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I. ABSTRACT 
 

Most students enrolled in lower division physical geology courses are 

non-majors and tend to finish the course with little appreciation of what it is 

geologists really do.  They may also be expected to analyze, synthesize, and apply 

knowledge from previous laboratory experiences with little or no instruction 

and/or practice in utilizing the critical thinking skills necessary to do so.   

This study sought to answer two research questions: 1) do physical 

geology students enrolled in a course designed around a mining simulation 

activity perform better cognitively than students who are taught the same 

curriculum in the traditional fashion; and 2) do students enrolled in the course 

gain a greater appreciation of physical geology and the work that geologists do.  

Eighty students enrolled in the course at Columbia College, Sonora, 

California over a two year period.  During the first year, thirty one students were 

taught the traditional physical geology curriculum.  During the second year, 49 

students were taught the traditional curriculum up until week 9, then they were 

taught a cooperative learning mining simulation activity for three weeks.   

A static group, split plot, repeated measures design was used.  Pre- and 

post-tests were administered to students in both the control and treatment groups.  

The cognitive assessment instrument was validated by content area experts in the 

University of South Carolina Geological Sciences Department.  Students were 

given raw lithologic, gravimetric, topographic, and environmental data with 

which to construct maps and perform an overlay analysis.  They were tested on 

the cognitive reasoning and spatial analysis they used to make decisions about 
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where to test drill for valuable metallic ores.  The affective instrument used a six 

point Likert scale to assess students’ perceived enjoyment, interest, and 

importance of the material. 

Gains scores analysis of cognitive achievement data showed a mean of 

2.43 for the control group and 4.47 for the treatment group, statistically 

significantly different at the alpha = 0.05 level  (p = 0.0038).  Gains scores for the 

affective data indicated no statistically significant differences between the 

treatment and control groups.  The simulation seems to make a difference in terms 

of students’ intellectual performance, but not in terms of their attitudinal 

perceptions of the course.   

Results support the hypothesis that cognitive achievement is improved by 

a cooperative learning mining simulation activity.  One implication might include 

adapting and implementing the model in lower division physical geology courses.  

Another would be to develop similar activities for other lower division, non-

majors earth science courses (i.e. environmental geology, astronomy, 

meteorology, oceanography, etc.) that could improve students’ subject matter 

knowledge.  Additionally, the research supports shifting the locus of control from 

the instructor to students as well as the use of the principles of active learning, 

cooperative learning, and confluent education in the science classroom.  
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 One day a thief stole the jewel and ran from the palace, hiding in a forest.  

As he stared with deep joy at the stone, to his amazement the image of the King 

appeared in it. 

 “I have come to thank you,” said the King.  “You have released me from 

my attachment to Earth.  I thought I was freed when I acquired the jewel, but then 

I learned that I would be released only when I passed it on, with a pure heart, to 

another. 

 Each day of my life I polished that stone, until finally this day arrived, 

when the jewel became so beautiful that you stole it, and I have passed it on, and 

am released. 

 “The jewel you hold is Understanding.  You cannot add to its beauty by 

hiding it and hinting that you have it, nor yet by wearing it with vanity.  Its beauty 

comes of the consciousness that others have of it.  Honor that which gives it 

beauty.”  

 
 

 x



 

 

 

V. CHAPTER 1: INTRODUCTION 

 
1.1 Definition of the Problem 

 Most students enrolled in introductory geology courses perceive these 

courses as a means to an end - a way to fulfill general education requirements of the 

university (Kern, 1984).  Some students have labeled physical geology as “rock for 

jocks” or “quakes for flakes”, which in some ways connotes that it is one of the 

more passable science requirements.  Only a small minority of students enrolled in 

physical geology courses continues on to major in the geological sciences.  

Carpenter (1983) estimated less than 5% do so in his classes at the University of 

South Carolina.  Often the laboratory and lecture curriculum does not connect 

geologic topics to students’ lives as readily as, for example, environmental geology 

courses do (Carpenter, 1983).  Partly because of this a cooperative learning 

simulation activity was developed for a lower division physical geology class that 

teaches transferable intellectual and social skills students can use outside of the 

classroom.  The simulation requires students to work in groups to analyze, 

synthesize, and evaluate tabulated lithologic, structural, gravimetric, topographic, 

and environmental data in order to prospect for, and extract, valuable metal ores 

with minimum impact on the environment.  The activity was also designed to 

change student attitudes about science and cooperation.  In this paper: 1) a rationale 

is given for the use of the activity; 2) the treatment (simulation) is described in 
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detail; 3) the experimental design for quantitatively measuring the effects of the 

treatment (simulation) is described; 4) the results of the experiment are analyzed; 

and 5) the conclusions are stated. 

 

In order to present a rationale for this approach, closely related terms need 

to be clarified.  The terms simulation, game, and role playing are sometimes used 

interchangeably.  Simulation usually means a method of teaching which 

approximates “real life, environmental situations” (Patton and Wilen, 1979).  The 

term game tends to connote a win/lose, competitive meaning and is not used here 

because in a game social phenomena are dealt with in more limited ways than in 

simulation.  Games tend to be governed by rules which involve students 

competitively in a manner that restricts creative problem solving; Patton and Wilen 

(1979) state that “the competition feature is necessary only if students need to 

analyze the processes of and forces within the competition in order to better 

understand the real social or environmental situation being portrayed”. Additionally 

simulations do not have one single “right” outcome or any one best strategy (Poll, 

1973).  Role playing is a major component of most simulations, including this one, 

where students act out characters and interact within represented situations (Patton 

and Wilen, 1979).  I use simulation to mean role playing in the context of a real-

life, environmental situation, emphasizing cooperation, rather than competition 

(Smith, 1993).  The emphasis has been placed on the process (or “how the game is 

played”), not whether a team wins or loses. 
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1.2 Previous Work

 Research on simulation learning, cooperative learning, confluent education, 

and constructivism show interrelationships among the different strategies as well as 

the effectiveness of each.  Findings are summarized below. 

 

 
 1.2.1 Simulation Learning 

Previous studies indicate the relevance of using simulations in the 

classroom.  Poll (1973) cites a number of ways in which simulations can contribute 

to student learning including: 1) improving student motivation; 2) giving students 

practice in real-life decision-making without the same consequences for poor 

decisions; 3) increasing student responsibility for learning; 4) developing problem-

solving capabilities; 5) requiring critical thinking; 6) increasing student-to-student 

interactions; 7) conveying cause and effect relationships; and 8) approximating the 

natural processes through which learning occurs outside of school.  Livingston and 

Stoll (1973) give three generalizations supporting the use of simulation in teaching 

decision-making: 1) simulations are as effective as traditional methods of 

instruction when the teaching of knowledge and intellectual skills are the focus; 2) 

students’ opinions and attitudes change as a result of engaging in simulations with 

their attitudes becoming more realistic and accepting of the roles of the “real-life” 

persons they have played; and 3) students prefer simulations over traditional 

classroom activities.  Patton and Wilen (1979) make additional claims supporting 

the use of simulation, including: 1) increased student motivation, cooperation, and 

empathy; 2) increased opportunity for students to interact with peers; 3) increased 
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enjoyment of learning by students; and 4) increased use of higher level thought 

processes and application of critical thinking skills.  Brookfield noted that the 

effects of simulation and role playing on students “involves the whole person-

intellect, feeling and bodily senses - it tends to be experienced more deeply and 

remembered longer” (Brookfield, 1990, p. 115).  The realism of simulations 

increases students’ perceptions of the significance and relevance of such strategies 

(Brookfield, 1990).  Meyers and Jones report that students are “forced to think on 

their feet, question their own values and responses to situations, and consider new 

ways of thinking” (Meyers and Jones, 1993, p. 93).  

 

 There is a dearth of research on the use and effectiveness of simulation 

models in physical geology laboratory and lecture courses.  Burger (1989) 

developed an oil company computer simulation game for use in a lower division 

geology course, but did not assess its impact on the cognitive or affective domains.  

The lack of scholarly research and application of simulation learning principles in 

earth science curricula is somewhat surprising since the vast majority of students 

enrolled in physical geology classes are non-majors and do not necessarily see the 

need to learn factual information about rocks and minerals for their future 

endeavors.  What they do need are classroom experiences that teach critical 

thinking, decision-making, spatial reasoning, and cooperative skills that will 

transfer to other areas of their personal and professional lives.  Therefore the use of 

a simulation to teach physical geology in a predominantly non-majors course is 

relevant.  
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 1.2.2 Cooperative Learning 

Simulations generally involve cooperative learning (Joyce and Weil, 1986).  

Previous work on cooperative learning by Kagan, (1994), Slavin (1995), Johnson, 

Johnson, and Holubec (1994a, 1994b), Johnson, Johnson, and Smith (1991a, 

1991b), Goodsell, Maher, and Tinto, (1992), Greeno, (1989), and Heller, Keith, and 

Anderson, (1992) shows that in classrooms where cooperative learning strategies 

are employed, students help each other, discuss and argue with each other, assess 

each other’s current knowledge and fill in gaps in each other’s understanding.  The 

research base on cooperative learning also supports increased student achievement, 

as well as such other outcomes as improved intergroup relations, acceptance of 

academically handicapped classmates, and increased self-esteem.  Slavin’s (1995) 

summarization of research on cooperative learning concludes: 1) the strategies help 

students “to think, to solve problems, and to integrate and apply knowledge and 

skills”; 2) cooperative learning is especially helpful in classes “with a wide range of 

performance levels” (pp. 2-3); and 3) the strategies have “equal benefits for high, 

average, and low achievers in comparison to their counterparts in control groups” 

(p. 44).  The main conclusion of a current review of cooperative learning research 

indicates that positive achievement outcomes occur when group rewards are based 

on individual learning of all group members and that it is also possible to create 

conditions leading to positive achievement outcomes by directly teaching students 

structured methods of working with each other. 
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1.2.3 Confluent Education 

Simulations are one of the strategies used in confluent education, the 

merging of cognitive, affective, and psychomotor domains of learning (Romey, 

1976; Brown, G.I., 1990; Brown, J.H., 1996; and Shapiro, 1998).  Confluent 

education has been described in terms of a participator view of knowledge; a view 

that states that the knower is an actor who interacts with the social and natural 

world and gains knowledge from within the activity (Kvernbekk, in Brown, J. H., 

1996).  It involves activity, thinking, and feeling.  Confluent education immerses 

students in discipline-based inquiry, which, broadly conceived, has become known 

as “cognitive apprenticeship” (Hackbarth, in Brown, J. H., 1996) and utilizes the 

principles of holism described by Berman (1994).  This type of instructional design 

suggests that: “to learn to use tools as practitioners use them, a student, like an 

apprentice, must enter that community and its culture” (Brown, Collins, and 

Duguid, 1989, p. 33).  Students, they added, “need to be exposed to the use of a 

domain’s conceptual tools in authentic wrestling with problems of the world” (p. 

34).   

 

 Research has shown that confluent education approaches in lower division 

earth science courses can help to increase affective achievement and lead to higher 

levels of motivation, which results in improved learning (Carpenter (1983), Kern 

(1984), and Kern and Carpenter (1984, 1986)).   The definitions of value, attitude, 

and interest employed in this study to measure affective achievement are those used 

by Carpenter (1983) and Kern (1984) and are taken from Kern as follows: 
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 Value – a conception of the desirable…of what ought to be desired…which 

influences the selection of behavior (Getzels, 1966), that is, what is 

perceived as important (Carpenter, 1983). 

 

 Interest – a disposition organized through experience which impels an 

individual to seek out particular objects, activities, understandings, skills or 

goals for attention or understanding (Getzels, 1966). 

 

 Attitude – a learned predisposition to respond in a consistently favorable or 

unfavorable manner to a given object (Fishbein and Ajzen, 1975), that is, 

what is perceived as enjoyable (Mager, 1968). 

 

 1.2.4 Constructivism 

Confluent education requires students’ constructive participation in the 

learning process and is, thus, related to constructivism.  The essential principle of 

this revolutionary belief system is that “each of us assembles the bits and pieces of 

our experience in ways that, in many respects, are unique.  Drawing upon our 

preconceptions and feelings, it is said that we actively interact with our 

surroundings in an ongoing effort to make the diversity of our experiences all 

sensible and coherent” (Hackbarth, in Brown, J. H., 1996).  The main challenge of 

constructivism has been in shifting the locus of control in the classroom from the 

instructor to the student.   
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Kohn (1998) suggests that the best predictor for burnout among students 

(and others) is powerlessness.  In light of this, he says:  “much of what is disturbing 

about students’ attitudes and behavior may be a function of the fact that they have 

little to say about what happens to them all day.  They are compelled to follow 

someone else’s rules, study someone else’s curriculum, and submit continually to 

someone else’s evaluation.” (Kohn, p. 250).  He describes five benefits of students 

being given a sense of self-determination: 1) effects on general well-being (having 

a sense of control over one’s life); 2) effects on behavior and values (giving 

students responsibility to make decisions results in positive behaviors and values); 

3) effects on academic achievement (being able to make choices leads to learning 

rather than just remembering); 4) effects on teachers (teachers are freed from the 

chore of constantly monitoring and supervising and are freed up to interact with 

students as they learn); 5) intrinsic value (allowing people to make decisions about 

what happens to them is inherently preferable to controlling them).  

 

1.2.5 Summary 

Simulations, cooperative learning activities, constructivist curricula, and 

confluent educational approaches are designed to shift the locus of control from the 

instructor to students.  In general, these approaches have been shown to work in 

empowering students, in teaching them decision-making and critical thinking skills, 

and in changing attitudes toward learning.  The strategies are aligned with the 

framework outlined in the “National Science Education Standards” (National 

Research Council, 1996), recommendations from the National Science Foundation 
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in “Shaping the Future of Undergraduate Earth Science Education” (Ireton, 

Manduca, and Mogk, eds., 1996), recommendations of the American Association 

for the Advancement of Science’s Project 2061 (1995), the National Academy of 

Science’s plan for reform in “Science Teaching Reconsidered” (1997), and current 

pedagogical thought in teaching science (Hassard, 1992). 

