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This study investigates the impact of multimedia on the 

effectiveness of information scanning. Information scanning 

is the act of seeking and receiving a wide variety of 

special information to develop a thorough understanding of 

the organization and the environment. The application 

domain of this study is Executive Support Systems. The 

experimental task is to identify potential threats and 

opportunities, a strategic information-scanning activity, 

based on the information stored in three ESS prototypes. 

Forty subjects from four organizations participated in the 

experiment. A random assignment process allocated them into 

three groups. The control group used the text-based ESS. 

The first experimental group used the visual multimedia ESS. 

The second experimental group used the audiovisual 

multimedia ESS. The experiment was carried out on the sites 

of the participating organizations. The investigator 

measured the effectiveness of information scanning based on 

the number of threats and opportunities each subject 

identifies. A close-ended questionnaire measured subjects' 

retention of information. 



The results of this study support the cognitive-fit 

theory. The findings indicate that multimedia is not an 

appropriate presentation format for analytical tasks. 

Subjects who use text-based ESS identify significantly more 

threats and opportunities than subjects who use audiovisual 

multimedia ESS. The cognitive style of subjects does not 

moderate the impact of multimedia. The results show that 

the use of multimedia does not necessarily improve retention 

of information. Further research is needed to determine the 

most effective combination of text, graphics, animation, 

video, and sound. 
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CHAPTER I 

INTRODUCTION 

Many of the everyday decisions executives make require 

information displayed in a wide variety of presentation 

formats (Mintzberg 1973). However, most empirical studies 

on information presentation focus only on visual formats 

such as text, tables, and graphics (Benbasat and Schroeder 

1977, Keen and Scott Morton 1978, Lucas and Nielsen 1980, 

Zmud 1979, Watson and Driver 1983, Gerlach and Kuo 1991). 

Little attention is paid to other forms of information 

presentation, such as multimedia. 

Multimedia is quickly gaining popularity in the world 

of computer information systems. Its versatile presentation 

of information stimulates the creation of numerous new 

applications. Currently, the primary domains of multimedia 

applications are entertainment and education. Existing 

research on multimedia tends to emphasize its educational 

impacts. Business applications of multimedia are still 

limited. Research on the use of multimedia in business 

applications is scarce. 

Purpose 

The purpose of this study is to determine whether there 

is a significant difference between multimedia Executive 

Support Systems (ESS) and traditional ESS with respect to 

1 
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subjects significantly increased their problem-solving 

capability with hypermedia. Yusof (1992) suggested that the 

content structures of hypermedia changed learners' cognitive 

structures. Based on previous studies, Amos (1992) 

identified seven benefits of hypermedia: 

1. ease of tracking and references 

2. simplicity of creating networks 

3. integrated and expandable knowledge base 

4. customization of documents 

5. global orientation 

6. support both hierarchical and sequential 

information organization 

7. storage economy 

Hypermedia is an important feature of a multimedia 

system. It is the major factor that distinguishes 

multimedia systems from traditional audiovisual delivery 

such as instructional films (Hapeshi and Jones 1992). With 

the hypermedia capability, users can control the speed, 

depth, and sequence of the presentation. Multimedia systems 

are easier to change and update individual components than 

traditional films that are designed to be watched 

sequentially as they are by the audience. 

Many studies of the impact of multimedia focus on 

learning effectiveness and information retention. A United 

States Department of Defense study found that multimedia 

training was 40% more effective than traditional training 
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methods; it also had a 30% greater retention rate and a 30% 

shorter learning curve (Shulman 1992). The* results also 

indicated that multimedia was generally more effective than 

conventional training in terms of subjects' knowledge, 

performance, and retention. The effect of multimedia was 

also not industry specific (Oz and White 1993). 

Humans retain about 10% of what they read, 20% of what 

they hear, 30% of what they see, and 50% of what they see 

and hear (Bayard-White 1990). Multimedia is the ideal 

interface that allows users to see and to hear. General 

Electric Aerospace Company successfully used multimedia 

training tools to enhance retention, promote better use of 

information, and foster the development of more capable 

employees (Sipior and Townsend 1993). A sporting-goods 

retailer used an IBM-based multimedia system to train in-

store sales representatives and cashiers. According to the 

company, training time dropped from an average of eight 

hours to between two and four hours (Wilder 1992). A major 

telecommunications company reported that the use of 

multimedia as a training tool reduced the training time of a 

training program by 80% and increased the retention level by 

40% (Oz and White 1993). A study that investigated the 

effectiveness of multimedia learning in classrooms reported 

that students using multimedia to learn class material did 

better in the post test (Reisman 1993). The superiority of 

multimedia is due to the fact that multimedia applications 
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provide a variety of input and output modalities to the 

users, therefore, motivation and stimulation are greater, 

and thus, learning is enhanced (Hapeshi and Jones 1992). 

Motivation is especially a major contributing factor that 

makes multimedia more effective than traditional systems. 

A recent study investigated the ability of multimedia 

presentations to persuade (Ottinger 1993). The study varied 

presentation formats and measured the attitude change of 

message recipients with a low or high degree of personal 

involvement with the message issue. The two presentation 

formats were a printed brochure and a multimedia computer 

kiosk. The results showed that the multimedia kiosk was 

more persuasive than the printed brochure. In other words, 

the multimedia presentation had a positive effect on 

attitude change. The results also suggested that the 

vividness factor of the presentations was an important 

factor in the attitude change (Ottinger 1993). 

The idea of combining different senses to make learning 

easier is not new. It is the foundation of many mnemonic 

techniques (Hunter 1964, Yates 1966). Integrated media 

instructions have appeared for many years and have always 

closely followed the technological development. The 

combination of lecture, board writing, and slide shows may 

be considered as a primitive form of multimedia (Hapeshi and 

Jones 1922). 
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The combination of textual and graphical presentation 

is common for computer systems. However, the addition of 

the high-quality sound is a significant improvement to the 

information presentation technology. Traditional computer 

systems can only generate simple sound effects such as the 

typewriter bell. The introduction of high-speed sound card 

and related software makes high-quality music and speech 

possible. This improvement adds another dimension to the 

communication between users and computers. 

One must be very careful when using sound and speech 

with text due to the limitation of human information 

processing capacity. For example, the use of unattended 

background speech might lessen short-term recall performance 

(Salame and Baddeley 1982). There are three important 

issues that need to be considered when using sound in 

computer systems (Hapeshi and Jones 1992). First, sound is 

public. As long as the volume is high enough, everyone in 

the area can hear it. The disadvantages include losing 

privacy and creating sound pollution. Although the user can 

use headphones to overcome this problem, it may not be a 

practical solution because he or she will not be able to 

hear important conversations in the office. The same 

consideration is applicable to the use of speech input 

(Hapeshi and Jones 1992). 

Second, auditory information must be presented 

serially. This places more burdens on users' short-term 
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memory, since new information can be held in the short-term 

memory for only a few seconds (Atkinson and Shiffrin 1968). 

Kidd (1982) shows that listeners have difficulty remembering 

overlapping spoken menus. Hapeshi and Jones (1992) suggest 

that one should use visual stimuli to provide a context to 

aid the intelligibility of speech in computer systems. 

The last issue about computer speech is the problem 

associated with its "more human" characteristic. Studies 

showed that there are several negative effects regarding 

this characteristic. For example, users viewed synthesized 

speech as "unfriendly" and "harsh" (Edman & Metz 1983, 

Michaelis and Wiggins 1982), and some listeners even 

resented computers "telling them what to do" when computers 

gave them instructions using synthesized speech (Peacock 

1984). 

The greatest potential of the auditory channel of 

human-computer communication probably lies in automatic 

speech recognition. It is a possible replacement for manual 

input devices such as the keyboard, touch screen, or mouse. 

The use of speech input frees users' hands to do other 

things, such as finding a document or writing a memo. One 

must also recognize that once the users' hands are free, 

users no longer have to be physically attached to the 

workstation. They can do anything within a certain distance 

as long as the computer can receive the speech commands and 

users can hear the computer responses. However, most 
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business offices are not an ideal environment for using 

automatic speech recognition. The noise from conversations, 

telephones, or other sources makes it very difficult to 

apply this technology (Hapeshi and Jones 1992). It seems 

that only executives who have their own offices might be 

able to take advantage of this technology. 

Executive Support Systems 

The use of computer information systems in business 

organization started with the deployment of transaction 

processing systems (TPS) in the 1950s and 1960s. The tasks 

accomplished by TPS are generally routing and labor-

intensive clerical tasks. TPS significantly improved the 

efficiency in processing a massive amount of transaction 

records. In the late 1960s, computer reports became a major 

source of information for managerial decision making, and 

the term Management Information Systems (MIS) appeared. 

People speculated that MIS would soon become the central 

nervous systems for organizations. Although MIS never 

actually replaced the role of managers in making decisions 

in the 1960s, it did expand the reporting system for low-

level managers (Watson et al. 1991). 

In the 1970s, computer information systems automated 

more office works. Available applications included word 

processors, spreadsheets, and so on. The term Decision 

Support Systems (DSS) appeared during this period. The 

meaning of DSS largely covered a variety of applications 
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that assisted decision making. Most of the DSS users were 

staff members or low-level to mid-level managers. Still, 

DSS did not make decisions. DSS simply provided information 

and analyzed information to help managers make decisions. 

The target users of ESS are executives or high-level 

managers. An ESS is a system that enables executives to 

access current information about their companies and 

business environments. 

Rockart and DeLong (1988) defined ESS as 

"The use of a computer-based system, most often through 
the direct access to a terminal or personal computer, 
for any business function. The users are either the 
CEO or a member of the senior management team reporting 
directly to him or her" (Rockart and DeLong 1988). 

ESS is not new to business organizations. Paper-based 

executive reports have always been an important source of 

information for executives. Computerized ESS have been 

available for more than two decades (Paller and Laska 1990). 

Computerized ESS applications usually run on a personal 

computer or workstation connected to a larger system that 

maintains the company information database (Frolick and 

Ramarapu 1993). Despite whether the information is 

presented on paper reports or computer monitors, ESS should 

always convey information in the most effective and 

efficient manner using available technology (Paller and 

Laska 1990) . 

The benefits of ESS include increasing the span of 

control, saving executive time, improving communications, 
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reducing uncertainty, and increasing team spirit (Paller and 

Laska 1990). A good ESS should also allow executives to 

closely monitor business operations and quickly grasp 

important information. Previous studies (Watson et al. 

1991) show that most ESS used by businesses: 

1. are tailored to individual executives' needs; 

2. extricate, screen, compress, and track critical 

information; 

3. provide on-line status access, trend analysis, 

exception reporting, and drill-down functions; 

4. access and integrate a broad range of internal and 

external information; 

5. have user-friendly interfaces thcit are easy to 

use; 

6. are used directly by executives themselves; 

7. use multiple information presentation formats such 

as graphical, tabular, and textual information; 

A typical ESS also includes (1) communication functions 

such E-mail, teleconferencing, voice mail, and the like, (2) 

decision support tools such as spreadsheets, database, and 

models, and (3) productivity tools such as calendar, 

organizer, appointment books, and project management 

software (Watson et al. 1991). A fundamental question 

frequently asked about ESS is: what can ESS do that other 

systems cannot? In other words, why should companies spend 

additional money to create a system just for executives? 
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Why cannot executives use the same system as everyone else 

in the company? The following reasons may answer these 

questions (Watson et al. 1991). First, most executives 

today did not have computers when they were younger. They 

do not have the necessary skills to operate computers 

themselves or they do not want to use computers themselves. 

Regular DSS are too difficult for executives to use and 

require too much training time. Second, most executives 

have adequate resources at their disposal* They can simply 

order their personal secretaries or staff members to obtain 

information for them. Unless the system can provide 

valuable functions that human staff cannot provide, there is 

little reason for the executives to use it themselves 

(Rockart and DeLong 1988). Third, the information provided 

by regular DSS is presented in a format that is not well 

suited for executive tasks. Most designers of DSS are 

excellent in technical knowledge but poor in business 

knowledge. They do not know what information is more 

valuable to executives. 

Based on the above arguments, Watson et al. (1991) 

suggest several guidelines for the development of ESS. 

First, ESS should meet the information needs of executives. 

Second, ESS should be developed by persons who have both 

technical and business knowledge. Third, ESS should be 

extremely easy to use and require little or no training. 
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Executive Work and Information Needs 

Understanding the nature of executive work is critical 

to the successful development of ESS (Watson, Rainer, and 

Houdeshel 1992). Without knowing what executives actually 

do, it is difficult to design a system that suits their 

needs. Conventional wisdom tells us that executives plan, 

organize, coordinate, and control. Current information 

systems suggest that many information systems developers 

seem to believe this assumption. One can easily find an 

application that supports each of these functions. For 

example, a spreadsheet model that supports both what-if 

analysis and a forecasting application is a very useful tool 

for planning. An electronic mail system, a group support 

system, or a project management system, is an ideal aid for 

executives to effectively organize and coordinate resources. 

Systems that report daily operations, sales transactions, 

inventory, and procurement can help executives control their 

organizations. However, planning, organizing, coordinating, 

and controlling do not totally represent executive work. 

Empirical evidence suggests that executives spend a great 

deal of time on activities other than these functions. 

Executives often have to deal with tasks characterized by 

brevity, fragmentation, and discontinuity. Their work 

involves performing many routine responsibilities such as 

ceremony and negotiations. Most of their decisions are not 
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based on rational normative models. They use intuition and 

judgment (Mintzberg 1975). 

Since executives do a lot more than planning, 

organizing, coordinating, and controlling, they certainly 

need more information than what spreadsheets, forecasting 

programs, groupware, E-mail, and sales reports can provide. 

In fact, executives also need soft information such as 

gossip, hearsay, and speculation in order to prepare 

themselves for unpredictable future events. Executives need 

information that allows them to identify threats and 

opportunities of the organization. They need details and 

facts, not the aggregated historical data provided by 

regular management information systems, to build mental 

models of the organization and its environment. They 

receive information from both written and oral media, and 

they especially prefer information that comes from meetings, 

telephone conversations, tours, and social activities. In 

other words, executives rely heavily on word of mouth 

(Mintzberg 1975, McLeod and Jones 1986). 

Potential Benefits for Using Multimedia in ESS 

Conventional cost-benefit analysis is not well-suited 

to the justification of decision-support systems (DSS) or 

ESS (Keen 1981). Potential benefits provided by DSS/ESS 

include the ability to explore more options, inspiration of 

new ideas, and improved communication of analysis. All 

these benefits are qualitative rather than quantitative. It 
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is difficult to place an accurate monetary value on them. 

The values of these qualitative benefits depend on the 

circumstances of the decisions made, and often, are not seen 

in short terms. Besides, most information systems are 

maintained and updated constantly. It is difficult to 

determine the actual cost of a DSS or ESS. Therefore, the 

justification of DSS/ESS seems to be based on value, rather 

than cost (Keen 1981). More importantly, the value of 

DSS/ESS usually exists as long-term benefits rather than 

immediate payback such as an increase in net income. 

Innovations are driven by demand rather than technology 

(Keen 1981). The use of multimedia in ESS should be driven 

by demand rather than technology. Thus, there should be 

sufficient motivation for companies to invest money in the 

development of multimedia ESS. Although no documented 

"value" for the use of multimedia in ESS currently exists, 

the characteristics of multimedia and ESS suggest that the 

integration of these two may lead to potential benefits. 

The followings are some examples of these benefits. 

Enable ESS to Function Better in 

a Variety of Situations 

ESS is not just for an executive to view information on 

his or her own desk. Other uses of ESS include executive 

sessions, board meetings, presentations for important 

visitors and clients, and so on (Paller and. Laska 1990). In 

such occasions, the use of multimedia can eittract more 
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attention from the audience, make the presentation more 

interesting, and enhance the image of the organization. 

"Executives don't like to look sloppy (Paller and Laska 

1990)." They want to have the best presentation money can 

buy. 

Encourage Hands-on Use by Executives 

The tedious and boring process to retrieve information 

in conventional ESS is a major reason why some executives 

end up assigning subordinates to obtain information from the 

ESS for them (Paller and Laska 1990). This is a violation 

of the initial objective of ESS, which is to make executives 

hands-on users of information systems (Frolick and Ramarapu 

1993). The use of multimedia can create a more interesting 

ESS by using a wide variety of information formats including 

video and sound. Executives can also use speech input 

devices instead of keyboards to store information. These 

improvements should further encourage executive users to use 

the system themselves. 

Integrate Incompatible Information 

An effective ESS must meet executives* strategic 

information needs by integrating incompatible information 

sources into an easy-to-find and easy-to-use structure. 

Multimedia is an ideal tool to achieve this objective, since 

it combines several different information formats. 

Multimedia ESS can integrate various types of modalities 

(auditory and visual) and forms (text, sound, animation, 
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pictures, and video)(Linda 1988). Therefore, information 

items from different sources may preserve their original 

formats to avoid distortion of meanings. 

Resolve the Formatting Problem 

For decades, MIS researchers have tried to determine 

the best information presentation format for users with 

different styles. Unfortunately, a satisfactory answer is 

unlikely to be found in the near future (Huber 1983). 

A solution for this formatting problem is to provide 

executive users with multiple formats using multimedia. 

Thus, executives can choose any information format, 

depending on their preferences and circumstances (Grinder 

1993). 

"Formatting is not a decision that can be front-loaded. 
Finding out what presentation formats, and what menus, 
work with each executive is an interactive process. 
Without real, relevant data, different formats are 
abstract art. It is far easier for executives to 
choose from alternative formats when the formats are 
loaded with information that they seek (Paller and 
Laska 1990, pp. 131)." 

Allow Executive Users to View Information 

from Different Perspectives 

Executives need to have a global view as well as 

specifics of a problem (Mintzberg 1980). Multimedia is the 

ideal interface to display both perspectives. For instance, 

video clips can present background information or an 

overview of a problem, while hypertext can structurally 

provide detailed descriptions and statistics. 
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Use Oral Input and Output 

Executives receive a great deal of verbal (oral) 

information (Mintzberg 1980), and most of them are verbally 

oriented (Rockart and Treacy 1982). Executives prefer oral 

to written media, and they received about 37 percent of 

their information from oral media (McLeod and Jones 

1986)(see Figure 1). With multimedia, information systems 

can store and present information using the original voices 

of executives' secretaries, friends in the industry, 

experts, or staff members. Executives can also record oral 

orders and transmit them via voice-mail to others. They can 

use different tones to express feelings that cannot be 

properly conveyed with conventional text-based E-mail 

systems. 

The current technology is adequate to deploy multimedia 

in local or wide area networks to achieve these capabilities 

(Domet 1994). In fact, more than half of the companies 

using multimedia deploy their multimedia applications on 

networks (Lisker 1993). 
* * * * * * • * • * * • • • • • • • • • • » • • • • • • • • 

Figure 1: Media Pie Goes Here (See Appendix) 

Enhance Communication with Better Packaging 

The purpose of ESS is to provide executives with an 

access to internal and external information. However, "just 

having access to the information is of little use . . . 
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(Paller and Laska 1990, pp. 51)." A good ESS must also have 

a well-designed information structure, friendly access 

methods, and attractive formats to display information. The 

choice of what to display is as important as the choice of 

how to display it. "The secret may be in the data, but the 

key to that secret is in the display (Paller and Laska 

1990)." Packaging is important for information 

communication. Good packaging helps users obtain more 

meaning from the information substance. With the 

multifaceted presentation capability of multimedia, users 

can view information from different angles with a variety of 

high-quality presentation formats, and better communications 

may be achieved (Grinder 1993). 

