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CHAPTER 1 

INTRODUCTION 

As far as we can determine only one place in the universe has 

he unique substance, water. That place is the Earth! The only place 

in the universe where life exists. Life is possible only because 

of this 'magical I liquid and its unique chemical .and physical prop

erties. Its exceptional nature results in the dynamic hydrologic 

system of the Earth, whereby energy frori1 the Sun keeps our planet 

habitable. 

It is a fact that without water mankind could not exist. This 

statement can be verified by some of the contributions water has made 

to man and the environemnt. Water is considered to be the universal 

solvent, for it breaks down more substances than any other. This 

unique ability results in'its use in solving both natural and man

made water quality problems. Hot only does it dissolve and dist

ribute natural material such as sulfates, nitrates, phosphates and 

other potentially helpful or harmful substances but it also diss

olves man-made materials such as sewage, pest1cides, and herbicides 

as well. 

Hater in ocean currents and in the atmosphere circulates and 

aids the Earth's climate by storing and redistributing heat. ~Jater is 

used in growing and processing foodstuffs and even physically affects 
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the geography of our planet. All life, plant or animal, depends on 

this substance. 

1here are problems with water pollution due to increased industry 

and technology. In Europe thousands of lakes have become acidified 

and entire populations of fish and other aquatic organisms have been 

destroyed as a result of mercury, sulfate, and nitrogen-based acidic 

inputs from mining and industry (Oehme, 1978). Studies have revealed 

evidence that a very analogous situation is occuring i-:1 portions of 

the eastern United States and Canada (Barnes, 1979; Overrein, 1981). 

Currently on a world-wide basis, millions of metric tons of 

petroleum hydrocarbons enter the aquatic environment yearly and these 

are a major source of marine pollution (Travers and Luney, 1976). In 

aquatic environments globally organisms concentrate noxious and poison

ous substances from their liquid environment because these waters 

are polluted with petroleum, petroleum by-products, industrial wastes, 

and even domestic sewage (Mix, Riley, King, Tenholm, and Schaffer, 

1977). Human activity can cause other problems when petroleum, heavy 

metals, agricultural pesticides and herbicides, and organic chemicals 

enter the aquatic environment as pollutants. Some of these pollutants 

have been found to be active carcinogens which may accumulate, 

metabolize and translocate in the quatic organisms they contract. Many 

others, although not proven carcinogens, are suspected and under study 

(Kraybill, 1975). 

In a recent U.S. Water Resources Council Study of U.S. water 

supplies identified water resources as the nations most serious 

longterm problem (Sheets, 1981). In not only this country but across 

our planet, water quality is in extreme danger. 
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Water is a finite resource. In quantity it may seem abundant 

but per capita use has increased more than 350% in the past 50 years 

(Barnes, 1979). For industry, home, agriculture, and simple personal 

use we may be left 'high and dry• in a very short time (Sheets, 

1981; Nokolaieff, 1967). It has been estimated that by the year 

2000 net use will be slightly below the lower limit of availablF 

useable water and near the estimated upper limit of supply by 2020 

(Mills, 1977). Although public intrest is growing many people are 

still painfully unaware of water problems we may be facing in the 

near future. School students are uninformed because water curriculum 

is not emphasized. In a study of college-bound high school graduates, 

it was indicated that a void existed in their education about water 

(Mills, 1979). In a study in 1976, it was established that as the 

public takes a greater role in land management decisions, their 

knowledge and attitudes take on more importance (Carlson and Baum

gartner, 1979) and in several issues of the Journal of Environmental 

Education since 1973, many authors state the necessity of knowledge 

or attitudes as conditions for intelligent environmental policy making. 

It is imperative that natural resource conservation be included in 

the teaching of current events and citizens realize our daily depen-

3 

dance on water whether we live on the coast or far inland (Sea Grant, 1978)0 

ThP Water Resources Education Project's goal is to help youth 

a"d ~rlults gain a better understanding of the technical pronciples 

and social issues involved in effective management of our water 

resources (Amend and Armold, 1983). A basic objective is the appli

cation of computer-technology to the complex problem of water re

source education (House, 1982). 



This study deals with the use of computerized water resource 

management simulation and its use with adults who are either major 

users of water or are involved in water management occupations. 

Water Resource Management Simulator Description 

The WatPr Resource Management Simulator (WRMS) is an inter

active digital computer which models a geographic region and its 

water supply and demand situation. The simulator, capable of modeling 

9 different river basins, is operated by up to 30 participants 

using small control consoles. Water management decisions regarding 

(1) storage of surface and ground water, (2) sources of water, (3) 

rate of water use, (4) technology of water use, and (5) disposition 

of used water are made with controls on the individual consoles. 

The irrigation control module is typical of the control modules. This 

control transmits water demands to the computer in terms of acre 

feet, and is calibrated in multiples of 1 today 1 s 1 water use pattern 

in the modeled region for ease of understanding. The course of water 

for irrigation is selected by a sliding control which can select 

from 100% surface water to 100% ground water. The type of irrigation 

technology used is selected by a second sliding control. Flood irri

gation demands about twice as much water for a given irrigation 

setting, but returns about half to the stream. Sprinkler irrigation 

is programmed to demand approximately half as much water as flood 

irrigation, but returns very little to the stream. This control may 

be set for any combination of these two irrigation types. Sliding 

controls on similar modules permits selection of water treatment 
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technology for industrial and municipal waste water and cooling tech

nology for thermal electric plants. Five water use categories are 

provided in the model: (a) irrigation, (b) energy, (c) municipal 

and industry, (d) livestock, and (e) interbasin transfer. For each 

of these, water may be drawn from either ground or surface water 

resources. The simulator intself may be programmed for any set of 

ground and surface water conditions by changing data statements in 

the computer memory (Amend, 1981). 