 

1.3  Statement of Purpose and Objectives 

 The purpose of this study was to develop an introductory physical geology 

laboratory course that uses a mining simulation as a capstone activity, which 

teaches students to work in cooperative groups to organize, integrate, and analyze 

information, then make decisions based on their analyses.  The traditional physical 

geology course tends to be rather fragmented and doesn’t lend itself well to 

transferring cognitive skills to other areas of students’ lives.  Students are taught a 

series of laboratory activities and expected (without practicing) to synthesize the 

material and apply it to new situations.  The purpose of designing this course is to 

teach students to synthesize, evaluate, and apply knowledge from previous 

laboratory activities and see the “big picture”.  Additionally, it is anticipated that 

students will realize the value of acquiring these skills and gain a greater 

appreciation of the field of geology and the work geologists do. 

 

 My objectives are twofold: 1) to improve students’ critical thinking as 

measured by cognitive achievement; and 2) to improve student’s attitudes toward 
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geology in general and physical geology (Earth Science 5) in particular as measured 

by affective achievement.   

 

1.4 Hypotheses 

 Null and alternative hypotheses for each condition are given as follows: 

1. Ho: There is no difference in cognitive achievement mean gains scores 

between the treatment and control groups. 

Ha: The mean gains scores are different. 

 

2. Ho: There is no difference in affective achievement mean gains scores 

between the treatment and control groups. 

Ha: The mean gains scores are different. 

 

1.5  Educational Significance 

 Post-secondary education presents many challenges, one of which is 

motivating students to learn science.  The simulation I have developed has the 

potential to teach students about not only geology, but also about the nature of what 

it is like to work for a company in a simulated real-world, community setting.  In an 

increasingly technological and information-based world, they must be able to 

manipulate and transform data, then present analytical findings to their peers.  The 

simulation both teaches and allows students to develop and showcase these skills 

and processes.  It also works well as an authentic assessment tool to evaluate 

students’ higher order cognitive processes used to model and solve geologic 
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problems (e.g. evaluation, analysis, and synthesis processes used in selection of 

mining sites).   

 

1.6 Delimitations 

 No attempt was made to determine the effectiveness of the simulation at the 

secondary level, though it has been used in high school and middle school classes in 

slightly different formats.  The simulation was only used by one instructor - its 

effectiveness when implemented by other instructors was not measured.  The actual 

simulation activity was taught during four laboratory sessions after the midpoint of 

the semester, once students had mastered relevant material. 
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VI. CHAPTER 2: THE MINING SIMULATION 

 

2.1 Background 

 A simulation based on mining was chosen because of its direct relevance to 

students’ lives - the use and consumption of earth materials is important in allowing 

our culture to maintain its standard of living.  Mining companies play an important 

economic and cultural role in their search for domestic and foreign ore deposits.  

The mining simulation uses role playing to teach complex mineral exploration and 

geologic modeling strategies to students in a simplified manner.  It requires that 

students work cooperatively in teams of four as mining company employees.  Each 

company competes against other companies in search of valuable metallic ores 

within a common map area, managing a $250,000 budget.  The goal is to complete 

successfully the following: 1) manipulate and analyze data; 2) develop geologic 

models; 3) design a strategy to explore for valuable metal ores; 4) minimize 

environmental degradation by completing environmental impact assessments; 5) 

manage time and money; 6) make a profit; and 7) cooperate with one another as 

strategies are carried out.  Students are given tabulated data from which they 

construct and analyze geologic, gravimetric, topographic, and land use maps.  The 

data sets and all of the forms 
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Appendix 

 
Appendix Title 

 
A 

Mining Simulation Description 
for Instructors 

 
B 

 
Mining Simulation Rules 

 
C 

 
Mining Data Sheet 

 
D 

Geologic Field  
Data Sets 

 
E 

 
Base Map 

 
F 

Environmental Impact  
Statement Outline 

 
G 

Environmental Impact  
Report Form 

 
H 

 
Lease Form 

 
I 

 
Driller’s Log 

 
J 

 
Geologist’s Log 

 
K 

 
Accountant’s Form 

 
L 

Densities of Rocks 
 and Minerals 

 
M 

Mineral Resources  
Background Information  

   
Table 1 – List of data sets, forms, and instructions used in the mining 

simulation. 
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and instructions are included in appendices A through M (see Table 1).  The 

geologic models students develop are based on the data given.  Companies that 

maximize profit and minimize environmental degradation, while working 

cooperatively, earn the highest grades. 

 

2.2 The Game Board 

 The apparatus used to control the tempo of the game is a master map board 

and black box (see Figures 1 and 2).  The black box is constructed of wood onto 

which is mounted a large master map (the area within which all companies explore 

for metallic minerals).  The master map is tacked to poster board that covers the 

black box into which student mining engineers are required to poke a thin metal 

rod.  This rod simulates a drilling rig and the black box simulates the earth’s crust.  

Positioned directly under the master map is second map, obscured from students’ 

view (see Figure 3).  This map shows different zones, each coded to help the 

instructor determine which sample bag (containing three unknown rocks and one 

unknown mineral) each company receives after exploratory drilling has 

commenced.  The map board and black box are the center of activity during the 

simulation. 

 

2.3 Playing The Game 

 The game begins as students are briefed on the rules and regulations.  The 

class is divided into teams of four to five each.  Roles are chosen from the 

following: 1) geologist; 2) mining engineer; 3) surveyor; and 4) accountant.  A 
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roustabout may be added to larger groups in larger classes.  Each team decides upon 

a company name for itself and is then given an account of $250,000.  The 

Accountant uses the Accountant Form to keep track of the company’s budgetary 

transactions (see Appendix K).  Each company’s objectives are to: 1) successfully 

manage the budget; 2) explore for, and locate, valuable metal ore bodies; 3) 

maximize profit; 4) minimize environmental degradation; and 5) work 

cooperatively with peers.  Each team is given tabulated data from which team 

members produce the following: 1) a geologic map; 2) a map of land uses showing 

the biologic distribution of plants and animals (habitats); 3) a topographic map; and 

4) a gravity map.  All of the maps are located in the same area, use the same scale 

and base map, and are used to plan each company’s strategy.  All of the companies 

are exploring within the same mapped area and are, thus, competing with one 

another.  Only one company has access to a particular plot of land at any given 

time. 

 

 Once a company has compiled the tabulated data into map form and decided 

where to test drill, they are required to use their maps to complete a form analyzing 

potential environmental impacts to the area.  Next they complete a short lease form 

outlining the area of interest using the Public Land Survey System (PLSS or 

Township and Range land classification system).  The company may then lease the 

section and drill an exploratory well into the land.  The Surveyor keeps track of 

leased land on the Lease Form (see Appendix H) and the Mining Engineer uses the 

Driller’s Log (see Appendix I) to keep track of the drilling depths, costs, etc.  Once 
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the drilling has been completed, the group receives a sample bag containing four (4) 

unknown samples: three (3) rocks and one (1) mineral.  The group’s Geologist uses 

the Geologist’s Form (see Appendix J) to log the rock and mineral unknowns.   

 

 The sample bag is brought back to the other group members and the 

students work to identify each one by name as other groups are called (in order) to 

play out their strategies.  If a particular group has finished identification by their 

next turn, they may elect to send the geologist up with the samples in order to check 

the identity of unknowns.  If any are incorrectly identified, the company continues 

working - either drilling more test wells and obtaining more samples, or simply 

continuing to correctly identify the samples. 

 

 Once samples have been correctly identified, the bag is turned in.  If it 

contains a valuable metal ore, the group is paid money.  The amount earned is 

dependent upon two factors: 1) the concentration of the ore body into which the 

company has drilled; and 2) the economic value of the mineral at the time the 

company chooses to sell their stockpile of ore.  The concentration of ore is 

determined by whether or not the drilling process taps into the center of a body 

drawn on a separate map (hidden from student view, inside the black box).   This 

map shows the distributions of four (4) different ore bodies and their concentrations 

(see Figure 3).  They often resemble stretched bullseye targets (elongate in the 

direction of the rock contacts along which they occur).  Each ore body contains 

three (3) zones (inner, middle, and outer).  Hitting within Zone 3, the inner zone - 

 16



 

 

 

 

 

 

 

Figure 1: Photo showing the apparatus used in the mining simulation.  The 
master map is shown on top of the map board.  The map key is 
positioned under the master map, out of view of students. 
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Figure 2 – Physical dimensions of the “black box” (map board) apparatus 
used in the simulation  
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Figure 3:  Map key indicating locations of mineralized zones.  This map is placed 

under the master map, inside the map board, out of view of students. 
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(most concentrated and smallest) - will give the company three ore units.  Zone 2 is 

equal to two units of ore and Zone 1 gives the company one ore unit.  The economic 

values are determined every 15 minutes by the rolling of a die, which is meant to 

simulate fluctuating market values for metallic ores.  The numbers range from one 

(1) to six (6) where one corresponds to $10,000 per unit of ore and six corresponds 

to $60,000 per ore unit.  For example, if a company drills into zone 3 (the center of 

the ore body) and the value of ore bodies for that day is number 5, they are paid 

three ore units multiplied by $50,000  =  $150,000.  This money is given to the 

geologist who then gives it to the accountant and the transaction is entered on the 

accountant’s log.  Each company must decide when to sell any ore obtained, but it 

can only sell during its turn at the master map. 

 

 Costs involved in managing a company’s money include: 1) lease costs; 2) 

drilling costs; 3) environmental impact analysis; 4) consulting fees; and 5) fines or 

penalties.  To lease land costs $100 per acre.  The minimum amount of land that can 

be leased is one 40 acre parcel (two parcels maximum per turn).  Drilling costs are 

$20 per foot on flat land and $40 per foot in steep, mountainous terrain.  Each 

environmental impact report (EIR) ranges from $25,000 to 75,000 in cost, based on 

accuracy (eg. map locations, etc.) and completeness (written up using complete 

sentences, etc.).  EIR’s must be completed before a company is allowed to test drill 

into property it is leasing.   
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 If a company chooses to drill into land that is inhabited by an endangered 

species (this information is included in the tabulated data) then they are assessed a 

penalty and required to pay a fine of $75,000.  Consulting fees are negotiated with 

the instructor.  The rule is that all questions may be asked, but if the student has 

already been taught the material or skills to discover the information, s/he has the 

choice of paying for the information or continuing on without help for free.  Fines 

are levied if rules are broken.  For example if a student chooses to look into the 

black box s/he is fined $200,000!  This is an example of blatant cheating since the 

black box contains critical information or answers not available even in the real 

world!  Fines have very rarely been levied during my experiences, but they are 

concrete consequences for students choosing not to exercise their responsibilities.  

Detailed directions for teachers as well as resource materials for constructing the 

apparatus for the simulation are given in Appendix A. 
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VII. CHAPTER 3: METHODOLOGY 

3.1  Participants 

 The sample included all students in four sections of Earth Science 5 

(Physical Geology) at Columbia College, located in Sonora, California.  There were 

12 participants during the fall 1997 semester and 19 during the spring 1998 

semester for the control groups (31 total) and 25 participants during the fall 1998 

semester and 24 during the spring 1999 semester for the treatment condition (49 

total).  Students chose to enroll in the courses based on graduation requirements and 

how each class fit into their personal schedules. 

 

 In order to ensure participants represented random samples from the student 

population taking Earth Science 5 at Columbia College, personal and demographic 

data were collected from all participants at the beginning of each semester by 

having them fill out a survey (see Appendix P: Information Sheet - demographic 

survey).  Chi-square analysis of these data revealed no statistically significant 

differences at the alpha = 0.05 level between the control and treatment groups.  

Participant characteristics analyzed included: age, gender, ethnicity, geographic 

location of their high school, reasoning ability, reading ability, high school GPA, 

and college GPA following Kern (1984) (see Information Sheet, Appendix P).  

Results are given in Appendix X and summarized in Table 2.  Reading ability was 
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assessed using the cloze procedure described by Vacca and Vacca (1986) (see 

Appendix R for a complete explanation of the procedure and instrument used and 

Appendix S for the key used).  Reasoning ability was assessed using the instrument 

developed by Burney, (1974) (see Appendix T for the instrument and Appendix U 

for the key used).  Results given in Appendix V are summarized in Tables 3 and 4 

and show no statistically significant differences between control and treatment 

groups.  

 

 The target population is all students enrolled in lower division physical 

geology laboratory courses.  