Present Soft Information using Multimedia 

Traditional ESS emphasizes hard information such as 

financial statements, statistics, and historical data 

regarding internal operations. However, many ESS managers 

indicate that ESS must also include predictions, opinions, 

news, ideas, and even rumors to be a truly valuable tool for 

top executives (Watson et al. 1992). According to a recent 

survey, 78 percent of ESS include speculations, forecasts, 

estimates, and predictions; 66 percent of ESS include 

explanations, justifications, assessments, and 

interpretations (commentaries); 63 percent of ESS include 

news reports; 16 percent of ESS include opinions, feelings, 

and ideas; and 9 percent of ESS include rumors, gossip, and 
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hearsay (Watson et al. 1992). For instance, state senators 

use ESS to deliver constituent opinions on pending 

legislation. A petroleum company's ESS provides information 

about important visitors. Some ESS provide soft information 

about clients' birthdays, hobbies, and other personal 

details. Some other ESS provide information on the 

stability of foreign markets, the political situations of 

foreign governments, cultural characteristics of foreign 

consumers, and so on (Watson et al. 1992). 

Multimedia may be a better way to present soft 

information. For instance, expert opinions and ideas might 

have a stronger impact if the system could present the 

information using experts' original tones and voices. 

Executives might understand foreign markets better if the 

system could show video clips of foreign countries. Also, 

if executives could see visitors' pictures and hear their 

voices before meeting them, they could make a more favorable 

impression on the visitors by greeting them without any 

introduction. 

Present Nonnumerical Key Business Indicators 

Key business indicators are measurable factors that 

influence the success of the organization (Paller and Laska 

1990). In traditional ESS, an indicator is usually a 

numerical item such as the market share, inventory turnover 

rate, market growth rate, and so on. Frequently-used 

information presentation formats for key business indicators 
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include bar charts, line charts, and pie charts with 

different colors and designs. 

Some key indicators are nonnumerical. For example, 

store appearance is a critical factor for the success of a 

retailer, but it is difficult to represent appearance using 

numbers and words. Multimedia may be a solution to this 

problem. A multimedia ESS can use pictures and video clips 

to display the store appearance and allow executives to 

evaluate it subjectively. 

Reduce Executive Resistance of Technology 

One common reason for the failure of ESS projects is 

that executives feel uncomfortable about using computers 

themselves. Many executives do not have the required skills 

or simply believe that executives do not use computers 

(Watson et al. 1991). The use of multimedia will give ESS a 

more friendly look than conventional computer systems. By 

using human speech or video clips to present reports, 

executives can worry less about losing status because they 

are using computers themselves (Houdeshel eind Watson 1987). 

Save Executives Time 

A major benefit of multimedia systems is that it allows 

users to hear information while they are working on other 

things (Hapeshi and Jones 1992). They do not have to look 

at the computer monitors all the time to acquire 

information. Therefore, busy executives may use an auditory 

version of the ESS in a car, on an airplane, or in other 
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places where visual presentation is inappropriate. 

Multimedia ESS can also use musical tones to signal special 

events while executives are busily engaged in other 

activities. Studies show that the human auditory channel is 

constantly monitoring events and is regarded as especially 

suited to attention-grabbing warning signals (Hapeshi and 

Jones 1922). 

Another way to save time with multimedia is to use 

video conferencing to reduce the need for travel. A study 

has found that video conferencing is the most popular form 

of multimedia application in use in the corporate world 

(Clark 1994). 

To summarize, multimedia could enhance the function of 

ESS in many ways. Developers of ESS and multimedia 

applications should explore these possibilities. Meanwhile, 

MIS researchers should conduct empirical studies to validate 

these speculated benefits. There is a great potential for 

practical applications, as well as research opportunities in 

multimedia. 

Chapter Summary 

This chapter reviews significant existing research 

efforts related to the present study. Major areas covered 

in this chapter include information presentation formats, 

hypertext, multimedia, and executive support systems. 

Information presentation formats refer to the form in 

which information is conveyed to users (Watson and Driver 
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1983). In many existing MIS studies, researchers altered 

the information presentation formats to determine their 

impacts on decision outcomes (Benbasat and Schroeder 1977, 

Keen and Scott Morton 1978, Lucas and Nielsen 1980, Zmud 

1979, Watson and Driver 1983, DeSanctis and Jarvenpaa 1985, 

Gerlach and Kuo 1991). The results of these studies 

indicated that the use of graphics was advantageous for 

certain types of tasks (Miller 1969, Shostack and Eddy 1971, 

Mason 1973, Chervany and Dickson 1974, Zmud 1978, Zmud 1979, 

Takeuchi and Schmidt 1980, Gerlach and Kuo 1991, Vessey 

1991, Umanath and Vessey 1995). Color is also an important 

variable of information presentation formats. Based on 

previous studies of the role of color in information 

presentation, the use of color could improve: (1) 

performance in recall tasks, (2) performance in search-and-

locate tasks, (3) performance in retention tasks, (4) 

comprehension of instructional materials, and (5) 

performance in decision judgment tasks (Hoadley 1990). 

Many studies regarding multimedia focus on learning 

effectiveness and information retention. The results of 

these studies found that multimedia training was more 

effective than traditional training methods. Multimedia 

training leads to greater retention rates and shorter 

learning curves (Shulman 1992). The findings also indicated 

that multimedia was more effective than conventional 

training in terms of subjects' knowledge, performance, and 
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retention. The effect of multimedia is also not industry-

specific (Oz and White 1993). The superiority of multimedia 

is due to the fact that multimedia applications provide a 

variety of input and output modalities to the users; 

therefore, motivation and stimulation are greater, and thus, 

learning is enhanced (Hapeshi and Jones 1992). 

An ESS is a system that enables executives to access 

current information about their companies and business 

environments. Computerized ESS have been available for more 

than two decades (Paller and Laska 1990). Computerized ESS 

applications usually run on a personal computer or 

workstation connected to a larger system that maintains the 

company information database (Frolick and Ramarapu 1993). A 

good ESS should always convey information in the most 

effective and efficient manner using the best technology 

available (Paller and Laska 1990). The benefits of ESS 

include increasing the span of control, saving executive 

time, improving communications, reducing uncertainty, and 

increasing team spirit (Paller and Laska 1990). A good ESS 

should also allow executives to closely monitor business 

operations and quickly grasp important information. 



CHAPTER III 

RESEARCH FRAMEWORK 

There are no existing MIS research frameworks that 

incorporate both the independent and dependent variables of 

this study. A new research framework consolidating several 

areas of studies has been constructed for this study. This 

chapter first graphically depicts the new research framework 

and then individually discusses each related field of study. 

Figure 2 is a graphical illustration of the new 

research framework. The four major components of this 

framework are executive information sources, ESS, decision-

making and information-scanning processes, and executive 

information usage. The first component, executive 

information sources, represents both the external and 

internal sources that furnish executive information needs. 

The second component, ESS, represents the computer 

information system that holds, processes, and displays 

information to support executive work. The ESS component 

contains three groups of variables, including presentation 

formats, information content, and decision aids. The third 

component of the research framework is the decision-

making/information-scanning model. This model contains four 

subcomponents, including decision maker, task, situation, 

and decision-making process. The last component of this 

40 
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framework is executive information usage. This component 

contains several variable groups based on executives' 

information roles in the organization (Mintzberg 1973). 

A continuous information flow connects these four 

components and forms an integrated research framework. At 

the top of the framework, information pours into the ESS 

from the external and internal sources. At the second 

layer, the decision maker scans the information using the 

ESS. Then, the decision maker processes the information 

according to his or her personal styles, task, and 

situational characteristics. Finally, the decision maker 

uses the information to disseminate to others, to develop 

value positions for the firm, to build mental models, and to 

identify threats and opportunities for the organization. 

Figure 2: Research Framework Goes Here (See Appendix) 

Executive Information Sources 

Among the ten roles of executives identified by 

Mintzberg (1973), monitor, disseminator, and spokesperson 

are informational roles. This was a meaningful discovery 

for information scientists, because it formalized the 

importance of information to executives. Mintzberg*s idea 

of executive information sources included documents, 

scheduled meetings, unscheduled meetings, telephone calls, 

and tours. He did not discuss the role of computer 
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information systems, since computer informeition systems were 

primitive when Mintzberg published his work (Mintzberg 1973, 

McLeod and Jones 1986). 

In an effort to expand Mintzberg's (1973) concept, 

McLeod and Jones (1986) studied five senior executives to 

find out more about executive information sources. Based on 

their observations, they classified executive information 

sources into two categories: written and oral media. 

Written media included computer reports, letters, memos, 

periodicals, and noncomputer reports. Oral media included 

social activities, business meals, tours, scheduled and 

unscheduled meetings, and telephone calls. Their results 

showed that written media accounted for 61 percent of the 

information executives received. Of this, 39 percent was in 

the form of letters and memos. Telephone calls accounted 

for 21 percent of all information received and was the most 

important oral medium. They also discovered that executives 

preferred informal media to formal media. Informal media 

included unscheduled meeting, tours, telephone calls, or 

business meals. Formal media included computer and 

noncomputer reports, which accounted for only 17 percent of 

the executive information sources. Of all the information 

received, approximately 43 percent of information came from 

internal sources. 

In terms of the value of information, executives ranked 

scheduled and unscheduled meetings as the most valuable 
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sources of information. They ranked tours and social 

activities as more valuable than written media such as 

memos, reports, and letters. Telephone calls, business 

meals, and periodicals were ranked as less valuable 

information sources than others. 

They also discovered that executives used information 

from multiple media to solve a problem (McLeod and Jones 

1987). Executives used certain media to identify and define 

problems, and then used information from other media to form 

the basis for decision making. McLeod and Jones called this 

as an information-chain technique. For example, an 

executive received a tip about a new regulation that might 

affect his company from a friend in Congress during a lunch 

meeting. He immediately called his legal assistants by 

phone to understand the background of the situation. The 

executive then sent a memo to other executives in the 

company and scheduled a formal meeting to discuss strategies 

and potential responding actions. In this scenario, the 

executive received information from both formal and informal 

channels using both oral and written media. This 

information-chain concept suggests that certain media, such 

as telephone calls, although conveying information of lower 

value, are still important in the decision-making process, 

because every link in the chain has its unique role in 

deriving the decision (McLeod and Jones 1986). 
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McLeod and Jones (1986) also discovered that almost 42 

percent of the information transactions were used by 

executives to handle disturbances. Thirty-two percent were 

used to identify new opportunities for the role of 

entrepreneur. Resource allocation accounted for 17 percent 

of all information. Only three percent were associated with 

the role of negotiator. The five executives in the study 

perceived written media such as computer reports to be more 

valuable in allocating resources than in making improvement. 

Therefore, McLeod and Jones (1986) argued that information 

systems for executives should contain a strong network of 

oral information to support disturbances handling and 

entrepreneurial improvements. Their argument implies that 

non-written media may be included in information systems for 

executives as alternative presentation formats to support 

tasks such as identifying new ideas and opportunities. 

Executive Support Systems 

The ESS component of the research framework contains 

three groups of variables, including information content, 

decision aids, and presentation formats. The 

characteristics of information content include accuracy and 

currency. Decision aids are decision models, spreadsheets, 

forecasting models, and other devices that assist decision 

making. Presentation formats refer to the form in which 

information is conveyed to users (Watson and Driver 1983). 



the effectiveness of information scanning. In this study, 

information scanning effectiveness is measured by subjects' 

ability to identify threats and opportunities. The primary 

objective of this research is to address the following 

question: 

Does the use of multimedia affect decision makers' 

ability to identify threats and opportunities from the 

information provided in ESS? 

The results of this research should help determine whether 

multimedia is a useful addition to ESS for strategic 

decision making tasks. 

This study focuses only on the potential impacts of 

multimedia on information scanning. It does not address 

technical or economic issues related to the development and 

use of multimedia systems. The investigator reviewed 

existing multimedia and ESS literature to derive the 

potential initiatives for using multimedia in ESS. A new 

research framework is constructed to described the 

relationship between ESS, multimedia, and executive 

information usage. 

Problem 

Multimedia is one of the fastest-growing sectors of the 

computer industry. Industry experts predict that the sales 

revenue for multimedia hardware and software will exceed 

fourteen billion dollars in 1996 (Hubbard 1994). Multimedia 

applications have appeared in many areas, including 



training, education, business presentation, merchandising, 

and communications (Oz and White 1993, Eckerson 1992). A 

major part of current multimedia sales is the edutainment 

market. Edutainment multimedia applications refer to the 

combination of entertainment and educational applications. 

In the corporate world, multimedia has received a great deal 

of attention in the areas of job training and employee 

education (Langley and Porter 1994, Clancy 1994). Industry 

experts predict that multimedia will soon become an 

indispensable tool for enhancing corporate productivity 

(Eckerson 1992). 

Frolick and Ramarapu (1993) propose that ESS should 

employ multimedia technology. Grinder (1993) even suggests 

that multimedia is the solution for executive information 

requirements. According to a survey of 120 executives, 

senior executives prefer graphical presentation to textual 

presentations, and they enjoy the ability to change the 

format of information to meet their personal requirements. 

The same survey also indicates that the only barrier to a 

multimedia ESS is the development of the system (Grinder 

1993). According to another recent survey, the majority of 

senior marketing, finance, information, and operating 

executives have access to multimedia computers at work or at 

home (Fawcett 1994). 

The development of multimedia applications is 

progressing much faster than the supporting research 



(Ottinger 1993). Although there are many existing studies 

that investigate the potential benefits of multimedia 

applications in training and educational environments (Amos 

1992, Esichaikul 1992, Patterson 1991), most of them focus 

on learning effectiveness and retention of information. Few 

empirical studies assess the impact of multimedia in a 

business environment (Ottinger 1993). There is also a 

shortage of knowledge regarding the effect of multimedia on 

decision-making/information-scanning processes and decision 

outcomes. 

Significance 

This study has significant implications for both 

academicians and practitioners in the areas related to 

Management Information Systems (MIS). First, the study will 

contribute to the understanding of multimedia as an 

information presentation format. Although MIS researchers 

have studied the impacts of information presentation formats 

on decision-making effectiveness extensively over the past 

two decades (DeSanctis and Jarvenpaa 1985, Hwang and Wu 

1990, Gerlach and Kuo 1991), the importance of this subject 

has not diminished. Software developers continue to 

allocate significantly more computing resources to the 

improvement of user interfaces (Miller 1992). Users 

continue to invest significantly more money on faster 

microprocessors, larger Random Access Memory (RAM), larger 

monitors, and bigger storage devices to better handle the 



sophisticated user interfaces of new applications. For 

instance, a computer that runs Windows-based applications 

requires significantly more hard disk space, more RAM, and 

faster processors than a computer that runs similar DOS-

based applications. The increasingly popular multimedia 

systems require even more resources than a regular Windows-

or DOS-based computer. The development and maintenance cost 

of multimedia applications also is significantly higher than 

regular visual-only applications (Domet et al. 1994, Oz and 

White 1993). 

This study is an empirical study. The results should 

provide valuable information for the design of multimedia 

information systems as suggested by Chervany et al. (1972): 

"The basis for (information systems) designs must be 
facts and knowledge rather than upon current practice 
or someone's best guess as to what information is to be 
made available and how it is to be presented" (Chervany 
et al. 1972 pp. 1). 

This study differs from most existing studies of 

information presentation formats. First, unlike visual 

presentation formats such as graphics and tables, multimedia 

is a unique capability of computer information systems. 

Only computer information systems can simultaneously and 

interactively display text, sound, graphics, pictures, and 

animation. Second, unlike most existing multimedia studies 

conducted in educational settings (Shulman 1992, Reisman 

1993, Oz and White 1993, Sipior and Townsend 1993), this 

study was carried out in a business environment using a 



business scenario with business people. Therefore, the 

results of this study should be more relevant for MIS 

research (Todd and Benbasat 1987). Third, most existing 

studies of information presentation formats use decision 

outcomes as the dependent variable (Todd and Benbasat 1987). 

This study uses the effectiveness of information scanning as 

the dependent variable. Fourth, most existing multimedia 

studies focus on information retention and learning 

effectiveness (Shulman 1992, Reisman 1993, Oz and White 

1993, Sipior and Townsend 1993). This study focuses on the 

relationship between multimedia and the ability to identify 

threats and opportunities. Fifth, most existing ESS studies 

are case studies or anecdotal in nature (Watson et al. 

1991). There are few empirical studies of ESS. This study 

provides empirical evidence regarding the effectiveness of 

ESS with different presentation formats. Finally, this 

study uses a controlled laboratory experiment to collect 

data. The data have a relatively higher level of internal 

validity and reliability than field experiments or case 

studies (Kidder and Judd 1986). The results of this study 

may serve as the foundation for future field research and 

case studies. Also, since this study used a laboratory 

experiment to collect data, environmental factors such as 

company politics or pressures were minimal. The findings of 

this study are more generalizable than case study results 

obtaining from specific company environments. This study 



should be of interest to practioners who already have ESS or 

are planning to develop one in their organizations. The 

findings may help them in the development and evaluation of 

multimedia systems. 

Definition of Terms 

Animation: Animation is the simulation of motion produced by 

showing a sequence of successive pictures on the 

screen. 

Executive Support Systems: "The use of a computer-based 

system, most often through the direct access to a 

terminal or personal computer, for any business 

function. The users are either the CEO or a member of 

the senior management team reporting directly to him or 

her (Rockart and DeLong 1988)." 

Field-Dependent Individuals: Field-dependent persons are 

more aware of the environmental changes, and they are 

more influenced by the environment. They tend to use 

heuristic and intuition to solve problems. Field-

dependent individuals usually do not perform as well as 

field-independent individuals in structured tasks (Lusk 

and Kersnick 1979). 

Field-Independent Individuals: Field-independent individuals 

usually are analytically oriented. They tend to use 

structured methods to deal with problems. They are 

more able to identify the target object in a complex 

environment. It is suggested that "a field-independent 
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person is more able to find salient features in a 

complex field and to react to ambiguous stimuli in an 

analytical manner" (Pitts and Thompson 1984). 

Hypermedia: Hypermedia is a computerized application that 

integrates several media and has a nonsequential 

information organization. Hypermedia is an expansion 

of the hypertext concept which significantly changes 

the structure of information storage and retrieval 

(Frolick and Ramarapu 1993). Hypermedia is also 

interactive multimedia, which combines interactive 

video, animation, graphics, text, sound, and data in a 

nonlinear information structure (Wigins and Shiffer 

1990). 

Hypertext: A method for presenting information in which 

documents are linked together in a nonsequential web 

that allows the user to browse through related topics 

regardless the presented order of the topics. 

Information Scanning: The action of seeking and receiving a 

wide variety of special information to develop a 

thorough understanding of the organization and the 

environment. 

Multimedia: Multimedia is a computerized application that 

combines a rich mix of text, graphs, pictures, sound, 

video, and animation (Wigins and Shiffer 1990). A 

multimedia system for information presentation makes 



use of both audio and visual channels for 

communication. 

Opportunity: An indication of potential gain or improvement 

to the organization 

Prototype: A prototype is a working model of a computer 

system for testing or refinement 

Random Access Memory (RAM): RAM is a semiconductor-based 

memory that can be read and written to by the 

microprocessor or other devices. 

Threat: A threat is an indication of potential danger or 

harm to the organization. 

Video Graphic Array (VGA): VGA is a video adapter introduced 

by IBM in 1987. The VGA adapter supports two graphic 

modes. One displays 640 * 480 pixels with 2 or 16 

colors. The other one displays 320 * 200 pixels with 

256 colors. 