Nature of the Problem 

This study's major purpose is to identify the effects of the 

multi-user computerized water resource management simulation (WRMS) 

on basic water resource attitudes. A group of 25 water managers and 
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2G agribusiness professionals were respectively randomly assigne~ to j;w_p 

groups, the control or pre-test group and the experimental or post-test 

group, and were administered the Watkins Water Concern Scale (Watkins_, 

1974). Interaction with the WRMS was the treatment for the experimental 

group. The pre-test data were then compared to the post-test data 

both in and between groups to answer the following questions. 

1. !Jha·~ is the pre-WRMS level of concern toward water resource 

issues? 

2. Does WRMS treatment significantly alter the level of water 

resource concerns? 

3. What effects result from WRMS experience within and be

tween agribusiness and water management populations? 

4. What factors of water resource concern are significantly 

influenced by WRMS treatment? 



How these questions are answered can determine the usefulness 

of the tJRl'1S as an information dissemination tool for agribusiness 

professionals and water managers. Question 1 through 3 are stated 

in the following hypotheses: 

H01: There is no significant difference between mean pre

test scores of agribusiness and water management pro

fessionals. 

H02: There is no significant difference between mean pre

test scores of agribusiness and water management pro

fessionals by item. 

H03: There is no significant difference between the total 

population mean pre-test score and mean post-test 

score. 

H04: There is no significant difference between the total 

population mean pre-test score and mean post-test 

score by item. 

H05: There is no significant difference between mean pre

test and mean post-test scores by agribusiness pro

fessionals. 

H06: There is no significant difference between mean pre

test and mean post-test scores of water managers. 

H07: There is no significant difference in mean pre-test 

and mean post-test scores between agribusiness and 

managers of water resources. 

H08: There is no significant difference in mean pre-test 

(non-user) and mean post-test (user) scores between 

agribusiness and water managers by item. 
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H09: There is no significant difference between mean scores 

of agribusiness and water managers by item. 

Significance of the Study 

Simulation has been defined as an 'operating model of the 

real world made up of selected sets of interrelationships that 

reduce complex problems to manageable size for instructional pur

poses' (Mclean, 1973, p. 377). With computer availability and use 

increasing, computer simulation as an instructional method is ex

pected to increase also (Electronic Learning, 1982). Thus, there 

is a real and growing need to determine the potential of this 

teaching technique on all levels. 

There is also a need to know what water management and 

agribusiness professionals know and what computerized instruction 

can teach them. Computer simulation when applied to one of our 

most precious resources, water, could assist in informing and 

creating a concerned and knowledgeable public (Cartwright, 1981). 

Limitations of the Study 

The population from which the s.tudy was drawn was from a 

group of personnel attending a seminar on water resource management 

in the state of Arkansas. Twenty-six agriculture ~usiness·pro

fessionals and twenty-five water management personnel were ran

domly assigned to the control and experimental groups. Conclusions 

cannot be extrapolated beyond the population under study. 

The researcher did not administer the pre- or post-test. 

It is assumed that the instructor administering the test followed 

proper procedure. 
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Definitions of Terms 

Interactive Computer--A computer which is designed to allow 

a group of people to have input at any time. The results of this 

input are continuously monitered, summarized and displayed. 

Pre-Test--Watkins Water Concern Scale given to the control 

group before interaction with the Water Resources Management Sim

ulator. 

Post-test--Watkins Water Concern Scale given to the experimental 

group after interaction with the Water Resource Management Simulator. 

Simulation--Duplicating artificially the conditions likely 

to be encountered in some set situation. 

Agribusiness Professional--Person who is directly or in

directly involved in using water in agriculture for profit. 

Water Management Professional--A person who in the course 

of their job is directly influencing the management of water re

sources. 

Attitude--Favorable or unfavorable expression toward a class 

of objects (i.e. water) or events (i.e. water resource useage) (Knapp, 

1972). 
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CHAPTER I I 

SELECTED REVIEW OF THE LITERATURE 

Introduction 

The literature reviewed in this chapter have been organized 

into the following areas: (1) the evolution of simulation, (2) nature 

of simulation, (3) what can be taught via simulation, (4) natural 

resource attitudes, (5) design and development of simulation games, 

(6) simulation and gaming in natural resource management, and (7) 

the use of simulation coupled with computers. The areas listed have 

been researched back through 1960. 

Evolution of Simulation 

Not surprisingly the roots of simulation techniques and training 

are in military and strategic areas. vJar games such as 11 wei-hei 11 

developed in China around 3000 B. C. (Wilson, 1968) were played not 

only for enjoyment but to increase and challenge the intellectual 

and strategic skills of the players. After the turn of the eighteenth 

century, war games came to be viewed as a science rather than an art. 

As the view of war games changed so did their use. These games began 

to be used as an important part of military training and by 1960 

there were between 150 and 200 war game models used exclusively for 

basic military training. 
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crom simulation in war games business games were quite naturally 

developed ai1d these were readily adapted to use in univer.sities, 

industry and commerce. One of the leaders in developing these was 

the Ar,1erican Management Association, which.created many top man

agement simulations. 

Through simulation techniques, social science was able in 

tile 1960's to develop simulations originally known as "Crisis Gar.ies'\ 

By immitating possible international crises they could provide 

alternatives in the event that similar real crises did occur (Guet

zkow et. al., 1963). The simulation technique then rapidly spread 

to other areas including health care, welfare, transportation and 

others. By using s i 1au lat ion, these groups were ab 1 e to develop 

and plan techniques and alternatives. 

In the mid 1960's simulations were introduced into school 

classrooms where they quickly gained popularity and acceptance. 

