 

567.537 354.361 183.680 232.353 180.387 
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Table A-2. Number of Errors for Each Training Session 
(En denotes for the number of errors for the Nth Training Session) 
Subject 
No. 

Test Platform E1 
 

E2 E3 E4 E5 

1 Fujitsu 1 0 0 1 1 
2 Fujitsu 0 0 1 2 1 
3 Fujitsu 7 0 2 1 1 
4 Fujitsu 8 1 2 2 1 
5 Fujitsu 3 0 1 0 1 
6 Fujitsu 14 5 1 1 1 
7 Fujitsu 8 5 2 7 2 
8 Fujitsu 13 5 5 1 4 
9 Fujitsu 12 11 3 3 2 
10 Fujitsu 0 1 0 0 0 
11 Fujitsu 5 0 0 1 1 
12 Fujitsu 7 3 3 1 1 
13 Fujitsu 1 2 1 0 0 
14 Fujitsu 1 1 2 2 3 
15 Fujitsu 4 1 3 3 2 
Mean (Fujitsu) 5.60 2.33 1.73 1.67 1.40 
Std. Deviation (Fujitsu) 4.763 3.063 1.387 1.759 1.056 
Std. Error Mean (Fujitsu) 1.230 0.791 0.358 0.454 0.273 
16 Non-Fujitsu 7 6 4 4 2 
17 Non-Fujitsu 2 2 1 0 0 
18 Non-Fujitsu 4 2 3 2 3 
19 Non-Fujitsu 8 0 2 3 2 
20 Non-Fujitsu 1 0 2 0 2 
21 Non-Fujitsu 9 6 1 2 2 
22 Non-Fujitsu 9 3 2 1 2 
23 Non-Fujitsu 2 1 2 1 2 
24 Non-Fujitsu 2 2 0 0 0 
25 Non-Fujitsu 10 9 11 6 1 
26 Non-Fujitsu 2 3 2 2 1 
27 Non-Fujitsu 4 2 0 1 2 
28 Non-Fujitsu 3 0 1 1 0 
29 Non-Fujitsu 4 3 4 9 4 
30 Non-Fujitsu 12 6 4 1 1 
Mean (Non-Fujitsu) 5.27 3.00 2.27 1.87 1.67 
Std. Deviation (Non-Fujitsu) 3.555 2.646 1.668 2.264 1.113 
Std. Error Mean (Non-Fujitsu) 0.918 0.683 0.431 0.584 0.287 
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Table A-3. Subject 1(Homebuilder Superintendent) Icon Training Session Data 

 
 
Session No. Session Errors 

Average Task 
Time 
 (ms) 

Average 
Instruction 
Reading Time 
(ms) 

Average Search 
Time  
(ms) 

1 1 4,462 1,593 2,425 
2 1 3,591 1,139 2,186 
3 1 3,148 1,319 1,716 
4 0 2,833 1,428 1,223 
5 1 3,337 1,461 1,720 
6 1 3,045 1,182 1,869 
7 0 3,006 1,376 1,684 
8 0 2,864 1,275 1,429 
9 0 3,095 1,129 1,751 
10 0 2,739 1,187 1,429 
11 0 2,582 1,092 1,524 
12 0 2,807 1,086 1,541 
13 0 3,363 1,748 1,515 
14 0 2,794 1,188 1,505 
15 0 2,582 957 1,561 
16 0 2,471 948 1,530 
17 0 2,667 938 1,726 
18 0 2,747 1,086 1,566 
19 0 2,760 1,095 1,628 
20 0 2,856 1,174 1,589 
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Table A-4. Subject 2 (Engineer) Icon Training Session Data 

 
 
Session No. Session Errors 

Average Task 
Time 
 (ms) 

Average 
Instruction 
Reading Time 
(ms) 

Average 
Search Time  
(ms) 

1 0 5597 719 4850 
2 0 3580 788 2717 
3 0 3435 968 2236 
4 0 3061 817 2280 
5 0 2717 850 1891 
6 0 2489 587 1745 
7 1 2941 925 1946 
8 0 3015 889 1923 
9 0 2976 950 1953 
10 0 2495 849 1583 
11 0 2240 752 1473 
12 0 2701 943 1599 
13 1 3019 867 2145 
14 0 2819 948 1858 
15 0 2295 970 1202 
16 0 2032 866 1205 
17 0 2251 924 1396 
18 0 2138 719 1426 
19 0 2428 809 1585 
20 0 2356 726 1776 
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Table A-5. Subject 3 (Framing Foreman) Icon Training Session Data 

 
 
Session No. Session Errors

Average Task 
Time 
(ms) 

Average 
Instruction 
Reading Time 
(ms) 

Average 
Search Time 
(ms) 

1 0 7096 1039 5704 
2 1 4659 534 4053 
3 1 3986 258 3560 
4 1 3429 369 2893 
5 0 3612 1019 2417 
6 1 5047 868 3706 
7 0 3311 713 2553 
8 0 4159 579 3520 
9 1 5563 541 4671 
10 1 3338 585 2646 
11 1 3155 1101 1763 
12 3 3283 1260 1729 
13 0 2966 1348 1587 
14 0 3937 1011 2874 
15 1 4288 1621 2505 
16 0 4773 878 3769 
17 0 3030 890 1942 
18 0 3130 1427 1762 
19 0 3386 752 2615 
20 1 3971 1077 2839 
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Table A-6. Session Time for Each Training Session 
(STn denotes for the Session Time for the Nth Training Session) 
Subject 
No. 

Test 
Platform 

ST1 
(ms) 

ST2 
(ms) 

ST3 
(ms) 

ST4 
(ms) 

ST5 
(ms) 

1 Fujitsu 118248 76920 69561 63202 49515 
2 Fujitsu 47615 40244 35340 32029 32451 
3 Fujitsu 129979 120551 86206 66933 59352 
4 Fujitsu 98642 58969 44688 50188 60157 
5 Fujitsu 84610 65978 79898 51905 76825 
6 Fujitsu 214750 221020 76240 106390 89910 
7 Fujitsu 125634 80293 51435 48545 54966 
8 Fujitsu 103000 77345 59750 60202 59812 
9 Fujitsu 91775 78845 69853 71094 56634 
10 Fujitsu 100443 87395 100757 62093 52415 
11 Fujitsu 77999 83954 62714 66182 66854 
12 Fujitsu 81961 65246 51085 78365 65496 
13 Fujitsu 122773 64826 58787 47581 45077 
14 Fujitsu 161403 87163 60598 79349 72286 
15 Fujitsu 117035 111659 86956 65485 60279 
16 Non-Fujitsu 114785 58154 51694 50973 40086 
17 Non-Fujitsu 89388 59876 50483 55560 51084 
18 Non-Fujitsu 154722 71784 67286 57542 53788 
19 Non-Fujitsu 98171 67938 54108 43703 51113 
20 Non-Fujitsu 87355 70802 87206 61538 56901 
21 Non-Fujitsu 246765 99112 81688 68068 94376 
22 Non-Fujitsu 176724 113894 81497 113553 88938 
23 Non-Fujitsu 148003 74728 63221 51894 53286 
24 Non-Fujitsu 105592 118774 70391 62741 71953 
25 Non-Fujitsu 104080 68678 48930 54529 50592 
26 Non-Fujitsu 144218 62289 52286 51033 42892 
27 Non-Fujitsu 105923 47989 51354 38746 39557 
28 Non-Fujitsu 115556 68849 66916 56812 61879 
29 Non-Fujitsu 224693 129466 85924 80276 85062 
30 Non-Fujitsu 115325 72624 67347 82298 59685 
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APPENDIX B 
FINAL STUDY RESULT DATA 

Table B-1. Foremen Demographics 
Foreman 
Subject 
No. 