Chapter Summary 

Information presentation format is an important issue 

for decision makers who rely on information systems to make 

both routine and strategic decisions. Appropriate 

presentation formats might facilitate the decision-making 

process, while inappropriate formats could do the exact 

opposite (Vessey 1991, Umanath and Vessey 1995). Currently, 

most of the existing research efforts on presentation 

formats focus on traditional presentation formats such as 

tables and graphics. Very few studies investigate the 
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effects of nontraditional formats such as multimedia 

(Benbasat and Schroeder 1977, Keen and Scott Morton 1978, 

Lucas and Nielsen 1980, Zmud 1979, Watson and Driver 1983, 

DeSanctis and Jarvenpaa 1985, Gerlach and Kuo 1991). 

Multimedia is one of the fastest-growing sectors of the 

computer industry (Hubbard 1994). Multimedia applications 

have appeared in many areas for both personal and business 

purposes (Oz and White 1993, Eckerson 1992, Sipior and 

Townsend 1993, Barbee and Lowenstein 1993, Jones 1993, 

Jerram 1994, Adam 1993). The development of multimedia 

applications is progressing much faster than the supporting 

research (Ottinger 1993). Most of the existing studies 

focus on the learning and retention effects of multimedia in 

educational environments. There is little discussion of the 

use of multimedia in business settings (Frolick and Ramarapu 

1993) . 

The purpose of this study is to investigate whether 

multimedia has an impact on the effectiveness of information 

scanning. The research question addressed is: does the use 

of multimedia affect decision makers' ability to identify 

threats and opportunities from the information provided in 

ESS? The results of this study have significant 

implications to both practitioners and researchers. The 

findings provide certain guidelines for the design of 

multimedia systems. The findings also contribute to the 
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body of knowledge regarding multimedia as an information 

presentation format. 



CHAPTER II 

SIGNIFICANT PRIOR RESEARCH 

This study draws upon several areas of previous 

research. In this chapter, significant previous studies are 

divided and reviewed in three sections. The first section 

focuses on information presentation formats, since 

multimedia is a form of information presentation. The 

second section includes studies directly involving the use 

of multimedia, hypertext. and hypermedia. The third section 

addresses essential concepts about ESS, executive works, and 

the potential benefits of using multimedia in ESS. 

Information Presentation Formats: Graphics vs. Tables 

Information presentation formats refer to the form in 

which information is conveyed to users (Watson and Driver 

1983). Presenting information in graphic or table formats 

to satisfy both user decision style and task requirements is 

of critical interest to designers of decision support 

systems (Gerlach and Kuo 1991). In many existing MIS 

studies, researchers altered the information presentation 

formats to determine their impacts on decision outcomes. 

These researchers presumably believed that presentation 

formats were critical to providing information for making 

decisions (Mason and Mitroff 1973, Zmud 1979). Previous 

studies have investigated the effects of tables, bar charts, 

12 
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line charts, computer plots, and three-dimensional graphics 

(Benbasat and Schroeder 1977, Keen and Scott Morton 1978, 

Lucas and Nielsen 1980, Zmud 1979, Watson and Driver 1983, 

DeSanctis and Jarvenpaa 1985, Gerlach and Kuo 1991). Some 

of these studies indicated that the use of graphics was 

advantageous in general (Miller 1969, Shostack and Eddy 

1971, Mason 1973, Chervany and Dickson 1974, Zmud 1978, Zmud 

1979, Takeuchi and Schmidt 1980). In addition, research 

findings suggested that graphical presentation modes were 

more personalized (Mason and Mitroff 1973), had a continuing 

attraction for the users (Gerrity 1971), were more relevant 

and more readable (Zmud 1978), and were more useful than 

tables for problem solving (Keen and Scott Morton 1978). 

Watson and Driver (1983) suggested several possible 

explanations for the superiority of graphical information 

presentation formats. First, graphical information is more 

interesting than textual or tabular information. Humans are 

naturally more attracted to graphics than tables. Second, 

graphics are better able to illustrate the relationships 

between variables. Decision makers can clearly see the 

relationships between multiple factors. Third, graphics 

simplify the interpretation and communication of information 

(Takeuchi and Schmidt 1980). This can save decision makers' 

time. Fourth, a graphic can incorporate multiple variables. 

It offers decision makers a more comprehensive view of a 

problem. Finally, graphics can demonstrate trends and 
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patterns. They allow decision makers to bring out hidden 

facts and stimulate creative or analytical thinking (Watson 

and Driver 1983). 

It should be noted that a few studies did not support 

the commonly believed benefits of graphical presentation 

modes. For example, Lucas and Nielson (1980) and Lucas 

(1981) found no superiority for graphical presentation in 

the enhancement of learning performance. Watson and Driver 

(1983) concluded that three-dimensional graphics did not 

result in greater recall of information than did a tabular 

presentation for an assigned recall task. 

To explain the inconsistency among various studies of 

information presentation formats, Benbasat et al. (1986) 

pointed out: 

"The dramatic claims made about the benefits of colors 
and graphics in the professional literature appear to 
be somewhat exaggerated and are not well substantiated 
by empirical evidence; research findings are 
inconclusive and often in conflict with each other; and 
as a result, there does not appear to be a well-
grounded empirical or theoretical base in the 
information systems and administrative sciences field 
to guide practioners who are designing presentation 
formats (Benbasat et al. 1986 pp. 1094)." 

Some researchers believe that the effectiveness of 

tables and graphics is task dependent (Hwang and Wu 1991). 

Jarvenpaa and Dickson (1988) suggest that graphics are more 

effective than tables when the task requires a large volume 

of data. Graphics are also more effective for tasks that 

require decision makers to identify patterns from large 



15 

volumes of data (Gerlach and Kuo 1991). On the other hand, 

tables are better than graphics when the tasks require 

precise data. 

The task dependency of presentation format 

effectiveness is further strengthened by the cognitive fit 

theory (Vessey 1991, Umanath and Vessey 1995). The 

cognitive fit theory suggests that for "the most effective 

and efficient problem solving to occur, the problem 

representation and any tools or aids employed should all 

support the strategies (methods of processes) required to 

perform that task (Umanath and Vessey 1995 pp. 795)." This 

theory views problem solving as the outcome of the 

relationship between the problem representation and problem-

solving task. Based on the cognitive fit theory, the 

problem-solving space has three components: the problem 

representation, the problem-solving task, and the mental 

representation. The problem solver acts on information in 

the problem representation and the problem-solving task to 

produce the mental representation in his or her working 

memory. The mental representation produces the problem 

solution. When the types of information in the problem-

solving representation and the problem-solving task are the 

same, the problem solver can use processes that match the 

information type to solve the problem. In other words, 

there is a fit among all three components of the problem-

solving space. Therefore, the problem-solving process will 
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be more efficient and accurate because the problem solver 

does not have to transform the information in the problem 

representation into a mental representation suitable for the 

task. For instance, if the task requires the acquisition of 

spatial information, a spatial problem-representation should 

facilitate the problem-solving process (Umanath and Vessey 

1995) . 

Information Presentation Formats; Color 

Color is another important variable of MIS research 

(Gremillion and Jenkins 1981, Cahill and Carter 1976, Carter 

1982, Christ 1983, Benbasat et al. 1986). The use of color 

becomes a more important issue as the cost of using color 

graphics in decision support systems decreases (Hoadley 

1990). With inexpensive Video Graphic Array (VGA) and Super 

VGA color monitors, users of information systems can view 

most information in colors inexpensively. 

Researchers have also devoted considerable efforts to 

assess the role of color in information presentation. 

Gremillion and Jenkins (1981) studied the effect of color-

coded transparencies on information retention from a 

lecture. They used color to emphasize distinctions and 

relationships among information items and found a 

significant improvement in recall performance when color was 

used. Studies have also shown that color can be used to 

group information in sets to speed up the location of 

specific information items (Cahill and Carter 1976, Carter 
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1982, Christ 1983) and to improve comprehension of 

information (Lamberski and Dwyer 1983). 

Benbasat et al. (1986) studied the effect of color on 

decision-making effectiveness in a series of laboratory 

experiments. They concluded that, in general, color 

improves decision-making quality. To some extent, color was 

more beneficial for graphics than for tables. The impact of 

color was more significant on the performance of field-

dependent than field-independent individuals (Benbasat et 

al. 1986), and more significant when time was constrained 

(Benbasat and Dexter 1985). 

Based on previous studies of the role of color in 

information presentation, Hoadley (1990) concludes that 

color improves: 

1. performance in recall tasks 

2. performance in search-and-locate tasks 

3. performance in retention tasks 

4. comprehension of instructional materials 

5. performance in decision judgment tasks. 

Multimedia 

Multimedia is a computerized application that combines 

a rich mix of text, graphics, pictures, sound, and animation 

(Wigins and Shiffer 1990). A multimedia system for 

information presentation uses both auditory and visual 

channels for communication. Traditionally, the goal of 

multimedia systems is to present information in a way that 
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is beneficial to learning and long-term retention (Hapeshi 

and Jones 1992). 

Most multimedia systems are interactive. They have the 

so-called "hypertext" or "hypermedia" capability. In fact, 

the origin of current multimedia systems lies in the 

development of hypertext systems for microcomputers. 

Hypertext is an environment that allows users to control the 

flow of information by clicking on "buttons," "hot words," 

or "hot areas" using mice, touch screens, or other pointing 

devices. The idea of hypertext was first introduced by Ted 

Nelson in the 1960s. His original purpose was to build a 

system to store books, documents, and records and link them 

together using a storage manager. The arrangement of links 

between information items is as important as the information 

itself for a powerful hypertext system. Early hypertext 

systems were essentially text-based systems based on 

mainframes or preliminary microcomputers. Due to the rapid 

development in computer video and audio technology, most of 

today's hypertext systems also have sound and video 

sequences. Thus, the term hypertext is no longer 

appropriate. The term hypermedia is preferred (Hapeshi and 

Jones 1992). 

There have been many investigations into the 

effectiveness of using hypermedia in a learning environment. 

Petterer (1991) demonstrated that hypermedia significantly 

improved comprehension. Esichaikul (1992) showed that 
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Information Content 

The primary characteristics of information content are 

the accuracy and currency of the information. It is obvious 

that decision makers want the most accurate and current 

information available to them. In a survey of current ESS 

practices, Watson et al. (1991) discovered that the leading 

driving forces for the development of ESS are the needs for 

timely information, more accurate information, rapid status 

updates on different business units, improved communication, 

access to various databases, and others. These driving 

forces represent the expectation of users regarding the 

content and quality of information provided by ESS. 

Decision Aid 

Decision aids are devices that facilitate decision 

making. Typical decision aids include queuing models, 

linear programming models, financial planning simulators, 

and so on (Chervany et al. 1971). Normally, a decision aid 

is simply a computerized algorithm (Chervany et al. 1971). 

No matter how sophisticated or ingenious a decision aid 

appears to be, it is a valid tool only if the underlying 

assumptions of the algorithm are true. Therefore, decision 

makers should only use decision aids as references instead 

of as a sole determinant for decision making. In actual 

business environments, most critical decisions are made with 

intuition, unknown, or unexplainable algorithms stored 

inside decision makers' brains (Mintzberg 1975). 
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Presentation Format 

The third variable group of the ESS component is 

presentation formats. Traditional presentation formats 

include text, charts, and tables (Benbasat and Schroeder 

1977, Keen and Scott Morton 1978, Lucas and Nielsen 1980, 

Zmud 1979, Watson and Driver 1983). Multimedia systems 

include additional formats such as sound, animation, video, 

and high-resolution graphics. Gawron et al. (1989) 

classified information presentation formats into two major 

categories: auditory and visual formats. Under the auditory 

category, they listed electromechanical sounds such as 

bells, buzzers, horns, and sirens. They also listed 

electronic sounds such as electronic tones and signals and 

recorded signals. Gawron et al.'s taxonomy did not include 

a detailed list of computer audio signals, since multimedia 

computers were not common when they published their study. 

The auditory presentation of multimedia systems 

contains several categories divided according to the methods 

of recording. The first type of sound is stored in the hard 

disk as a waveform file and presented through the system 

speaker or additional speakers connected to a sound card. 

The system speaker is usually inadequate to present quality 

sound effects for business presentations. Also, the system 

speaker can only present a sound clip that is shorter than a 

few seconds due to RAM capacity limitation. A multimedia 

computer is usually referred to a computer equipped with at 
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least a sound card and two speakers. The quality of sound 

generated by multimedia computer can be as good as the 

quality of sound generated by a home stereo system. The 

disadvantage of waveform audio is the requirement for a 

large storage space. A ten-minute-long speech digitized at 

the rate of 11 KHz, 8 bit, mono can take up six to ten 

megabytes of hard disk space. 

The second type of computer sound is the Compact Disk 

(CD) audio. CD audio, also known as CD-DA (digital audio), 

is stored digitally on a CD, then played back through the 

speakers attached to the sound card. The sound of CD audio 

is the highest-quality sound with the recording 

specification of 44.1 KHz and 16 bit resolution. To use CD 

audio, the computer must be attached to an internal or 

external CD player. The CD player does most of the 

processing for playing the sound. This feature reduces the 

burden of the Central Processor Unit (CPU) and allows users 

or the system to perform other simultaneous actions. Since 

a single CD can store up to 600 megabytes of data, the size 

of CD audio files is hardly a problem. Speed is the 

disadvantage of CD audio. CD-ROM drives are significantly 

slower than hard disk drives. The response time of CD audio 

is much longer than the response time of waveform audio. 

Thus, CD audio is inappropriate for applications that 

require frequent and instant responses. 
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The third type of sound is the computer-synthesized 

audio. A synthesizer is a computer peripheral that actually 

generates sound from instructions rather than playing pre-

recorded sound. There are two categories of synthesizers: 

music and speech synthesizers. Music synthesizers can 

produce sound effects from a single musical instrument to an 

entire orchestra. Speech synthesizers can read a text file 

and vocalize it in a way similar to human speech. 

Synthesized audio takes the least amount of storage space, 

only as much as a text file. However, the quality of 

synthesized speech is still far from perfect with current 

technology. It is less intelligible than natural speech. 

Previous research even shows that synthesized speech has a 

negative effect on learning (Luce et al. 1983). In this 

study, synthesized speech is not appropriate, since the 

system requires a higher quality and does not need a large 

quantity of speeches. 

Decision-Making/Information-Scanning Model 

As with most existing studies, the current study 

focuses on the input, multimedia information presentation, 

and output, threats and opportunities, of information 

scanning, rather than on the process (Tailor 1984). 

However, it is necessary to examine existing theories that 

address the process of information scanning to help 

understand the causes of the potential outcomes. 
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Most existing studies discuss the process of decision 

making rather than information scanning. In fact, the 

process of decision making and the process of information 

scanning are essentially the same. Information scanning is 

the act of "seeking and receiving a wide variety of special 

information to develop a thorough understanding of the 

organization and the environment" (Rockart and DeLong 1988). 

Based on this definition, the process of information 

scanning coincides with the three-step process of decision 

making that includes (1) information gathering, i.e., 

seeking and receiving information, (2) information 

processing, i.e., developing, and (3) outcome, i.e., a 

thorough understanding of the organization (Newell and Simon 

1972) . 

The definitions of two important terms, decision making 

and decision-making process, need to be clarified before 

further discussion. In the following discussion, the term 

decision making represents a broader concept. A model of 

decision making includes all elements that involved in 

making a decision (Hunt et al. 1989). In contrast, the term 

decision-making process only represents the three-stage 

human information processing activity, i.e., gathering, 

processing, and outcome (Newell and Simon 1972). The 

decision-making process is only a component of the decision-

making model. 
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Decision making is an important topic in both the 

fields of psychology and management. Psychologists and 

management scientists have proposed numerous different 

approaches to model decision making. A decision model 

contains at least five elements, including the decision 

maker, task, situation, decision process, and decision 

outcome (Hunt et al. 1989). Research involving decision 

making needs to consider decision-maker characteristics, 

task characteristics, situational factors, and the 

activities in the decision-making process. 

Decision-Maker Characteristics 

Overwhelming empirical evidence suggests that decision-

maker characteristics affect the decision-making process 

(Mason and Mitroff 1973, Mitroff and Kilmann 1975, Doktor 

1973, Tailor 1984, Hunt et al. 1989, Zakay 1990). For 

instance, the selection of decision-making strategies 

depends on the basic tendencies of decision makers (Zakay 

1990). The cognitive styles of decision makers have an 

influence on the selection of alternatives (Mason and 

Mitroff 1973). Also, decision makers prefer decision 

processes that are compatible with their personal styles 

(Mitroff and Kilmann 1975, Doktor 1973). 

Decision makers' characteristics can be described from 

many different perspectives. MIS researchers believe that 

individual differences such as decision makers' interests, 

personality, cognitive style, demographic, and motivation 
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influence decision-making behaviors (Zmud 1979, Tailor 

1984), and are important factors for the success of 

information systems design (Zmud 1979, Robey 1982). 

Among the many individual differences, user cognitive 

styles probably received the most attention from the MIS 

research community (Robey 1983, Huber 1983). Cognitive 

style is "a person's typical or habitual mode of problem 

solving, thinking, perceiving, and remembering" (Pitts and 

Thompson 1984). It affects a person's patterns of thinking 

and behavior in reacting to the external environment. The 

cognitive style of a person is relatively stable over time; 

it does not substantially change as the external environment 

changes. Cognitive style is often viewed as an important 

decision-maker characteristic because of its immediate 

connection with the thinking practice central to our 

understanding of decision-making process (Hunt et al. 1989). 

Cognitive style has many dimensions, such as 

simple/complex, field-dependent/independent., and 

systematic/heuristic (Premkumar 1990). Some researchers 

believe that individual cognitive styles differ in both the 

way they acquire information and the way they process 

information (Mitroff 1983). Based on this, McKenney and 

Keen (1974) used a two-dimensional matrix to classify the 

cognitive styles of decision makers. The first dimension of 

McKenney and Keen's (1974) matrix is the information-

gathering style. It differentiates receptive, data-
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sensitive individuals from perceptive, data-filtering 

individuals. The second dimension of McKenney and Keen's 

(1974) matrix is the information evaluation dimension. It 

differentiates systematic, structured decision makers from 

holistic, trial-and-error decision makers. The combination 

of these two dimensions produces four categories of 

cognitive styles: systematic-perceptive, systematic-

receptive, intuitive-perceptive, and intuitive-receptive 

(McKenney and Keen 1974, Hunt et al. 1989). 

Mason (1983) proposes a similar scheme that also 

classifies people into four composite styles. These four 

styles of information acquisition and processing are 

Sensation-Thinking (ST), Sensation-Feeling (SF), Intuition-

Thinking (NT), and Intuition-Feeling (NF) . According to 

Mason's definition, ST individuals prefer structured 

problems and use a thinking approach to evaluate 

information. SF individuals also prefer structured problems 

but adopt a feeling approach to solve a problem. NT 

individuals favor unstructured problems and employ a 

thinking approach to evaluate information. NF individuals 

favor unstructured problems, but they apply the feeling 

approach to solve a problem. 

Field-dependence/independence is probably the most-used 

dimension of cognitive styles in MIS research (Benbasat et 

al. 1986). Field independence is: 
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"the ability to separate an object or phenomenon from 
its environment. Individuals showing high field 
independence were to prefer problem solving approaches 
which emphasized detailed and basic relationships. The 
field dependent person shows less ability (or perhaps 
less inclination) to separate objects from their 
environment. Field dependent individuals would prefer 
more global, perhaps intuitive, approaches to problem 
solving" (Henderson & Nutt, 1980, p. 372). 