Bruner (1967), a leading instructiorial theorist, made simulations 

an integral part of the Social Studies Curriculum Project, "Man 

A Course of Study" and recognized the academic variety that simulation 

has to offer. 

Simulation games are now found at all levels of formal ed-··· -

ucation and have experienced continuous growth and popularity. 

Unvortunately, there is little in the literature concerning appli

cation to Hater education. ~Jith the increasing use in industry, 

education, business and even at the personal level, the application 

of computer simulation as an instructional technique is encouraging 

and is virtually endless in its possibilities. 
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The Nature of Simulation 

Simulation has been defined as 11 an operating model of the real 

world made up of selected sets of interrelationships that reduce 

complex problems to manageable size for instructional purposes" 

(Mclean, 1973, p. 377). Taylor and Walford (1974) have identified 

three things that happen in any simulation. First, players accept 

roles which are modeled on existing real world roles. In this role 

playing, they make decisions based on their assessment of the sit-

uation in which they find themselves. Secondly, players experience 

the simulated consequences of their decisions and their performance 

in the role they assumed. Third, monitoring the consequences of 

their decisions they are asked to assess the relationship between 

their decisions and the results that occurred. 

Maidment and Bronstein (1973) also identified these attri-

butes and said: 

Specific rules are contained within the simulation game 
which govern the sequence and methods of interaction. These 
rules limit and guide behavior in such a way that will in
sure that players experience success or failure in a manner 
similar to their counterparts in the real world who adopt 
the same goal attainment strategy (po 18)o 

What Can Be Taught Via Simulation 

The use of simulation games as a mode of education has been 

written about extensively, however actual empirical research studies 

have been few (Braskamp and Hodgetts, 1971). Conflicting conclu

sions have been drawn from the studies which have been done (Clarke, 

1977). Therefore, the degree of effectiveness of simulation games 

is still to be determined. 
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The primary areas of learning according to Maidment and 

Bronstein (1973) are knowledge, skill and attitudes. In the first, 

participants (players) learn facts and principles, although the 

simulation technique of teaching them has not been shown to be su

perior to more traditional methods. In fact, if the aim of educa

tion is the learning of facts and principles then other methods 

are faster, more economical and efficient. Simulatjon is, however, 

quite efficient in areas where system.structure and dynamics are 

integrated. In fact, real knowledge may not be realized until the 

system is seen as an integrated working unit. In.this case simu

lation may provide an excellent opportunity for students to use, 

see, and experience for themselves how variables affect one another. 

In the skills area, three predominate. These are in the 

fields of decision making, analyzing, and working socially with 

others. Simulation success then, does not depend on the players 

memorization of facts and figures, but on the above mentioned a

bilities and skills. 

As far as attitudes are concerned, change may occur by way 

of role-playing and modeling real-life situations, which carry over 

into the participants real life. In fact, shifts in ideology and 

attitude have been documented (Dunlop, 1979). 

Design and Development of Simulation Games 

The outstanding feature of simulation is that these games 

can be designed and tailored to mirror true-to-life situations. 

The versatility of this game technique can make simulation in

struction as personalized or as diverse as desired. 
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In the past 10-15 years rudimentary guidelines for designing 

and developing simulation games have been established (Tansey and 

Unwin, 1969; Gibbs, 1974; Hoover, 1980). These 'fundamental rules' 

are briefly outlined in six steps which provide a baseline for 

development and design. First, decide if simulation is the best 

way to teach the material selected. Next, identify the objectives 

to be taught. After completion of this task, design an actual 

r,1odel of the game by establishing rules, roles, resources and 

the sililulation scenario to be follm,1ed. Fourth, run an actual 

simulation;' playirig of the simulation gar.ie ~,ill include such tasks 

as pre- and post-game briefing, also playing out the simulation 

on a trial basis may minimize the confusion for participants. Fifth, 

conduct an evaluation of the stmulation. Finally, redesign the game 

to more closely reflect what is to.be taught. 

Simulation and Gaming in Natural 

Resource Management 

There are five characteristics necessary to make simulation 

a viable technique for teaching about natural resource use and 

management. These are interlocking characteristics which produce 

desired effects through: 

a. presenting a simplified abstraction of the bare 
essentials of a situation free from trivia and 
irrelevance (such as background noise); 

b. concentrating on making explicit essential 
relationships and the fundamental interplay 
between key roles; 

c. unfQlding time at a very much quicker rate than 
normal so that the implications of action in a 
dynamic situation can be clearly and repeatedly 
felt; 
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d. 1llowing participants to 'sit on the hot seat' 
and feel the direct impact of consequences of 
decision making; 

e. offering opportunities for collective learning 
on self-directed lines (i.e., learning as much 
from one's mistakes and ~istakes of others as 
from one's successes) (Taylor and Walford, 1974, 
p. 76). 

Seemingly most of the lessons learned.in natural resource man

agement have b~en learned through reaction to crisis situations 

which were often coupled with dire consequences. In fact, with 

planning and thought beforehand many catastrophic situations could 

be avoided. Participants using simulation can learn from mistakes 

where they can avoid jeopardizing natural resources. 

In today's world of business and education many simulation 

games involving natural resources have been developed. One such 

simulation, done as a systems approach to water management, was 

developed in 1976 (Biswas, 1976). This game dealt with all aspects 

of water management within an overall systems context and emphasized 

applications in a real world situation. Not only this but other 

simulations are effective in their ability to present the large 

scheme or concept. 

Other examples of simulation games which are in use today 

are those dealing with water pollution studies, physical science 

experiments, and political and economic scenarios (Gawrowski and 

West, 1982). 