Age 
(years) Education 

Construction 
Experience 
(years) 

Crew 
Size Type of Foreman 

Company 
Years in 
Business 

1 44 High School 25 50 General Foreman 12 
2 41 High School 25 4 Paving Foreman 12 
3 38 High School 20 5 Paving Foreman 12 
4 40 High School 20 1 Earthwork Foreman 20 
5 44 High School 25 5 Earthwork Foreman 20 
6 41 High School 15 4 Underground Utility Foreman 20 
7 59 High School 38 3 Earthwork Foreman 20 
8 35 High School 15 5 Underground Utility Foreman 20 
9 44 College 31 12 Earthwork Foreman 20 
10 48 High School 12 3 Earthwork Foreman 20 
11 22 College 5 5 Earthwork Foreman 20 
12 43 High School . . Underground Utility Foreman 20 
13 28 High School 6 2 Underground Utility Foreman 20 
14 33 High School 13 . Underground Utility Foreman 20 
15 29 College 11 . Underground Utility Foreman 20 
16 50 High School 20 2 Other Foreman 20 
17 29 High School 5 2 Other Foreman 20 
18 54 High School 35 20 General Foreman 30 
19 32 College 7 25 General Foreman 30 
20 54 College 33 65 General Foreman 30 
21 52 High School 35 30 General Foreman 35 
22 32 College 11.5 4 Other Foreman 18 
23 53 College 26 . General Foreman 18 
24 62 College 30 6 Underground Utility Foreman 18 
25 50 High School 32 3 Underground Utility Foreman 18 
26 37 High School 22 18 Underground Utility Foreman 18 
27 38 High School 20 48 General Foreman 23 
28 24 College 4 10 Underground Utility Foreman 23 
29 46 High School 21 30 General Foreman 25 
30 32 High School 14 2 Earthwork Foreman 25 
31 36 High School 20 7 Underground Utility Foreman 22 
32 31 High School 13 7 Underground Utility Foreman 22 
33 46 High School 26 7 Underground Utility Foreman 22 
34 39 High School 15 7 Underground Utility Foreman 22 
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Table B-2. Construction Professionals Demographics 
Construction 
Professional  
Subject No. 

Age 
(years) Education 

Construction 
Experience 
(years) Profession 

1 30 Graduate School 8 Consultant 
2 32 High School 0 CAD Technician 
3 25 College 2 Civil Engineer 
4 33 College 11 Civil Engineer 
5 36 College 13 Civil Engineer 
6 30  1 Civil Engineer 
7 27 College 7 CAD Technician 
8 51 College  CAD Technician 
9 21 College  CAD Technician 
10 26 College 4 Civil Engineer 
11   3.5 Civil Engineer 
12 49 College 32 Project Manager 
13 56 College 34 Civil Engineer 
14 34 College 9 Civil Engineer 
15    Project Manager 
16 45 College 13 Project Manager 
17    Project Manager 
18 60 High School 40 Project Manager 
19 41 High School 20 Project Manager 
20 51 College 25 Project Manager 
21 46 College 28 Consultant 
22 49 Graduate School 28 Project Manager 
23 45 College 23 Project Manager 
24 23 Graduate School 0 Project Engineer 
25 25 College 1 Project Engineer 
26 26 College 6 Project Engineer 
27 27 College 4 Project Engineer 
28 45 College 5 Project Manager 
29 43 College 20 Superintendent 
30 74 College 66 Superintendent 
31 31 High School 10 Inspector 
32 25 College 2 Estimator 
33 52 College 30 Superintendent 
34 51 High School 30 Superintendent 
35  College  Superintendent 
36 27 College 5 Project Manager 
37 25 College 3 Project Manager 
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Table B-3. Student Demographics 
Student 
Subject 
No. 

Age 
(years) Academic Status Major 

Construction 
Experience 
(years) 

1 26 Graduate Student Building Construction 1 
2 27 Graduate Student Building Construction 4 
3 29 Graduate Student Building Construction 0.6 
4 28 Graduate Student Building Construction 5 
5 24 Graduate Student Building Construction 0 
6 24 Graduate Student Building Construction 0.8 
7 30 Graduate Student Building Construction 0.1 
8 40 Graduate Student Building Construction 0 
9 26 Graduate Student Building Construction 1 
10 . Graduate Student Building Construction 0 
11 24 Graduate Student Building Construction 0.9 
12 23 Graduate Student Building Construction 0.4 
13 22 Graduate Student Building Construction 0.3 
14 22 Undergraduate Student Building Construction 0 
15 28 Undergraduate Student Building Construction 0.4 
16 30 Graduate Student Building Construction 0.5 
17 40 Graduate Student Building Construction 1 
18 25 Graduate Student Building Construction 1 
19 28 Graduate Student Building Construction 0 
20 35 Graduate Student Building Construction 5 
21 44 Graduate Student Building Construction 1 
22 30 Graduate Student Building Construction 0 
23 24 Graduate Student Building Construction 7.5 
24 24 Graduate Student Building Construction 0.7 
25 34 Graduate Student Building Construction 10 
26 28 Graduate Student Other 2 
27 25 Graduate Student Building Construction 0.3 
28 27 Graduate Student Other 0 
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Table B-4. Foremen’s experience with common touch sensitive screen devices 
Foreman 
Subject # ATM 

Information 
Kiosks 

Store Self 
Checkout 

Total Experience 
Score 

1 1 0 1 2 
2 1 0 1 2 
3 1 0 1 2 
4 0 0 0 0 
5 0 0 1 1 
6 1 0 1 2 
7 1 0 0 1 
8 1 1 1 3 
9 1 0 1 2 
10 1 1 1 3 
11 1 1 1 3 
12 1 0 0 1 
13 1 0 1 2 
14 1 0 0 1 
15 0 0 0 0 
16 1 0 1 2 
17 1 0 1 2 
18 1 0 1 2 
19 1 1 1 3 
20 1 0 1 2 
21 1 0 1 2 
22 1 1 1 3 
23 0 0 0 0 
24 1 1 1 3 
25 1 1 1 3 
26 1 1 0 2 
27 1 1 1 3 
28 1 1 1 3 
29 1 1 1 3 
30 1 1 1 3 
31 1 0 0 1 
32 0 1 0 1 
33 1 0 1 2 
34 1 0 1 2 
35 . . .  
“1” – yes 
“0” – no 
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Table B-5. Construction professionals’ experience with common touch sensitive screen 
devices 