Field-independent individuals usually are analytically 

oriented. They tend to use structured methods to deal with 

problems. They are more able to identify the target object 

in a complex environment. It is suggested that a "field 

independent person is more able to find salient features in 

a complex field and to react to ambiguous stimuli in an 

analytical manner" (Pitts and Thompson 1984). In contrast, 

field-dependent persons are more aware of the environmental 

changes, and they are more influenced by the environment. 

Field-dependent persons tend to use heuristics and intuition 

to solve problems. They usually do not perform as well as 

field-independent individuals in structured tasks (Lusk and 

Kersnick 1979). Field independent and field dependent 

individuals interpret and utilize information differently 

(Spiro and Tirre 1980). 

The instrument that measures the field dependent-

independent dimension of cognitive styles is the Embedded 

Figures Test (EFT) or Group Embedded Figures Test (GEFT) 

(Kogan 1971). Studies show that the EFT has high construct 

validity, reliability, and desired measurement 
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characteristics (Witkin et al. 1977, Thompson and Melancon 

1987) . 

Another cognitive style instrument that may be 

appropriate for this study is the Verbalizer-Visualizer 

Questionnaire (WQ) (Richardson 1977). W Q classifies 

people into two categories: visualizers and verbalizers. 

Verbalizers prefer linguistic encoding for reading 

instructions of tasks. They are more likely to perform 

better on verbal tasks. Visualizers prefer literal 

encoding, i.e., having someone demonstrate the tasks. They 

are more likely to perform well in spatial tasks. 

This study uses GEFT instead of W Q to measure 

cognitive styles, for two reasons. First, W Q measures a 

person's preference of verbal versus visual information. It 

does not measure the preference of audio versus visual 

information. In contrast, GEFT measures a person's ability 

to react to ambiguous stimuli and the awareness of 

environmental change. It is a more appropriate measurement 

than W Q for an experiment that involves the use of textual, 

spatial, and audio information. Second, most existing 

studies of information presentation formats use GEFT 

(Benbasat et al. 1986). By using GEFT, the results of this 

study are more comparable to existing studies. 

Huber (1983) criticized the use of cognitive style as 

the basis for MIS design. He also questioned the construct 

validity of instruments that measure cognitive styles 
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(Benbasat et al. 1986). In spite of Huberts criticism, this 

study uses GEFT for two reasons. First, the purpose of GEFT 

is to measure subjects' ability to isolate simple patterns 

from complex fields. It is closely related to the 

experimental task of this study, to identify threats and 

opportunities from a complex set of information provided by 

ESS. Second, Huber's criticism targeted studies that use 

cognitive style as the primary variable. He disagreed with 

the belief that information systems should be designed based 

on users' cognitive styles. In this study, cognitive style 

is not a primary independent variable. It is only a 

moderating variable that may help explain the results. 

Therefore, Huber's criticism does not prevent the use of 

GEFT in this study. 

Task Characteristics 

Task characteristics also affect decision making. 

Payne et al. (1988) showed that decision strategies depended 

more on task characteristics than on the characteristics of 

decision makers. Ruble and Cosier (1990) also suggest that 

task is a more important determinant than cognitive styles 

on prediction accuracy. 

Complexity is a major characteristic of tasks. Payne 

(1982) believes that decision strategies depend on task 

complexity. People use different strategies for tasks with 

different levels of complexity. More complete problem-

solving strategies are often used when the task complexity 
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is low. Reduced problem-solving strategies such as 

Elimination-by-Aspects (EBA) are used to deal with more 

complex tasks (Payn 1982, Paquette and Kida 1988). 

Familiarity of tasks is another important determinant 

of decision strategies (Anderson 1985). Anderson (1985) 

found that experts used a breath-first strategy while 

novices used a depth-first strategy in problem solving. An 

expert could quickly identify important features of a 

problem and develop a suitable representation of the 

problem, while a novice must painstakingly go through a 

great deal of information before he or she could develop a 

problem representation (Chi et al. 1981). For instance, a 

study compared problem-solving strategies using 

inexperienced students versus managers. The results showed 

that managers began planning courses of action sooner, used 

more reasoning process, and requested less information than 

students did (Isenberg 1986). 

Situational Characteristics 

Common situational characteristics of decision making 

include time constraints, peer pressures, organizational 

cultures, decision aids, availability of consultants, and 

others. People use different strategies to make decisions 

in different situations. For instance, decision makers are 

less likely to use a full strategy to make decision in an 

emergency, even if the task is simple. 
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In certain environments, decision makers must make 

decisions in a short time. These fast decision makers 

usually use real-time information, process multiple 

alternatives simultaneously, seek advice from experienced 

counselors, use consensuses, and integrate the decision with 

other decisions and tactics. In an environment where slow 

decision making is acceptable, decision makers focus more on 

planning and futuristic information, process single 

alternative, seek advice from less-experienced counselors, 

and consider the decision in an isolated environment 

(Eisenhardt 1990). 

Decision-Making Process 

Certain management scientists and psychologists try to 

model the human decision-making process using mathematical 

equations. The underlying assumption of mathematical 

decision models is that decision makers rationally make 

decisions by comparing all available alternatives and make 

decisions by selecting the best alternative. The 

mathematical model can be linear or nonlinear. Research 

shows that linear models are almost as good as nonlinear 

models (Slovic and Lichtenstein 1971). These models are 

referred to as prescriptive or normative models. Some other 

researchers argue that decision makers are not always 

rational. Mental capacities and environmental constraints 

prohibit decision makers from thoroughly evaluating all 
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possible alternatives. Models proposed under this 

assumption are referred to as descriptive models. 

Prescriptive or Normative Models 

Prescriptive or normative decision models make many 

assumptions about decision making. First, decision makers 

are rational. They objectively evaluate alternatives based 

only on relevant factors. Second, decision makers can 

consider as many alternatives as necessary at the same time. 

The mental capacity of decision makers is not a constraint. 

Third, there is an objective way to assign a weight to each 

of the criterion. Decision makers can derive a total score 

for each alternative by adding up the assigned weight of 

each criterion. Finally, there are no external constraints 

such as time pressure that may affect the decision-making 

process. 

The additive-compensatory model and the additive-

difference model are two examples of prescriptive models 

(Paquette and Kida 1988). The decision-making mechanism 

based on the additive-compensatory model has three steps. 

First, the decision maker derives a set of relevant criteria 

for each alternative. Second, the decision maker assigns a 

weight to each criterion and sums the total weight for each 

alternative separately. The alternative with the highest 

total weight is selected as the final decision (Paquette and 

Kida 1988). In contrast, the decision-making process based 

on the additive-difference model compares only two 
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alternatives at a time. The comparing process is different 

from that of the additive-compensatory strategy. Instead of 

comparing the total weight of each alternative, the decision 

maker compares each criterion separately. The differences 

of all criteria are summed together to decide the better one 

of the two alternatives. In situations with more than two 

alternatives, the decision maker repeats the process until 

the best alternative is derived (Paquette and Kida 1988). 

In situations with uncertain outcomes, the expected-

utility method can be used to determine the overall weight 

of each alternative. The expected utility of an alternative 

is derived from the probability distribution of all possible 

outcomes and the subjective utility of each outcome. The 

expected-utility theory assumes that a rational decision 

maker selects the alternative with the highest expected 

utility. 

Descriptive Model 

In descriptive decision models, the mental limitations 

of decision makers, task characteristics, and external 

factors are taken into account. Hunt et al. (1989) suggest 

that most human decisions are judgmental instead of 

mechanical. People usually subjectively decide the overall 

value of an alternative instead of calculating the sum of 

the weight of each criterion. Also, a decision is not 

always a choice from several alternatives. People often 

face situations that require evaluation and interpretation 
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instead of selection (Dery 1983). In such cases, the 

decision-making process requires more thinking than 

calculation and selection (Weick 1979). 

Simon's principle of satisficing is an example of the 

descriptive model (1957). Simon assumes that decision 

makers search for the alternative space until they find an 

alternative that exceeds the minimum requirements of all 

criteria. In other words, decision makers are not always 

searching for the best alterative available; they just want 

a satisfactory option. 

Another descriptive model is the elimination-by-aspect 

(EBA) strategy. With the EBA strategy, decision makers 

quickly eliminate most alternatives that do not meet certain 

important criteria. The remaining alternatives are compared 

based on some secondary criteria. The decision maker 

repeats the process until the final alternative is derived 

(Paquette and Kida 1988). When the task was to make a 

complex decision, Payne (1976) found that subjects tended to 

use the EBA strategy with only a limited information search 

and evaluation. Paquette and Kida (1988) conclude that EBA 

strategies perform better in complex tasks in terms of both 

the decision time and decision accuracy. Sometimes people 

use mixed strategies instead of a pure strategy. Mixed 

strategies combine both prescriptive and descriptive 

decision-making models. For instance, a decision maker 

could use the EBA strategy to reduce a large alternative 
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space to a more manageable size and then use the additive-

compensatory strategy to derive the best alternative (Payne 

1976). 

Stages in Decision-Making Process 

The decision-making process is the mental manipulation 

of information by decision makers. The decision-making 

process can be divided into several stages, including (1) 

initial problem representation, (2) information gathering, 

(3) information interpretation, and (4) strategy selection 

and alternative evaluation (Newell and Simon 1972, McKenney 

and Keen 1974). 

Simon (1979) suggests that the most important criterion 

of decision making is the initial problem representation. 

"Problem representation is a cognitive structure 

corresponding to a problem, constructed by a solver on the 

basis of his domain knowledge and its organization" 

(Premkumar 1990). It is based on the decision maker's 

knowledge, experience, personal preference, and other 

individual characteristics. The quality of problem 

representation influences the decision-making process. 

Different decision makers have different problem 

representations, and thus have different solution strategies 

(Premkumar 1989). 

Once the decision maker establishes the initial 

representation of the problem, the next step is to search 

for supporting information, if necessary. McKenney and Keen 
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(1974) suggest two information gathering styles: (1) 

receptive and data-sensitive and (2) perceptive and data-

filtering. Data-sensing people usually take more analytical 

and structured approaches. They systematically collect 

information. Data-filtering people are usually more 

intuitive. They collect information based on feelings and 

subjective judgment. Most people are consistently analytic 

or consistently intuitive in both information gathering and 

information evaluation (Hunt et al. 1989). 

The information-gathering process is also influenced by 

tasks and environmental characteristics. The availability 

of decision aids such as libraries, on-line databases, and 

consultants have an impact on information-gathering. For 

instance, on-line databases provide a convenient and quick 

access to information. However, they also limit the 

decision maker's scope to the information stored in the 

databases. Sources not included in the electronic database 

are often neglected. Other task and environmental 

characteristics such as task complexity, task familiarity, 

time constraint, and peer pressure also influence the 

information-gathering process. 

Once the data is collected, the decision maker 

interprets the meaning of information and evaluates its 

value. The interpretation depends on the decision makers' 

prior knowledge and experience. The same information could 

be interpreted differently by different decision makers. 



63 

The use of decision aids affects the way people interpret 

information. For instance, decision-support systems may 

produce information that stimulates new perspectives. 

Information presented in a graphical format could be 

interpreted differently from that presented in a tabular 

format. In the present study, an assumption is that the use 

of multimedia may have an impact on the way users interpret 

information. 

As the supporting information is gathered and 

interpreted, the decision makers may understand more about 

the problem, and the original mental representation of the 

problem may change. Decision makers can also establish 

connections between the problem and other domains. Thus, 

cognitive structures or mental models of problems become 

more complete and accurate. 

People use different strategies to deal with different 

tasks (Svenson 1979). According to existing literature, 

four major decision-making strategies are additive 

compensatory, additive-difference, elimination-by-aspects, 

and mixed strategies (Paquette and Kida 1988). The details 

of these strategies have been reviewed earlier in this 

chapter. 

In the business environment, decision makers usually 

choose the strategy that requires the least effort for a 

satisfactory result (Payne 1982, Zakay 1990). Efficient 

decision makers often use a reduced processing strategy when 
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facing complex problems (Paquette and Kida 1988). Studies 

show that managers use three strategies to accelerate 

decision making, including "skim on analysis", "limit 

conflict", and "be an autocrat" (Eisenhardt 1990). In most 

cases, managers only consider a small number of 

alternatives, try to avoid conflicting situations, and make 

bold and rapid unilateral moves. They believe that fast 

strategic decision making is a competitive weapon. The best 

strategies are irrelevant if they take too long to formulate 

(Eisenhardt 1990). 

Executive Information Usage 

The best way to understand how executives use 

information is to understand the roles and responsibilities 

of executives. Mintzberg (1975) identified ten executive 

roles, including three interpersonal roles, three 

informational roles, and four decision roles. The three 

interpersonal roles are figure head, leader, and liaison. 

These three roles are a direct result of formal authority 

and involve personal relationships. For example, executives 

often perform ceremonial duties such as speaking at the 

company anniversary party or hosting the grand opening of a 

new store. They must attend weddings or funerals of key 

employees or their family members. They must appear at 

social activities to meet important customers and 

politicians. Executives are the formal leaders of their 

organizations. Their position is on the top of the 
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organizational hierarchy. They are responsible for the 

success or failure of the organization. Executives have to 

set the goals to be achieved by the people of their units, 

and they must constantly motivate and encourage employees to 

improve work performance (Mintzberg 1975). 

The three information roles of executives are the 

monitor, disseminator, and spokesperson of the organization. 

Executives or managers of all types usually are the 

information centers of the organizations. They can gather 

information from subordinates enabled by the formal 

authority. They can also gather information from their 

executive friends in other organizations because of their 

liaison role. Subordinates usually do not have the 

privilege to access high-level, external information 

sources. Since a large portion of information comes from 

unsolicited sources such as gossip, hearsay, and 

speculation, executives must scan, screen, compare, and 

assemble information before disseminating it to others. As 

a spokesperson of the organizations, executives have the 

responsibility to communicate with those who can influence 

or have a stake in the organization. Mintzberg1s (1975) 

study showed that executives spend approximately 40 percent 

of their contact time on the transmission of information. 

The four decision roles are entrepreneur, disturbance 

handler, resource allocator, and negotiator. To play the 

role of entrepreneur, executives constantly search for ways 
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to improve the organization. They are continuously looking 

for new opportunities or threats. When a good idea appears, 

they initiate a new project to study it and carry out the 

idea (Mintzberg 1975). When a threat appears, they alert 

subordinates and investigate ways to prevent it. This role 

is related to the information monitor roles, in which 

information scanning is the most important job. 

Executives are disturbance handlers. They respond to 

sudden changes occurring in the organization or the 

environment. Some of these changes are unpredictable and 

beyond their control. Some of them are predictable but 

still occur, because even a good manager cannot possibly 

anticipate all the consequences of previous actions. They 

can only react to these changes and take new actions to 

handle them (Mintzberg 1975). This role is also related to 

the information monitor role. If executives could scan in 

more indications of potential threats, less sudden 

disturbances would have occurred. 

The third decision role is the resource allocator. 

Executives must decide the allocation of limited financial 

and human resources, including their own time, to achieve 

the best overall performance for the organization. The 

centralized authority to allocate resources ensures that 

decisions are interrelated. Fragmentation of this power 

leads to inconsistent decision making and an incoherent 

strategy (Mintzberg 1975). 
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The final decision role is the negotiator. Executives 

spend a great deal of energy negotiating with politicians, 

customers, suppliers, community organizations, and employee 

unions. These negotiations are an essential element of 

executives' responsibility, because only executives have the 

authority and information to make instantaneous decisions 

during negotiations (Mintzberg 1975). Employees who have to 

frequently say "let me double check this with my boss" would 

have a difficult time as a negotiator. 

The most critical role of executives is probably the 

information role. Because executives rely on verbal 

information sources, full sharing of information is very 

difficult. Therefore, the separation of managerial 

responsibility is an extremely challenging task. Mintzberg 

(1975) believes that a single managerial position cannot be 

arbitrarily split because information from all sources must 

be integrated to make better decisions. 

The research framework of this study adopts Mintzberg's 

concept and assumes executives use the information obtained 

from the ESS to disseminate to others, to build mental 

models of the organization and its environment, to develop 

value positions for the firm, and to identify business 

threats and opportunities (Mintzberg 1973). The ESS enables 

executives to scan external and internal information and 

play their roles well in the organizations. The task, 

situation, and decision-maker characteristics also influence 
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the decision-making/information-scanning process (Chervany 

et al. 1972). The primary focus of this study is to 

investigate the relationship between the multimedia 

presentation format and executives' ability to identify 

threats and opportunities from the information provided in 

the ESS. 

Linkages between Multimedia and Information 

Scanning Effectiveness 

Two theories, Theory I and Theory II, derived from 

existing studies, suggest there are possible relationships 

between the use of multimedia and information scanning 

effectiveness. Theory I combines the findings of Hays-Roth 

and Walker (1979) and most existing multimedia studies. 

Theory I suggests a positive relationship between the use of 

multimedia and information scanning effectiveness. Theory 

II is the extension of the cognitive fit theory (Vessey 

1991). It suggests a negative relationship between the use 

of multimedia and information scanning effectiveness. 

Theory I 

The ability to consolidate information from various 

information sources and to detect logical implications of 

integrated information is the key to the human learning 

process (Hayes-Roth and Walker 1979). In the business 

environment, this ability is essential for managers and 

executives to detect potential threats and opportunities 

based on the information from numerous sources. Recognition 
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of logical connections or implications of temporally and 

spatially separated facts require these facts to be 

configured together and related according to deducted rules 

(Hayth-Roth and Walker 1979). Business executives need to 

have the ability to relate facts presented to them at 

different times, different places, with different media, in 

different formats to effectively detect new ideas and 

problems. 

Hayth-Roth and Walker (1979) studied the relationship 

between memory and the ability to derive logical inferences. 

They showed that recognizing and configuring facts to 

support hypothesized inferences is very difficult unless the 

facts have been committed to the memory of a person. Simply 

becoming familiar with relevant information without 

memorizing it is inadequate for making logical inferences. 

They believe that people do not know how to search an 

external information source for configural information. In 

other words, people are not capable of locating logical 

configurations of external facts that support hypothesized 

inferences. Hayth-Roth and Walker (1979) further suggest 

that automatic memory mechanisms acquire information in a 

way that configural information is directly accessible. 

Related information items are stored in a meaningful 

configuration and are directly accessible as an integrated 

data structure. 
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Hayth-Roth and Walker's (1979) findings have important 

implications for MIS research. The MIS research community 

has always believed that the purpose of information systems 

is to support decision making (Gorry and Scott Morton 1971, 

Norlan and Wetherbe 1980). Many MIS research efforts have 

been devoted to understanding the relationship between 

system variables, especially presentation formats and 

decision outcomes. The common purpose of these studies is 

to look for ways to improve information presentation formats 

so that users can make better decisions quicker. However, 

due to the lack of understanding of the human decision-

making process, MIS researchers can only arbitrarily 

manipulate presentation formats without a sound 

justification for their research approaches (Jarvenpaa 

1985). Although many studies did provide evidence to 

support the superiority of particular formats in terms of 

their ability to improve decision making, the investigators 

often fail to provide an explanation due to the lack of 

theoretical foundation (Jarvenpaa 1985). 

Another problem associated with these presentation 

format studies is the difficulty of measuring decision 

quality (Todd and Benbasat 1987). Because there are no 

practical ways to measure the quality of real business 

decisions, researchers often use surrogate measures such as 

user satisfaction or system usage (Baroudi and Orlikowski 

1988, Doll and Torkzadeh 1988). Since there is no evidence 
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showing that user satisfaction or system usage is related to 

decision quality, MIS studies have not yet linked a 

particular information presentation format to better 

decision making. 