Computerized Instruction 

In the not too distant past computers were considered as 

a very expensive luxury. ~Jith present technology they are quite 
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often found in homes of even middle-class Americans (Noonan, 1981). 

One way they are being used in the educational setting is to sim

ulate real or imaginary situations that are too technical, expensive, 

dangerous, or time consuming to perform in the usual school class

room. 

Computerized instruction is usually in one of three forms: 

(1) drill and practice, (2) tutorial, or (3) simulation (Electronic 

Learning, 1982). Simulation is the form we are interested in since 

it is used in interaction with functioning models of real-life 

situationso Computer technology makes it possible to experience 

complex problems and experiment with alternatives in a safe, low 

cost manner (Amend and Armold, 1983). 

A common shortcoming of many computer simulation games is 

that participation is very often limited to only one or two in

dividuals at a given time. Due to this, group interaction is missed. 

A multiuser interactive computer simulation, such as that pro-

vided by the WRMS allows group interaction in clarifying problems, 

considering alternatives, decision-making and cooperation. 

Natural Resource Attitudes 

A major concern of environmentalsists today is the way 

attitudes affect the development and subsidence of environmental 

pollution by use and misuse of resources (Abram and Rosinger, 1972)0 

Knapp (1972) lists a number of methods including verbal reinforce

ments and providing new information that have been successful in 

altering attitudes in some people. Serious problems concerning 

management of natural resources face our population today. Better 
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ma-nagement of existing resources and devel opr.1ent of new tech

nologies is essential. ~atural resource policies must be based on 

sound principles, and citizens must understand the procedures by 

which these po 1 i ci es a re deve 1 oped. 

There has been little research conducted in the application 

of interactive computer simulation to information dissemination and 

especially attitude shifts (Mills, 1983). The Energy Environment 

and Water Resource Manageraent simul~tors were both designed to im

prove aHareness and understanding of major problems, such as 

technical principles and manager.1ent alternatives present in the 

areas of energy and water (Dunlop, 1978; Mills, 1984). Research 

done in these two areas indicate that levels of concern are sig

nificantly shifted when interaction with a computer simulator 

occurs in a population (Dunlop, 1979; Cartwright, 1981; Mills, 

1984). HoHever, much is to be done in this area in order to fully 

understand the potential influence of interactive computer simu

lation on natural resource concepts and attitudes. 

Water Curriculum 

I~ 1961, educators began to se~ the importance of teaching 

\rJate-r conservation to young people, but there was no organized 

curriculum at this time (Foster, 1964). Others tried to teach 

conservation methods by sho\rling its interrelation to man and 

his welfare (Amick, 1965). Most of this teaching was .done.in the 

classroom \lith sarall groups by demonstrating different concepts ··. 

related· to water :(..Leyendecker, 1961). In 1964 a study recommended 

that prograras of water education be taught in schools along with 



careful use of water resources and wise legislation (Knowlton, 

1964). But until recently there has not been any sequential type 

of water curriculum available. 

Some of the more popular and widely used literature and 

teaching aides for the public school are: Water and Man, The Curricu

lum Water Guide, printed by the Bureau of Reclaimation Southwestern 

Region, the Multidisciplinary Water Awareness Program for grades 

K-12 developed, by the California Departments of Water Resources 

and Education, and from the Investigaiing Your Environment Series: 

A Lesson Plan for Water Use Simulation, available from the U.S. 

Department of Agriculture. 

Summary 

Under the following headings the author has described: 

1. Simulation as it has1,evolved from ancient games to business 

games, to present day computer simulation. 

2. The nature of simulation identifying techniques such as 

role-playing, leading to the development of problem solving and 

learning methods. 

3. What can be learned in simulation focusing on decision· 

making, analytical, and social skills. 

4. Natural resource attitudes are becoming increasingly 

more important in controlHng pollution by way of laws and in

teractive computer simulation is one way to focus concern ori specific 

areas. 

5. Design and development of simulation games using six 

common rules or guidelines for development. 
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6. Simulation and gaming in natural resource management 

which shows hm, games are designed to produce desired results 

and how computer simulation and gaming are being applied. 

7. Computerized instruction is the section which deals 

with how computers are being used to educate groups and some 

major characteristics, both good and bad, of this method. 

8. \Jater curriculum research reviewed resulted in the con

culsion that there are very few Hater education materials 

available. 

All in all there is a great need in todays society to 

have environmentally educated and concerned citizens. Researching 

the use of computerized simulation as a tool to achieve this 

objective is imperative. 
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C!~APTER I I I 

DESIGN AND METHODOLOGY 

Introduction 

The purpose of this study is to determine if interaction with a 

f·lulti-User Cor11puterized Water Resource Management Simulator influences 

the level of water resource concerns for professionals in agribusiness 

and water management occupations. imr1s presentations vJere given to groups 

comprised of agricultural leaders participating in the Oklahoma State 

University Agricultural Leadership program and water managers of municipal 

state and federal offices specifically involved in water management in 

the state of Arkansas. The sessions vJere t\lJo hours long and consisted 

of first a slide presentation and then interaction with the WRMS. Ques

tions were welcomed at any time during the presentation. 

Description of the Sar,1ple 

One random sample was drawr1.from a group of water management per

sonnel attending a seminar on water resource management in Arkansas. The 

second randor.1 sample vvas taken from Agricultural leaders pa rti c i pat i ng 

in the Oklahoma State University Leadership Program. These leaders were 

young adults selected on the basis of evidence of broad, well balanced 

concerns, interests and abilities affecting contributions to agriculture 

and society. The water management group consisted of municipal, state 

and federal employees specifically involved in Hater management in Arkansas. 
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20 

federal employees specifically involved in water management in Arkansas. 