Construction 
Professional  
Subject No. ATM 

Information 
Kiosks 

Store Self 
Checkout 

Total 
Experience 
Score 

1 1 1 1 3 
2 1 1 1 3 
3 1 1 1 3 
4 1 1 1 3 
5 1 1 1 3 
6 1 1 1 3 
7 1 1 1 3 
8 1 1 1 3 
9 1 1 1 3 
10 1 1 1 3 
11 1 0 1 2 
12 0 1 1 2 
13 1 0 1 2 
14 1 1 1 3 
15 1 0 1 2 
16 1 1 1 3 
17 1 1 1 3 
18 1 1 1 3 
19 0 0 0 0 
20 1 1 1 3 
21 1 1 1 3 
22 1 1 1 3 
23 1 1 0 2 
24 1 1 1 3 
25 1 1 1 3 
26 1 0 1 2 
27 1 0 1 2 
28 1 1 1 3 
29 1 0 1 2 
30 0 0 0 0 
31 1 1 1 3 
32 1 1 1 3 
33 1 1 0 2 
34 1 1 0 2 
35 1 1 1 3 
36 1 1 1 3 
37 1 1 1 3 
“1” – yes 
“0” – no 
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Table B-6. Students’ experience with common touch sensitive screen devices 
Student 
Subject # ATM 

Information 
Kiosks 

Store Self 
Checkout 

Total Experience 
Score 

1 1 0 1 2 
2 1 1 1 3 
3 1 0 0 1 
4 1 0 1 2 
5 1 1 1 3 
6 1 0 1 2 
7 1 1 0 2 
8 1 0 0 1 
9 1 0 0 1 
10 . . . . 
11 1 1 1 3 
12 1 1 1 3 
13 1 1 1 3 
14 1 0 1 2 
15 1 0 1 2 
16 1 1 1 3 
17 1 1 1 3 
18 1 0 1 2 
19 1 1 1 3 
20 1 1 1 3 
21 1 1 1 3 
22 1 1 1 3 
23 1 0 1 2 
24 1 1 1 3 
25 1 1 1 3 
26 1 0 0 1 
27 1 1 1 3 
28 1 1 1 3 
“1” – yes 
“0” – no 
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Table B-7. Foremen’ experience with PDA’s 

Foreman 
Subject No. Use PDA 

Use PDA for 
Work 

Use PDA for 
Personal Use 

Average Weekly 
PDA Use Time 
(Hours) 

1 Yes Yes No 3 
2 No No No 0 
3 No No No 0 
4 No No No 0 
5 No No No 0 
6 No No No 0 
7 No No No 0 
8 No No No 0 
9 No No No 0 
10 No No No 0 
11 Yes No Yes 4 
12 No No No 0 
13 No No No 0 
14 Yes Yes Yes 3 
15 No No No 0 
16 No No No 0 
17 Yes Yes No 5 
18 No No No 0 
19 No No No 0 
20 Yes No Yes 5 
21 No No No 0 
22 Yes Yes No 3 
23 No No No 0 
24 No No No 0 
25 Yes No Yes 2 
26 No No No 0 
27 Yes Yes No 4 
28 Yes Yes Yes 7 
29 Yes Yes No 1 
30 Yes No Yes . 
31 No No No 0 
32 No No No 0 
33 No No No 0 
34 No No No 0 
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Table B-8. Construction Professionals’ experience with PDA’s 
Construction 
Professional  
Subject No. Use PDA 

Use PDA for 
Work 

Use PDA for 
Personal 

Average Weekly 
PDA Use Time 
(Hours) 

1 Yes Yes Yes 4 
2 Yes Yes Yes 2 
3 Yes Yes Yes 1 
4 Yes Yes Yes . 
5 Yes Yes Yes 5 
6 No No No 0 
7 No No No 0 
8 No No No 0 
9 Yes Yes Yes 3 
10 Yes Yes Yes 2 
11 Yes No Yes 1 
12 No No No 0 
13 No No No 0 
14 Yes Yes No 3 
15 Yes Yes No 1 
16 No No No 0 
17 No No No 0 
18 No No No 0 
19 No No No 0 
20 No No No 0 
21 No No No 0 
22 Yes Yes Yes 20 
23 Yes No Yes 2 
24 Yes No Yes 2 
25 Yes No Yes 2 
26 Yes No Yes 5 
27 Yes Yes Yes 1 
28 Yes Yes Yes 15 
29 No No No 0 
30 No No No 0 
31 Yes No Yes 2 
32 No No No 0 
33 No No No 0 
34 No No No 0 
35 No No No 0 
36 Yes No Yes 5 
37 Yes Yes Yes 10 
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Table B-9. Student Subjects’ Experience with PDA’s 

Student 
Subject No. Use PDA 

Average Weekly 
PDA Use Time 
(Hours) 

1 No 0 
2 Yes 3 
3 No 0 
4 Yes 21 
5 Yes 1 
6 No 0 
7 No 0 
8 No 0 
9 No 0 
10 . . 
11 Yes 2 
12 No 0 
13 No 0 
14 No 0 
15 Yes 1 
16 Yes 3 
17 Yes 20 
18 No 0 
19 No 0 
20 No 0 
21 Yes 1 
22 No 0 
23 No 0 
24 Yes 2 
25 Yes 8 
26 Yes 16 
27 Yes 2 
28 No 0 
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Table B-10. Foremen’s Ratings of the Efficiency of the Data Entry Mechanism by Stylus 
Handwriting on Mobile Computing Devices 

Foremen 
Subject No. 

Rating on PDA Handwriting 
Data Input Method 

Equivalent Numeric 
Rating 

1 Efficient 6 
2 Efficient 6 
3 Inefficient 2 
4 Inefficient 2 
5 Very efficient 7 
6 Very efficient 7 
7 Very efficient 7 
8 No opinion 4 
9 Slightly efficient 5 
10 Very inefficient 1 
11 No opinion 4 
12 Efficient 6 
13 Slightly inefficient 3 
14 Inefficient 2 
15 Very efficient 7 
16 No opinion 4 
17 Efficient 6 
18 Very inefficient 1 
19 Efficient 6 
20 Efficient 6 
21 Efficient 6 
22 Slightly inefficient 3 
23 Efficient 6 
24 Inefficient 2 
25 Very inefficient 1 
26 Efficient 6 
27 Efficient 6 
28 Very efficient 7 
29 No opinion 4 
30 . . 
31 No opinion 4 
32 Efficient 6 
33 Inefficient 2 
34 Very inefficient 1 
35 Efficient 6 
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Table B-11. Construction Professionals’ Ratings of the Efficiency of the Data Entry 
Mechanism by Stylus Handwriting on Mobile Computing Devices 

Construction Professional  
Subject No. 