 

3.2 Instrumentation 

 3.2.1 Cognitive Instrument 

 The instrument used to assess critical thinking gains scores is given in 

Appendix N.  It was designed to assess student’s abilities to process, interpret, 

and make decisions based on geologic data sets given to them.  The test included 

the base maps on which to construct thematic layers from lithologic, 

topographic, gravimetric, structural, and environmental data; students had to 

draw in contacts and contour lines, then analyze, synthesize, and evaluate 

geologic models constructed.  For each layer they had to write a paragraph 

explaining the reasoning they used while assessing each theme.   
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Variable and Categories 

 
Treatment 

Group 

 
Control 
Group 

 
Total 

 
Percent 

Gender: 
    Female 
    Male 
Total Chi-square = 0.282 

 
24 
25 

 
12 
19 

 
37 
43 

 
46.25 
53.75 

Age: 
    15-20 
    21-25 
    26 or older 
Total Chi-square = 0.800 

 
22 
13 
14 

 
13 
7 
11 

 
35 
20 
25 

 
43.75 
25.00 
31.25 

Ethnicity: 
    White 
    Hispanic 
    Asian 
    Native American 
Total Chi-square = 0.846 

 
43 
5 
1 
1 

 
27 
2 
1 
0 

 
70 
7 
2 
1 

 
87.50 
8.75 
2.50 
1.25 

Year in College: 
    Frosh 
    Soph    
Total Chi-square = 0.373 

 
19 
30 

 
9 
22 

 
28 
52 

 
35.00 
65.00 

Major: 
    Science/Math 
    Liberal Studies 
    Vocational 
    Other 
    Undecided 
Total Chi-square = 0.219 

 
10 
13 
7 
12 
7 

 
12 
4 
2 
10 
3 

 
22 
17 
9 
22 
10 

 
27.50 
21.25 
11.25 
27.50 
12.50 

Semesters of High School 
Science: 
    0-2 
    3-4 
    5-6 
    7 or more 
Total Chi-square = 0.482 

 
16 
21 
9 
3 
0 

 
8 
11 
6 
5 
1 

 
24 
32 
15 
8 
1 

 
30.00 
40.00 
18.75 
10.00 
1.25 

 
 
Table 2 – Composition of the control and treatment groups based on various 

demographic variables.  Note: the groups are not statistically 
different (P > .05) on any of the variables.  (Table 2 is continued 
on the next page.)
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Variable and Categories 
 

Treatment 
Group 

 
Control 
Group 

 
Total 

 
Percent 

Semesters of Previous 
College Science: 
    0 
    1 
    2 or more     
Total Chi-square = 0.918 

 
17 
10 
22 
0 

 
11 
5 
14 
1 

 
28 
15 
36 
1 

 
35.00 
18.75 
45.00 
1.25 

High School GPA*: 
    2.00-2.49 
    2.50-2.99 
    3.00-3.49 
    3.50-4.00 
Total Chi-square = 0.061 
* 3 scores not reported 

 
9 
16 
15 
9 

 
6 
2 
10 
10 

 
15 
18 
25 
19 

 
19.48 
23.38 
32.47 
24.68 

College GPA: 
    Less than 2.49 
    2.00-2.49 
    2.50-2.99 
    3.00-3.49 
    3.50-4.00  
Total Chi-square = 0.985 

 
6 
11 
15 
12 
5 

 
3 
8 
9 
7 
4 

 
9 
19 
24 
19 
9 

 
11.25 
23.75 
30.00 
23.75 
11.25 

# of High School Students 
in Graduating Class: 
    Small (less than 199) 
    Medium (200-499) 
    Large (more than 500)     
Total Chi-square = 0.609 
* 2 scores not reported 

 
 

14 
27 
7 

 
 

12 
14 
4 

 
 

26 
41 
11 

 
 

33.33 
52.56 
14.10 

High School Location: 
    Local County 
    Other 
Total Chi-square = 0.661 

 
26 
23 

 
18 
13 

 
44 
36 

 
55.00 
45.00 

 

Table 2 (cont.) – Composition of the control and treatment groups based on various 
demographic variables.  Note: the groups are not statistically 
different (P > .05) on any of the variables. 
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N 

 
Mean 

 
StDev 

 
SE Mean 

 
Cloze 

(Control) 

 
31 

 
18.65 

 
7.21 

 
1.3 

 
Cloze 

(Treatment) 

 
48 

 
16.25 

 
4.39 

 
0.63 

 
P = 0.10 

 
 
 

Table 3 – Two sample t-test results of cloze procedure used to assess 
reading ability  
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N 

 
Mean 

 
StDev 

 
SE Mean 

 
Reasoning 
(Control) 

 
31 

 
12.74 

 
3.79 

 
0.68 

 
Reasoning 

(Treatment) 

 
47 

 
13.57 

 
3.65 

 
0.53 

 
P = 0.34 

 
 
 

Table 4 – Two sample t-test results of logical reasoning ability  
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Each response was rated on a scale of one to six.  Possible test scores ranged from 6 

to 25 (the assessment rubric is given at the end of Appendix N).  A content analysis 

to ensure validity of the instrument was conducted using: 1) experts (University of 

South Carolina Geological Sciences faculty: Dr. John Carpenter, Dr. Phil Astwood, 

Dr. Laurie Martin, and Dr. Ed Sharp); and 2) a table of specifications (see Table 5).  

There was no indication that features of the instrument prevented students from 

engaging in critical thinking/geological reasoning.  Judges also indicated that the 

samples of tasks included in the test were relevant and representative of critical 

thinking/geological reasoning.  Students were judged to be engaged in critical 

thinking/geological reasoning as they solved problems on the instrument. 

 

 An independent scorer, Micha Miller, Ph.D. in Biological Education, 

Columbia College Biology Department) assessed cognitive achievement tests from 

both a pilot study of 5 subjects and 24 subjects sampled randomly from the control 

and treatment groups.  Results, given in Appendix Z, show no statistically 

significant difference in mean scores between the experimenter and the independent 

scorer at the alpha = 0.05 level for both groups (recognizing the small sample 

sizes).  The mean scores on the pilot group study were 20.40 for the experimenter 

and 19.80 for the independent scorer (95% confidence interval: (-5.5, 6.7); p = 

0.82).  Mean scores for a random sample of 24 post-tests from the treatment and 

control groups show 10.46 for the experimenter and 9.08 for the independent scorer 

(95% confidence interval: (-0.36, 3.11); p = 0.12).  A regression on each data set 

(see 
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Concepts 

  Thinking 
Skills 

  

 Knowledge  Comprehension Application Analysis Synthesis 
 
 
 

data 
analysis 

 

 
topography, 

gravity, 
environ-

mental,  & 
lithology 

terms 

 
rules of data 

input; drafting 
skills; spatial 

relationships (i.e. 
PLSS) 

 
knowledge 
of meaning 
of each data 
set as related 

to mining 
concepts 

 

 
meaning, 
signifi-

cance, and 
interrela-

tionships of 
each data 

set  

 
lithologic, 
structural, 

gravimetric, 
topographic, 

and 
environmental 

data 
 

 
 
 
 

mapping 
 

 
 
 

drafting, 
contouring 

terminology 

 
 
 

map elements, 
relationships, 
cross-sections 

 
 

use of cross-
section and 

map 
knowledge 
to visualize 

in 3D 
 

 
 

analyzing 
3D data to 
formulate 
strategies 

for 
prospecting 

 
pulling 

together all 
four thematic 

layers and 
cross-sections 

to make 
appropriate 
decisions 

 
 
 
 

overlay 
analysis 

 

 
 
 
 

terminology 

 
 
 

how maps are 
used 

 
skills 

necessary to 
transfer data 

from one 
layer to 
another 

abstractly 
 

 
overlaying 
different 

map layers 
onto one 
another 

 
synthesizing 

several 
thematic layers 

into one 
comprehensive 

model 

 
 
Table 5 -- Table of specifications used in content analysis 
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Figures 4 and 5) indicates strong relationships, which support cognitive instrument 

scoring reliability.  The inter-rater reliability was 0.94 for the pilot study and 0.86 

for the selected sample from the full study. 

 

3.2.2 Affective Instrument 

 Attitude, the second dependent variable, was measured by assessing 

student’s perceived level of enjoyment with, interest in, and importance of the 

subject matter.  The instrument (given in Appendix P) was modified from that used 

by Carpenter (1983) and Kern (1984): “I think I will enjoy learning (or learning 

more) about . . .”.  The modification included using a 6-point Likert Scale, instead 

of a 5-point scale, with the following statements: Strongly Agree (6), Agree (5), 

Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly Disagree (1).  

The 6-point scale was used to ensure participants would decide to place their 

responses on one side or the other of the neutral position on each issue, in order to 

obtain a measure with greater sensitivity than that used by Carpenter and Kern. 

 

 For the post-test the measurement tool was changed to: “I have enjoyed 

learning (or learning more) about . . .” for each topic.  Interest and values scores 

used similar phrases: “I am interested in learning (or learning more) about . . .” and 

“I think it is important to learn (or learn more) about . . .”  (after Carpenter, 1983 

and Kern, 1984). 
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Figure 4 -- Pilot study regression showing relationship between 
independent scorer and experimenter scores (on 5 sample 
points) 
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Figure 5 – Regression of independent scorer post-test 

cognitive achievement scores on experimenter 
post-test scores (on 24 sample points) 
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 3.3 Design 

 3.3.1 Hypotheses 

Null and alternative hypotheses for the two primary conditions of 

interest are given as follows:  

 

1. Ho: There is no difference in cognitive achievement mean gains scores 

between the treatment and control groups.   

Ha: The mean gains scores are different. 

 

2.  Ho: There is no difference in affective achievement mean gains scores 

between the treatment and control groups.   

Ha: The mean gains scores are different. 

 

 3.3.2 Experimental Design 

To test these hypotheses a between-subjects on gains approach was used.  

The experimental design was a static group pre-test/post-test model (Fraenkel and 

Wallen, 1993) or what Campbell and Stanley (1963) call a non-equivalent control 

group design.  The study took place between August, 1997 and August, 1999 (see 

timeline, Figure 6).  The independent variable was the method used to teach a lower 

division physical geology course.  The two levels of the variable were teaching 

with, and teaching without, the simulation.  The two dependent variables were: 1) 

cognitive achievement; and 2) affective achievement.  Participants (students)  
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Control Group 1 

Fall 1997 

(12 students) 

Control Group 2 

Spring 1998 

(19 students) 

 

 

 

Control Groups 
 

 

Treatment Group 1 

Fall 1998 

(25 students) 

Treatment Group 2 

Spring 1999 

(24 students) 

 

 

 

Treatment Groups 
 

 

Figure 6 – Experiment Timeline 
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formed four groups based on when the course fit into their schedules and programs 

of study.  Two groups (fall semester 1998 and spring semester 1999) served as 

experimental groups that received the treatment (the course designed around the 

mining simulation activity).  The other two groups (fall 1997 and spring 1998) 

served as control groups (the course taught in the traditional manner).  Participants 

were taught a series of earth science laboratory exercises that prepared them for the 

simulation. All classes were taught exactly the same series of laboratory activities 

up to the start of the simulation.  A primary assumption of the study was that 

control group subjects would be able to synthesize the laboratory material taught 

during the first nine weeks to evaluate and decide where to drill for valuable 

metallic ore bodies.  In other words, they had been taught the individual 

components necessary to perform the simulation (i.e. mineral and rock 

identification, mapping, contouring, etc.), but not the simulation itself.  The 

simulation was then administered for three weeks (starting at week 9) to the 

treatment groups.   During the same time the control groups covered units on: 1) 

groundwater; 2) glaciers; and 3) deserts. Pre-tests were administered at week 3 and 

at week 9 for both groups.  Post-tests were administered at week 16 (the end of the 

semester).  The experimental design is shown in Figure 7. 

 

 3.3.3 Independent Variable 

 The independent variable consisted of the two classes that were taught the 

mining simulation, defined in detail in Chapter 2.  To ensure generalizability, 
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Post-test  
(Week 16) 

Pre-test 2 
(Week 9) 

Pre-test 1 
(Week 3) 

Intervention/Treat-
ment Curriculum 

Taught 

Traditional 
Laboratory 

Curriculum Taught 

Cognitive 
Achievement and 
Attitude Scores 

Cognitive 
Achievement and 
Attitude Scores 

Cognitive 
Achievement and 
Attitude Scores 

Cognitive 
Achievement and 
Attitude Scores 

Cognitive 
Achievement and 
Attitude Scores 

   Cognitive 
Achievement and 
Attitude Scores 

Fall & 
Spring, 
1998/99 

Fall & 
Spring, 
1997/98

Treatment Groups Control Groups  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 -- Experimental design.  Comparisons were made to assess 
differences between mean gains scores for each measure. 
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precautions taken by the experimenter included maintaining consistent behavior and 

attitude between laboratory sections.  For the purposes of this study, the 

investigator conducted the experiment since it was not possible to hire another 

instructor to do so.  Participants filled out an instructor evaluation prior to the 

treatment in each laboratory as a manipulation check, rating each item on the 

following scale: “A”, “B”, “C”, “D”, or “F”.  An “A” was assigned 4 points, an “F” 

was assigned zero and two sample t-tests were conducted to evaluate mean scores.  

Results indicate no statistically significant differences in 20 out of 21 questions 

(instrument is given in Appendix W; two sample t-test results are given in 

Appendix X).  The one discrepant item stated: “The instructor is reasonably prompt 

in returning tests and assignments.”  The control group mean was 3.903 out of a 

possible 4.000 and the treatment group mean score was 3.510 out of a possible 

4.000, statistically significantly different (p = 0.0011).  It was assumed that this 

behavior would not have adverse effects on the treatment group overall since 3.510 

is a high score and does not indicate much dissatisfaction among students.  Further 

examination of the data showed two outliers that tended to skew the mean. 

 
 During the time in the semester the intervention was administered to 

the treatment groups, the comparison groups were taught three different laboratory 

activities in the laboratory manual.  These laboratory activities were not related to 

the simulation, therefore potential confounds were eliminated.
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 3.3.4 Dependent Variables 

The two dependent variables are listed here: 

 

a. cognitive achievement (as measured by gains scores from 

cognitive instrument) 

i. lithologic analysis and evaluation 

ii. topographic analysis and evaluation 

iii. gravimetric analysis and evaluation 

iv. structural analysis and evaluation 

v. environmental analysis and evaluation 

vi. overlay analysis 

 

b. attitude (as measured by gains scores from affective instrument) 

i. enjoyment of content & processes presented in the class 

ii. interest in content & processes presented in the class 

iii. values toward content & processes presented in the class 

 

Instrumentation and manipulation checks on the dependent variables are described 

above in the Instrumentation section (3.2). 

 

3.3.5 Extraneous Variables 

 Extraneous variables that could confound interpretations were controlled.  A 

brief discussion of threats to the experiment by: 1) mortality; 2) location; 3) 
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instrumentation; 4) testing; 5) history; 6) maturation; 7) attitudinal effect; 8) 

regression; and 9) implementation follows. 

 

Mortality 

 The pre-test was administered during the 3rd week to control for changes in 

student scheduling and possible mortality.  In circumstances where other losses of 

participants or failure to complete the post-test occurred, the data were discarded. 

 

Location 

 The laboratory classes were held in the same building and room during both 

semesters to minimize location threats.  The labs were also taught during the same 

time of day (i.e. Tuesday and Thursday from 1:30 to 4:20 pm) to control for 

potential variations produced by time of day. 

 

Instrumentation 

 Instrument decay was not expected since scoring procedures remained 

constant.  A  scoring rubric was used to prevent data collector bias from being 

introduced. 