Table I shows the number of participants by occupation and assignment 

to control (pre-test) and experimental (post-test) groups. 

TABLE I 

PARTICIPANTS SURVEYED IN EXPERIMENTAL AND CONTROL GROUPS 

Agricultural Leaders 

Water Managers 

TOTAL 

Experimental 

· 12 

10 

22 

Testing Instrument 

Control 

14 

15 

29 

Total 

26 

25 

51 

The Water Concern Scale (Watkins, 1974) was used to measure 

effects of WRMS treatment. Test items were on an attitudinal scale 

which measures leverof concern of an individual toward water 

resources. The Water Concern Scale consists of five items which by way 

of factor analysis have been determined to measure a concern for and 

about water resource problems. Subjects responded to each of these 

questions by answering within the five Likert-type categories of: 

strongly agree, agree, undecided, disagree, and strongly disagree. 

These items (see Appendix) were then weighed on a scale of 1 to 5 (1 

for strongly agree, 5 for strongly disagree), with 5 indicating a greater,---



level of concern for water resources. Question 2 and 5 were reverse 

coded in scoring. Total scores could then range from 5 to 25, with 25 

indicating the deepest level of concern. 

A pre-test was given to 29 members of the population immediately 

before they were introduced to the WRMS. The second half of the 

population was tested immediately after interaction with the WRMS. 

This procedure reduced pre/post-test contamination. 

Validity of the scale was determined using Guttman scale scores 

which were compared to certain socioeconomic variables such as income, 

social position and racial background. 

Administration of the Pre/Post-Test 

The participants were instructed that their names were not 

required and that this test had nothing to do with their job or 

evaluation. All questions were answered on a Bureau of Test and 

Measurements standard answer sheet. and responses tabulated by computer. 

The pre-test was administered to approximately one-half of the 

water management and agribusiness groups immediately before they were 

introduced to the WRMS. Assignment to experimental and control groups 

for water managers was considered random since one-half of the group 

arriving first was assigned to the control group. The same condition 

was met for agribusiness professionals. The post-test was administered 

to the remainder of the subjects immediately after having interacted 

with the WRMS. 

Presentation Format 

The program using the simulator began with a short, 20 minute 

slide presentation that introduced the simulator and its controls and 
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some background information. The slide show has a uniform printed 

outline which has been developed in order to keep the information 

presented constant. After the presentation the WRMS was placed at the 

front of the room. Control panels were then assigned to participants 

and the interaction began. Questions were encouraged at any time during 

and after the presentation and discussion was held at the end of the 

two hour session. 

Method of Analyzing Data 

22 

Pre-test and post-test responses were statistically analyzed using 

analysis of variance two-tailed t-test in conjunction with Chi-square 

two-way classification. Computer programming was done using Oklahoma 

State University 1 s main frame computer. The data results were considered 

for significance at the p..:. .05 level. 



CHAPTER IV 

RESULTS OF THE STUDY 

The concern of the first three chapters has been a general 

introduction to the study, a review of related literature, and a 

discussion of the design of the study. Chapter IV is a presentation of 

the findings of the study based on pre-test a.nd post-test responses. 

The presentation of the results of the data analysis are presented in 

the same sequence as were the questions directing the study. 

Analysis of Pre/Post WRMS Water 

Concern Scale Scores 

Question #la 

~Jha t is the pre-WRMS 1 eve 1 of concern of agribusiness and water 

management professionals toward water resourc~ issues? To answer 

question number one the following hypothesis was stated. 

H01: There will be no significant difference between mean 

pre-test scores of agribusiness and water management 

professionals. 

Table II compares the pre~test (see Appendix) mean attitude 

score of agribusiness to that of water management professionals. 

Before WRMS interaction agribusiness professionals held a slightly 

greater concern for water resource issues although this difference 
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was insignificant at the .05 level. Therefore the null hypothesis was 

not rejected. 

TABLE II 

T-TEST PRE-TEST COMPARISON OF AGRIBUSINESS AND WATER MANAGER ATTITUDES 

Group N x SD t 

24 

p 

Agribusiness 
PRE 

14 

15 

18.86 

18.47 

1.7 

2.4 
0.5 0.62 

~~ater Managers 

Question #lb 

What is the pre-WRMS level of concern toward water resource 

issues by item? 

H02: There will be no significant difference between mean 

pre-test scores by item of agribusiness and water management 

professionals. 

The data presented in Table III compares mean pre-test scores by 

item of agribusiness and water management professionals. Only on item 

2, 11 Water reclaimed from waste is as good as any other water 11
, did a 

significant difference occur. Item 2 favored agribusiness professionals. 

Significant differences did not exist between the two groups on item 1, 

3, 4, and 5, although there was a slight mean increase evident. The 

t-value of 3.1 on item 2 called for the rejection of the null hypothesis 



on that item (p 2 .05). For items 1, 3, 4, and 5, the null hypothesis 

was also rejected. 

TABLE III 

SUMMARY T-TEST COMPARISON OF AGRIBUSINESS AND WATER 
MANAGER PRE-TEST WATER CONCERN SCORES BY ITEM 

Question Source N x SD OF t p 

1. Agribusiness 14 2.71 1.2 27 -0.9 0.37 Water Managers 15 3.13 1.3 

2. Agribusiness 14 3.92 0.8 27 3.1 0.005* Water Managers 15 2.73 1.2 

3. Agribusiness 14 3.64 1.0 27 -0.4 0.67 Water Managers 15 3.80 0.9 

4. Agribusiness 14 4.00 1.0 27 -0.2 0.86 Water Managers 15 4.06 1.0 

5. Agribusiness 14 4.57 0.5 27 -0.9 0.38 Water Managers 15 4.73 0.5 

* Significant at the .05 1 evel of confidence. 