Rating on PDA Handwriting 
Data Input Method 

Equivalent Numeric 
Rating 

1 Inefficient 2 
2 No opinion 4 
3 No opinion 4 
4 Very efficient 7 
5 Efficient 6 
6 Very inefficient 1 
7 Efficient 6 
8 Very efficient 7 
9 Slightly efficient 5 
10 No opinion 4 
11 Slightly inefficient 3 
12 Efficient 6 
13 Efficient 6 
14 No opinion 4 
15 Very efficient 7 
16 No opinion 4 
17 No opinion 4 
18 Efficient 6 
19 No opinion 4 
20 Efficient 6 
21 Very inefficient 1 
22 Very efficient 7 
23 Very efficient 7 
24 Efficient 6 
25 Efficient 6 
26 Efficient 6 
27 No opinion 4 
28 Efficient 6 
29 Efficient 6 
30 No opinion 4 
31 Slightly efficient 5 
32 Slightly efficient 5 
33 Efficient 6 
34 No opinion 4 
35 Efficient 6 
36 Slightly inefficient 3 
37 No opinion 4 
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Table B-12. Students’ Ratings of the Efficiency of the Data Entry Mechanism by Stylus 
Handwriting on Mobile Computing Devices 

Student 
Subject No. 

Rating on PDA Handwriting 
Data Input Method 

Equivalent Numeric 
Rating 

1 Inefficient 2 
2 Slightly inefficient 3 
3 Efficient 6 
4 Inefficient 2 
5 Efficient 6 
6 Efficient 6 
7 No opinion 4 
8 No opinion 4 
9 Efficient 6 
10 No opinion 4 
11 Efficient 6 
12 Efficient 6 
13 Efficient 6 
14 Inefficient 2 
15 Inefficient 2 
16 Slightly efficient 5 
17 Very efficient 7 
18 Efficient 6 
19 Slightly inefficient 3 
20 Efficient 6 
21 Slightly inefficient 3 
22 No opinion 4 
23 Very efficient 7 
24 Slightly inefficient 3 
25 Inefficient 2 
26 Slightly efficient 5 
27 No opinion 4 
28 Inefficient 2 
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Table 5-13. Foremen Subjects’ Ratings of the Importance of Being Able to Input Data 
Quickly on Mobile Computing Devices 

Foreman 
Subject No. Importance Rating Equivalent Numeric Rating
1 Important 4 
2 Important 4 
3 Important 4 
4 Fairly important 3 
5 Important 4 
6 Important 4 
7 Very Important 5 
8 Very Important 5 
9 Very Important 5 
10 Fairly important 3 
11 Important 4 
12 Fairly important 3 
13 Of little importance 2 
14 Fairly important 3 
15 Important 4 
16 Important 4 
17 Very Important 5 
18 Important 4 
19 Very Important 5 
20 Very Important 5 
21 Very Important 5 
22 Very Important 5 
23 Important 4 
24 Important 4 
25 Very Important 5 
26 Important 4 
27 Fairly important 3 
28 Important 4 
29 Very Important 5 
30 Very Important 5 
31 Important 4 
32 Fairly important 3 
33 Important 4 
34 Very Important 5 
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Table B-14. Construction Professionals’ Ratings of the Importance of Being Able to 
Input Data Quickly on Mobile Computing Devices 

Construction Professional  
Subject No. Importance Rating 

Equivalent Numeric 
Rating 

1 Very Important 5 
2 Fairly important 3 
3 Very Important 5 
4 Very Important 5 
5 Important 4 
6 Very Important 5 
7 Important 4 
8 Important 4 
9 Very Important 5 
10 Important 4 
11 Fairly important 3 
12 Very Important 5 
13 Important 4 
14 Fairly important 3 
15 Very Important 5 
16 Important 4 
17 Very Important 5 
18 Very Important 5 
19 Fairly important 3 
20 Important 4 
21 Very Important 5 
22 Very Important 5 
23 Important 4 
24 Very Important 5 
25 Very Important 5 
26 Very Important 5 
27 Important 4 
28 Very Important 5 
29 Very Important 5 
30 Very Important 5 
31 Important 4 
32 Very Important 5 
33 Important 4 
34 Important 4 
35 Very Important 5 
36 Very Important 5 
37 Important 4 
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Table B-15. Student Subjects’ Ratings of the Importance of Being Able to Input Data 
Quickly on Mobile Computing Devices 

Student 
Subject No. Importance Rating 

Equivalent Numeric 
Rating 

1 Important 4 
2 Very Important 5 
3 Very Important 5 
4 Of little importance 2 
5 Very Important 5 
6 Fairly important 3 
7 Important 4 
8 Important 4 
9 Very Important 5 
10 . . 
11 Very Important 5 
12 Important 4 
13 Important 4 
14 Very Important 5 
15 Not important at all 1 
16 Fairly important 3 
17 Fairly important 3 
18 Important 4 
19 Very Important 5 
20 Important 4 
21 Fairly important 3 
22 Very Important 5 
23 Very Important 5 
24 Important 4 
25 Very Important 5 
26 Important 4 
27 . . 
28 Of little importance 2 
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Table B-16. Foremen’s View about Whether Most Content of Their Field Documentation 
Could be Standardized 

Foreman 
Subject No. Agreement Rating

Equivalent Numeric 
Rating 

1 Slightly agree 5 
2 Agree 6 
3 Agree 6 
4 Agree 6 
5 Slightly agree 5 
6 Agree 6 
7 Strongly agree 7 
8 Strongly agree 7 
9 Agree 6 
10 Slightly agree 5 
11 Agree 6 
12 Slightly disagree 3 
13 No opinion 4 
14 Strongly agree 7 
15 Agree 6 
16 Agree 6 
17 Strongly agree 7 
18 No opinion 4 
19 Agree 6 
20 Agree 6 
21 Agree 6 
22 Strongly agree 7 
23 Agree 6 
24 Slightly agree 5 
25 Slightly agree 5 
26 Slightly agree 5 
27 Agree 6 
28 Agree 6 
29 Strongly agree 7 
30 Strongly agree 7 
31 Agree 6 
32 Slightly agree 5 
33 Agree 6 
34 Agree 6 
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Table B-17. Construction Professionals’ View about Whether Most Content of the 
Construction Foremen’s Field Documentation Could be Standardized 

Construction Professional  
Subject No. Agreement Rating 

Equivalent Numeric 
Rating 

1 Strongly agree 7 
2 Slightly agree 5 
3 Agree 6 
4 Agree 6 
5 Strongly agree 7 
6 Agree 6 
7 Strongly agree 7 
8 Agree 6 
9 Agree 6 
10 Strongly agree 7 
11 Slightly disagree 3 
12 Strongly agree 7 
13 Agree 6 
14 Agree 6 
15 Agree 6 
16 Agree 6 
17 No opinion 4 
18 Agree 6 
19 Agree 6 
20 Agree 6 
21 Strongly agree 7 
22 Agree 6 
23 Agree 6 
24 Agree 6 
25 Agree 6 
26 Agree 6 
27 Agree 6 
28 Agree 6 
29 Strongly agree 7 
30 Disagree 2 
31 Slightly agree 5 
32 Agree 6 
33 Agree 6 
34 Agree 6 
35 Agree 6 
36 Strongly agree 7 
37 Strongly agree 7 
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Table B-18. Foremen’s Estimate of the Percentage of the Information in Their Field 
Documentation Could be Standardized 