 

Testing 

 Pre-testing could have theoretically affected post-test scores; any effects 

were expected to be minimal and affect both groups equally.  Additionally, 

participants stated that they did not remember pre-test map data sets, etc. by the 
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time the post-test was taken (they did remember seeing the blank maps, but not the 

details). 

 

History 

 Any extraneous events during the year that might have heightened 

awareness of earth science/mining/environmental issues presumably affected both 

groups equally in the sense that over a semester, events of the same nature and 

frequency would have occurred. 

 

Maturation 

 Outcomes could have been affected by maturation since spatial reasoning is 

presumably related to individual growth.  Both groups should have been equally 

affected, which would have eliminated any threats to validity. 

 

Attitudinal Effect 

 Post-test scores could have been affected if members of either group 

perceived special treatment was given to either of the groups.  To control for this 

effect, the ‘traditional’ method was taught during the fall 1997 and spring 1998 

semesters to the comparison group and the treatment during the fall 1998 and spring 

1999 semesters.  Thus the treatment group would not have been able to influence 

the control group participants’ attitudes. 
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Regression 

 Subjects were not selected based on extreme scores, therefore any post-test 

score threat from regression was not expected. 

 

Implementation 

 In order to minimize any potential threat from instructor attitude during 

implementation of the simulation, focus was placed on the treatment being used, 

rather than any preference for a particular treatment.   

 

3.4 Methods of Analysis 

 Data from the instruments were collected, rated, tabulated, then input into a 

statistical software program for manipulation and analysis.  Methods of analysis for 

cognitive and affective achievement are described below. 

 

  3.4.1 Cognitive Achievement 

A mean gains score analysis was used and comparisons were assessed using 

two sample t-tests.  Demographic and personal variables were assessed using Chi-

square tests to ensure equality among groups.   

 
 3.4.2 Affective Achievement 

 A mean gains score analysis using two sample t-tests was performed.  

Additionally, some anecdotal data were collected to assess how students in the 

treatment group felt about the simulation activity (no comparisons were made).   

 41



 

3.5 Procedure 

 During the first week of the semester, students participating in the 

experiment were asked to fill out a questionnaire that collected demographic and 

personal data (see Appendix P) as well as a consent form (see Appendix Q).  A pre-

test was administered during the third week of class in order to collect cognitive 

and affective data (instruments are described above under section 3.2).  Both 

control and treatment groups received similar instruction until the ninth week when 

a second pre-test was administered, just prior to the intervention for the treatment 

group.  During weeks nine through eleven the control group was taught content 

from the traditional syllabus, while the treatment group received the intervention 

(the simulation).  Both groups were then taught the same material for the remainder 

of the semester.  The cognitive and affective post-tests were administered to 

participants during week 16.   

 

At the start of the simulation, participants in the two treatment groups were 

given directions for the role playing involved and rules of the game.  The activity 

commenced with students being divided into cooperative teams based on mapping 

skills (each team had one student that was competent with map-making; other 

students were grouped at random).  Groups were given a folder with all the 

necessary materials to start the activity.  They then plotted raw data onto blank 

maps and made interpretations in order to complete the maps.  Next they performed 

an overlay analysis in order to decide where to lease land, complete environmental 
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impact analyses, and drill exploratory pilot holes.  Rock and mineral samples were 

obtained and analyzed in order to determine their value.  Expenditures and earnings 

were accounted for during the activity.  Finally the modeling process was iterated 

until the simulation ended.   The treatment continued for three weeks. 

 

 Following completion of the activity, time was spent in the lecture portion 

of the class for participants in the treatment group to debrief.  Participants were 

asked to make observations in writing about the learning that occurred and the pros 

and cons of the simulation.  In addition they evaluated: 1) their own performance; 

2) each peer in their company; 3) the instructor’s performance; and 4) the project as 

a whole.  Anecdotal data was collected and is discussed in the Results section 

below.  
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VIII. CHAPTER 4: RESULTS 

 
 The goal of this study was to determine whether or not a physical geology 

course designed around a cooperative learning mining simulation activity makes a 

positive difference in cognitive and affective achievement with college students.  

The main hypotheses of concern are restated here and results for each are given in 

separate sections below: 

 

1. Ho: There is no difference in cognitive achievement mean gain scores 

between the treatment and control groups.   

Ha: The mean gain scores are different. 

 

2.  Ho: There is no difference in affective achievement mean gain scores 

between the treatment and control groups.   

Ha: The mean gain scores are different. 

 

Students enrolled in the classes that received the simulation showed a larger gain in 

cognitive achievement scores, but their affective achievement scores were about the 

same as students that did not experience the simulation activity. 
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4.1 Cognitive Achievement 

  Gains Scores Results 

Data used to test the first hypothesis came from the cognitive achievement 

instrument described in Chapter 3, section 3.2.1.  First, comparisons of the pre-test 

scores were made to assess their differences.  Results indicate they are not 

statistically significantly different (p = 0.11; 95% CI for m pre-test 2 Control – m 

pre-test 2 Treatment: ( -0.12,  1.24); see Table 6).  Two sample t-tests were also 

used to assess gains scores between scores for pre-test 2 (collected at week 9, 

immediately before the intervention) and post-test scores (collected at the end of the 

semester).  Results are given in Table 7 and show a statistically significant positive 

difference (p = 0.0038).  The treatment group outgained the control group by an 

average of over two points on the post-test (control group mean = 2.43; treatment 

group mean = 4.47; 95% CI for m gains Treatment - m gains Control: (3.39, 0.69); 

see Figure 8). 

  

This analysis must be qualified by stating that an outlier in the control group 

data was discarded.  One student’s scores (student ID #1015) were remarkably 

higher than the remainder of the group scores. The student’s first pre-test score was 

higher than the post-test mean scores for both the treatment and control groups.  

After further examination, it was determined that the student had a previous 

knowledge of geology and had done some work in the field.  After the course, the 

student got a job with a gold mining company in Nevada and returned the next  
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Two Sample t-Test and Confidence Interval for  
Cognitive Achievement Pre-test Scores 
 
 

 
Group 

 
N 
 

 
Mean 

 
StDev 

 
SE Mean 

 
Pre-test 2 
Control 

 
30 

 
7.23 

 
1.63 

 
0.30 

 
 

Pre-test 2 
Treatment 

 
49 

 
6.67 

 
1.13 

 
0.16 

 
 

95% CI for m pre-test 2 Control – m pre-test 2 Treatment: (-0.12, 1.24) 
 
t-test m pre-test 2 Control = m pre-test 2 Treatment (vs. not =): t = 1.65; p = 0.11;   
df = 45  
 

Table 6 -- Control and treatment group pre-test scores comparison for cognitive 
achievement gains scores
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Cognitive Achievement Gains Scores 

 
 

Group 
 

N 
 

Mean 
 

StDev 
 

SE Mean 
 

 
Treatment 

 
49 

 
4.47 

 
2.68 

 
0.38 

 
 

Control 
 

30 
 

2.43 
 

3.04 
 

0.55 
 

 
95% CI for m Gains Treatment - m Gains Control: (0.69, 3.39) 
 
t-test m Gains Treatment = m Gains Control (vs. not =): t = 3.02  p = 0.0038  df 
= 55 
 
 

 
Table 7 – Two sample t-test mean gains scores (m Gains Treatment - m Gains 

Control) analysis of cognitive achievement  
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Figure 8 – Cognitive achievement mean scores plot showing gains between the 
control and treatment groups.  For both groups pre-test 2 was 
administered at week 9 and the post-test at week 16.   
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semester to report on how well the work was going. The student’s data points 

skewed the distributions enough to warrant being discarded. 

 

4.2 Affective Achievement 

 Gains Scores Results 

Data to test whether the course designed around the simulation made a 

difference in students’ attitudes came from the affective instrument, described 

above in Chapter 3, section 3.2.2.  Scores were tabulated and entered into the 

computer. There were eleven questions on each instrument for the three categories 

(Enjoyment, Interest, and Importance).  For each participant the mean score for 

each category was calculated and stored in a separate column.  The mean for each 

column of mean scores was then calculated and stored.  Finally, gains scores for 

both control and treatment groups were obtained by subtracting the pre-test mean of 

the mean scores from the post-test mean of the mean scores.  The gains scores were 

entered into two new columns and compared using two sample t-test procedures.   

 

Although the affective mean gains were higher for the treatment condition 

than the control condition in all three categories, these differences were not 

statistically significant (see Table 8 and Figure 9).  For Enjoyment, the control 

group mean gains score was 0.420 compared to 0.653 for the treatment group (p = 

0.29; 95% CI for m Gains Control Enjoyment - m Gains Treatment Enjoyment: (-

0.68, 0.21)).  For Interest, the control group mean gains score was 0.480 compared  
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Affective Achievement Gains Scores (Enjoyment) 
 

Group N Mean StDev SE Mean 
Control 31 0.420 1.00 0.18 

Treatment 49 0.653 0.931 0.13 
 
95% CI for m Gains Control Enjoyment - m Gains Treatment Enjoyment: 
(-0.68, 0.21) 
 
t-test m Gains Control Enjoyment = m Gains Treatment Enjoyment (vs. not 
=): t = -1.06; p = 0.29;  df = 60 
 
 
Affective Achievement Gains Scores (Interest) 
 

Group N Mean StDev SE Mean 
Control 31 0.480 0.991 0.18 

Treatment 49 0.675 0.907 0.13 
 
95% CI for m Gains Control Interest - m Gains Treatment Interest: (-0.64, 
0.25) 
 
t-test m Gains Control Interest = m Gains Treatment Interest (vs. not =): t =    
-0.86; p = 0.38;  df = 59 
 
 
Affective Achievement Gains Scores (Importance) 
 

Group N Mean StDev SE Mean 
Control 31 0.190 1.08 0.19 

Treatment 49 0.595 0.850 0.12 
 
95% CI for m Gains Control Importance - m Gains Treatment Importance:      
(-0.64, 0.06) 
 
t-test m Gains Control Importance = m Gains Treatment Importance (vs. not 
=): t = -1.75; p = 0.086;  df = 52 

 
 
 

Table 8 – Two sample t-test mean gains scores (m Gains Control - m Gains 
Treatment) analysis of affective achievement  
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Figure 9 – Affective mean scores plot showing gains between the control and 

treatment groups.  Pre-test 2 was administered at week 9 and the post-
test at week 16.   
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to 0.675 for the treatment group (p = 0.38; 95% CI for m Gains Control Interest - m 

Gains Treatment Interest: (-0.64, 0.25)).  For Interest, the control group mean gains 

score was 0.190 compared to 0.595 for the treatment group (p = 0.086; 95% CI for 

m Gains Control Importance - m Gains Treatment Importance: (-0.64, 0.06)).   

 

4.3 Anecdotal Results 

 Data obtained from journal entries made by students showed several themes.  

One main theme indicated the mining simulation game was valuable as a tool to 

synthesize previous learning.  The following comments are indicative of this theme:  

 
“The mining simulation project [taught during 2 laboratory sessions] 
synthesized the things we learned in lab in a more meaningful way 
than “typical” lecture or lab questions.  It was definately [sic] fun, 
yet challenging and frustrating at times.  The group worked well 
together, and we all shared ideas, strategies and jobs.  The naming of 
the rocks and minerals was a practical way to test our memories and 
deductive reasoning.  The initial drawing of the maps helped me 
understand how to plot and draw contour lines much better than the 
same activity in lab book.  Although it wasn’t exactly “reality” or 
“real life”, it did give us some idea of the complexities of mining and 
what some of the considerations are.  I was impressed by this project 
being a future teacher myself.  . . . Definately [sic] the quickest 3 
hour class I’ve been to in a while!” 

 

“This was a fun project and I feel that we really learned something 
- by using all of the skills that we have learned so far we were able 
to use these skills in a practical way.” 
 

“For this class I felt the project was very useful.  It brought 
together everything we’ve been learning into one thing.  It also 
makes you see how everything we’ve been taught is applicable to 
the “real world”.   . . . For me the best thing was that it put 
everything into perspective.  Normally things like this are taught 
seperatly [sic] and its hard for me to put them all together.” 
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Students understood how the simulation tied together and reinforced previously 

learned concepts.  They also thought the game simulated real life situations as 

indicated by the following comments.  

 

“This project was good because it included some hands-on, real-
life work that geologists deal with in the mining field.  We were 
exposed to a situation in which we were able to apply what we 
learned in the classroom.  It was fun working with groups of 
people that we were unfamiliar with because we were able to meet 
new people.  That’s what geologists deal with all the time.  I felt 
that our group worked well together and got stuff done under 
pressure.” 

 

“The project was a lot of fun - it had some fast paced moments 
while we waited for the stocks to go up - and there was some 
competition which made doing well more exciting.  I have more of 
an idea of what goes into mining now - it’s good to know there are 
EIR’s and that a lot of thought must go into mining.  I didn’t 
realize how expensive it is.  . . . Our group felt a little sad that we 
didn’t strike much, but we had a good time and learned 
something.” 

 

“I think the project was a lot of fun.  It got frustrating at some 
points but then that’s what makes it seem real.” 
 

“ . . . I don’t know a whole heck of a lot about the real world of 
mineral mining but I can say that my imagination was having fun.  
When we were drilling I imagined drilling through dirt and rock 
with the smells of burning oil and noise . . . “ 
 

“It was fun!  It was like a game and at the same time taught us the 
basic process of searching for minerals and gave us more 
experience in identifying rocks.  [It was] similar to real [life with 
its] high risk (speculation), [and with] working with people.  [It 
was] different [in that there was] not [a] true loss of money.  
Paperwork [was] easier, no actual field work.” 
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Most students appreciated the use of learning games at the college level.   

 

“I liked this project a lot.  I learned what was intended to be learn 
[sic].  It showed the many facets of mining including the 
governments role in the whole deal.  . . . I don’t think this was an 
elementary school game like someone else said.  You can still play 
learning/teaching games in college!  I didn’t realize that.” 