Question #2a 

Does WRMS interaction alter the level of water resource concern? 

H03: There will be no significant difference in the total 

populations mean pre-test score and the mean post-test 

score. 

The data presented in Table IV compares mean pre-test scores and 

mean post-test scores of the total population. Although pre-test scores 
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were numerically higher there is no significant difference at the .05 

level, thus the null hypothesis was not rejected. 

Total Population 

Pre-test 

TABLE IV 

T-TEST COMPARISON OF TOTAL POPULATION 
MEAN PRE-POST TEST SCORES 

N x SD t p 

29 

22 

18.655 

18.045 
0.61 1.05 0.31 

Post-test 

Question #2b 

Does WRMS interaction alter the by-item level of water resource 

concern? 

H04: There will be no significant difference in total population 

mean pre-test scores and mean post-test scores by item. 

Comparisons of total population pre-post test results are shown 

in Table V. No significant differences occurred in pre/post test scores 

of the total population on items 2, 3, and 5, therefore, for these 
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items the null hypothesis was not rejected. Items 1, 11 We really haven 1 t 

thought about cutting down our use of water 11 , and 4, 11 Nature has a way 

to solve water supply problems before they get serious 11 , called for 

rejection of the null hypothesis (p < .05). 



TABLE V 

T-TEST COMPARISON BY ITEM OF MEAN PRE-TEST AND MEAN POST-TEST 
SCORES OF THE TOTAL POPULATION 

Question Source N x SD OF t 

Pre- 29 2.93 1.25 49 
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p 

1. 5.57 0.0001* 
Post- 22 1.50 0.51 39 

Pre- 29 3.31 1.20 49 
2. 0.29 ·. o. 73 

Post- 22 3.41 1.26 44 

Pre- 29 3. 72 0.96 49 
3. 1.19 0.24 

Post- 22 4.04 0.93 46 

Pre- 29. 4.03 ·1.02 49 
4. 2.56 0.01* 

Post- 22 4.59 0.50 43 

Pre- 29 4.66 0.48 49 
5. -0.61 o. 54 

Post- 22 4o50 1.10 27 

* Significant to the .05 level of confidence. 

Question #3 

What effects result. from WRMS experience within and between 

agribusiness and water management populations? 

H05: There wi 11 be no significant difference between mean pre/ 

post-test scores of agribusiness professionals. 

The data presented in Table VI compares mean pre- and post-test 

scores of agribusiness professionals. As indicated the level of concern 

for water resource issues drops significantly after interaction with 



the WRMS. This finding (p; O.UU04) is significant and calls for 

rejeition of the null hypothesis. 

Source 

TABLE Vl 

ATTITUDE T-TEST COMPARISON OF PRE/POST TEST MEAN 
SCORES OF AGRIBUSINESS PROFESSIONALS 

Group N x SD t 

Pre- 14 18.86 

p 

Agribusiness -1.94 9.96 0.0004* 
Post- 12 16.92 

* Significant to the .05 level of confidence. 

Table VII clearly shows that interaction with the WRMS increases 

the water concern level of water management professionals. However, 

this increase is not significant at the .05 level, and calls for the 

acceptance of the null hypothesis. 

H07: There will be no significant difference in mean pre/ 

post-test scores between agribusiness and managers of 

water resources. 

Table VII compares mean attitude scores of WRMS (post-test) and 

non-users (pre-test) by profession. No significant difference exists 

between agribusiness and water management non-user populations. 

However, a significant difference does occur between users in the two 

groups. Water managers tend to exhibit a slight rise in concern level 

while that of agribusiness professionals is lowers after WRMS inter

action. Thus, the null hypothesis was rejected. 
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TABLE VII 

ATTITUDE T-TEST COMPARISON OF PRE/POST TEST MEAN 
SCORES OF WATER MANAGEMENT PROFESSIONALS 

Source Group N x SD t 

Pre-
Water Managers 

15 

10 

18.47 

19.40 
-0.94 0.97 

Group 

Pre-

Post-

TABLE VIII 

T-TEST COMPARISON OF AGRIBUSINESS AND WATER MANAGEMENT 
PROFESSIONALS PRE/POST TEST SCORES 

Source N x SD t 

Agribusiness 14 18.9 1. 7 
0.5 

Water Managers 15 18.5 2.4 

Agribusiness 12 16. ') 1.23 

29 

p 

0.34 

p 

.62 

Post- 9.98 .005* 

* 

Water Managers 10 19.4 1. 99 

Significant at the .05 level of confidence. 

H08: There will be no significant difference in mean pre/ 

post-test scores by item between agribusiness and water 

management professionals. 

Comparison of mean by item responses between WRMS users and non-

users for water management and agribusiness groups is shown in Table IX. 



Agribusiness subjects using the WRMS compared with non-users showed 

significant differences on i tern 1, "We rea 11 y haven I t thought about 

cutting down our use of water", and item 2, "Water reclaimed from 

waste is as good as any other water", with p values of 0.004 and 0.009 

respectively. On items 3, 4, and 5, no significant difference in 

attitude was shown by item. For items 1 and 2 the null hypothesis was 

rejected. For items 3, 4, and 5 it was not rejected. 

In comparison of water managers using the WRMS and non-users, 

results were similar, but not the same. Significant differences were 

observed on items 1, 2, and 4, "Nature has a way to solve water supply 

problems before they get serious. 11 No significant difference was 

observed on items 3 and 5. These results indicate the null hypothesis 

for items 1, 2, and 4 be rejected and non-rejection for items 3 and 5. 

Question #4 

What areas of water resource concern are influenced by WRMS 

treatment? 