Hayth-Roth and Walker's (1979) findings indicate that 

MIS researchers should pay more attention to memory and 

retention, and leave the decision-making process and 

decision outcome to the decision makers themselves and 

psychologists. Based on Hayth-Roth and Walker's (1979) 

findings, as long as the information systems can help 

decision makers commit more information to their memory, 

decision makers will be more able to make better logical 

inferencing, and thus, better decisions. That is, MIS 

researchers should investigate how information presentation 

formats can facilitate the memorization of information, 

instead of better decisions. The more information the 

decision makers remember, the better the decision-making 

process and the decision outcome. 

The second chapter of this dissertation reviews many 

studies that show the use of multimedia improves information 

retention (Bayard-White 1990, Sipior and Townsend 1993, 

Wilder 1992, Oz and White 1993, Reisman 1993.) Combining 

the results of these multimedia studies and Hayth-Roth and 

Walker's (1979) study, the use of multimedia in ESS should 

enable decision makers to remember more information which, 

in turn, helps them identify more threats and opportunities. 
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Theory II 

Theory II is based on the cognitive fit theory (Vessey 

1991). The cognitive fit theory suggests that for "the most 

effective and efficient problem solving to occur, the 

problem representation and any tool or aid employed should 

all support the strategies, methods of processes required to 

perform that task" (Umanath and Vessey 1995 pp. 795). The 

task in the experiment of this study is to identify threats 

and opportunities. Subjects need to analyze the information 

provided in ESS prototypes to do this task. In the visual 

multimedia ESS and the audiovisual multimedia ESS, the 

information presentation formats include graphics, charts, 

animation, and speech. In general, these formats are less 

analytic than numerical tables (Umanath and Vessey 1995). 

There is a mismatch between the task and the presentation 

format. According to the cognitive fit theory, this is not 

a desired situation for decision making (Vessey 1991). 

Analytical presentation formats such as aggregated tables 

and charts are more appropriate for a task like this. Thus, 

the use of multimedia may negatively affect subjects' 

ability to identify threats and opportunities. 

Independent Variable of This Study 

The independent variable of this study is the 

information presentation format, specifically, multimedia. 

The surrogates of the independent variable are the three 

versions of the ESS prototypes. Version-A of the ESS 
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prototype presents information using the conventional text 

and table format. Version-B presents information using 

visual media, including text, graphics, pictures, and 

animation. Version-C presents information using both visual 

and auditory media including text, graphics, pictures, 

animation, and sound. 

There is an important reason for having two different 

versions of the multimedia ESS. In most existing studies of 

multimedia, the relative effectiveness of auditory and 

visual presentation has been ignored (Hapeshi and Jones 

1992). There is no evidence showing whether the effect of 

multimedia is a result of visual presentation, auditory 

presentation, or the interaction of these two. By having 

the visual and audio functions of the multimedia system 

separated, this study provides empirical evidence to 

distinguish the relative effectiveness of visual and 

auditory presentation. 

Dependent Variable of This Study 

Most of the previous empirical MIS studies use the 

quality of decision outcomes as the dependent variable (Todd 

and Benbasat 1987). In this study, the dependent variable 

is the effectiveness of information scanning. The surrogate 

is the ability to identify threats and opportunities. The 

measurement is the total number of threats and opportunities 

each subject identifies. There are two reasons for using 

the information scanning effectiveness instead of decision 
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quality as the dependent variable. First, the quality of 

decision outcomes is subjective. It is difficult to define 

and operationalize the quality of strategic decisions (Todd 

and Benbasat 1987). Second, factors such as decision-maker 

characteristics and task familiarity also have an influence 

on decision quality. It is harder to isolate the cause of 

the change in the dependent variable. 

Moderating Variable 

This study uses cognitive style as a moderating 

variable to examine its influence on the impact of 

multimedia on information scanning effectiveness. Subjects 

took the Embedded Figures Test to determine the field-

dependent /independent dimension of their cognitive styles. 

The underlying assumption was that field-dependent 

individuals are more aware of environmental changes. Thus, 

the change in presentation formats may have a stronger 

impact on their information scanning effectiveness. This 

study did not make any assumption on whether the impact 

would be positive or negative. 

To summarize, the three constructs of this study are 

(1) information systems, (2) information scanning 

effectiveness, and (3) decision maker characteristics. The 

variables are information presentation format, the number of 

threats and opportunities identified, and user cognitive 

style. Information presentation format is the independent 

variable. The number of threats and opportunities 
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identified is the dependent variable. User cognitive style 

is the moderating variable. The measurement of cognitive 

style is the GEFT score (see Table 1). 

Construct Variable Name Variable type Surrogate Measurement 

Information 
systems: ESS 

Information 
presentation 
format (visual 
multimedia) 

Independent 
Variable 

Visual multimedia 
ESS 
(Information 
presented using text, 
graphics, pictures, 
and animation) 

With or 
without visual 
multimedia 

Information 
systems: ESS 

Information 
presentation 
format (visual-
and-auditory 
multimedia) 

Independent 
Variable 

Visual-and-auditory 
multimedia ESS 
(Information 
presented using text, 
graphics, pictures, 
animation, and 
human voice) 

With or 
without visual-
and-auditory 
multimedia 

Information 
scanning 
effectiveness 

Subjects' ability 
to identify 
threats 

Dependent 
Variable 

The number of 
threats identified in a 
given task scenario 

Counts of 
threats 
identified by 
subjects 

Information 
scanning 
effectiveness 

Subjects' ability 
to identify 
opportunities 

Dependent 
Variable 

The number of 
opportunities 
identified in a given 
task scenario 

Counts of 
opportunities 
identified by 
subjects 

Decision 
Maker 
Characteristic 

Cognitive Style Moderating 
Variable 

GEFT Subjects' 
scores on the 
GEFT 

Chapter Summary 

The research framework of this study contains four main 

components, including executive information sources, ESS, 

decision making/information scanning process, and executive 

information usage. The executive information sources 

include both internal and external sources. The ESS 

component contains three subcomponents, including 
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presentation format, information content, and decision aids. 

The decision-making/information-scanning component contains 

decision maker, task, situation, and decision-making process 

subcomponents. The last main component of the research 

framework is executive information usage. The four usages 

of executive information are (1) to disseminate to others, 

(2) to develop value positions for the firm, (3) to build 

mental models, and (4) to identify threats and 

opportunities. 

The independent variable is the presentation format of 

the ESS component. The dependent variable is the ability to 

identify threats and opportunities of the executive 

information usage component. Two theories, Theory I and 

Theory II, suggest potential relationships between these two 

variables. Theory I suggests a positive relationship 

between the use of multimedia and the ability to identify 

threats and opportunities. The foundation of Theory I 

includes many existing multimedia studies and Hayth-Roth and 

Walker* study (1979). Existing multimedia studies suggest 

that multimedia improves information retention. Hayth-Roth 

and Walker (1979) suggest that memorized information is 

better than external information to conduct logical 

inferencing. Thus, the use of multimedia should increase 

the amount of memorized information which, in turn, improves 

the ability identify threats and opportunities. 
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Theory II suggests a negative relationship between the 

use of multimedia and the ability to identify threats and 

opportunities. The foundation of Theory II is the cognitive 

fit theory (Vessey 1991). Cognitive fit theory suggests 

that a match between the types of tasks and information 

presentation formats leads to a more effective decision 

making process and outcome. Based on this argument, there 

should be a negative relationship between the use of 

multimedia and the ability to identify threats and 

opportunities, since there is a mismatch between the 

presentation formats and task type. 



CHAPTER IV 

RESEARCH METHODOLOGY 

This study is an exploratory and empirical study. It 

is exploratory because no similar studies were found in the 

existing literature. There was no prior knowledge to 

predict whether multimedia has or has no effects on 

information scanning effectiveness. The outcome was 

uncertain prior to the study. It is an empirical study 

because the results come from direct observations using a 

laboratory experiment. The data analysis did not use any 

secondary data or archival data. This study used human 

subjects, three custom-designed multimedia ESS prototypes, 

and laboratory facilities to conduct the experiment. 

Research Questions 

The two primary research questions of this study are: 

Ql: Does the use of visual multimedia affect subjects' 

ability to identify threats and opportunities? 

Q2: Does the use of audiovisual multimedia affect 

subjects' ability to identify threats and 

opportunities? 

The secondary research question is: 

Q3: Are field-independent subjects less affected by 

multimedia than field-dependent subjects regarding 
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their ability to identify threats and 

opportunities? 

Statistical Hypotheses 

The three research questions translate into five sets 

of statistical hypotheses. The first four sets of 

hypotheses address the four primary research questions. The 

remaining hypothesis addresses the secondary research 

question. 

Hypothesis One 

H01: There is no difference between the numbers of 

threats and opportunities identified by subjects 

who use the visual multimedia ESS and subjects who 

use the text ESS. 

Hypothesis Two 

H02: There is no difference between the numbers of 

threats and opportunities identified by subjects 

who use the audiovisual multimedia ESS and 

subjects who use the text ESS. 

Hypothesis Three 

H03: There is no difference between the numbers of 

threats and opportunities identified by subjects 

who use the audiovisual multimedia ESS and 

subjects who use the visual multimedia ESS. 

Hypothesis Set Four 

H03: There is no difference among the numbers of 

threats and opportunities identified by subjects 
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who use the audiovisual multimedia ESS, subjects 

who use the visual multimedia ESS, and subjects 

who use the text ESS. 

Hypothesis Set Five 

H05: There is no difference between the effects of 

multimedia on field-independent subjects and 

field-dependent subjects. 

Instrument Design 

This study used three specially designed ESS prototypes 

to conduct the experiment and collect data to test the 

hypotheses. These ESS prototypes contain information 

necessary for subjects to identify potential threats and 

opportunities of a business proposal for a restaurant chain. 

All three ESS prototypes contain the same information 

content using different presentation formats. Prototype A 

contains textual information and a limited amount of 

graphics. Prototype B presents information using text, 

graphics, and animation. Prototype C presents information 

using text, graphics, animation, and pre-recorded human 

speech. Table 3 illustrates the designs of the three ESS 

prototypes. 

ESS Presentation Format 

Prototype A Text only 

Prototype B Visual Multimedia: text, graphics, and animation 

Prototype C Audiovisual Multimedia: text, graphics, animation, and sound 



81 

Structure of the ESS Prototypes 

All three ESS prototypes present information using a 

hypertext structure. Users must use the mouse to click on 

buttons, hot words, or other objects to access related 

information. This approach is commonly known as the drill-

down process. The drill-down process has become a standard 

method of obtaining information in many computer information 

systems. In both the pilot and the actual experiments of 

this study, all subjects indicated that they were familiar 

with the use of the mouse and the drill-down process. 

The software used to construct the ESS prototypes is 

The Multimedia ToolBook 3.0 authoring software. This 

software uses a three-layer structure for its applications. 

The first layer is a Book. A Book is an independent 

ToolBook application. It contains all necessary elements to 

make a complete presentation of information. The second 

layer is a Page. A Page is usually one screen of 

information. However, a Page may contain several screens if 

other screens are embedded as viewer windows in the Page. 

The third layer is an Object. An object can be a button, a 

line, a polygon, a text field, a picture, a bitmap graphic, 

a menu, a video clip, a sound clip, an animation clip, and 

many others. Objects are the fundamental elements of a 

Toolbook application. 
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The text version of the ESS prototype mainly uses text 

fields and tables to present information. Text fields 

present nonnumerical information including descriptions, 

mission statements, narratives, mail messages, and so on. 

Tables present numerical information such as vital 

statistics, business statistics, financial data, crime 

rates, and so on. The only graphical information presented 

in the text version is a map. 

The visual and audiovisual versions of the system use 

more presentation formats to present information. The 

following section describes how each presentation format is 

used in the systems. 

Graphic 

The visual and audiovisual versions of the ESS 

prototypes contain several types of graphics including bar 

charts and pie charts. They also include illustrations of 

floor plans, buildings, people, houses, automobiles, and 

maps. These graphics are used to enhance the presentation 

of both numerical and nonnumerical information. All 

graphics in the ESS prototypes are directly related to the 

accompanied textual information. There are no irrelevant or 

unnecessary graphics in the system. 

Animation 

The visual and audiovisual versions of the ESS 

prototypes use animation to assist the presentation of both 

textual and graphical information. In these two systems, 
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animation enables users to receive one large chunk of 

information in smaller pieces incrementally. For example, 

an animated bar chart shows one bar at a time instead of 

showing all bars at once. An animated text script shows one 

sentence at a time instead of showing a long paragraph at 

once. The purpose of showing information incrementally is 

to help reduce the information load and ensure that users 

receive the entire set of information without missing a 

portion of it. 

Animated text scripts and graphics allow users to 

receive information according to their own speeds. Every 

time the user clicks on a button, the system launches the 

presentation of an information item. The user can spend as 

much time as necessary to review and evaluate the 

information before launching another portion of 

presentation. 

Audio 

The audiovisual version of the ESS prototype includes 

sound as a presentation format. The system uses a pre-

recorded female voice to read text scripts and numerical 

values. The female reader speaks standard English without a 

regional accent. The voice is firm and clear so that users 

can easily hear and understand the information. These pre-

recorded human speeches are stored as waveform files. The 

technical specification of the sound recording is mono, 8 

bit per second, and 11 KHz. The quality of human speech 
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with this specification is as good as using other higher 

standards that occupy more storage space. 

Experimental Design 

The experiment used three groups of subjects. Group A 

was the comparison group. Subjects in Group A used the text 

version of the ESS prototype. Groups B and C were the 

experimental group. Subjects in Groups B and C used the 

visual multimedia and audiovisual multimedia versions of the 

ESS prototypes accordingly. All three groups performed the 

same task - identifying threats and opportunities based on 

the information provided in the ESS prototypes. After 

subjects used the systems to obtain information, they 

answered an open-ended and a close-ended questionnaire. 

Sample F-I R ^text ^ Ox 
R ^visual ^ o3 

=> R ^audiovisual ^ o5 

F-D R ^text ^ 

R ^visual ^ o4 
R ^audiovisual ^ 

R: Randomization 

o6 

V: Treatment, Version 
F-I: Field-Independent 
F-D: Field-Dependent 
0: Observation 

The experimental design of the laboratory experiment 

was a 2 * 3 factorial design. Figure 3 illustrates the 

conceptual model of subject allocation. In the actual 

experiment, the investigator randomly assigned each subject 

to a version of the ESS prototype. Subjects reviewed the 

assigned system and answered two sets of questionnaires. 
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The GEFT was conducted at the end of the experiment. Both 

field-independent and field-dependent subjects had equal 

chance to use text, visual multimedia, and audiovisual 

multimedia versions of the ESS prototype. Ideally, subjects 

in Group A, those who use the text version, should make up 

approximately one third of all subjects; half of them are 

field-dependent and the other half is field-independent. 

The same allocation should apply to subjects in Group B and 

C. Figure 4 illustrates the experimental design in a matrix 

format. 

Factor II: Cognitive Style 

Field-Independent Field-Dependent 

Factor 
I: 
Presen 
tation 
Format 

Prototype 
A 

Field-independent 
subjects use text-
only ESS 

Field-dependent 
subjects use 
text-only ESS 

Factor 
I: 
Presen 
tation 
Format Prototype 

B 
Field-independent 
subjects use 
visual-multimedia 
ESS 

Field-dependent 
subjects use 
visual-multimedia 
ESS 

Prototype 
C 

Field-independent 
subjects use 
auditory-and-
visual 
multimedia ESS 

Field-dependent 
subjects use 
auditory-and-
visual 
multimedia ESS 

Figure 4: Experimental Design: 2 * 3 Factorial Design 

Subject Selection 

Subjects of this study are professional employees or 

managers of several organizations in the Dallas-Fort Worth 

area. Participation was voluntary. Subjects neither 

received cash rewards nor were they coerced by company 
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management. The only incentive was the opportunity to see a 

multimedia media implementation of business systems. 

Benbasat et al. (1986) suggest that this incentive can be 

more effective than the cash reward. Since the experimental 

task involves auditory information and color graphics, 

visually challenged and hearing-impaired individuals were 

not qualified. 

Sample Size 

As a working rule, the normal approximation is 

adequately large when there are more than ten subjects in 

each group (Neter, Wasserman, and Whitmore 1988). Thus, a 

total of 30 subjects, 3 groups * 10 subjects per group, are 

sufficient for this study. 

Method of Data Collection 

The experiment measured subjects' ability to identify 

threats and opportunities using an open-ended questionnaire. 

The questionnaire consists of two open-ended questions 

asking subjects to list the potential opportunities and 

threats they identify based on the information they obtained 

from the system. The study used a close-ended questionnaire 

that consists of 19 multiple-choice questions to measure 

subjects' retention of information. 

The data from the close-ended questionnaire is easier 

to analyze. The scores are simply the counts of all correct 

answers. The open-ended questionnaire is more difficult to 

evaluate. In order to avoid grader bias, two reviewers 
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independently counted the numbers of correct threats and 

opportunities identified by each subject and then compared 

the results. If there was an inconsistency, the two graders 

would reevaluate the questionnaire until they reached a 

consensus. 

Experimental Procedure 

The investigator conducted the entire experiment 

himself using only one subject at a time. The following is 

the step-by-step procedure of the experiment. 

1. The investigator contacted local companies for 

participation. 

2. The investigator recruited subjects from 

participating companies. 

3. The investigator or the contact person in the 

company scheduled subjects for the experiment. 

4. Subjects received a brief introduction to the 

system and the task before the actual experiment. 

5. The investigator randomly assigned a version of 

the ESS prototype to each subject.. 

6. Subjects used the system to obtain information. 

7. Subjects answered the open-ended questionnaire. 

8. Subjects answered the close-ended questionnaire. 

8. Subjects took the Group Embedded Figures Test 

(GEFT) to determine their cognitive styles. 

9. The investigator and a second grader analyzed the 

questionnaires. 



88 

Validity and Reliability Issues 

This study has several construct validity issues 

related to the use of the multimedia ESS prototype and the 

data collection instruments. This study also has several 

internal validity issues related to the laboratory setting 

and research design. There is also a reliability issue 

related to the method of data collection. 

Construct Validity 

Construct validity concerns the establishment of 

correct operational measures for the concepts being studied 

(Yin 1989). In this study, the two constructs are 

multimedia and information scanning effectiveness. The 

operational definition of multimedia is the combination of 

text, graphics, pictures, animation, and sound. The 

operational definition of information scanning effectiveness 

is the number of threats and opportunities identified by 

each subject. The differences between the actual constructs 

being studied and the operational definitions produce some 

validity problems. 

This study used the Multimedia Toolbook software (V 

3.0) developed by the Asymetrix Corporation to construct the 

ESS prototypes. Multimedia Toolbook is not normally used as 

an ESS shell. It is a general-purpose multimedia authoring 

tool. This study used Multimedia Toolbook for two reasons. 

First, Multimedia Toolbook has the necessary functionality 

to build the ESS prototypes and is easier to use than other 
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tools. Second, it is more capable than most ESS shells in 

terms of multimedia functions. Certain ESS shells such as 

the Commander produced by Comshare can also play sound files 

and display pictures, but it is more difficult to build a 

fully functional multimedia application using the Commander. 

The look-and-feel of the ESS prototypes built with the 

Multimedia Toolbook is similar to an actual ESS constructed 

using common ESS tools such as the Commander or Pilot. For 

users, there are no visible differences. 