Foreman Subject No. Percentage Can be Standardized (%) 
1 40 
2 60 
3 50 
4 50 
5 60 
6 70 
7 100 
8 90 
9 60 
10 70 
11 90 
12 40 
13 100 
14 80 
15 90 
16 80 
17 100 
18 . 
19 85 
20 60 
21 100 
22 75 
23 80 
24 75 
25 50 
26 70 
27 60 
28 85 
29 100 
30 100 
31 . 
32 . 
33 100 
34 . 
35 . 
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Table B-19. Construction Professionals’ Estimate of the Percentage of the Information in 
Construction Foremen’s Documentation that Could be Standardized 

Construction Professional  Subject No. Percentage Can be Standardized (%) 
1 90 
2 85 
3 75 
4 65 
5 60 
6 70 
7 80 
8 . 
9 90 
10 100 
11 50 
12 80 
13 . 
14 . 
15 . 
16 70 
17 . 
18 90 
19 70 
20 90 
21 90 
22 80 
23 100 
24 90 
25 60 
26 90 
27 70 
28 80 
29 80 
30 . 
31 80 
32 70 
33 100 
34 75 
35 90 
36 90 
37 . 
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Table B-20. Foremen’s Satisfaction Ratings with Icon Visual Search Game and the Text 
Visual Search Game 

Icon Visual Search Game Text Visual Search Game 
Foreman 
Subject No. Satisfaction Rating 

Equivalent 
Numeric Rating Satisfaction Rating 

Equivalent 
Numeric Rating

1 Liked it 0.67 Liked it 0.67 
2 Liked it 0.67 Liked it 0.67 
3 Liked it 0.67 Liked it 0.67 
4 Liked it very much 1.00 Liked it very much 1.00 
5 Liked it 0.67 Liked it 0.67 
6 Liked it 0.67 Liked it 0.67 
7 Liked it very much 1.00 Liked it very much 1.00 
8 Liked it a little 0.33 Liked it a little 0.33 
9 Liked it 0.67 Liked it 0.67 
10 Liked it a little 0.33 Liked it a little 0.33 
11 No opinion 0.00 No opinion 0.00 
12 Did not like it -0.67 Did not like it -0.67 
13 Liked it 0.67 Liked it 0.67 
14 Liked it a little 0.33 Liked it a little 0.33 
15 Liked it 0.67 Liked it 0.67 
16 Liked it 0.67 Liked it a little 0.33 
17 Liked it 0.67 Liked it 0.67 
18 Liked it 0.67 Liked it 0.67 
19 Liked it very much 1.00 Liked it a little 0.33 
20 Liked it a little 0.33 Liked it a little 0.33 
21 Liked it very much 1.00 Liked it 0.67 
22 Liked it 0.67 Liked it 0.67 
23 Liked it a little 0.33 Liked it 0.67 
24 Liked it 0.67 Liked it 0.67 
25 Liked it 0.67 Liked it 0.67 
26 Liked it 0.67 Liked it a little 0.33 
27 Liked it 0.67 Liked it a little 0.33 
28 Liked it very much 1.00 Liked it 0.67 
29 Liked it very much 1.00 Liked it 0.67 
30 No opinion 0.00 No opinion 0.00 
31 Liked it 0.67 Liked it 0.67 
32 Liked it 0.67 Liked it a little 0.33 
33 Liked it a little 0.33 Liked it a little 0.33 
34 Liked it 0.67 Liked it very much 1.00 
Mean  0.5894  0.5203 
Median  0.6700  0.6700 
Std. Deviation  0.34021  0.32165 
Minimum  -0.67  -0.67 
Maximum  1.00  1.00 

 



179 

 

 Table B-21. Construction Professionals’ Satisfaction Ratings with Icon Visual Search 
Game and Text Visual Search Game 

Icon Visual Search Game Text Visual Search Game Construction 
Professional  
Subject No. 

Semantic 
Differential Rating 

Equivalent 
Numeric Rating

Semantic 
Differential Rating 

Equivalent 
Numeric Rating 

1 Liked it very much 1 No opinion 0 
2 Liked it very much 1 Liked it 0.67 
3 Liked it 0.67 Liked it 0.67 
4 Liked it 0.67 Liked it a little 0.33 
5 Liked it 0.67 Liked it 0.67 
6 Liked it 0.67 Did not like it -0.67 
7 Liked it 0.67 Liked it a little 0.33 
8 Liked it very much 1 Liked it 0.67 
9 Liked it a little 0.33 Liked it a little 0.33 
10 Liked it a little 0.33 Liked it a little 0.33 
11 Liked it 0.67 Liked it 0.67 
12 Liked it 0.67 Liked it a little 0.33 
13 Liked it 0.67 Liked it a little 0.33 
14 Liked it 0.67 Liked it 0.67 
15 Liked it 0.67 Liked it 0.67 
16 Liked it 0.67 Liked it 0.67 
17 Liked it 0.67 Liked it 0.67 
18 Liked it 0.67 Slightly disliked it -0.33 
19 Liked it 0.67 Liked it a little 0.33 
20 No opinion 0 No opinion 0 
21 No opinion 0 No opinion 0 
22 Liked it 0.67 Liked it 0.67 
23 Liked it 0.67 Liked it 0.67 
24 Liked it 0.67 Liked it 0.67 
25 Liked it a little 0.33 Not at all -1 
26 Liked it 0.67 Liked it 0.67 
27 Liked it 0.67 Liked it 0.67 
28 Liked it 0.67 Liked it 0.67 
29 Liked it 0.67 Liked it a little 0.33 
30 Liked it a little 0.33 Slightly disliked it -0.33 
31 No opinion 0 Liked it 0.67 
32 Liked it very much 1 Liked it very much 1 
33 Liked it 0.67 Liked it 0.67 
34 Liked it very much 1 Slightly disliked it -0.33 
35 Liked it 0.67 Liked it 0.67 
36 Liked it very much 1 Liked it 0.67 
37 Liked it very much 1 Liked it very much 1 
Mean 0.6414 0.3976 
Median 0.6700 0.6700 
Std. Deviation 0.26568 0.45116 
Minimum 0.00 -1.00 
Maximum 1.00 1.00 
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Table B-22. Student Subjects’ Satisfaction Ratings with Icon Visual Search Game and 
Text Visual Search Game 

Icon Visual Search Game Text Visual Search Game Student 
Subject 
No. 