 

Another student felt differently saying: 

 

“The project was not my idea of fun but it was a nice change from 
the drab routine of our normal lab assignments.  The value in doing 
this sort of project is that we are able to get some type of idea of 
what really goes on in the real world of mining.  . . . I felt kind of 
like I was in elementary school while doing this project.  This 
comment is simply a personal view with probably no bearing.  But 
other than that I thought the project was interesting.” 

 

Anecdotal data support some of the claims by Poll (1973), Patton and Wilen (1979), 

Brookfield (1990), and Meyers and Jones (1993) discussed above. 

 

4.4 Summary of Results 

 In general, the null hypothesis was rejected for the first research question at 

the alpha = 0.05 level.  Comparisons of mean gains scores indicated the treatment 

group outgained the control group on cognitive measures.  The null hypothesis for 

the second research question could not be rejected, however.  The treatment did not 

make a statistically significant difference in terms of students’ attitudes.  Although 

comparisons with control group participants were not made, anecdotal data 
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indicated students felt the simulation activity gave them a sense of what the “real 

world” might be like. 
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IX. CHAPTER 5: DISCUSSION AND CONCLUSIONS  
 

 The overall intent of this study was to find out if a class developed around 

using a mining simulation activity, taught using the principles of cooperative 

learning, constructivism, and confluent education, would make a positive difference 

in both cognitive and affective achievement in a lower division physical geology 

course.  Results of the study show some interesting patterns in both domains. 

 

5.1 Summary of Findings 

 On the whole, students who were taught the mining simulation activity 

performed better on the cognitive achievement test.   However, they showed no 

difference in test scores in terms of enjoyment, interest, and perceived importance 

of the content and processes in the course than students who did not participate in 

the simulation.   

 

Null and alternative hypotheses for the two primary conditions of interest 

are restated here:  

 
1. Ho: There is no difference in cognitive achievement mean gains scores 

between the treatment and control groups.   

Ha: The mean gains scores are different. 
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2.  Ho: There is no difference in affective achievement mean gains scores 

between the treatment and control groups.   

Ha: The mean gains scores are different. 

 
The data supported rejection of the null hypothesis for the first hypothesis, but not 

for the second hypothesis.  The research question of interest asked whether or not 

the course designed around the simulation made a positive difference in terms of 

students’ cognitive and affective achievement. 

 

5.2 Interpretations 

 5.2.1 Cognitive Achievement 

One question now raised is this: how much of a difference is good enough in 

terms of cognitive achievement?  In other words, is a gain of slightly over 2 points 

on the cognitive achievement test a meaningful difference?  The mean gains scores 

indicate that the treatment group improved, overall, an average of approximately 

4.5 points out of 24 total compared to approximately 2.4 points for the control 

group, which lends more support to the initial claim that the activity is changing 

student’s thinking and reasoning abilities in a significant manner.  The treatment 

group also showed a smaller standard deviation, indicating less variability about the 

mean; not only were the scores for the treatment group higher on average, they 

were also slightly closer together. 
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Pre-test 2 provides an indication of the variation in ability among students 

and how this variability manifests itself in pre-test and post-test scores (as observed 

by the correlation among the two variables).  It is difficult to know what the mean 

ability level of each class is.  It might be that the highest mean score that one could 

hope for with the treatment group might 15 or less out of a possible 24 points.  In 

that context, the course designed around the simulation would have to be 

considered effective.  Additionally, the scores could also be an indication of the 

quality of instruction received – poorer instruction would lead to lower possible 

mean gains scores for both groups, making smaller gains meaningful. 

 
 

5.2.2 Affective Achievement 
 
 Results of studying affective achievement are more difficult to interpret than 

those for cognitive achievement.  Students in the control group rated their potential 

enjoyment, interest, and perceived importance of the material higher after the third 

week in class than did peers in the treatment group.  In particular, students in the 

smaller section (12 students) scored the assessments very high on the pretests (lots 

of 6’s (i.e. “strongly agree”) on the Likert scale of 1-6).  Why this would occur is 

unclear - perhaps the smaller class sizes of the two groups aggregated into the 

control group had an effect on attitudes, values, and interests in a positive manner.  

For example, it is much easier to establish relationships with students when there 

are only 10 to 20 names to learn, rather than 20 to 30 names.  It is also easier to 

give individual feedback to smaller groups of students.  Both of these factors could 
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potentially contribute to higher initial scores on the affective instrument in the 

control group.  There may be factors unrelated to these – personality differences 

between groups, etc. that may have contributed to the difference in the pretest 

scores.  In any case, the results do indicate that the instrument could be redesigned 

to increase it’s sensitivity.   

 

Perhaps the Hawthorne effect (initial improvement in affective achievement 

caused by the “obtrusive observation of that process” (Roethlisberger and Dickson 

(1939); Ray and Ravizza (1992))) took place, though the experimenter attempted to 

control for this with the instructor rating, which showed no statistically significant 

differences in overall behavior between the two groups.  The Rosenthal effect 

(Rosenthal (1968; 1969); Rosenthal and Jackson (1968)) says that data can be 

affected by what the experimenter wants to find.  In this case it is difficult to see 

how this effect could have influenced the results.    

 

 Additional confounding variables may include currently employed teaching 

techniques in other parts of the course (i.e. cooperative learning, constructivist 

principles, confluent educational processes, etc.).  The reputation of the instructor 

for using these techniques may tend to bias the initial attitudes of students taking 

the course on advice of peers, though it seems that both groups would have been 

affected equally.   
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5.3 Context of Findings 

 This study supports research on confluent education in lower division 

science courses previously conducted by John Carpenter and Bill Romey in the 

1970’s.  It also supports research conducted in other areas of science education on 

the effectiveness of active learning, cooperative learning, and simulation learning in 

terms of cognitive achievement.  The study makes an attempt to add to the body of 

knowledge in the application of these principles in lower division, non-majors 

geoscience courses.   

 

5.4 Implications 

  The prevailing theoretical model of constructivism in education emphasizes 

shifting the locus of control from the instructor to the student to create a student-

centered classroom culture.  The mining simulation does exactly that and this 

experiment supports the claim that it does an effective job in teaching students to 

reason better and make better cognitive decisions.  The simulation activity doesn’t 

appear to make a positive difference in terms of changing students’ attitudes toward 

the content and processes experienced in the course, however. 

 

 In terms of conducting this type of research in the future, the affective 

instrument should be redesigned by changing the scale and/or specifying on the 

scale what each unit means with greater detail, so that students are inclined to pick 

other options as well.  For example, on a six-point scale, 5 might mean “I believe I 

will enjoy learning, or learning more about, how a mining company operates, but 
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there may be a few things I don’t like.”  Also, both the control and treatment groups 

were exposed to constructivist and confluent educational principles during other 

parts of the course.  To truly assess the effectiveness of these approaches, the 

experiment should be designed with the control group receiving separate 

“traditional” lecture and laboratory instruction, while the treatment group receives 

instruction designed utilizing the principles of constructivism and confluent 

education.  The experimental design should also somehow account for absenteeism 

during the experiment – this was difficult for the investigator to control for and 

some students missed important portions of class during the simulation; it is unclear 

how much this affected the results. 

 

Some of the other issues of concern during the experiment that could be 

addressed in the future include: 1) investigating the effects of small versus large 

class sizes; 2) whether scores suffered due to too much paperwork (were students 

“tested to death”?); 3) attrition rates (what effects do dropout rates have?); 4) any 

other decisions about how the study was conducted not realized here; and 5) any 

other problems that came up during the study not realized here. 

 

Future research might focus on the following questions: “Is it the simulation 

that makes a difference?  Or does achievement have more to do with cooperative 

learning?  Is there a difference?”  Another area of research to consider includes 

measuring the effects of the simulation on very large lecture classes (50-500 

students) with multiple laboratory sections, taught by different teaching assistants.  
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It would also be interesting to examine the effects the course has on a more diverse 

student population in terms of ethnicity.   

 

5.5 Conclusion 

  The overall conclusion of the study is this: students enrolled in a course 

developed around a cooperative learning mining simulation activity performed 

better on a cognitive achievement test, but it is unclear whether it makes a 

difference in terms of students’ enjoyment, interest, and perceived importance of 

the material.   
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Appendix A -- Mining Simulation Description for Instructors 
 

Earth Science Mining Simulation 
 

by Jeff Tolhurst 
 

Columbia College 
11600 Columbia College Drive 

Sonora, California 95370 
(209) 588-5235 

tolhurstj@yosemite.cc.ca.us
http://virtual.yosemite.cc.ca.us/jtolhurst/home.htm

 
Introduction 
 
 The use and consumption of earth materials is important in allowing our 
culture to maintain its standard of living.  Mining companies play an important 
economic and cultural role in their search for domestic and foreign ore deposits.  
The mining simulation game I’ve developed uses role playing to teach complex 
mineral exploration and geologic modeling strategies to students in a simplified 
manner.  It requires that students work cooperatively in teams of four to five, as 
mining company employees.  Each company competes against other companies in 
search of valuable metallic ores within a common map area, managing a $250,000 
budget.  The goal is to complete successfully the following: 1) manipulate and 
analyze data; 2) develop geologic models; 3) design a strategy to explore for 
valuable metal ores; 4) minimize environmental degradation by completing 
environmental impact assessments; 5) manage time and money; 6) make a profit; 
and 7) cooperate with one another as strategies are carried out.  Students are given 
tabulated field data from which they construct and analyze geologic, gravimetric, 
topographic, and environmental maps.  The data sets and all of the forms and 
instructions are included with this handout.  The geologic models students develop 
are based on the data given.  Student companies that maximize profit and minimize 
environmental degradation, while working cooperatively earn the highest grades. 
 
 I have used this simulation with middle school through college level 
geology students.  The main difference between teaching 8th and 9th graders and 
college students is the amount of time it takes for the students to learn the content 
and processes needed to successfully complete the simulation.  Feel free to modify 
the game as you see fit for your classes. 
 
Prerequisite Knowledge 
 
When I start the simulation, students: 
 
1.  are able to identify and classify rocks and minerals. 
2.  are familiar with mining and environmental terminology. 
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3.  have mastered skills required to locate and describe areas on a map using the 
Public Land Survey System (township and range). 

4.  are able to interpret gravity data and construct maps showing gravitational 
contours and anomalies.  

5.  are able to draw and interpret geologic maps given strike and dip data along with 
location and rock type present. 

6.  are able to draw topographic contour lines and construct topographic maps.   
7.  are able to draw and interpret maps of different habitat types given habitat data.   
8.  can write a simple Environmental Impact Report (EIR) outlining potential 

impacts and mitigation strategies for different land development settings.  
 
 These are the main concepts and skills students should have in place before 
starting the simulation.   
 
Objectives 
 
 Given geologic, geographic, topographic, gravity, and environmental data, 
along with unknown mineral and rock samples, and a $250,000 budget, students 
will work together to explore for valuable minerals on a simulated area of the earth 
to maximize profit while maintaining environmental quality. 
 
 I originally spent two to three weeks preparing the students for the 
simulation.  I have extended the time now to 10 weeks since I have incorporated 
units on mineralogy, petrology, mapping, geophysics (gravity methods), and rock 
and mineral uses, costs (environmental, etc.), and benefits (maintained standard of 
living, etc.).  I would have covered these topics after the simulation, but they lend 
themselves to being easily woven into its fabric and help to teach higher order 
thinking processes. 
 
Roles and Procedures 
 
 The roles and procedures may be confusing to you at first glance, so I will 
give you an outline of how the simulation is run.  The class is divided into groups 
of four students each.  The roles are as follows: 1) Geologist; 2) Mining Engineer; 
3) Surveyor; and 4) Accountant.  The responsibilities of each is listed below: 
  
 1) Geologist - responsible for insuring correct identification of rock and 
mineral samples and keeping accurate records on the rocks and minerals identified.  
Also helps others with their jobs. 
 2) Mining Engineer - responsible for all drilling and keeping accurate 
records pertaining to the drilling (Driller's Log).  Also helps others with their jobs. 
 3) Surveyor - responsible for leasing land and pinpointing the exact 
location of potential lease sites in terms of township, range, section, etc.  Also helps 
others with their jobs. 
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 4) Accountant - responsible for keeping accurate records regarding 
finances.  All transactions must pass through the accountant.  Also helps others with 
their jobs. 
  
 The simulation takes about a week to run.  As the first period begins, the 
groups are required to name their companies.  From this point on I refer to the 
companies by those names.  I am the governor and I remain behind a master map 
board (to be discussed below) calling each group to send individual representatives 
up to deal with transactions.  At no time is there ever more than one individual at 
the map board.  (If there is, groups are subject to governmental fines - also known 
as trespassing or spying!). 
 
 The first laboratory period is usually spent drafting the four maps (one for 
each student in each group) - geologic, gravimetric, topographic, and 
environmental.  This is the "office work" following collection of geologic field data 
by the company geologist.  Some students think this is tedious (it can be), yet the 
most successful groups utilize this data to develop effective strategies.  Once the 
maps are drafted, groups are ready to make transactions with the governor. 
 
 The first transaction a group makes is to lease land.  The surveyor is sent by 
the group back to the map board.  On the master map, we outline the 40 acre area 
that the company has leased by drawing a black square there.  The name of the 
company is then written in that spot.   
  
 After each company has had a chance to lease land (I call them in order - 
group 1 first, through group 7 or 8), they each send their mining engineer up to drill 
into the area.  They receive a sample bag containing 3 unknown rocks and 1 
unknown mineral.  The mining engineer takes the bag back to the group and the 
group then classifies and identifies the mineral and three rocks.  Once the 
unknowns are named, the geologist takes the bag (during the company's next turn) 
up to the governor to have the unknowns checked.  If the company has correctly 
identified the samples, they are paid only if the mineral has a valuable metal 
associated with it.  Therefore, it is up to the teacher, when assembling all the 
materials for the simulation, to carefully assemble the samples with forethought.  If 
the samples are not worth money, they are turned in by the group and the well is 
abandoned.  The groups are evaluated on correctly identifying all of the samples, 
therefore, if they turn in their samples without correctly naming them, they won't 
earn as high a grade.  They can lease more than one parcel at a time (as many as 
they can afford!) and they can drill or have 4 bags at one time (this is about as much 
as I can manage!).  
 