There are numerous ways to construct multimedia systems 

(Hapeshi and Jones 1992). Although the ESS prototypes used 

in this study fit the definition of a common multimedia 

system (Wigins and Shiffer 1990), they cannot represent all 

variations of multimedia systems. Thus, the result of this 

study does not apply to all multimedia systems. 

Internal Validity 

Internal validity concerns with the extent to which 

"the research design permits us to reach causal conclusions 

about the effect of the independent variable on the 

dependent variable" (Kidder and Judd 1986 pp. 28). In this 

study, internal validity relies on the validity of the 

laboratory setting and the experimental design. 

This study used a laboratory setting that simulates the 

business decision making environment. The laboratory was 

quiet and free from outside interruptions. There were no 

other persons but the subject and the investigator present 
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during the experiment. The laboratory setting is different 

from an actual business environment where decision makers 

are under constant pressure and interruptions from many 

sources (Mintzberg 1980). The subjects of this study did 

not have any pressure during the experiment. These 

differences may reduce the degree of external validity of 

the results. Yet, they strengthen the internal validity of 

the study since the laboratory setting reduces the 

possibility of unexplainable variation due to constructs of 

disinterest (Kidder and Judd 1986). 

The experimental design of this study is a 2 * 3 

factorial design. The investigator randomly assigned 

subjects to either one of the three treatment groups. The 

possibility of randomization failure was small (Kidder and 

Judd 1986). In order to explain possible variations due to 

selection, subjects provided basic demographic information 

including gender, education, years of work experience, and 

job functions. The investigator also identified visually 

challenged or hearing impaired subjects before the 

experiment and removed them from the subject list. 

The randomized 2 * 3 factorial design eliminated most 

rival explanations and threats to internal validity. For 

example, selection bias was small since the group assignment 

was random. Maturation effect was neglectable because the 

experiment only lasted less than an hour. There was no 

history effect since subjects did not leave the laboratory 
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until the experiment was finished. There was no 

instrumentation effect because all groups received the same 

test under similar circumstance (Kidder and Judd 1986). 

External Validity 

Achieving external validity is not the primary concern 

of this study. External validity is the extent to which one 

can generalize the research sample and setting to the 

population and settings specified in the research hypothesis 

(Kidder and Judd 1986). In most situations, achieving 

external validity requires replications of the experiment 

using different subjects, settings, tasks, and instruments. 

Since this study uses a one-shot experiment with a small 

sample size, external validity is limited. 

Data Reliability 

This study took several steps to enhance data 

reliability. First, the investigator read the operational 

guidelines to each subject before the treatment and the post 

test. The investigator made sure that every subject fully 

understood the task before the actual experiment took place. 

Second, the investigator closely monitored every subject 

during the experiment. Subjects could not violate the 

operational procedure of the experiment. Third, subjects 

were placed in a quiet laboratory during the experiment. 

There was no outside influences that might affect data 

reliability. Fourth, this study used two reviewers to 

analyze the data. If there was a disagreement, the two 
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reviewers re-analyzed the data until they reached a 

consensus. 

A data reliability problem that may be associated with 

this study is the use of self-reporting data. Jiang et al. 

(1995) conducted a study that investigated the discrepancy 

between the data produced by direct observation and the data 

produced by subject reporting to the computer. The results 

indicated that direct observation of subjects' behavior 

produced more accurate results than did reliance upon the 

self-reporting by subjects about his or her own behavior. 

Based on Jiang et al.'s (1995) findings, this study 

might have a data reliability problem since subjects 

reported the threats and opportunities identified 

themselves. In order to reduce the impact of this threat, 

the investigator specifically told the subjects that the 

success of the experiment depended on the accuracy of their 

reports and encouraged them to report their findings as 

accurately and completely as possible. Since all subjects 

were voluntary participants, they all agree to be as 

accurate as possible. Table 3 is a list of common validity 

and reliability issues associated with empirical research 

and how this study overcomes these issues. 
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Table 3: Validity and Reliability Issues 

Validity Type Validity Problem Corrective Actions 

Construct Validity The multimedia 
prototype may not 
represent all 
multimedia ESS 
systems. 

The investigator constructed the multimedia 
prototype following the commonly accepted 
definitions of multimedia (Wigins and Shiffer 
1990) and ESS (Paller and Laska 1990). 

Internal Validity Constructs of 
disinterest may 
affect the results. 

The study used a laboratory experiment instead 
of field experiment to collect data. Unwanted 
influence is small. 

Internal Validity The selection bias 
may affect the 
results 

The investigator used a random number table to 
assign subjects to the three treatment groups. 

Internal Validity Maturation effects 
may affect the 
results 

The experiment lasted only one hour. The 
maturation effect was smaN. 

Internal Validity History effects may 
affect the results. 

Subjects stayed in the laboratory until the 
experiment is finished. 

Internal Validity Instrumentation 
effects may affect 
the results. 

All subjects received the same questionnaires 
and observation. 

External Validity The laboratory 
setting may affect 
the external validity 
of the study. 

Future case studies and field experiments will 
strengthen the external validity. 

Data Reliability Reviewer bias may 
affect the reliability 
of data. 

The study used two reviewers to analyze the 
protocols independently. If there was a 
disagreement, the two reviewers re-analyzed 
the protocol until they reached a consensus. 

Data Reliability Self-reporting data 
may not be 
accurate. 

The investigator specifically told the subjects 
that the success of the experiment depended on 
the accuracy of their reports. 

Chapter Summary 

This is an empirical study with data collected from a 

laboratory experiment. The subjects are forty professional 

employees or managers from four organizations. The 

experimental design is a 2*3 factorial design, i.e., two 
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cognitive styles by three presentation formats. The 

independent variables of this study are the information 

presentation format. The dependent variable of this study 

is the ability to identify threats and opportunities. A 

random assignment process allocates subjects into three 

groups. The first group uses the text-based ESS. The 

second and the third groups use the visual multimedia ESS 

and the audiovisual multimedia ESS accordingly. 

The three research questions of this study are: 

Ql: Does the use of visual multimedia affect subjects' 

ability to identify threats and opportunities? 

Q2: Does the use of audiovisual multimedia affect 

subjects ability to identify threats and 

opportunities? 

Q3: Are field-independent subjects less affected by 

multimedia than field-dependent subjects regarding 

their ability to identify threats and 

opportunities? 

The investigator administers the experiment on the 

sites of the participating organizations. The first part of 

the experiment consists of two steps. First, subjects use 

the randomly assigned version of the ESS prototype to review 

information. Subjects then record the threats and 

opportunities they identified on an open-ended 

questionnaire. The second part of the experiment is a test 

of information retention using a close-ended questionnaire. 
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The open-ended questionnaire collects the data to address 

the primary research questions. The close-ended 

questionnaire provides data regarding the retention of 

information which helps explain the results. At the end of 

the experiment, subjects take the GEFT to determine their 

cognitive styles. 

There are several validity and reliability issues 

associated with this study. Most of these issues are common 

problems to MIS studies using human subjects (Jarvenppa 

1985). This study takes several corrective actions to 

reduce the impacts of these problems (see Table 1). 



CHAPTER V 

RESULTS AND ANALYSIS 

The data analysis of this study contains three 

sections. The first section analyzes the demographic 

information of subjects. The second section analyzes the 

primary variables of this study - numbers of threats and 

opportunities identified and the corresponding types of 

presentation formats. The third section analyzes the data 

regarding information retention collected from the close-

ended questionnaire. The third section is not required for 

the testing of the statistical hypotheses. It simply helps 

explain the results. 

Subject Analysis 

Three business organizations and one government agency 

supported the data collection of this study. The three 

business organizations were Lockheed-Martin Tactical 

Aircraft Systems (LMTAS), American Airlines (AA), and Baylor 

Hospital (BH). The government agency was the Trinity River 

Authority (TRA) of Texas. 

LMTAS, in Fort Worth - Texas, is a subsidiary of the 

Lockheed-Martin (LM) Corporation. LM currently became the 

largest defense contractor in the world after the 1994 

merger of Lockheed and Martin Marietta. Lockheed is a 

company who has been using advanced executive information 
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systems since the 1980s (Watson and Frolick 1993, Watson 

1992). The site of the data collection, LMTAS, currently 

employs more than 12,000 employees. It provides a large 

pool of managers and professionals that are ideal subjects 

for this study. AA is one of the largest commercial 

airlines in the world. The data collection site is an AA 

facility in Irvin - Texas, which also has a large number of 

suitable subjects. The BH is a major regional hospital in 

the Dallas Fort Worth metropolitan area. The site of data 

collection is a BH Home Care facility in Grapevine, Texas. 

TRA is a state agency. Its main responsibility is purifying 

waste water from surrounding cities before disposing it into 

the Trinity River. TRA has a great interest in applying 

multimedia technology to training and education. 

Since the purpose of this study is to investigate the 

effectiveness of multimedia on information scanning in a 

business environment, the qualification of subjects is 

extremely important to the validity of the results. Most 

previous studies of multimedia were conducted in educational 

settings using college students or company trainees as 

subjects (Kellaris et al. 1993, Harris and West 1993, 

Groomes 1994, Burns 1985). These types of subjects, student 

and trainee, are inappropriate for this study because they 

typically share certain characteristics that might affect 

the validity of the results. 
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First, students and trainees typically are unfamiliar 

with the information presented to them by definition. They 

have either little or no prior knowledge to the information 

content of the system. Second, students and trainees know 

that their task is to learn. They understand that they need 

to absorb as much information as possible (Shulman 1992, Oz 

and White 1993). Third, students and trainees do not have 

to analyze the information. They simply absorb the 

information and try to store it into their long-term memory 

(Norman 1968). 

These common characteristics of students and trainees 

described above are not the desired characteristics for the 

subjects of this study. In this study, the experimental 

task is to scan information and identify potential threats 

and opportunities for a business situation. Subjects knew 

that the task was not to memorize information. They did not 

prepare to learn. Instead, they prepared to analyze the 

information and identify threats and opportunities. The 

desired characteristics of subjects were business and 

managerial experiences. The following section analyzes the 

characteristics of subjects according to their gender, 

occupation, position, years of work experience, and 

cognitive style. 

Gender 

A total of 40 professionals, 19 males and 21 females, 

participated in the study. The percentages were 48% for 
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males and 52% for females. Because the assignment of groups 

was a random process, the three treatment groups did not 

have the same proportion of males or females. The visual-

multimedia group had more males and the audiovisual group 

had more females. The unbalanced gender distribution has no 

impact on the result of the study because no significant 

difference exists between the performance of female and male 

subjects (see Tables 4). 

Table 4: 
Comparison Between Males and Females 

Male Female 

Mean 9.157895 8.095238 

Variance 14.14035 16.59048 

Observations 19 21 

Hypothesized Mean Difference 0 

df 38 

tStat 0.857916 
3(T<=t) one-tail 0.198159 

: Critical one-tail 1.685953 
3(T<=t) two-tail 0.396318 

: Critical two-tail 2.024394 

The T-test results in Table 5 show that no significant 

difference exists between female and male subjects regarding 

the performance. To ensure there is no interaction effect 

between gender and presentation format, a two-factor ANOVA 

or Partial F-test need to be conducted. Since there are 

unequal sample sizes in the treatment groups, the standard 
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two-factor ANOVA is not applicable (Kvanli et al. 1995). 

The Partial F-test is a more appropriate method for this 

analysis. 

The Partial F-test consists of two sets of multiple 

regression analysis that require three dummy variables: Xlf 

X2/ and X3. The first set of regression analysis uses five 

variable terms, including Xlf X2, X3, Xi*X3, and X2*X3. The 

combination of Xx and X2 represent the three different 

versions of the ESS prototypes. Xa*X2 and X2*X3 represent 

the interaction effects between presentation formats and 

gender. The regression equation derived using these five 

variable terms is called the complete model. 

In the second set of the regression analysis, variable 

terms containing X3 are removed from the complete models. 

Only variable terms containing Xx and X2 remain in the 

equation. The new models are referred to as the reduced 

models. The Partial F-test statistic is calculated based on 

the resulting R-square value of the reduced model and the 

original R-square value of the complete model (see Figure 

5). 

F = [ (Rc
2 - Rr

2) / vj / [ (1-RC
2) / v2] 

Rc
2 is the R-sq value of the complete 

model. Rr
2 is the R-sq value of the 

reduced model. v1 and v2 are degrees of 
freedom. 

Figure 5: The Partial F-test Statistic 
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Table 5 is the result of the Partial F-test using 

gender as the variable X3. X3 equals to zero if the subject 

is a male. X3 equals to one if the subject is a female. X1 

and X2 are dummy variables that represent the presentation 

format. For subjects who used the text ESS, X1 is 1 and X2 

is 0. For subjects who used the visual multimedia ESS, X1 

is 0 and X2 is 1. Otherwise, both X1 and X2 are 0. 

The F statistic of the Partial F-test is 1.2152, which 

is less than the critical value 2.23. This indicates that 

none of the three variable terms, X3, Xx*X3, and X2*X3, 

removed from the complete model is a significant predictor. 

Gender did not significantly affect performance. There is 

also no significant interaction effect between gender and 

presentation formats. 

Table 5: 
Partial F-test using Gender and Presentation Format 

Rc = 0.14543 (Predictors: X„ X2, X3l X/X3, X2%) 
Rr = 0.05383 (Predictors: X,, X^ 
V, = 3 
V2 - 40 - 1 - 5 = 34 
F = [(0.14543 - 0.05383) /3]/[(1-0.14543)/34] = 1.2152 
F 3,34= 2 2 3 

F < F3 34 
Therefore, there is insufficient evidence to suggest that any one of the 
three variables, X3, X,*X3, & X2*X3, is a significant predictor 

Occupation, Work Experience, and Position 

The subjects of this study have a wide variety of 

occupations. They range from secretaries of the Baylor 
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Hospital to the director of quality assurance at the 

Lockheed Martin Tactical Aircraft Systems. However, all 

subjects share a common characteristic - they all use 

computers at work and are familiar with the Windows 3.1 

operating system. Every subject knows how to "drill down" 

for more information by pointing and clicking the mouse on 

buttons, hot words, and hot areas in the system. 

Most subjects of this study are experienced 

professionals. They have an average work experience of 

sixteen years with a standard deviation of approximately 

nine years (see Table 6). The median number is fourteen 

years. More than half, 53 percent, of them have more than 

ten years of experience in the work force. Almost one-third 

of them have worked for more than twenty years (see Table 

7). The experience of subjects does not affect the result 

of the study. The correlation coefficient, r = 0.03, 

indicates that there is no relationship between performance 

and experience (see Table 8). 

Table 6: 

Years of Experience Analysis 

Wean . 16 

Standard Error 1.3849 
Median 14 

Vlode 10 

Standard Deviation 8.758878 

Sample Variance 76.71795 
<urtosis 0.957203 
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Skewness 1.039434 

Range 39 

Minimum 2 

Maximum 41 

Sum 640 

Count 40 

Confidence Level (95.000%) 2.714351 

Table 7: 
ect Years of Experience Distribul 

Years of 
Experience 

Count Percentage 

Under 10 7 18% 

10-20 21 53% 

20-30 8 20% 

More than 30 4 10% 

ion 

Table 8: 
Correlation Analysis Between Years of Experience 

and Performance 

Years of Experience Total Threats and 
Opportunities Identified 

Years of Experience 1 

Total Threats and 
Opportunities Identified 

0.031409658 1 

Table 9 is the result of the Partial F-test using Years 

of Experience as the variable X3. Xx and X2 are dummy 

variables that represent the presentation format. For 

subjects who used the text version, Xx is 1 and X2 is 0. For 

subjects who used the visual multimedia version, Xx is 0 and 

X2 is 1. Otherwise, both Xx and X2 are 0. The F statistic 
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of the Partial F-test is 0 .044, which is less than the 

critical value 2.23. This result indicates that none of the 

three variables removed from the complete model is a 

significant predictor. That is, Years of Experience did not 

significantly affect performance. There was also no 

significant interaction effect between Years of Experience 

and the presentation format. 

Table 9: 
Partial F-test using Years of Experience and 

Presentation Format 

Rc = 0.06747 (Predictors: X,, X2, X3l X,*X3, X2*X3) 
Rr = 0.05383 (Predictors: X,, X2) 
V, = 3 
V2 = 40-1 -5 = 34 
F = [(0.06749 - 0.05383) /3]/[(1-0.06747)/34] = 0.044 
F 3,34= 2-23 
F < F3,34 
Therefore, there is insufficient evidence to suggest that any one of the 
three variables, X3, Xt*X3, & X2*X3, is a significant predictor 

More than half of the subjects either held a managerial 

position at the time of the experiment or had held a 

managerial position before. Since the group assignment was 

a random process, the proportions of managers in the three 

treatment groups are different (See Table 10). The data 

analysis (see Table 11) shows that managers performed 

slightly better than nonmanagers but the difference is not 

statistically significant. 
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Table 10: 

Manager Nonmanager 

Text 6 9 

Visual 10 5 

Audiovisual 6 4| 

Table 11: 
Comparison Between Managers and Non-Managers 

Managers Nonmanagers 

Mean 8.772727 8.388889 

Variance 10.27922 22.36928 

Observations 22 18 

Hypothesized Mean Difference 0 

df 29 

tStat 0.293531 

P(T<=t) one-tail 0.385604 

t Critical one-tail 1.699127 

P(T<=t) two-tail 0.771207 

t Critical two-tail 2.045231 

Table 12 is the result of the Partial F-test using 

managerial experience as the variable X3. If the subject 

was a manager, X3 = 1. Otherwise, X3 is 0. Xx and X2 are 

dummy variables that represent the presentation format. For 

subjects who used the text version, Xx is 1 and X2 is 0. For 

subjects who used the visual multimedia version, Xx is 0 and 

X2 is 1. Otherwise, both Xx and X2 are 0. The F statistic 

of the Partial F-test is 1.034, which is less than the 

critical value 2.23. This result indicates that none of the 
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three variables removed from the complete model is a 

significant predictor. Managerial experience did not 

significantly affect performance. There was also no 

significant interaction effect between managerial experience 

and the presentation format. 

Table 12: 
Partial F-test using Managerial Experience 

and Presentation Format 

Rc = 0.13295 (Predictors: X,, X2, X3lX*X3, X2*X3) 
Rr = 0.05383 (Predictors: X„ X2) 
V, = 3 
V2 = 40-1 -5 = 34 
F = [(0.13295 - 0.05383) /3]/[(1-0.13295)/34] = 1.034 
F 3,34

 = 2.23 
P < ̂3,34 
Therefore, there is insufficient evidence to suggest that any one of the 
three variables, X3, X,*X3, & X2*X3, is a significant predictor 

Cognitive Style 

Cognitive style is a moderating variable of the study. 

Subjects took the GEFT to determine whether they were field-

dependent or field independent individuals. Table 13 

illustrates the distribution of field dependent and field 

independent subjects in each treatment group. Table 14 is 

the result of correlation analysis between GEFT scores and 

the number of threats and opportunities identified. The 

correlation coefficient is 0.26. This value indicates a 

weak but positive relationship between GEFT scores and task 

performance. The significance of cognitive style as a 
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moderating variable on the impact of multimedia will be 

further examined later in this chapter. 

Table 13: 

Field Dependent Field Independent Total 

Text 6 9 15 

Visual 9 6 15 

Audiovisual 5 5 10 

20 20 40 

Table 14: 
Correlation Between GEFT and Performance 

Performance GEFT 

Performance 1 

GEFT 0.264489027 1 

Analysis of the Independentf Dependent, and Moderating 

Variables 

This section describes the data analysis that addresses 

the primary and secondary research questions of the study. 