Semantic 
Differential Rating 

Equivalent 
Numeric Rating 

Semantic 
Differential Rating 

Equivalent 
Numeric Rating

1 Liked it 0.67 No opinion 0 
2 Liked it 0.67 No opinion 0 
3 Liked it 0.67 Liked it a little 0.33 
4 Liked it a little 0.33 Liked it 0.67 
5 Liked it 0.67 Liked it 0.67 
6 Slightly disliked it -0.33 Liked it a little 0.33 
7 Slightly disliked it -0.33 Slightly disliked it -0.33 
8 Slightly disliked it -0.33 Slightly disliked it -0.33 
9 No opinion 0 Not at all -1 
10 No opinion 0 Liked it 0.67 
11 Liked it 0.67 Liked it 0.67 
12 Liked it 0.67 Liked it 0.67 
13 Liked it 0.67 Liked it a little 0.33 
14 Liked it 0.67 Liked it 0.67 
15 No opinion 0 No opinion 0 
16 Did not like it -0.67 Did not like it -0.67 
17 Liked it very much 1 Liked it very much 1 
18 Liked it 0.67 Liked it 0.67 
19 Liked it 0.67 Liked it 0.67 
20 Liked it 0.67 Liked it 0.67 
21 Slightly disliked it -0.33 Slightly disliked it -0.33 
22 Liked it 0.67 Slightly disliked it 0.33 
23 Liked it 0.67 Liked it 0.67 
24 Slightly disliked it -0.33 No opinion 0 
25 No opinion 0 No opinion 0 
26 Liked it 0.67 Did not like it -0.67 
27 . . . . 
28 No opinion 0 No opinion 0 
Mean 0.6414 0.3107 
Median 0.6700 0.6700 
Std. Deviation 0.26568 0.47149 
Minimum 0.00 -0.67 
Maximum 1.00 1.00 
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Table B-23. Foremen’s Importance Ratings on Shorter Task Time, Fewer Task Error and 
Higher User Satisfaction 

Importance Ratings 
Foreman 
Subject No. Shorter Task Time Fewer Task Errors 

Higher User 
Satisfaction 

1 8.0 5 7 
2 8.0 10 10 
3 8.0 10 10 
4 8.0 3 10 
5 9.0 9 10 
6 7.0 9 8 
7 10.0 10 10 
8 10.0 10 5 
9 10.0 10 10 
10 5.0 10 6 
11 9.0 10 10 
12 9.0 6 5 
13 . . 10 
14 5.0 . . 
15 9.0 5 5 
16 8.0 8 10 
17 6.0 10 7 
18 4.0 10 10 
19 10.0 10 10 
20 8.0 10 5 
21 5.0 5 5 
22 10.0 10 10 
23 5.0 5 7 
24 7.0 7 8 
25 7.0 5 7 
26 . . . 
27 9.0 10 10 
28 2.0 1 3 
29 9.0 10 10 
30 10.0 10 10 
31 8.0 8 8 
32 . . . 
33 10.0 10 10 
34 . 1 . 
35 . . . 
Mean 7.767 7.900 8.200 
Median 8.000 10.000 10.000 
Std. Deviation 2.0957 2.8690 2.2034 
Minimum 2.0 1.0 3.0 
Maximum 10.0 10.0 10.0 
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Table B-24. Construction Professionals’ Importance Ratings on Shorter Task Time, 
Fewer Task Error and Higher User Satisfaction 

Importance Ratings Construction 
Professional  
Subject No.. Shorter Task Time Fewer Task Errors 

Higher User 
Satisfaction 

1 10.0 9 9 
2 8.0 9 9 
3 8.0 10 10 
4 8.0 10 7 
5 6.0 9 7 
6 7.0 9 10 
7 5.0 10 6 
8 8.0 10 8 
9 7.0 10 8 
10 9.0 10 8 
11 8.0 10 8 
12 10.0 10 10 
13 8.0 10 8 
14 8.0 9 8 
15 10.0 10 10 
16 10.0 10 10 
17 8.0 10 8 
18 7.0 8 7 
19 8.0 9 8 
20 9.0 10 10 
21 9.0 10 8 
22 8.0 10 10 
23 10.0 10 5 
24 10.0 10 6 
25 8.0 10 7 
26 8.0 9 10 
27 . . . 
28 8.0 9 9 
29 8.0 9 8 
30 2.0 8 2 
31 9.0 10 10 
32 8.0 9 9 
33 8.0 10 10 
34 10.0 10 10 
35 9.0 8 9 
36 8.0 10 10 
37 8.0 10 10 
Mean 8.139 9.556 8.389 
Median 8.000 10.000 8.500 
Std. Deviation 1.5520 0.6522 1.7611 
Minimum 2.0 8.0 2.0 
Maximum 10.0 10.0 10.0 
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Table B-25. Students’ Importance Ratings on Shorter Task Time, Fewer Task Error and 
Higher User Satisfaction 

Importance Ratings 
Student Subject 
No. Shorter Task Time Fewer Task Errors

Higher User 
Satisfaction 

1 8.0 8 9 
2 8.0 10 8 
3 7.0 5 8 
4 7.0 10 5 
5 10.0 9 9 
6 9.0 4 7 
7 8.0 9 6 
8 8.0 10 6 
9 . . . 
10 7.0 7 8 
11 10.0 10 10 
12 1.0 5 10 
13 9.0 9 6 
14 10.0 10 10 
15 7.0 9 10 
16 7.0 10 3 
17 8.0 8 8 
18 8.0 7 8 
19 8.0 9 6 
20 8.0 8 8 
21 5.0 9 6 
22 9.0 9 10 
23 7.0 8 8 
24 1.0 2 6 
25 6.0 8 8 
26 10.0 7 8 
27 10.0 10 10 
28 8.0 10 5 
Mean 7.556 8.148 7.630 
Median 8.000 9.000 8.000 
Std. Deviation 2.2758 2.0700 1.8636 
Minimum 1.0 2.0 3.0 
Maximum 10.0 10.0 10.0 
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Table B-26. Foremen’s Views About Whether the Icon-based Field Documentation 
Systems Would Help Do Their Jobs 

Foreman Subject 
No. Agreement Rating 

Equivalent Numeric 
Rating 

1 Slightly agree 5 
2 Agree 6 
3 Agree 6 
4 Agree 6 
5 Slightly agree 5 
6 Agree 6 
7 Strongly agree 7 
8 Strongly agree 7 
9 Slightly agree 5 
10 No opinion 4 
11 Agree 6 
12 Agree 6 
13 Agree 6 
14 . . 
15 Agree 6 
16 Agree 6 
17 Agree 6 
18 No opinion 4 
19 Agree 6 
20 Agree 6 
21 Agree 6 
22 Slightly disagree 3 
23 No opinion 4 
24 Slightly agree 5 
25 Agree 6 
26 Agree 6 
27 Slightly agree 5 
28 Strongly agree 7 
29 Strongly agree 7 
30 Strongly agree 7 
31 Agree 6 
32 Slightly agree 5 
33 No opinion 4 
34 Agree 6 
35 . . 
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Table B-27. Construction Professionals’ Views About Whether the Icon-based Field 
Documentation Systems Would Help Foremen Do Their Jobs 

Construction Professional  
Subject No. Agreement Rating 

Equivalent Numeric 
Rating 

1 No opinion 4 
2 Agree 6 
3 Strongly agree 7 
4 Strongly agree 7 
5 Agree 6 
6 Agree 6 
7 Strongly agree 7 
8 Agree 6 
9 No opinion 4 
10 Slightly agree 5 
11 Agree 6 
12 Strongly agree 7 
13 Slightly agree 5 
14 . . 
15 Agree 6 
16 Agree 6 
17 Slightly agree 5 
18 Agree 6 
19 Agree 6 
20 Agree 6 
21 Slightly agree 5 
22 Strongly agree 7 
23 Agree 6 
24 Strongly agree 7 
25 Slightly agree 5 
26 Slightly agree 5 
27 Slightly agree 5 
28 Agree 6 
29 Agree 6 
30 Slightly disagree 3 
31 No opinion 4 
32 Strongly agree 7 
33 Strongly agree 7 
34 Agree 6 
35 Agree 6 
36 No opinion 4 
37 Strongly agree 7 
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Table B-28. Student Subjects’ Views About Whether the Icon-based Field 
Documentation Systems Would Help Foremen Do Their Jobs 