 They are graded on their strategy as well as how accurate they keep their 
logs and data sheets.  I also give individual as well as a group grades.  The amount 
of cooperation and professionalism is factored into the individual grade.  The group 
grade can reflect thinking skills (such as hypothesizing, classifying, synthesizing, 
applying, evaluating, etc.) attendance, accuracy, cooperation, etc.  I make it explicit 
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at the outset on what they will be graded although I may make changes from one 
semester to the next.   
 
Note:  
 
1.  Each company must drill a minimum of 4 wells during the entire project. 
2. The maximum number of wells per 40 acre parcel will be 2. 
3. Each time a new parcel is leased, an Environmental Impact Report (EIR) must 

be completed and turned in with the lease information.  Each EIR costs between 
$25,000 and $75,000.  The cost is a function of how carefully companies fill out 
the form and how well they intend to mitigate negative environmental impacts 
of drilling and strip mining. 

 
Critical Information: 
1.  Amount of money allotted per crew:   $250,000 
2.  Horizontal Scale on the master map:   4 inches = 1 mile 
3.  Vertical Scale on Master Map:    1 inch = 100 feet 
3.  Total acreage on the master map:    26,880 acres 
4.  Minimum lease:      40 acres 
5.  Lease cost:       $100 per acre 
6.  Drilling costs:      $20 per foot 
7.  Environmental Impact Report costs:   $25,000-75,000 
8.  Minimum drilling time between wells:   10 - 15 minutes 
9.  Maximum number of wells per activity period:  4 wells 
 
Let me now describe the actual materials needed to run the simulation. 
 
Materials 
 
 You will need to build a master map board.  This is constructed from wood, 
posterboard, nails, support pieces, etc., as shown below (see Figures 1 and 2). 
 
 If you have a woodshop teacher, that person can probably help you 
construct your master map board.  The width and length can vary, but both need to 
be wider than the map itself by several inches.  The actual height can vary, but I 
made mine about 5 inches high.  You will need a long, sharp, thin  rod as a 
simulated drilling rig (brazing rod works well - check with the metal shop teacher).  
This is used to poke through the map and posterboard as the mining engineer from 
each group drills for minerals.  The posterboard must be very sturdy (an eighth of 
an inch thick or so) and is supported by either very thin pieces of metal that run the 
length of the map board, underneath the posterboard, or a chickenwire-like fabric 
through which the drilling can still take place (you can use something else as long 
as it works!). 

 
 Once they have poked through, they will hit another map underneath, which 
only you can see.  This map contains zones which tell you which bag they receive.  

 74



It is exactly the same size as the map above, and is positioned directly below (see 
Figure 3).  The sample bags can be purchased through GEOSCIENCE 
RESOURCES (see below).  Each sample bag has a number, such as B2, for 
reference purposes.  You will have previously made each bag up with three rock 
samples and one mineral sample in each.  Keep a key of all the sample bags so that 
if some of the samples get mixed up, you will know where each sample should be. 
 
 Each mining company starts with $250,000.  It costs $20 per foot to drill 
and $100 per acre to lease land.  Students are required to keep very accurate data on 
all transactions.  The teacher should keep a log of all bags issued to the different 
companies.  I do this by setting up a matrix that looks like the one shown in Table 
1.  (Note: a line through a bag number means that the group has turned in that bag - 
it can now be checked out to another group). 
 
Here is an algorithm for completing the first round of the simulation:  
  
 1.  Use the topographic, environmental, and geologic data to complete the 

topographic, environmental, gravimetric, and geologic map(s). 
 2.  Decide where to lease and do your exploratory drilling. 
 3.  Use the environmental data map to fill out and complete the 

Environmental Impact Report (EIR). 
 4.  First Turn: Send the surveyor to negotiate and lease land. 
 5.  Second Turn: Send mining engineer to drill.  
 6.  Third Turn: Identify and classify rocks and mineral. 
 7.  Fourth Turn: Send geologist with samples, if identified, to be turned in.  

Collect money if valuable. 
8. Fifth Turn: Check with accountant to ensure that all logs, forms, etc., are 

updated and all fees are paid. 
9. Iterate this process of geologic modeling until the environment is 

healthy and your company is rich and famous . . . 
 
Instructions for Setting Up the Simulation 
 
 The most difficult part of the process is gathering and organizing the 
materials for the simulation.  The difficulty lies in correlating the information on 
the geologic map, gravity map, topographic map, and environmental map and 
having those fit the actual samples that students are given to identify.  If this is kept 
in mind as one starts to put the simulation together, things will run more smoothly.  
The ore zones mentioned above should match the sample bags that the company 
receives after drilling into that area.  A simple matter of labeling the sample bags 
and collecting the appropriate samples should make this part easier.  This brings me 
to the second most difficult task - assembling the sample bags.  Ore minerals can be 
purchased from some of the popular earth science materials 
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Figure 1: Master map board showing dimensions and characteristics.  Figure 2 
shows a photo of this board. 
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Figure 2: Photo of master map board used in the mining simulation to control the 

pace and tempo of the simulation.  The map key (see Figure 3) slides 
directly under the master map, visible here, attached to the top of the 
map board. 
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Figure 3:  Map showing zones of mineralization/ore bodies.  The smallest areas 

within each zone are where the most concentrated ores are found.  If a 
company drills into one of these zones, the value of the ore is three times 
that of the outer zone.  The middle zone is double the value of the outer 
zone.  This map slides under the master map board and is never visible to 
students since it is the key from which the instructor determines the 
sample bags that are given to mining companies.  For example, sample 
bag A would correspond to zone A on the map and it would contain some 
valuable ore mineral such as malachite for copper.  Sample bags E 
through L would not contain valuable metallic ores and if companies 
drilled anywhere outside of zones A-D, they would get one of those 
sample bags. 
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Company Name      Round Number 

 1 2 3 4 5 6 7 
D.T.S.G. Mining - B1,1 - - - C4,3 F5,0

Cosmic Soup, Inc. - F3,0 - - - - G2,0
Bam Bam Mining - H4,0 - - - A3,1 J5,0
Hard Rock Mining I1,0 - - J2,0 - - K1,0

The Flintstones - D2,2 - - - E1,0, I1,0  
Rock Engineering, 

Inc. 
- L3,0 - - E3,1 -  

 
Table 1:  Chart for keeping track of drilling progress and sample bags checked out. 
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supply houses.  Other samples may be harder to come by depending on the geology 
of the area in which you teach.  I collected most of the samples I use myself.  The 
sample bags I use were purchased from GEOSCIENCE RESOURCES (see below). 
 
 I am sure that questions will come up especially during the running of the 
simulation.  Feel free to call or email me for more information at (209) 588-5235 
(office) or tolhurstj@yosemite.cc.ca.us.  Have fun! 
 
 
 
Resources for Earth Science Materials 
 
GEOSCIENCE RESOURCES 
2990 Anthony Rd. 
Burlington, NC, 27215 
 
Ward's Natural Science Establishment, Inc. 
P.O. Box 92912 
Rochester, N.Y., 14692-9012. 
 
MMI CORPORATION 
2950 Wyman Parkway 
P.O. Box 19907 
Baltimore, MD. 21211 
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Appendix B -- Mining Simulation Rules 
 
GEOLOGIC EXPLORATION AND MINING - MODERN PROSPECTING 
 
INTRODUCTION 
  
 For a nation to progress it must discover and develop its natural resources.  
Since the coming of the machine age, new tools and devices have been invented to 
help man seek out the economic wealth that lies above or below the surface of our 
land. 
 
 To encourage mineral exploration on government lands, the Territorial 
Governors have been authorized to monetary subsistence to a limited number of 
exploration companies. 
 
 The Governor for the national government will purchase any discoveries 
deemed economically important for a reasonable sum of money (the current 
economic value). 
 
EXPLORATION CREWS 
 
 The first requirement is that each of you will perform a specific job 
assignment.  Once you have read over the job descriptions, you will be ready to 
form your companies.  Each company will consist of a Geologist, a Mining 
Engineer, a Surveyor, and an Accountant.  In larger classes you may also have a 
Roustabout or Roughneck. 
 
 Once your crew has been completely formed, you will want to have a name 
for your Exploration Company.  This identification should be on all 
communications with the Governor for the Territory. 
 
GENERAL INFORMATION 
 
 There will be a master map in the room upon which all of the activity will 
take place.  This map will contain a number of different ore bodies. 
 
 Each crew will receive blank maps of the area, data sheets including 
environmental, geologic, and topographic data, and the necessary accounting forms 
for keeping the proper records. 
 
 Individual responsibilities are as follows: 
 
 1.  ACCOUNTANT -- The accountant is responsible for keeping financial 
records and an accurate ACCOUNTANT FORM.  The accountant also analyzes 
data and helps the other group members perform their jobs.  If there is no 
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accountant for your crew, the other members will be responsible for keeping the 
financial record sheet. 
  
 2.  SURVEYOR ---- The surveyor is responsible for keeping accurate maps 
and an accurate LEASE FORM.  S/he is also responsible for analyzing data and any 
cross-sections drafted.  As with the accountant, the surveyor helps others with their 
jobs. 
 
 3.  MINING ENGINEER ---- The mining engineer is responsible for the 
DRILLER'S LOG and any contour maps, outlining any ore bodies, analyzing data, 
and helping others with their jobs.  The mining engineer is sent out to the drill site. 
 
 4.  GEOLOGIST ---- The geologist is responsible for proper identification 
of well samples and the GEOLOGIST FORM.   The geologist helps with the 
drafting of maps and analysis of data.  S/he is also required to help others with their 
jobs. 
 
 Because of the number of crews, it will be necessary to place limits on the 
number of people at the master map at one time (only one!) and on the amount of 
time for drilling new wells (15 minutes between each drilling session!). 
 
 For each well that your company drills, it will receive a bag of cuttings 
(rocks and minerals).  If you are fortunate, your well may strike an important ore 
body and your specimen bag will contain the unidentified ore samples.  Once you 
have determined what the samples are, you will probably want to lease more land 
around that area to define the extent of the ore body and determine the most 
concentrated (and richest!) zone. 
 
 If your company chooses, you may immediately sell the metal ore recovered 
to the government and you will be reimbursed by the current market value of the 
ore (to be listed in class at the beginning of each period).  If your company chooses 
to stockpile the ore, the price may fluctuate, which means that it could go up or 
down.  You may then sell the ore during any of your upcoming turns and receive 
the market value for that particular day. 
 
 It is most important to note that your grade is determined not by whether 
you "win or lose, but by how you play the game"!!  The company that makes the 
most money usually has the best strategy, but other companies can earn the highest 
grade simply by using an effective strategy.  (Hint:  Analyze the data to obtain the 
best information about the geology, topography, and environment and you should 
do well). 
 
 Last, but not least, GOOD LUCK AND HAPPY PROSPECTING!!!
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Appendix C -- Mining Data Sheet 
 

MINING DATA SHEET 
 
DATA: 
Scale of mile on the master map ---------------------------------------- 4 in = 1 mi  
Total acreage on the master map ---------------------------------------  26,880 acres 
Minimum drilling time between wells --------------------------------- 10-15 minutes 
Maximum number of wells per crew per activity period ----------  4 wells 
 
ASSETS: 
Initial amount of money per crew ------------------------------------ $250,000 
 
COSTS: 
Minimum Lease --------------------------------------------------------- 40 acres 
Lease Cost --------------------------------------------------------------- $100/acre 
Drilling Costs ----------------------------------------------------------- $20-50/foot 
Environmental Impact Report Cost ----------------------------------  $25,000- 

50,000/draft 
 
SUPPLEMENTARY DATA: 
1.  Each team must drill a minimum of 4 wells during the entire project. 
 
2.  The maximum number of wells per 40 acre plot will be 2. 
 
3.  If you correctly identify the mineral within the sample bags and it has an 
economic value, the Governor of the Territory (me) will give you a check or checks 
($10,000 each) for your findings.  The economic value will fluctuate based on 
external conditions and market value at the time. 
 
 #1 area of ore body (near the edge) ------------------ 1 check 
 #2 area of ore body (half-way between) ------------ 2 checks 
 #3 area of ore body (near the center) ---------------- 3 checks 
 
4.  The strategy you use to explore and find minerals of economic value will help to 
determine your grade.  In other words, “how you play the game” is very important.  
Successful strategies in the past have used accurate interpretations of maps to locate 
and discover valuable metallic ores while minimizing/preventing degradation to the 
environment. 
 
5.  The economic value of your company at the end of this project will help to 
determine your grade.  In other words, “how much money you make” is also 
important.  Note:  The cost of remediating environmental destruction is very high 
and can cut deeply into profit margins.
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Appendix D -- Geologic Field Data Sets 
 
Data used with the cognitive assessment tool: 
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Data used with the cognitive assessment tool: 
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Data used with the in-class mining simulation activity: 
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Data used with the in-class mining simulation activity: 
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Data used with the in-class mining simulation activity: 
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Appendix E -- Base Map 
 
Base Map used with both the cognitive assessment and the in-class activity: 
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Appendix F – Environmental Impact Statement Outline 
 

OUTLINE FOR ENVIRONMENTAL IMPACT STATEMENTS 
 
I.  PROPOSED PROJECT 
 A) Purpose of Project 
 B) Status of Project 
 C) Location 
 D) Ownership and Description of Area and Site 
 
II.  CURRENT ENVIRONMENT OF AREA AND SITE 
 A) Physical Features and Processes 
  1.  Materials (eg., water, soil, surficial rocks) 
  2.  Processes (eg. erosion, mass-wasting, etc.) 
  3.  Rate and recurrence of processes 
  4.  Topography and geomorphology 
 B) Vegetation and Biota 
 C) Social or Cultural Characteristics 
 D) Archeological Features 
 C) Aesthetic Nature 
 
III.  IMPACT OF THE ENVIRONMENT ON 
 A) The Project and Its Design 
 B) Project’s Inhabitants 
 C) Project’s Users 
 
IV.  IMPACT OF THE PROPOSED PROJECT ON THE ENVIRONMENT 
 A) The Natural Environment 
  1.  Is the project controversial? 

2.  In what ways might it alter the patterns of behavior of mammals? 
for fish?  for amphibians? for reptiles? for insects? 