The research questions translate to five sets of statistical 

hypotheses. The first four sets of hypotheses deal the 

primary research questions concerning the effectiveness of 

information scanning. The remaining hypothesis addresses 

the secondary research questions concerning the moderating 

variable. 

Hypothesis One 
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H01: There is no difference between the numbers of 

threats and opportunities identified by subjects 

who use the visual multimedia ESS and subjects who 

use the text ESS. 

Table 15 is the result of the statistical test of 

hypothesis set one. The mean number of threats and 

opportunities identified by the text group is 9.6. The mean 

number of threats and opportunities identified by the visual 

multimedia group is 8.467. The P-Value for the two-tailed 

T-test is 0.4271, which indicates that the difference 

between these two numbers is insignificant. 

Table 15: 
T-test Of the Numbers of Threats and Opportunities 

Identified by Subjects: 
Text Version vs. Visual Multimedia Version 
T-test: Two-Sample Assuming Unequal Variances 

Text VM 

Mean 9.6 8.46666667 

Variance 15.6857143 13.9809524 

Observations 15 15 

Hypothesized Mean Difference 0 

df 28 

tStat 0.80587729 

P(T<=t) one-tail 0.21355255 

t Critical one-tail 1.70113026 

P(T<=t) two-tail 0.4271051 

t Critical two-tail 2.04840944 
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Table 16 is the result of the statistical test using 

only the numbers of threats. The mean number of threats 

identified by the text group is five. The mean number of 

threats identified by the visual multimedia group is sightly 

more than five. The P-Value for the one-tailed T-test is 

0.47, which indicates that the difference between these two 

numbers is insignificant. 

Table 16: 
T-test Of the Numbers of Threats Identified by Subjects: 

Text Version vs. Visual Multimedia Version 

Text vs. VM: Threat 

T-test: Two-Sample Assuming 
Unequal Variances 

Text Visual MM 

Mean 5 5.066667 

Variance 6 8.066667 

Observations 15 15 

Hypothesized Mean Difference 0 

df 27 

tStat -0.06884 

P(T<=t) one-tail 0.472811 

t Critical one-tail 1.703288 

P(T<=t) two-tail 0.945622 

t Critical two-tail 2.051829 

Table 17 is the result of the statistical test using 

only the numbers of opportunities. The mean number of 

opportunities identified by the text group is 4.6. The mean 

number of threats identified by the visual multimedia group 

is sightly more than 3.4. The P-Value for the one-tailed T-
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test is 0.08, which indicates that the difference between 

these two numbers is statistically significant at the 0.1 

level. 

Table 17: 
T-test Of the Numbers of Opportunities Identified by 

Subjects: 
Text Version vs. Visual Multimedia Version 

Text vs. VM: Opportunities 

T-test: Two-Sample Assuming 
Unequal Variances 

Text Visual MM 

Mean 4.6 3.4 

Variance 5.971429 5.257143 

Observations 15 15 

Hypothesized Mean Difference 0 

df 28 

tStat 1.386962 

P(T<=t) one-tail 0.088198 

t Critical one-tail 1.70113 

P(T<=t) two-tail 0.176396 

t Critical two-tail 2.048409 

Hypothesis Two: 

H02: There is no difference between the numbers of 

threats and opportunities identified by subjects 

who use the audiovisual multimedia ESS and 

subjects who use the text ESS. 

Table 18 is the result of the statistical test for this 

hypothesis. The mean number of threats and opportunities 

identified by the text group is 9.6. The mean number of 
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threats and opportunities identified by the audiovisual 

multimedia group is 7.3. The P-Value for the one-tailed T-

test is 0.089, which indicates that the difference between 

these two numbers is statistically significant at with a 90% 

confidence level, i.e., <* = 10%. 

Table 18: 
T-test Of the Numbers of Threats and 
Opportunities Identified by Subjects: 

Text Version vs. Audiovisual 
Multimedia Version 

T-test: Two-Sample Assuming Unequal Variances 

Text AV 
Mean 9.6 7.3 
Variance 15.6857143 16.6777778 

Observations 15 10 
Hypothesized Mean 
Difference 

0 

df 19 
tStat 1.3962512 
P(T<=t) one-tail 0.08936976 
t Critical one-tail 1.72913133 
P(T<=t) two-tail 0.17873951 
t Critical two-tail 2.0930247 

Table 19 is the result of the statistical test using 

only the number of threats. The mean number of threats 

identified by the text group is five. The mean number of 

threats identified by the audiovisual multimedia group is 

4.3. The P-Value for the one-tailed T-test is 0.25, which 



112 

indicates that the difference between these two numbers is 

statistically insignificant. 

Table 19: 
T-test Of the Numbers of Threats Identified 
by Subjects: Text Version vs. Audiovisual 

Multimedia Version 

Text vs. AV: Threat 

T-test: Two-Sample Assuming 
Unequal Variances 

Text Audiovisual MM 

Mean 5 4.3 

Variance 6 6.677778 

Observations 15 10 

Hypothesized Mean Difference 0 

df 19 

tStat 0.677419 

P(T<=t) one-tail 0.253153 

t Critical one-tail 1.729131 

P(T<=t) two-tail 0.506306 

t Critical two-tail 2.093025 

Table 20 is the result of the statistical test for this 

hypothesis using only the numbers of opportunities. The 

mean number of opportunities identified by the text group is 

4.6. The mean number of opportunities identified by the 

Audiovisual multimedia group is three. The P-Value for the 

one-tailed T-test is 0.06, which indicates that the 

difference between these two numbers is significant at 0.1 

level. 
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Table 20: 
T-test of The Numbers of Opportunities 
Identified by Subjects: Text Version vs, 

Audiovisual Mu] .timedia Version 

Text vs. AV: Opportunity 

T-test: Two-Sample Assuming 
Unequal Variances 

Text Audiovisual MM 

Mean 4.6 3 

Variance 5.971429 6 

Observations 15 10 

Hypothesized Mean Difference 0 

df 19 

tStat 1.601526 

P(T<=t) one-tail 0.062878 

t Critical one-tail 1.729131 

P(T<=t) two-tail 0.125756 

t Critical two-tail 2.093025 

Hypothesis Three 

H03: There is no difference between the numbers of 

threats and opportunities identified by subjects 

who use the audiovisual multimedia ESS and 

subjects who use the visual multimedia ESS. 

Table 21 is the result of the statistical test for this 

hypothesis. The mean number of threats and opportunities 

identified by the visual multimedia group is 8.467. The 

mean number of threats and opportunities identified by the 

audiovisual multimedia group is 7.3. The P-Value for the 

one-tailed T-test is 0.239, which indicates that the 
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difference between these two numbers is statistically 

insignificant. 

Table 21: 
T-test of the Numbers of Threats and 
Opportunities Identified by Subjects: 

Visual Multimedia Version V.s. 
Audiovisual Multimedia Version 

T-test: Two-Sample Assuming 1 Unequal Variances 

VM AV 

Mean 8.46666667 7.3 

Variance 13.9809524 16.6777778 

Observations 15 10 

Hypothesized Mean Difference 0 

df 18 

tStat 0.72355804 

P(T<=t) one-tail 0.23931779 

t Critical one-tail 1.73406306 

P(T<=t) two-tail 0.47863557 

t Critical two-tail 2.10092367 

Table 22 is the result of the statistical test for this 

hypothesis using only the numbers of threats. The mean 

number of threats identified by the visual multimedia group 

is 5.06. The mean number of threats identified by the 

audiovisual multimedia group is 4.3. The P-Value for the 

one-tailed T-test is 0.24, which indicates that the 

difference between these two numbers is statistically 

insignificant. 
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Table 22: 
T-test Of the Numbers of Threats Identified 
by Subjects: Visual Multimedia Version vs. 

Audiovisual Multimedia Version 

T-test: Two-Sample Assuming 
Unequal Variances 

Visual MM Audiovisual MM 

Mean 5.066667 4.3 

Variance 8.066667 6.677778 

Observations 15 10 

Hypothesized Mean Difference 0 

df 21 

tStat 0.698253 

P(T<=t) one-tail 0.24634 

t Critical one-tail 1.720744 

P(T<=t) two-tail 0.492679 

t Critical two-tail 2.079614 

Table 23 is the result of the statistical test for this 

hypothesis using only the numbers of opportunities. The 

mean number of opportunities identified by the visual 

multimedia group is 3.4. The mean number of opportunities 

identified by the audiovisual multimedia group is three. 

The P-Value for the one-tailed T-test is 0.34, which 

indicates that the difference between these two numbers is 

statistically insignificant. 

Table 23: 
T-test Of the Numbers of Opportunities 

Identified by Subjects: Visual Multimedia 
Version vs. Audiovisual Multimedia 

Version 

VM vs. AV: Opportunity 

T-test: Two-Sample Assuming 
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Visual MM Audiovisual MM 

Mean 3.4 3 

Variance 5.257143 6 

Observations 15 10 

Hypothesized Mean Difference 0 

df 19 

tStat 0.410289 

P(T<=t) one-tail 0.343092 

t Critical one-tail 1.729131 

P(T<=t) two-tail 0.686184 

t Critical two-tail 2.093025 

Hypothesis Four 

H03; There is no difference among the numbers of threats and 

opportunities identified by subjects who use the 

audiovisual multimedia ESS, subjects who use the visual 

multimedia ESS, and subjects who use the text ESS. 

Table 24, 25, and 26 illustrate the results of the 

ANOVA for the three groups. Table 24 is the result of the 

analysis that deal with the total numbers of threats and 

opportunities. Table 25 contains the results of the 

analysis that examines the numbers of threats. Table 26 

shows the results of the analysis that deals with the 

numbers of opportunities identified. All three tables show 

that the differences among the three groups are 

statistically insignificant. 
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Table 24: 
Analysis of Variance: Total Threats and Opportunities 

ANOVA: Single Factor 

SUMMARY 

Groups Count Sum Average Variance 

Text 15 144 9.6 15.68571 

Visual Multimedia 15 127 8.466667 13.98095 

Audiovisual 
Multimedia 

10 73 7.3 16.67778 

Source of Variation SS df MS F P-value F crit 

Between Groups 32.16667 2 16.08333 1.052438 0.359302 3.251927 
Within Groups 565.4333 37 15.28198 

Total 597.6 39 

Table 25: 

ANOVA: Single Factor 

SUMMARY 

Groups Count Sum Average Variance 

Text 15 75 5 6 

Visual Multimedia 15 76 5.066667 8.066667 

Audiovisual 
Multimedia 

10 43 4.3 6.677778 

Source of Variation SS df MS F P-value F crit 
Between Groups 4.066667 2 2.033333 0.292699 0.747959 3.251927 
Within Groups 257.0333 37 6.946847 

Total 261.1 39 
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Table 26: 

ANOVA: Single Factor 

SUMMARY 

Groups Count Sum Average Variance 

Text 15 69 4.6 5.971429 

Visual Multimedia 15 51 3.4 5.257143 

Audiovisual 
Multimedia 

10 30 3 6 

Source of Variation SS df MS F P-value F crit 

Between Groups 18.3 2 9.15 1.602983 0.21496 3.251927 

Within Groups 211.2 37 5.708108 

Total 229.5 39 

Hypothesis Five 

H05: There is no difference between the effects of 

multimedia on Field-independent subjects and 

field-dependent subjects. 

The purpose of this analysis is to determine whether 

cognitive style is a moderating variable to the effect of 

multimedia. The test of this hypothesis relies on a Partial 

F-test. Table 27 is the result of the Partial F-test using 

GEFT scores as the variable X3. The dependent variable is 

the total number of threats and opportunities identified. 

X1 and X2 are dummy variables that represent the 

presentation format. For subjects who used the text version, 

Xa is 1 and X2 is 0. For subjects who used the visual 

multimedia version, Xx is 0 and X2 is 1. Otherwise, both Xx 

and X2 are 0. 
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The F statistic of the partial F-test is 1.336374, 

which is less than the critical value 2.23. Therefore, none 

of the three variables removed from the complete model is a 

significant predictor. That is, cognitive style did not 

significantly affect performance. There was also no 

interaction effect between cognitive style and the 

presentation format. Therefore, cognitive style measured by 

the GEFT is not a moderating variable to the impact of 

multimedia on the effectiveness of information scanning. 

Table 27: 
Partial F-test using Cognitive Style and 

Presentation Format 

Rc = 0.15363 (Predictors: X„ X2, X3, X,*X3, X2*X3) 
Rr = 0.05383 (Predictors: X1f X2) 
V, = 3 
V2 = 40-1 -5 = 34 
F = [(0.15363 - 0.05383) /3]/[(1-0.15363)/34] = 1.336374 
F 3,34= 2-23 
F < ̂3,34 
Therefore, there is insufficient evidence to suggest that any one of the 
three variables, X3, X,*X3, & X2*X3, is a significant predictor 

Analysis of Retention 

The third part of the data analysis deals with 

retention of information. Retention is measured by a 

questionnaire consisting nineteen multiple choice questions 

These questions ask subjects to recall the information 

content of the ESS. Each question has three options and 

only one is the correct answer. Subjects circled the one 
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they believed was the correct answer based on the 

information they learned from the system. 

Instrument Reliability 

Most empirical MIS studies did not address the 

instrument validity or reliability issue adequately (Straub 

1989). Only a few researchers seriously discuss the 

measurement issues in their studies (Bailey and Pearson 

1983, Goodhue 1988, Ives et al. 1983, Ricketts and Jenkins 

1985). The reliability issue of an instrument is especially 

critical. It refers to the consistency of scores obtained 

by the same persons when reexamined with the same test on 

different occasions or with different sets of equivalent 

items. If an instrument was unreliable, any analysis of the 

results would be unwarranted. Because the investigator of 

this study designed and constructed the retention 

questionnaire, no prior knowledge of instrument reliability 

is available. The only source of reliability information is 

the pilot study and the actual experiment. 

Several commonly used reliability indices of a 

questionnaire include the test-retest reliability, 

alternate-form reliability, and split-half reliability 

(Anastasi 1988). Both the test-retest and alternate-form 

methods require multiple administrations of the instrument 

using the same group of subjects. This approach is not 

appropriate for this study. This study adopts the split-

half reliability test because it requires only one single 
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administration of one form. The resulting reliability index 

of the retention questionnaire is 0 .68 . This value 

indicates that 68 percent of the variation in the results is 

the true variance of retention, only 32 percent is random 

error. This value is not very high but is acceptable 

(Igbaria and Baroudi 1993). 

Text vs. Visual Multimedia Groups 

Table 28 lists the T-test results of the comparison 

between the text and the visual multimedia groups regarding 

their recall performance. The actual difference between the 

two groups is only 0 .33 . In other words, the two groups 

performed almost equally well. The one-tailed test 

statistic, P-Value = 0.37228, shows that the difference is 

insignificant. 

T a b l e 2 8 : 
Retention Analysis - Text vs. Visual 

Multimedia Groups 
Text vs. VM 

T-test: Two-Sample Assuming Unequal Variances 

Variable 1 Variable 2 

Mean 13 13.33333 

Variance 6 9.380952 

Observations 15 15 

Hypothesized Mean 
Difference 

0 

df 27 

tStat -0.32918 

P(T<=t) one-tail 0.37228 

t Critical one-tail 1.703288 

P(T<=t) two-tail 0.74456 

t Critical two-tail 2.051829 
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Text vs. Audiovisual Groups 

Table 29 lists the T-test results of the comparison 

between the text and the audiovisual multimedia groups 

regarding the recall performance. The actual difference 

between the two groups is only 0.6, a small difference 

again. In other words, the text group performed only 

slightly better than the audiovisual group. The difference 

is statistically insignificant as shown by both the one-

tailed and two-tailed test statistics. 

Table 29: 
Retention Analysis - Text vs. 

Audiovisual Groups 

Text vs. AV 

T-test: Two-Sample Assuming Unequal Van ances 

Variable 1 Variable 2 

Mean 13 12.4 

Variance 6 8.933333 

Observations 15 10 

Hypothesized Mean 
Difference 

0 

df 17 

tStat 0.527589 

P(T<=t) one-tail 0.302301 

t Critical one-tail 1.739606 

P(T<=t) two-tail 0.604603 

t Critical two-tail 2.109819 

Visual vs. Audiovisual Groups 

Table 30 lists the T-test results of the comparison 

between the visual and the audiovisual multimedia groups 

regarding the recall performance. The actual difference 
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between the two groups is only 0.96. The visual multimedia 

group performed about one question better than the 

audiovisual group in average. However, the difference is 

still statistically insignificant as shown by both the one-

tailed and two-tailed test statistics. 

Table 30: 
Retention Analysis - Visual vs. 

VMvs.AV 

T-test: Two-Sample Assuming Unequal Van ances 

Variable 1 Variable 2 

Mean 13.33333 12.4 

Variance 9.380952 8.933333 

Observations 15 10 

Hypothesized Mean 
Difference 

0 

df 20 

tStat 0.75735 

P(T<=t) one-tail 0.228836 

t Critical one-tail 1.724718 

P(T<=t) two-tail 0.457671 

t Critical two-tail 2.085962 

All Three Groups 

Table 31 lists the results of the ANOVA of the recall 

performance of all three groups. The resulting P-Value is 

0.7225, which indicates that there is no significant 

difference among the three groups in terms of the retention 

of information. 



124 

Table 31: 
ANOVA of Retention 

ANOVA: Single Factor 

SUMMARY 

Groups Count Sum Average Variance | 

Text 15 195 13 6 

Visual 15 200 13.333 9.381 

Audiovisual 10 124 12.4 8.9333 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 5.2417 2 2.6208 0.3279 0.7225 3.2519 

Within Groups 295.73 37 7.9928 

Total 300.98 39 

Chapter Summary 

This chapter describes the results of the data 

analysis. The first section analyzes the demographic 

information of subjects. The results indicate that none of 

the demographic variables significantly affects the 

performance. The second section analyzes the primary 

variables of this study - numbers of threats and 

opportunities identified and the corresponding types of 

presentation formats. The results show that subjects who 

use the text-based ESS perform significantly better than 

subjects who use the audiovisual multimedia ESS. There is 

no significant difference between other groups. The third 

section contains the analysis of information retention. The 

results indicate no significant improvement in recall 

performance due to the use of visual or audiovisual 
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multimedia. Subjects have approximately the same level of 

retention disregard the version of the ESS they use. 



CHAPTER VI 

DISCUSSION, RECOMMENDATION, AND CONCLUSION 

The purpose of this study is to investigate the impacts 

of multimedia on the effectiveness of information scanning. 

The initial hypothesis was that multimedia could affect 

decision makers' capability to identify threats and 

opportunities of a business situation. An experiment 

sponsored by four organizations supplied the data to test 

this hypothesis. The experimental task was to identify 

threats and opportunities of a business scenario presented 

in three different versions of ESS prototypes. Forty 

business managers and professionals participated in the 

study. The majority of the subjects have business decision-

making experiences or managerial responsibilities. 

Nonmanagerial subjects also have many years of industry 

experience. 

The results of the data analysis, described in Chapter 

V, show that subjects who used the text version of the ESS 

performed significantly better than subjects who used the 

audiovisual version of the system. The difference between 

the text group and the visual multimedia group is 

statistically insignificant. The difference between the 

visual multimedia group and the audiovisual group is also 

statistically insignificant. 
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Contradicting to the results of previous studies 

(Shulman 1992, Oz and White 1993), this study shows no 

significant improvement in retention of information by using 

either visual or audiovisual multimedia as the information 

presentation format. The recall performance scores, 

measured by a reliable instrument, of the three different 

groups were almost identical. 