H09: There will be no significant difference by item between 

mean scores of agribusiness and water managers. 

Table X shows summary by item response frequencies and x2 values 

comparing agribusiness and water management professionals. Pre-test 

significant differences existed favoring water managers on item one 

and favoring agribusiness professionals on item 4. On the post-test 

however, of the persons using the WRMS, no significant difference was 

shown on any of the five items. Therefore, the null hypothesis was 

not rejected. 
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TABLE IX 

SUMMARY OF ATTITUDE T-TEST COMPARISON OF PRE/POST TEST SCORES 
BY ITEM OF AGRIBUSINESS AND WATER MANAGEMENT PROFESSIONALS 

Agribusiness Water Managers 
Question Source x t p x t p 

Pre- 2.17 3.13 
1. -3.2 .004* 3.75 .001* 

Post- 1.50 1.50 

Pre- 3.92 2.73 
2. -2.8 .009* 2.43 .022* 

Post- 2.92 4.00 

Pre- 3.64 3.80 
3. 0.51 . 61. 1.23 .23 

Post- 3.83 4.30 

Pre- 4.40 4.00 
4. 1.26 .22 2.12 .05* 

Post- 4.42 4.80 

Pre- 4.57 4.73 
5. -0.79 .44 .37 .72 

Post- 4.25 4.80 

* Significant to the .05 level of confidence. 
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1. 

2. 

3. 

4. 

5. 

TABLE X 

CHI-SQUARE VALUES AND SUMMARY ATTITUDE RESPONSE FREQUENCIES BY ITEM FOR 
AGRIBUSINESS AND WATER MANAGEMENT PROFESSIONALS 

WRMS Users% Chi-Sguare WRMS Non-Users% Chi-Sguare 
Agree & 

x2 x2 Item St. Agree St. Disag. p St. Agree St. Disag. 

Agribusiness 100.0 0.0 0.0 0.0 57.1 42.9 0.85 Water Managers 100.0 0.0 40.0 60.0 

Agribusiness 41. 7 25.0 2.8 0.25 7.1 78.6 7.67 Water Managers . 20.0 60.0 53.3 33.3 

Agribusiness 8.3 75.0 0.21 0.90 21.4 71.4 0.55 Water Managers 10.0 80.0 13.3 73.3 

Agribusiness 0.0 100.0 0.0 0.0 14.3 78.6 0.01 Water Managers 0.0 100.0 13.3 80.0 

Agribusiness 0.0 100.0 0.0 0.0 0.0 100.0 0.00 Water Managers 0.0 100.0 0.0 100.0 

p 

0.36 

0.02* 

0.76 

1.00 

0.00 

* (Numbers may not add to 100 because those which were Significant at the .05 level of confidence. 
undecided were disregarded in the count.) 

w 
N 



Summary 

1. Pre-test scores by occupation show that without exposure to 

WRMS there is no significant difference in the level of water resource 

concern. Initial concern levels were similar. 

2. The data show for the entire population tested there is no 

significant difference in pre- and post-test scores. 

3. There was a significant difference by item in pre-test scores 

in favor of agribusiness professionals on item 2. 

4. A significant difference in level of concern existed by item 

on pre/post-test scores on the total population. The difference favored 

the pre-test on item 1 and the post-test on item 4. 

5. Data show agribusiness professionals have a significantly 

lowered mean level of concern after WRMS treatment. 

6. After WRMS treatment the level of concern of water managers 

is raised, but not significantly. 

7. In comparing agribusiness and water managers pre-test and 

post-test scores, it was determined that a significant post-test 

difference occurs in level of concern between the two groups favoring 

water managers. 

8. No significant difference by item existed in pre/post-test 

scores of agribusiness professionals on items 3, 4, and 5. 

9. For agribusiness professionals a significant difference by 

item did occur on items 1 and 2. Both instances favored the pre-test. 

10. No significant difference by item existed in pre/post-test 

scores of water managers on items 3 and 5. 

11. Water managers did show significant differences by item on 

pre/post-test scores on items 1, 2, and 4. For item 1, the pre-test was 

favored and on items 2 and 4, the post-test was favored. 
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12. Data show that concern for water issues significantly favors 

WRMS non-users, with a significant difference on item 2. On the post

test, however, users of the WRMS showed no significant difference on 

any of the five items. 

Analysis of data indicate there is value in the WRMS as a tool 

for moderating attitude of agribusiness professionals. The great

est change in level of overall concern Has made by the agribusiness 

group. 
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Cl:IAPTER V 

G.OtKLUSIONS Arm RECOMt1ENDATIONS 

Conclusions 

l.n general, ~JRf1S treatment did not create significant differ

ences in concern levels after interaction (X = 16.92 agribusiness; 

X = 19.40 water managers). 

Agribusiness professionals and water managers were signif

icantly different only on iter.1 2, 11 ~Jater reclaimed frorn waste is 

as good as any other water 11 , before interaction. One possible ex-

explanation for this finding is that water managers may be aware 

of probleras caused by unsolved waste removal whereas agribusiness 

professionals are more aware of using waste water for agri

cultural purposes, however, more study in this area is needed 

to accurately answer this question. After contact with the 

HRMS there ~,as no significant difference found on any of the 

five items. By this, water concern levels appeared to be mod

ified by interaction with the simulator. 

Comparison of pre/post-test data for the entire population 

by item reveal significant differences on items 1 and 4, which 

dea 1 with 11 ~~e really haven I t thought about cutting down our use 

of v1ater, 11 and 11 rJature has a way to solve vJater problems be

fore they get too serious. 11 
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On these two items the level of concern is significantly changed. Item 1 

favors the pre-test group, while the post-test group is favored by item 4. 