Student Subject No. Agreement Rating 
Equivalent Numeric 
Rating 

1 Strongly agree 7 
2 Agree 6 
3 Agree 6 
4 Slightly agree 5 
5 Agree 6 
6 Disagree 2 
7 Slightly agree 5 
8 Slightly disagree 3 
9 Disagree 2 
10 Agree 6 
11 Agree 6 
12 Strongly agree 7 
13 Slightly agree 5 
14 Slightly agree 5 
15 Agree 6 
16 Slightly agree 5 
17 Agree 6 
18 Agree 6 
19 Slightly agree 5 
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Table B-29. Foremen Subjects’ Average Task Time, Average Task Instruction Reading 
Time, Average Task Search Time, and Average Task Errors in Icon Visual 
Search Session and Text Visual Search Session 

Icon Visual Search Test Text Visual Search Test 

Subject No. 
Average 
Task Time 

Average 
Instruction 
Reading Time

Average 
Task Search 
Time 

Task 
Errors

Average 
Task Time

Average 
Instruction 
Reading Time 

Average 
Task Search 
Time 

Task 
Errors

1 6,986 1,117 5,761 0 5,868 1,385 4,572 0 
2 4,744 1,014 3,407 0 7,139 1,038 6,142 0 
3 4,689 1,181 3,317 0 4,617 1,711 2,828 0 
4 6,881 4,096 2,254 0 10,199 6,161 2,996 0 
5 5,902 1,475 4,566 0 8,963 3,000 5,811 1 
6 6,736 2,752 4,080 0 8,912 4,839 3,273 0 
7 9,060 1,679 7,194 0 9,299 3,270 5,861 2 
8 4,450 2,022 2,048 0 5,705 2,308 3,077 0 
9 5,510 1,007 4,587 1 7,177 1,538 5,548 1 
10 6,651 964 5,763 0 5,026 918 4,056 1 
11 3,959 706 3,280 0 5,718 1,085 4,555 0 
12 8,741 652 7,920 0 10,417 1,630 8,586 2 
13 5,769 1,788 3,818 1 9,466 2,375 6,522 1 
14 6,040 628 5,404 0 10,212 875 9,012 1 
15 5,837 2,326 3,237 0 8,072 2,195 5,678 1 
16 4,206 1,310 2,883 2 6,472 2,168 4,459 0 
17 4,837 1,818 3,165 1 4,375 1,084 3,821 2 
18 5,601 2,186 3,462 1 6,209 1,971 4,088 1 
19 4,693 2,841 1,360 0 4,548 3,160 1,105 0 
20 6,106 2,031 3,888 2 7,438 2,178 5,150 1 
21 9,076 1,646 6,381 2 7,265 1,787 5,050 2 
22 4,507 720 3,699 1 5,938 953 4,968 3 
23 6,275 1,687 4,644 6 7,231 2,731 4,291 1 
24 . . . . . . . . 
25 . . . . . . . . 
26 6,141 2,050 4,012 0 8,597 4,179 3,673 2 
27 4,366 1,629 2,758 0 5,509 2,058 2,964 0 
28 4,380 979 3,327 0 6,234 1,362 4,952 1 
29 6,862 2,847 3,558 0 7,335 1,305 5,662 1 
30 4,122 1,393 2,841 0 5,152 1,635 3,085 0 
31 5,118 1,578 3,296 0 6,764 1,789 4,481 1 
32 7,660 1,635 6,052 0 12,199 1,611 10,593 1 
33 7,492 2,266 5,440 1 8,276 3,469 4,620 1 
34 7,076 1,074 5,793 1 7,452 1,174 5,860 0 
35 5,944 649 5,045 0 8,558 1,488 6,425 1 
Mean 5952 1629 4,189 0.58 7344 2134 4,963 0.85 
Std. Error of 
Mean 247 135 261 0.204 334 208 329 0.138

St. Deviation 5902 1629 3,818 0.00 7231 1787 4,620 1.00 
Minimum 1419 775 1,501 1.173 1921 1195 1,888 0.795
Maximum 3959 628 1,360 0 4375 875 1,105 0 
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 Table B-30. Construction Professionals’ Average Task Time, Average Task Instruction 
Reading Time, Average Task Search Time, and Average Task Errors in Icon 
Visual Search Session and Text Visual Search Session 

Icon Visual Search Test Text Visual Search Test 
Construction 
Professional  
Subject No. 

Average 
Task Time 

Average 
Instruction 
Reading Time

Average 
Task Search 
Time 

Task 
Errors

Average 
Task Time

Average 
Instruction 
Reading Time 

Average 
Task Search 
Time 

Task 
Errors

1 4,716 897 3,949 2 6,167 1,206 4,720 1 
2 7,922 821 7,042 4 10,229 1,014 8,980 4 
3 4,550 1,861 2,766 0 5,835 2,398 3,387 2 
4 7,655 4,147 3,652 2 6,726 2,104 4,863 2 
5 3,913 1,143 2,655 0 4,840 1,299 3,411 2 
6 6,443 1,502 4,900 3 10,665 945 9,588 3 
7 4,293 637 3,478 0 4,129 761 3,440 0 
8 4,366 1,153 3,261 0 5,473 1,578 3,425 0 
9 5,716 768 5,014 4 5,645 1,278 4,459 1 
10 3,250 423 2,836 0 3,424 512 2,863 0 
11 6,055 3,916 1,856 0 6,140 4,011 1,471 0 
12 6,659 1,761 4,945 0 8,215 1,688 6,515 1 
13 7,817 2,824 4,457 0 12,414 3,441 7,804 1 
14 5,053 878 4,235 2 8,251 1,205 7,099 5 
15 5,377 1,022 4,388 6 9,744 1,288 7,910 4 
16 4,014 323 3,701 2 8,278 689 7,551 6 
17 5,156 262 4,801 13 6,874 1,442 5,261 8 
18 6,150 2,278 3,591 1 7,902 2,009 5,900 1 
19 5,107 2,172 2,911 0 7,192 3,165 3,856 0 
20 5,896 1,366 4,593 0 5,840 1,864 3,783 0 
21 7,613 2,685 4,800 5 5,833 2,950 2,395 1 
22 6,397 1,094 5,088 1 7,413 2,059 5,392 0 
23 4,656 730 3,750 1 4,106 1,279 2,779 0 
24 4,974 505 4,505 4 5,546 1,027 4,558 4 
25 6,393 383 6,015 8 7,871 905 6,677 8 
26 4,137 1,442 2,725 1 4,262 1,859 2,129 1 
27 4,537 1,090 3,305 1 4,465 1,298 2,991 0 
28 7,402 1,254 6,217 0 7,025 1,082 5,278 1 
29 5,563 1,554 3,938 1 5,908 1,537 3,899 2 
30 12,378 2,740 9,433 1 12,146 3,860 8,702 3 
31 4,677 2,622 1,848 0 4,569 2,748 1,673 0 
32 6,191 541 5,583 1 5,555 776 4,677 0 
33 5,385 1,570 3,822 1 5,544 1,993 3,439 1 
34 6,608 2,268 4,037 0 7,955 1,514 5,985 1 
35 5,147 1,765 3,499 3 8,208 2,821 5,201 3 
36 4,052 2,941 829 0 4,096 3,322 778 0 
37 5,342 479 4,851 2 5,725 559 5,065 1 
Mean 5,717.84 1,508.57 4,142.59 1.86 6,762.43 1,769.89 4,808.22 1.81 
Std. Error of 
Mean 270.187 162.211 252.994 0.442 362.624 155.049 358.080 0.357