3.  In what ways might it alter the breeding, nesting, or feeding 
grounds of birds? 

  4.  How might the project affect existing biota and vegetation? 
  5.  In what ways might it change water or air? 
  6.  How might the water table be affected in the area? 
  7.  How might the stability of the soils or the geology be affected? 
 B) The Cultural Environment 
  1.  Will the project produce changes in traffic? 
  2.  Will it affect the aesthetics of the area? 
  3.  Will it divide or disrupt existing land uses? 
  4.  Will it affect current recreational uses? 

5.  Will it affect areas of unique interest or beauty , including those 
relating to geology, paleontology, archeology, anthropology, or 
history? 
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V.  ALTERNATIVES TO THE PROPOSED ACTION 
 A) Possibility of Restricted or Reduced Development and Construction 
 B) Use of Alternative Development or Construction 
 C) Possibility of Construction On Another Site 
 D) Other Alternatives 
 
 
VI.  ANTICIPATED ADVERSE ENVIRONMENTAL EFFECTS, IF ANY 

A) Adverse Environmental Effects Which Cannot Be Avoided Within The 
Proposed Plan 

 B) Those Which Could Be Avoided By Adopting Alternative Actions 
 C) Those Which Could Not Be Avoided By Adopting Alternative Actions 

D) Those Which Will Be Avoided By Choosing The Recommended Action 
 E) Actions Taken By Developer To Mitigate Environmental Damage 
  
VII.  DESCRIPTION OF RELATIONSHIP BETWEEN SHORT-TERM AND 

LONG-TERM USES OF THE ENVIRONMENT 
 A) Effects During Construction 
 B) Short-Term Impacts 
 C) Long-Term Impacts 
 
VIII.  DESCRIPTION OF IRREVERSIBLE OR IRRETRIEVABLE 

COMMITMENT OF RESOURCES WHICH WOULD BE MADE IF 
PROPOSAL WERE IMPLEMENTED  
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Appendix G – Environmental Impact Report Form 
 

ENVIRONMENTAL IMPACT REPORT FORM 
 
COMPANY NAME: __________________ 
ADDRESS: _______________________   
DATE: __________________________  
 
GEOLOGIST:           
MINING ENGINEER:        
SURVEYOR:          
ACCOUNTANT:        
 
I.  PROPOSED PROJECT AND LOCATION 
 Location:            
 Proposal:           
           
           
           
           
           
           
           
            
 
II.  CURRENT ENVIRONMENT 
           
           
           
           
           
           
            
 
III.  IMPACT OF THE ENVIRONMENT ON THE PROJECT 
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IV.  IMPACT OF THE PROJECT ON THE ENVIRONMENT 
           
           
           
           
           
           
            
 
V.  ALTERNATIVES 
           
           
           
           
           
           
            
 
VI.  ANTICIPATED ADVERSE EFFECTS ON THE ENVIRONMENT 
           
           
           
           
           
           
            
 
VII.  DESCRIPTION OF IRREVERSIBLE OR IRRETRIEVABLE RESOURCES 
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Appendix H – Lease Form 
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Appendix I – Driller’s Log 
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Appendix J – Geologist Form 
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Appendix K – Accountant Form 
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Appendix L – Densities of Rocks and Minerals 
 

Densities of Rocks and Minerals 
 
Rock type or mineral  Density (wet) (g/cm3)* Remarks 
Sand     1.6-2   data taken mostly  
Moraine    1.5-2   from a compilation  
Sandstones (Mesozoic)  2.15-2.4  made by Paransis  
Sandstones (Paleozoic        (1971) 

        and older)  2.35-2.65  
Quartzite    2.6-2.7  
Limestone (compact)   2.5-2.75  
Shales (younger)   2.1-2.6 (2.4)  
Shales (older)    2.65-2.75 (2.7)  
Gneiss     2.6-2.9 (2.7)  
Basalt     2.7-3.3 (2.98)  
Diabase    2.8-3.1 (2.96)  
Serpentine    2.5-2.7 (2.6)  
Gypsum    2.3  
Anhydrite    2.9  
Rocksalt    2.1-2.4 (2.2)  
Zincblende    4.0  
Chromite    4.5-4.8  
Pyrite     4.9-5.2  
Hematite    5.1  
Magnetite    4.9-5.2 (5.1)  
Galena     7.4-7.6  
   
Granite    2.52-2.81 (2.67) the following data is  
Granodiorite    2.67-2.79 (2.72) taken from tables by  
Syenite    2.63-2.90 (2.76) Clark (1966) 
Quartzdiorite    2.68-2.96 (2.81)  
Gabbro    2.85-3.12 (2.98)  
Peridotite    3.15-3.28 (3.23)  
Dunite     3.20-3.31 (3.28)  
Eclogite    3.34-3.45 (3.39)  
 
         
 
 
 
 * to convert to SI units (kg/m3) multiply by 103 
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Appendix M – Mineral Resources Background Information 
 

MINERAL RESOURCES 
 
 Minerals and rocks within the earth constitute nature's treasure trove from 
which a great many of man's needs are filled.  The complexity of man's mineral 
requirements has increased through the ages from the time when a particular piece 
of stone had desirable characteristics for shaping into an implement or weapon, 
through the bronze age, iron age and now into the atomic age.  The earth today, as 
during the stone age, has within it the ores and other mineral raw materials needed 
to supply man's requirements of these materials, whatever they may be.  How the 
minerals and ores were formed. how and where they occur, how they are found and 
extracted, and the grade and tonnage of deposits constitute the geological part of the 
study of mineral resources.  In addition to the geological aspects there are political, 
economic, financial, engineering, and human considerations. 
 
 The study of mineral resources calls upon all other branches of geology to 
aid in the solution of problems related to mineral deposits.  Paleontology, 
stratigraphy, mineralogy, structural geology, geochemistry, geophysics, etc. are 
used to aid in the discovery, exploration, development, and extraction of mineral 
wealth. The study of mineral resources has two main aspects: the scientific, 
regarding the origin and occurrence of deposits, and the applied.  The applied 
aspect of mineral resources has as its objective satisfaction of the requirements of 
our modern civilization for minerals from which we make so many things we use 
each day.  Economic geology, which is a part of the study of mineral resources, 
involves in addition to geology, some knowledge of economics, political and social 
science, logistics, engineering, law, finance, commerce (including transportation), 
and labor.  Modern industrial civilizations require enormous amounts of iron, 
copper, lead, zinc, silver, manganese, limestone, salt, coal, petroleum, and dozens 
of other metals and nonmetals.  The difference between an industrialized country 
and an agrarian country is often directly related to the availability of mineral raw 
materials.  The United States has the roots of its industrialization in the coal fields 
of Pennsylvania, West Virginia, and Kentucky, the iron mines of Michigan, 
Wisconsin, and Minnesota, the copper mines of Michigan, Montana, Utah, Arizona, 
and New Mexico, and the petroleum of Texas, Oklahoma, California, and Alaska.  
The industrial strength of a nation today depends to a large extent on its access to 
mineral resources. 
 
 Precious and semi-precious stones are mineral resources of special interest 
because they are valued and used for their beauty.  A wide variety of material is 
used as gems and there is wide variation in their value.  In general, diamonds, 
rubies, sapphires, and emeralds are considered precious stones; aquamarines, opals, 
tourmalines, and a sizeable number of other minerals are classed as semi-precious 
stones. 
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 Some precious and semi-precious stones, such as diamonds, rubies, and 
sapphires are found in residual or placer deposits.  Others such as topaz, 
aquamarine, emerald, and tourmaline occur in pegmatites and various igneous and 
metamorphic rocks.  The beauty of precious stones is determined by their color, 
luster, and transparency; their durability is determined by their hardness. 
 
 Mineral deposits are natural concentrations of minerals or rocks that may be 
mined commercially.  They include both metallic and nonmetallic minerals and 
rocks. 
 
 Ore deposits or "orebodies" are mineral deposits that are worked for one or 
more metals.  The metals may be present as native elements, oxides, sulfides, 
silicates, or other compounds.  The amount of a mineral required to make a deposit 
economic depends upon many factors.  A deposit which contains 10 tons of very 
high grade iron ore would have little if any commercial value, whereas a deposit 
containing ten million tons of ore of only 38% iron could be of great commercial 
value if located near a steel plant. 
 
 Some mineral deposits are intimately related to the rocks in which they 
occur.  Their occurrence suggests that they and the rock body in which they exist 
are contemporaneous.  Such deposits are referred to as syngenetic.  Deposits formed 
later than the rock in which they occur are called epigenetic deposits. 
 
 Mineral deposits are for the most part natural enrichments and 
concentrations of materials contained in relatively small quantity in the rocks of the 
earth's crust.   
 
 Mineral deposits are seldom made up entirely of valuable metallic or 
nonmetallic minerals.  Minerals of little or no value usually occur with the ore 
minerals.  These minerals are referred to as gangue or gangue minerals. 
 
 Mineral deposits may occur as originally formed, or they may exhibit 
characteristics imposed upon them by such processes as weathering, metamorphism 
or intrusion. 
 
 Mineral deposits vary greatly in size and shape.  Iron deposits formed by 
sedimentary processes exhibit the characteristics of a sedimentary rock - fairly great 
extent and general uniformity of thickness and composition, whereas some gold 
deposits formed by hydrothermal processes occur as networks of small, irregular, 
discontinuous veins.  Between these two extremes mineral deposits may possess 
almost any size or shape. 
 
 Most ores require milling of some kind before they can be used or smelted.  
In milling, from 5 to 25 tons of crude ore may be reduced to one ton of 
concentrates.  Because of differences in ores, a number of different milling 
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processes are currently employed in industry.  Processes most widely used include: 
flotation, gravity concentration, magnetic separation, and solution and precipitation. 
 
 Mineral deposits are usually classified as: magmatic, contact replacement, 
hydrothermal, residual, accumulation and mechanical concentration, sedimentary, 
surficial enrichment, and metamorphic deposits depending upon which geologic 
process was responsible for their formation. 
 
Magmatic Deposits: Some mineral deposits are formed as the result of 
crystallization of a magma.  Valuable minerals may crystallize early or late in the 
"freezing" of the magma or they may remain as residual fluids until after the 
magma has partially or completely solidified.  If the crystallization of the magma is 
simple, valuable minerals contained will be distributed throughout the rock.  In the 
diamond pipes of South Africa, diamonds occur as sparsely disseminated crystals in 
peridotite.  If the crystallization of the magma is complex, however, certain 
constituents may become concentrated in zones.  Early-formed, heavy crystals may 
sink to the bottom of the magma chamber concentrating there to form a mineral 
deposit.  The chromite deposits of the Bushveld Complex of South Africa are 
believed to have formed in this way. 
 
  Late in the crystallization of a magma, ore mineral constituents in residual 
liquids may be segregated in the central part of the magma chamber or injected into 
the enclosing rock to form mineral deposits.  The titaniferous magnetites of the 
Bushveld Complex are believed to have formed by residual liquid separation; the 
magnetites of Kiruan, Sweden by residual liquid injection. 
 
  Pegmatites are coarse-grained bodies of igneous rock which often occur as 
dikes in areas of igneous and metamorphic rocks.  Some pegmatites are small 
regular bodies, others are large and irregular, grading into the enclosing rock.  Most 
pegmatites are composed of feldspar, quartz, and some mica, many also contain a 
variety of rare minerals. 
 
 The residual solutions which crystallize to form pegmatites are generally 
rich in water, fluorine, and boron, which lower the crystallization temperature of 
minerals and facilitate the formation of large crystals. 
 
  In the Black Hills area and in the Appalachian Mountain region, pegmatites 
are mined for feldspar, quartz, mica, beryl, spodumene, columbite, and a number of 
other minerals.  
 
Contact Replacement Deposits: Magmas often contain a considerable amount of 
gases and liquids rich in mineral constituents.  When these magmas crystallize, the 
gases and liquids escape from the magma.  If they invade a favorable host rock, 
metallic and nonmetallic mineral deposits may form along the contact.  The 
character of mineral deposits formed in this way is determined by the composition 
of the magma, the size and depth of the intrusive body and the type of rock 
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intruded.  Magmas which produce contact replacement deposits are usually silicic 
(relatively high in silica). 
 
 Contact replacement deposits are generally irregular in form and of 
comparatively small size, although a few are of major importance.  They are 
characterized by an unusual assemblage of ore and gangue minerals. 
 
 Iron ore deposits at Cornwall, Pennsylvania and Iron Springs, Utah, some of 
the copper deposits at Bisbee, Arizona and Bingham, Utah, and zinc deposits at 
Hanover, New Mexico, to mention a few, are contact deposits. 
 
Hydrothermal Deposits: Most vein and replacement deposits are deposited by hot 
gases and liquids containing dissolved mineral matter coming from igneous bodies; 
hence the term hydrothermal (hot water).  There is considerable difference of 
opinion among geologists as to the state and chemistry of the gases and liquids but 
there is general agreement that these deposits were formed from fluids carrying 
mineral materials in solution.  The deposits include most of the important sources of 
lead, zinc, copper, gold, silver, antimony, bismuth, mercury, and certain deposits of 
tin, tungsten, and other metals and nonmetals.  These deposits develop as cavity 
fillings or through replacement of wallrock.  They are frequently localized along 
fractures, joints, and faults which served as channelways for the solutions.  In some 
cases these deposits may be disseminated within the wallrock material.  Deposition 
may take place through reaction between the solutions and the country rock or 
precipitation may result from a decrease in the temperature and pressure which 
causes a decrease in the solubility of most materials.  The temperature of 
mineralizing solutions ranges from a low of 50 degrees Centigrade to a high of 
about 500 degrees Centigrade.  The association pressures range from high to very 
low.  It is likely that these deposits may form through a vertical range, which 
extends from the surface of the earth down to a depth of several miles. 
 