Data on pre/post-test scores of agribusiness professionals show 

that interaction effectively moderates their rather high level of concern 

while that of water managers increases, but not significantly so. 

In comparing pre/post-test scores of the two occupations! post-test 

:scores show significant differences (p = 0.005) favoring water managers. 

This is possibly due to pre-existing attitudes or experiences that this 

group holds in the area of water resource management and which agri-

business professionals do not. Reasons for differences, however, are 

unexplained at this time. 

By item, pre-test significant differences exist for both water 

managers and agribusiness professionals on item 2. On the post-test no 

significant difference was apparent on any item. 

To agree with items 2 and 5, and to disagree with items 1, 3, and 

4 denotes a high concern for water problems. A significant relationship 

exists for item 2, where a greater proportion of WRMS users were in 

agreement, indicating a lower concern that non-users. Although not 

significant, the non-users also show greater concern for water problems 

on items 1, 4 and 5 by agribusiness professionals and on item 1 for 

water managers. The tendency for both groups to agree to item 1 is 

counter to the response pattern observed for the remaintAg items. A 
~ 

high score supposedly reflects an attitude of greater concern for water 

issues. 

Scores of agribusiness professionals decreased significantly 

after interaction with the WRMS, while those of water managers 

increased but not significantly so. Possibly because of their occupation 



water managers are more acutely aware of water problems and issues than 

agribusiness persons. Therefore, .while they do maintain a relatively 

high level of concern this is tempered by realistic ideas about water 

and its use. Agribusiness people on the other hand, have a level of 

concern initially higher than that of water managers and only after 

interaction is that attitude moderated to a more realistic level. 

The information gained in this study supports the assumption 

that the WRf1S is an effective tool for moderating concern for water 

issues a agribusiness professionals. It slightly raises concern levels 

of water managers, but not significantly so. Mills (1983) in a similar 

study examined a population of adults attending environmental science 

training programs and determined via pre/post-test data that their 

rather high level of concern was moderated after WRMS interaction. 

The adults in Mills' study possessed a high level of concern for 

\later resource issues and this concern was decreased by WRt:JS use. 

In a study of high school ~IRMS users (Mills, 1983) and non-user 

groups a significant increase in both knowledge and water concern lev 

levels resulted from use of the ~JRMS. The initial mean score for water 

concern was significantly lower than that of adults, however. Data 

suggest the effect of ~JRMS use on attitude depends on the level of 

water resource concern prdor to interaction. Where high levels of 

concern exist, WRMS treatment appears to moderate attitudes toward 

water issues, except in this study where occupation appears to have 

a great deal to do with treatment. Ransey and Rickson's (1976) study 

of high school students attitudes found that high knowledge levels 

are related to moderate attitudel This gives credence to the use of 

the WRMS as a moderator of extreme bias. 
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Instruction via computer has been introduced into modern education 

with relatively little background research. This study, dealing with 

computer simulation and education of water concepts and issues, 

indicates the need for greater scrutiny of this type of instruction. 

From data collected we can conclude that populations react with varying 

degrees of interest and application to this instructional method. 

Also indicated in this study and those done previously, the 

response pattern to item 1 is consistently lower. Populations with 

high concern levels are not expected to score in this manner, therefore, 

the recommended scoring for item 1 on Watson's Water Concern Scale may 

not be valid. 

Wise management of our water resources in dependent upon a 

concerned and educated public, however, with large segments of the 

public inordinately concerned with water issues and other large 

segments with little or no concern, communication would indeed be 

difficult to achieve. Solving water management problems in this 

situation would of formidable if not impossible. If the WRMS does 

indeed moderate concern levels (increase low levels; reduce high 

levels) it could be used as a method of helping populations to communi

cate, compromise and reduce water management problems. This study 

indicated that this is indeed the case and interaction with the WRMS 

may be one way to decrease tensions and alleviate stress related to 

the solving of water resource problems and issues. 

Recommendations 

The following recommendations are made with the improvement of 

the WRMS as an attitude moderator in mind. 
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1. Have an audio tape made to go along with the slide presentation 

to assure each group receives the same information. 

2. Ascertain that sufficient time be allowed for simulator 

interaction. 

3. The WRMS does influence attitudes and could with further 

research be used by government agencies or private industry for this 

reason. 

4. The WRMS should be considered by governmental agencies and 

private industry as a method to moderate attitudes toward environmental 

water issues. 

5. Those who do use the WRMS take careful examination of this 

and other computer simulations concerning the effects of populations 

interacting with the simulator. 

Recommendations for Further Research 

It is recommended that further research be done to enable us to: 

1. Better establish the parameters of attitude shifts influenced 

by WRMS interaction. 

2. Determine the effect of time alloted on performance. 

3. Determine how 1 ong-1 as ting are the effects of vJRMS interaction. 

4. Check the validity of the scoring of item 1 on the Watkins 

Water Concern Scale. 

5. Determine the effects of WRt,1S interaction on populations which 

deal with water resources on a 'for profit' basis. 
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Appendix 

Water Concern Scale 

Question 

45 

We really haven't thought about cutting down 
our use of water. 
strongly agree 
agree 
undecided 
disagree 
strongly disagree 

Water reclaimed from waste is as good as any 
other water. 
strongly agree 
agree 
undecided 
disagree 
strongly disagree 

Mankind has a right to free and unlimited use 
of water. 
strongly agree 
agree 
undecided 
disagree 
strongly disagree 

Nature has a way to solve water supply 
problems before they get serious. 
strongly agree 
agree 
undecided 
disagree 
strongly disagree 

It's the people who should do something about 
the water problem. 
strongly agree 
agree 
undecided 
disagree 
strongly disagree 
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