St. Deviation 1,643.486 986.692 1,538.902 2.689 2,205.756 943.128 2,178.118 2.171
Minimum 3,250 262 829 0 3,424 512 778 0 
Maximum 12,378 4,147 9,433 13 12,414 4,011 9,588 8 
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Table B-31. Students’ Average Task Time, Average Task Instruction Reading Time, 
Average Task Search Time, and Average Task Errors in Icon Visual Search 
Session and Text Visual Search Session 

Icon Visual Search Test Text Visual Search Test 

Subject 
No. 

Average 
Task 
Time 

Average 
Instruction 
Reading 
Time 

Average 
Task 
Search 
Time 

Task 
Errors

Average 
Task 
Time 

Average 
Instruction 
Reading 
Time 

Average 
Task 
Search 
Time 

Task 
Errors

1 5,535 930 4,586 9 8,455 731 7,647 10 
2 5,583 1,188 4,419 0 6,399 1,331 5,016 2 
3 15,827 2,252 13,892 26 9,875 2,172 7,811 1 
4 6,952 702 6,279 3 7,149 953 6,231 1 
5 3,862 866 2,970 0 2,820 1,854 797 0 
6 4,322 1,164 3,130 2 4,196 1,457 2,757 2 
7 4,816 1,027 3,224 0 4,180 2,256 1,467 2 
8 8,847 1,020 7,759 2 9,886 1,799 8,182 1 
9 . . . . . . . . 
10 . . . . . . . . 
11 4,341 619 3,491 1 4,284 1,937 1,801 1 
12 7,601 753 6,789 9 9,589 1,174 8,420 10 
13 6,022 1,966 3,330 1 18,045 6,724 5,895 2 
14 5,372 830 4,159 0 6,256 1,225 5,114 6 
15 6,245 1,257 5,119 8 10,238 2,116 6,870 0 
16 9,178 1,493 7,855 13 6,827 2,147 4,543 2 
17 . . . . . . . . 
18 5,382 1,043 4,477 5 5,866 1,188 4,727 5 
19 6,272 286 5,948 0 7,277 1,324 6,096 0 
20 10,124 2,659 7,948 2 6,042 3,688 1,926 0 
21 7,249 641 6,855 8 5,816 703 5,101 5 
22 3,586 685 2,884 0 4,672 1,018 3,704 4 
23 . . . . . . . . 
24 5,141 540 4,447 2 5,052 784 4,488 1 
25 6,285 1,605 4,537 10 8,012 1,648 6,426 3 
26 8,246 2,450 5,511 3 7,336 1,440 5,860 0 
27 5,896 475 6,048 14 7,851 560 7,266 23 
28 2,956 377 2,519 0 3,895 549 3,198 1 
Mean 6,485 1,118 5,341 5 7,084 1,699 5,056 3 
Std. Error 
of Mean 546.69 132.72 503.19 1.29 636.67 261.61 450.31 1.03 

Median 5,959 975 4,562 2 6,613 1,386 5,108 2 
Std. 
Deviation 2,678.22 650.17 2,465.12 6.30 3,119.02 1,281.61 2,206.06 5.05 

Minimum 2,956 286 2,519 0 2,820 549 797 0 
Maximum 15,827 2,659 13,892 26 18,045 6,724 8,420 23 
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APPENDIX C 
SURVEY QUESTIONNAIRE 

Date of Survey:        Survey Index #:    
 
SECTION 1 – Foremen’s Demographic Information 
 
1. Foreman’s Name:   2. Age:    3. Education:     
4. Years of Construction Experience:   5. Number of workers under supervision:   
6. Type of Foreman:  a. earthwork foreman    b. underground utilities foreman      
  c. paving foreman    d. other , please specify   
7. Company Name:        9. Years in Business:    years 
8. Company Specializations (check all that apply):  

a. earthwork     b. underground utilities   c. paving   
 
SECTION 2 – Foremen’s Experience with Touch Sensitive Screen Devices and Mobile Computing Devices 
 
9. Which of the following touch-sensitive screen devices have you ever used? (check all that apply) 

a. ATM Machines   Information Kiosks   Store checkout services  
b. Other, please specify     

10. Have you used a Personal Digital Assistant (PDA) such as Palm Pliot or pocket PC?  a. Yes   b. No  
If “Yes,” did you use it for work or personal business?  

 a. work    b. personal business   c. both  
If “Yes,” how much time did you use it on a weekly basis?     hours 

11. How efficient do you think it is to enter the field information on computers using the stylus writing method? 
 

 
12. How important is it to be able to enter field information on computers in a quick and efficient manner? 

 
 

 
13. Do you agree most that most of your field documentation could be standardized for input on the computer screen?
  

 
 
 

14. Please give the percentage of the field information that you think could be standardized:     
 
SECTION3 – Visual Search Test 
 
15a. How much did you like the icon game? 

 
 

 
15b. How much did you like the text game? 

 
 

 
16. Please rate (from 1 to 10 with 10 being highest) the importance of each of the following, concerning data input: 
 a. short task completion time    b. few errors    c. satisfaction  
  
17. (Demonstrate to the study participant a sample Palm OS based construction equipment timesheet/productivity 
documentation tool) Do you think the icon system (like the one shown to you) would help you do your job better? 
 

very 
inefficient 

inefficient slightly 
inefficient 

no 
 opinion 

slightly 
efficient 

efficient very 
efficient 

not important 
 at all 

of little 
importance 

Fairly 
important 

important very 
important 

strongly 
disagree 

disagree slightly 
disagree 

no 
 opinion 

slightly 
agree 

agree strongly 
agree 

not at all did not like 
it 

slightly 
disliked it 

no 
 opinion 

liked it a 
little 

liked it liked it 
very much 

not at all did not like 
it 

slightly 
disliked it 

no 
 opinion 

liked it a 
little 

liked it liked it 
very much 

strongly 
disagree 

disagree slightly 
disagree 

no 
 opinion 

slightly 
agree 

agree strongly 
agree 
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Please comment on your answer:          
             
  
18. If you were given an icon system like the one shown to you for data input, would you use it? 

a. Yes   
b. No    , please explain reason         
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