The secondary hypothesis of this study assumed that 

cognitive style was a moderating variable to the impact of 

multimedia on information scanning. The results of a 

correlation analysis show no significant relationship 

between GEFT scores and performance. The results of a 

Partial F-test also show no significant interaction effect 

between information presentation formats and subject 

cognitive styles. These findings indicate that cognitive 

style is not a significant moderating variable of the impact 

of multimedia. The cognitive styles of users do not affect 

the impacts of multimedia on the effectiveness of 

information scanning. 

Discussion 

This section discusses the implications of the results 

and related previous studies. The first segment reviews the 

composition of subjects and its implications. The second 

segment reviews the analysis of information retention and 

discusses possible explanations for the conflicting results 

between this study and previous studies. The third segment 
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reviews the data analysis regarding the impact of multimedia 

on information scanning effectiveness and its implications. 

Subject Composition 

One of the most notable differences between this study 

and previous multimedia studies is the composition of 

subjects. The subjects of this study were business 

professionals with a wide variety of backgrounds, 

occupations, and experiences. They represent typical users 

of computer information systems. 

Gender 

Gender is an important variable for research of social 

sciences (Darley and Smith 1995, Deaux and Kite 1987). In 

information systems research, gender is often measured but 

not treated as the primary independent variable (Dickson et 

al. 1993, Bostrom et al. 1990, Bogman 1983). Previous 

studies show that some gender characteristics may have an 

impact on this study (Darley and Smith 1995). For example, 

females are comprehensive information processors who 

consider both subjective and objective attributes and 

respond to subtle cues. In contrast, males are selective 

information processors who tend to use heuristics processing 

and miss subtle cues (Darley and Smith 1995). In this 

study, the total numbers of female and male subjects were 

approximately equal. The results of data analysis show that 

gender is not an important contributing factor to the 

variation in subject performance. The implication is that 
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multimedia has a similar degree of impact on information 

scanning to both female and male users. 

Occupation. Work Experience, and Position 

The purpose of having a wide variety of subjects with 

different occupations, experiences, and positions is to 

enhance the validity of this study (Kidder and Judd 1987). 

Although this study is a one-shot experiment with a small 

sample size, a good composition of subject backgrounds 

should provide a certain degree of generalizability for the 

results (Kidder and Judd 1987). Having managers as subjects 

is especially significant since the primary purpose of ESS 

is to assist managerial decision making (Rockart and DeLong 

1986). Although the data analysis shows no significant 

difference between the changes in performance of managerial 

and nonmanagerial subjects, knowing that multimedia affect 

both categories of subjects is still a valuable finding. 

This indicates that presentation formats affect experienced 

decision makers as well as inexperienced decision makers. 

Cognitive Style 

Many previous MIS studies treated cognitive style as an 

important variable that affects the success of management 

information systems (Lusk and Kersnick 1979, Hunt et al. 

1989, Zmud 1979, Ramaprasad 1987). This study treats 

cognitive styles as a moderating variable of the impact of 

multimedia. The results of the data analysis show that 

cognitive style is not a significant moderating variable. 
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The cognitive style of a user neither reduces nor amplifies 

the impact of multimedia on the effectiveness of information 

scanning. This finding implies that the use of multimedia 

has a comparable degree of impact on field-independent and 

field-dependent users. 

This finding about cognitive style contradicts the 

existing understanding of cognitive style. According to 

previous research, field-independent individuals are usually 

less affected by the environmental change (Pitts and 

Thompson 1984). Thus, the addition of graphics and sound in 

the multimedia ESS should produce less impact to them. Yet, 

the result of this study does not support this assumption. 

The data analysis shows that the impact of multimedia on 

field-dependent subjects was as much as the impact of 

multimedia on field-independent subjects. 

Several possible reasons may be able to interpret this 

finding. First, GEFT is a visual tool. It deals with 

visual and spacial changes in the environment. In contrast, 

the addition of multimedia in information systems involves 

both visual and audio changes in the environment. 

Furthermore, GEFT is a static tool. The objects in the 

instrument remain unchanged during the course of the test. 

In contrast, multimedia is dynamic. Both animation and 

speech are time-series events. Therefore, cognitive style 

measured by GEFT or other visual oriented-instruments such 
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as the W Q may not be appropriate to interpret the impact of 

multimedia (Richardson 1977). 

Second, the cognitive style of a subject may not be as 

influential as the cognitive process in this study 

(Ramaprasad 1987). Cognitive style is a trait. It is task 

independent and focus on general influences on a person's 

cognitive information processing. Cognitive process is a 

state. It is task dependent and has a micro focus on the 

elements of a person's cognitive information processing such 

as perceiving and recognizing stimuli, remembering and 

searching information, including rules, recognizing 

patterns, and formulating concepts (Ramaprasad 1987). In 

this study, subjects knew that their objective was to 

identify threats and opportunities from the very beginning 

of the experiment. Therefore, they tend to prepare their 

cognitive process for a more analytical task (Umanath and 

Vessey 1995). Consequently, the impact of individual 

cognitive styles did not appear to be significant due to the 

effects of cognitive processes. 

Information Retention 

Many previous studies of multimedia use retention as 

the primary dependent variable and conclude that the use of 

multimedia improves learning or recall performance in the 

post test (Stoneman and Brody 1983, Hapeshi and Jones 1992, 

Schwartz and Kulhavy 1987). However, the results of this 

study showed that the average recall performance scores of 
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the three groups were almost identical. There was no 

improvement in the retention of information due to the use 

of multimedia. 

Several reasons may help explain the differences 

between the findings of this study and the previous ones. 

The most likely reason is that this study is fundamentally 

different from the previous studies. Most previous studies 

compare computer-based multimedia systems with paper-based 

reports or human instructions (Ottinger 1993, Oz and White 

1993, Watson et al. 1983). In this study, all three groups 

receive information from computer-based systems. Therefore, 

a direct comparison between the findings of this study and 

previous ones is not appropriate. 

Second, the structure of the multimedia system of this 

study may be different from the multimedia systems used in 

other studies. There are numerous ways to construct a 

multimedia system. For example, there are at least four 

different ways to combine speech and image in a multimedia 

system (Hapeshi and Jones 1992). In the first way, the 

video or picture of the speaker is shown with the speech. 

The person on the screen talks directly to the viewer. In 

the second way, the dialog or conversation between those on 

the screen is played. In other words, the viewer hears the 

speech as a third party. In the third way, the speech 

directly explains the events on the screen. That is, the 

speech helps the viewer to understand the content of the 
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visual image. Here, the speech replaces the role of a 

textual narrative description. In the fourth way, the 

speech is accompanied by related images. These images may 

not be directly connected with the content of the speech 

(Hapeshi and Jones 1992). 

The ESS used in this study used a mixture of the third 

and the fourth ways to combine image and speech. The 

audiovisual ESS uses speech to read the text and visual 

events displayed on the screen. Since the exact methods 

used in the systems of previous studies are unknown, a 

direct comparison between this study and previous ones is 

inappropriate. 

Another probable reason lies in the difference between 

the information content and the tasks. The information 

content of previous studies was mostly descriptive and 

nonnumerical (Ottinger 1993, Oz and White 1993, Watson et 

al. 1983). The ESS used in this study contains a great deal 

of numerical information. Besides, the task of previous 

studies was to learn as much information as possible 

(Shulman 1992, Sipior and Townsend 1993, Reisman 1993). In 

contrast, the task of this study is to analyze the 

information to identify threats and opportunities. Thus, 

subjects of this study have less motivation to remember the 

information. 
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Discussion of Information Scanning 

The primary dependent variable of this study is the 

effectiveness of information scanning. The measurement of 

this dependent variable is the number of threats and 

opportunities identified based on the information provided 

in the three ESS prototypes. The results of the data 

analysis show that the text ESS group performed better than 

the visual multimedia ESS group. The visual multimedia ESS 

group performed better than the audiovisual multimedia ESS 

group. The difference between the text ESS and the 

audiovisual multimedia ESS group is statistically 

significant (Figure 6 and 7). 

Text ESS -4 Visual Multimedia ESS H> Audiovisual 
Multimedia 
ESS 

(Text) (Text + Graphic + Animation) (Text + 
Graphic + 
Animation + 
Audio) 

Best Better than Audiovisual Worst 

< Different >| |< Different 

Significantly Different 
Figure 6: The Primary Finding 

Figure 7: Average of Number of Threats and Opportunities 

Identified (See Appendix) 
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This finding has significant implications. It 

indicates that the use of multimedia does not facilitate 

decision makers to identify threats and opportunities. The 

addition of graphics, animation, and audio is not beneficial 

to decision makers when they need to analyze the 

information. The traditional text-based system is 

beneficial for decision makers to perform analytical tasks. 

This finding is consistent with the Theory II, the 

cognitive fit theory, described in Chapter IV (Vessey 1991). 

The cognitive fit theory suggests that for the "most 

effective and efficient problem solving to occur, the 

problem representation and any tool or aid employed should 

all support the strategies, methods of processes required to 

perform that task" (Umanath and Vessey 1995 pp. 795). The 

cognitive fit theory suggests that the problem-solving space 

has three components: the problem representation, the 

problem-solving task, and the mental representation. The 

problem solving effectiveness is the outcome of the 

relationship between the problem representation and problem-

solving task. The problem solver acts on information in the 

problem representation and the problem-solving task to 

produce the mental representation in his or her working 

memory. The mental representation then produces the problem 

solution. When the types of information in the problem-

solving representation and the problem-solving task are the 

same, the problem solver can use processes that match the 
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information type to solve the problem. There is a fit among 

all three components of the problem-solving space. In this 

case, the problem-solving process will be more efficient and 

accurate because the problem solver does not have to 

transform the information in the problem representation into 

a mental representation suitable for the task. For 

instance, if the task requires the acquisition of spatial 

information, a spatial problem-representation should 

facilitate the problem-solving process (Umanath and Vessey 

1995). 

The experimental task of this study was to identify 

threats and opportunities. As indicated by the majority of 

subjects in the post-experimental interviews, they need to 

analyze the information to identify threats and 

opportunities. This was an analytical problem. According 

to the cognitive fit theory, an analytical presentation 

format is more beneficial for solving an analytical problem. 

Among the three different versions of the ESS prototypes 

used by the subjects, the text version has the most 

analytical presentation format. It contains aggregated 

tables of important figures about the external and internal 

environments. In contrast, the visual and audiovisual 

visual multimedia versions contain animations and graphics. 

These formats are less analytical and more holistic (Umanath 

and Vessey 1995). The text group performed well because 

there was a cognitive fit existed between the type of task 
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and the presentation format. The other two groups did not 

perforin as well as the text group because there was a 

mismatch between the task type and the presentation formats. 

The cognitive fit theory focuses more on visual 

presentation of information (Vessey 1991, Umanath and Vessey 

1995). Thus, it does not explain the difference between the 

visual multimedia group and the audiovisual multimedia 

group. The only distinction between the presentation 

formats of these two groups is the presence of audio 

information in the audiovisual ESS. The audiovisual ESS 

contains prerecorded human speech to accompany text, 

graphics, and animations. The information contained in the 

speech is exactly the same as the information presented 

visually. There is no additional information in the 

audiovisual ESS. 

Previous research has shown that irrelevant background 

speech can impair retention of information although no 

existing studies discuss the effect of speech on the tasks 

involving information scanning and analyzing (Salame and 

Braddeley 1982). According the information obtained from 

the post-test interviews, subjects believed that speech was 

a disturbing factor when they tried to concentrate on 

specific information items and analyze the information. 

Almost without exception, subjects wished there was a way to 

turn off the speech after they spotted critical information 

items. Subjects treated the speech as a noise during 
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information-analyzing process even though the speech 

actually contained meaningful information. Most subjects 

would like to have speech as a presentation format for 

introductory information, background information, and first-

time description of other types of information. Yet, they 

do not want to hear the speech more than once. Subjects 

pointed out that since the purpose is not to memorize 

information, they would review a particular information item 

the second time only if they needed to analyze it. 

Therefore, replay of the speech only disturbed the process 

of information analysis and harmed their performance. 

Recommendation 

Since this study uses a laboratory experiment to 

collect data, the external validity of the results is 

limited (Kidder and Judd 1987). However, because the major 

findings are consistent with the cognitive-fit theory 

(Vessey 1991), certain recommendations regarding the design 

and construction of multimedia systems should be appropriate 

(Chervany et al. 1972). The foundations of these 

recommendations include both the statistical analysis and 

user opinions from the post-test interviews. These 

recommendations are also ideal topic areas for future 

research. 
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Recommendation I 

Auditory information presentation is more appropriate for 

the presentation of new information. 

In the post-test interview, many subjects indicated 

that they wanted to hear the information only if the 

information was new to them. If the information or the type 

of information was something they were familiar with, they 

did not need to hear it. Instead, they would like to 

analyze the information in written forms immediately. 

Subjects provide two reasons to explain this. First, except 

for new information or old information presented in 

unfamiliar formats, most people read much faster than they 

can hear. Thus, it is more efficient to read than to hear. 

Second, if they are familiar with the information or 

information format, they can analyze it immediately. For 

most subjects, analyzing visual information is much easier 

than auditory information. Visual information is available 

for inspection over longer period. An information receiver 

has more control over the pace of the learning process and a 

greater opportunity to commit the material to memory 

(Hapeshi and Jones 1992). There are fewer burdens on the 

short-term memory of decision makers (Norman 1968). In 

contrast, auditory information is temporary and sequential. 

Reviewing a portion of a long speech multiple times is 

difficult. Hearing two pieces of auditory information 

simultaneously is not practical (Hapeshi and Jones 1992). 



140 

Based on this concept, multimedia system should play an 

auditory information item for a particular user only once. 

If the user needs to review the information again, the 

system should not play the speech unless the user requests 

it. 

Based on the same concept, multimedia is appropriate 

for certain applications and not suitable for the others. 

Proper subjects for multimedia applications include 

tutorials, help functions of software applications, training 

materials, interactive textbooks and study guides, 

information kiosks, and other educational programs. The 

purpose of these applications is to give users a fundamental 

understanding rather than deep knowledge (Turban 1993). The 

target readers of these applications are those who are not 

familiar with the information content of the systems. In 

contrast, routine applications such as sales transaction 

systems and accounting systems are not appropriate 

applications of multimedia. Users of these systems are 

normally familiar with the information content and the 

format. Although these systems may contain new information 

periodically, the information format and structure remain 

unchanged. Users of these systems can immediately start to 

analyze the new data. Auditory presentation is not 

appropriate for such systems. 
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Recommendation II 

Auditory information presentation is more appropriate for 

presenting nonnumerical information. 

The proper formats of numerical information are charts 

and tables depending on the tasks (Vessey 1991). Auditory 

format is inappropriate for presenting numerical data, 

especially time-series data. As a vice-president level 

subject indicated, the most important features of time-

series information are trends and patterns. Individual 

numbers without reference points are meaningless. To him, 

visualizing trends and patterns based on auditory 

information is difficult. He likes to see all related 

figures and charts simultaneously displayed on the same 

screen. Several other subjects also expressed similar 

opinions. 

Recommendation III 

Auditory information presentation is not appropriate for 

analytical tasks. 

Multimedia is not an ideal information presentation 

format for analytical tasks. The reasons for this 

recommendation are similar to the first recommendation. 

Theoretically, analyzing auditory information is more 

difficult and inefficient (Hapeshi and Jones 1992). 

Empirically, the findings of this study showed that subjects 

performed poorer with the multimedia system than with the 

text-based system. Multimedia presentation is more 
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appropriate for training and tutorial applications that do 

not require in-depth analysis of the information. 

Recommendation IV 

A multimedia system should always allow users to choose 

between audio and visual information presentation at 

anytime. 

Although the majority of subjects prefer hearing 

certain types of information rather than reading it; some 

subjects simply prefer to read than to hear the information 

under any circumstance. The reasons vary from one to 

another. The most frequently mentioned reason was that they 

have more control of the speed with the visual information. 

Some users did not like to hear the information because they 

felt that the voice was annoying after a few minutes. Thus, 

the best strategy for multimedia application designers is to 

leave the decision to users (Paller and Laska 1990). Users 

should have the option of turning on or turn off sound 

anytime. 

Recommendation V 

Multimedia presentation should emphasize on improving 

retention of information. 

The findings of this study indicate that multimedia is 

not an ideal presentation format for analytical tasks. It 

is more appropriate for presenting introductory, 

descriptive, or narrative types of information. Thus, the 

purpose of using multimedia should be to enhance learning 
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besides attracting viewers' attention (Ottinger 1993). 

Although many studies show that the use of multimedia does 

improve learning and retention, it is not clear why and how 

the improvement occurs. The result of this study indicates 

that the use of multimedia does not necessarily improve 

retention under certain circumstance. Since there are 

numerous ways to construct a multimedia application (Hapeshi 

and Jones 1992), researchers should devote more effort to 

investigate the most effective combination of text, 

graphics, animation, video, and sound that lead to retention 

improvement. 

Subjects also indicate that the advantage of the 

hypertext structure of the multimedia system is restricted 

if the system could not simultaneously show several related 

information items on the same screen. Currently, most 

multimedia systems use a "page" as the basic unit of 

navigation (Esichaikul 1992, Yusof 1992, Patterson 1991, 

Petterer 1991). Users can move from one page to another by 

pointing and clicking a mouse. This approach makes it 

difficult to see related information items stored in 

different pages on the same screen simultaneously. This 

restriction places a heavier burden on users' short-term 

memory in situations where synthesis of information is 

essential. Therefore, a multimedia system should allow users 

to organize information in the way they want. Viewers 
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should be able to see information items of a different page 

on the same screen to facilitate comparison and synthesis. 

Conclusion 

This study investigates the potential impacts of 

multimedia on decision makers' ability to identify threats 

and opportunities. The results support the cognitive-fit 

theory and indicate that multimedia is not an appropriate 

presentation format for analytical tasks. This study also 

shows that the use of multimedia does not necessarily 

improve learning and retention of information. Further 

research is needed to find out the most effective 

combination of text, graphics, animation, video, and sound. 

The findings about cognitive style and retention of 

information are inconsistent with the results of previous 

MIS studies. Assuming the present study and previous ones 

are both valid research, the inconsistency indicates that 

there are to many uncontrolled variables in these studies 

and a direct comparison is not meaningful. 

The findings of this study are not to suggest any 

causality between multimedia and the ability to identify 

threats and opportunities. A more meaningful indication 

from the findings is that organizations should cautiously 

use new technology. Although multimedia is the most advance 

presentation format available to users, it does not mean 

that multimedia is beneficial for all applications. 

Inappropriate use of technology does not just waste valuable 
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resources. It also creates negative impacts on user 

performance. Organizations should carefully evaluate the 

pros and cons of a new technology before committing 

significant resources to implement it. 
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Figure 1: The Media Pie (McLeod and Jones 1986) 
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Theory n (-) Theory I (+) 

Executive Information Sources 

Information Scanning 
Decision maker, Situation, Task, Process 

Executive Support Systems 
Presentation format, Information content, Decision aid 

Executive Information Usage 
To disseminate to others 

To build mental models of the organization and its environment 
To develop value positions for the firm 

— • To identify business threats and opportunities — 

Figure 2: Research Framework 
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Average Number of Threats and Opportunities Identified 
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Figure 7: Average Number of Threats and Opportunities Identified 
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