 Hydrothermal deposits occur in a wide variety of geological situations both 
in regard to structures and associated rocks.  In general there is a relationship 
between the temperature-pressure conditions and the wallrock of specific types of 
mineral deposits.  A zoning of minerals is commonly found in hydrothermal 
deposits.  Minerals that form at high temperatures occur closer to the igneous rock 
source and the minerals with lower temperatures of formation at greater distances 
from the source area.  The lead-zinc deposits in Missouri, the copper deposits at 
Butte, Montana, the gold deposits in the Black Hills, the zinc deposits in eastern 
Tennessee and the lead-silver deposits of Mexico and hundreds of copper, lead, and 
zinc deposits in the western United States are examples of hydrothermal deposits. 
 
 
Surficial Enrichment Deposits: Where ore deposits are exposed at the surface they 
are affected by weathering processes.  Since the weathering is working on an 
unusual material, the weathering effects are different from those found in the more 
common rocks.  In general the ore deposits are rich in sulfides of which pyrite 
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(FeS2) is most common.  The weathering of mineral deposits is a complex process 
in which the chemical processes of oxidation, hydration and carbonation are 
effective.  Oxidation of iron sulfide produces iron oxides, which are stable under 
prevailing weathering conditions, and sulfuric acid, which dissolves other ore 
materials and transports them in the ground water as sulfates.  Below the water 
table the dissolved sulfates react with the pyrite to form new sulfides and remove 
iron sulfate in solution.  This process of secondary enrichment is common in copper 
deposits.  In many cases disseminated copper deposits which are of too low a grade 
in their original occurrence may become commercially important because of 
secondary enrichment.  The iron oxide capping in the outcrop area is referred to as 
a gossan, eisenhut or iron hat .  The occurrence of gossans is one of the geological 
signboards prospectors use to find ore deposits. 
 
Residual Accumulation and Mechanical Concentration Deposits: At the earth's 
surface, where they are exposed to the elements and agents of weathering, minerals 
formed by other processes are often altered with the subsequent formation to new 
minerals.  Soluble materials are removed in solution. Insoluble materials of the 
original rock and new stable minerals may remain as residual deposits.  Minerals 
freed or formed through the process of weathering may be concentrated into 
economic deposits either by residual accumulation or by mechanical means (stream 
action, wave action, and soil creep). 
 
 Requisites for residual concentration deposits are: 1) Presence of rocks 
containing minerals which are in themselves valuable or minerals which can be 
altered to valuable minerals; 2) climatic conditions which favor chemical 
weathering; 3) relief which is not too great; 4) crustal stability. 
 
 Deposits formed by residual concentration include most of the direct 
shipping iron ores of the Lake Superior District, the iron ores of Bilboa, Spain and 
northern Cuba; the manganese deposits of India, Ghana, and Arkansas; and 
essentially all of the world's bauxite deposits. 
 
 Minerals which have a high specific gravity are chemically resistant, and are 
durable (resistant to physical weathering) are often concentrated by gravity 
separation into placer deposits.  Common placer minerals are gold, cassiterite 
(SnO2), magnetite (Fe3O4), ilmenite (FeTiO3) and less commonly, platinum and 
diamond. 
 
 Stream and beach placers are by far the most common types of placers.  
They have yielded great quantities of gold, tin, platinum, and precious stones in all 
parts of the world. 
 
Sedimentary Deposits: Mineral deposits resulting from sedimentation are often 
extensive and valuable.  Because they are formed in much the same way that 
ordinary sedimentary rocks are formed, they possess many of the features of 
sedimentary rocks.  They are composed of inorganic and organic materials, and 
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their source, like that of any sedimentary rock, is other rocks and mineral deposits 
that have been weathered.  Different source materials and variations in the mode of 
origin result in different types of deposits. 
 
 During and following deposition, sediments are usually altered by 
compaction, cementation, recrystallization, solution, and/or replacement.  Resulting 
changes in composition, texture, and structure of the original material may be 
minute or they may be profound. 
 
 Many valuable nonmetallic mineral deposits have been formed by 
evaporation in arid regions.  Extensive salt, gypsum, and potash deposits were 
formed by the gradual evaporation of marine water in shallow, restricted arms of 
oceans; deposits of sodium carbonate, potassium carbonate, borax, and sodium 
sulfate by the evaporation of saline lakes; and some nitrate deposits by the 
evaporation of ground water. 
 
 Important mineral deposits formed by sedimentation include: all coal and oil 
deposits; all limestone deposits; Lake Superior sedimentary iron ores; sulfur 
deposits of Texas, Louisiana, and Mexico; red iron ores of Birmingham, Alabama; 
phosphate beds of Wyoming, Idaho, and Utah; salt, gypsum, and all other evaporite 
deposits.  
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Appendix N -- Cognitive Assessment Instrument used for Pretest 1, Pretest 2, and 
the Posttest 

 
Mining Simulation Test 

 
Directions: Use the tabulated data provided to draft and analyze each map you 
produce from the data to decide on an appropriate location to lease land and test 
drill for valuable metal ores.  Also list, in order of priority, at least two other 
potentially favorable sites.  Use the form provided to write a summary of your 
rationale, which explains why you chose the locations you did.  [Data sets are 
included on the next few pages along with blank maps.] 
 
Location and description of drilling sites chosen (in order of priority): 
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
            
 
1.  Lithologic Analysis 
Lithologic evidence supporting claim for drilling site chosen:   
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2.  Topographic Analysis 
Topographic evidence supporting claim for drilling site chosen:   
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
            
 
3.  Gravimetric Analysis 
Gravimetric evidence supporting claim for drilling site chosen:   
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4.  Structural Analysis 
Structural evidence supporting claim for drilling site chosen:   
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
            
 
5.  Environmental Analysis 
Environmental evidence supporting claim for drilling site chosen:   
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6.  Overlay Analysis 
Evidence supporting claim for drilling site chosen based on overlay analysis: 
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Appendix O – Cognitive Assessment Instrument Grading Rubric 
 

1. Lithologic Reasoning 
 

Excellent (5) 
 

Good (4) 
 

Satisfactory 
(3) 

 

 
Marginally 
Acceptable 

(2) 

 
Unacceptable 

(1) 

Identifies the 
margins 
along 
igneous 
bodies as 
being 
potentially 
favorable test 
drilling sites; 
distinguishes 
between 
granitic and 
other rock 
types; 
disqualifies 
zones away 
from igneous 
contacts as 
favorable 
sites; 
qualifies 
reasoning; 
lists 
alternative 
sites. 
 

Identifies 
igneous 
contacts as 
favorable test 
drilling sites; 
doesn’t 
distinguish 
between 
granitic and 
other rock 
types; doesn’t 
disqualify 
remaining rock 
types as 
unfavorable; 
qualifies 
igneous 
reasoning; lists 
alternative 
sites. 

May identify 
igneous rock 
contacts as 
favorable; 
doesn’t 
qualify 
reasoning; 
lists 
alternative 
sites. 

May identify 
igneous 
contact as 
favorable; 
doesn’t 
qualify; lists 
no alternative 
sites. 

Doesn’t 
identify 
igneous 
contacts as 
favorable test 
drilling sites; 
lists no 
alternative 
sites; no 
qualifications 
of reasoning 
given. 
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2. Topographic Reasoning 

 
Excellent (5) 

 
Good (4) 

 
Satisfactory 

(3) 
 

 
Marginally 
Acceptable 

(2) 

 
Unacceptable 

(1) 

Identifies 
steep regions 
as being 
more 
expensive, 
less cost 
effective, but 
worth the 
investment in 
overall cost-
benefit 
analysis if 
near a 
potential ore 
body; states 
that flat areas 
are less 
expensive; 
lists 
alternative 
sites. 
 

Identifies steep 
areas as being 
more 
expensive; 
states flat areas 
are less 
expensive, 
more desirable 
profit-wise; 
does not 
qualify 
argument; lists 
alternative 
site(s). 

May identify 
steep areas as 
being more 
expensive; 
states flat 
areas are less 
expensive, 
more 
desirable 
profit-wise; 
does not 
qualify 
argument; 
does not list 
alternative 
site(s). 

May identify 
steep areas as 
being more 
expensive; 
does not state 
flat areas are 
less 
expensive, 
more 
desirable 
profit-wise; 
does not 
qualify 
argument; 
does not list 
alternative 
site(s). 

Does not 
identify 
relationship 
between 
steep and 
level 
topographic 
surfaces and 
cost of 
exploration. 
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3. Gravimetric Reasoning 

 
Excellent (5) 

 
Good (4) 

 
Satisfactory 

(3) 
 

 
Marginally 
Acceptable 

(2) 

 
Unacceptable 

(1) 

Identifies 
gravity 
anomaly 
highs as 
being 
potentially 
favorable test 
drilling sites; 
disqualifies 
gravity lows 
in general; 
qualifies 
reasoning; 
lists 
alternative 
sites. 

Identifies 
gravity 
anomaly highs 
as being 
potentially 
favorable test 
drilling sites; 
doesn’t 
disqualify 
gravity lows as 
unfavorable; 
qualifies 
gravimetric 
reasoning; lists 
alternative 
sites. 

Identifies 
gravity 
anomaly 
highs as 
being 
potentially 
favorable test 
drilling sites; 
doesn’t 
disqualify 
gravity lows 
as 
unfavorable; 
doesn’t 
qualify 
gravimetric 
reasoning; 
lists 
alternative 
site(s). 
 

May identify 
gravity highs 
as favorable; 
doesn’t state 
gravity lows 
as being 
unfavorable; 
doesn’t 
qualify 
argument; 
lists no 
alternative 
sites. 

Doesn’t 
identify 
relationships 
between 
gravity highs 
and 
probability 
of locating 
ore bodies 
and favorable 
test drilling 
sites; lists no 
alternative 
sites; no 
qualifications 
of reasoning 
given. 
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4. Structural Reasoning 

 
Excellent (5) 

 
Good (4) 

 
Satisfactory 

(3) 
 

 
Marginally 
Acceptable 

(2) 

 
Unacceptable 

(1) 

Identifies the 
margins 
along faults 
or rock 
contacts as 
being 
potentially 
favorable test 
drilling sites; 
disqualifies 
zones away 
from faults 
and contacts 
as favorable 
sites; 
qualifies 
reasoning; 
lists 
alternative 
sites. 
 

Identifies fault 
zones or rock 
contacts as 
favorable test 
drilling sites; 
doesn’t 
disqualify 
remaining non-
fault zones or 
non-contacts as 
unfavorable; 
qualifies 
structural 
reasoning; lists 
alternative 
sites. 

May identify 
fault zones or 
rock contacts 
as favorable; 
doesn’t 
qualify 
reasoning; 
lists 
alternative 
sites. 

May identify 
fault zones or 
rock contacts 
as favorable; 
doesn’t 
qualify 
reasoning; 
lists no 
alternative 
sites. 

Doesn’t 
identify fault 
zones or rock 
contacts as 
favorable test 
drilling sites; 
lists no 
alternative 
sites; no 
qualifications 
of reasoning 
given. 
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5. Environmental Reasoning 

 
Excellent 

(5) 

 
Good (4) 

 
Satisfactory 

(3) 
 

 
Marginally 
Acceptable 

(2) 

 
Unacceptable 

(1) 

Identifies 
the margins 
along 
wetlands as 
being least 
favorable 
test drilling 
sites; 
qualifies 
zones away 
from 
wetlands as 
favorable 
sites; 
qualifies 
reasoning; 
lists 
alternative 
sites and 
proposals. 

Identifies the 
margins along 
wetlands as 
being least 
favorable test 
drilling sites; 
doesn’t qualify 
remaining 
regions as 
favorable; 
qualifies 
environmental 
reasoning; lists 
alternative 
sites and 
proposals. 

Identifies the 
margins along 
wetlands as 
being least 
favorable test 
drilling sites; 
doesn’t 
qualify 
remaining 
regions as 
favorable; 
doesn’t 
qualify 
environmental 
reasoning; 
lists 
alternative 
sites and 
proposals. 

Identifies the 
margins along 
wetlands as 
being least 
favorable test 
drilling sites; 
doesn’t 
qualify 
remaining 
regions as 
favorable; 
doesn’t 
qualify 
environmental 
reasoning; 
doesn’t list 
alternative 
sites and 
proposals. 

Doesn’t 
identify the 
margins 
along 
wetlands as 
being least 
favorable test 
drilling sites; 
doesn’t 
qualify 
remaining 
regions as 
favorable; 
doesn’t 
qualify 
environ-
mental 
reasoning; 
doesn’t list 
alternative 
sites and 
proposals. 
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6. Overlay Analysis 

 
Excellent (5) 

 
Good (4) 

 
Satisfactory 

(3) 
 

 
Marginally 
Acceptable 

(2) 

 
Unacceptable 

(1) 

Synthesizes 
several 
thematic 
layers into 
one 
comprehen-
sive model 
by accurately 
identifying 
appropriate 
test drilling 
site(s). 

Overlays maps 
onto one 
another but 
some gaps in 
knowledge (i.e. 
correlations 
identified as 
being 
important, but 
some 
misunderstandi
ngs evident). 

Able to 
explain 
usefulness of 
overlaying 
thematic 
layers, but 
doesn’t 
explain 
correlations 
in any detail. 

Able to 
interpret 
single 
thematic 
layers; 
doesn’t show 
understanding 
of correlations 
between 
layers; 
doesn’t 
identify 
usefulness of 
overlay 
analysis. 
 

Does not 
demonstrate 
understand-
ing of 
overlay 
analysis. 
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Appendix P -- Affective Assessment Instrument 
 
 
 
Part 1:   I) Pre-Course Affective Assessment Instruments 
  II) Supplemental Questions 
  III) Information Sheet (demographic survey) 
 
 
Part 2:  I) Post-Course Affective Assessment Instruments 
  II) Supplemental Questions 
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An Evaluation of Values, Interests, and Attitudes  
Related to Earth Science Topics 

 
(Pre-Course Survey) 

 
For Earth Science 5 
Columbia College 

 
 

Instructions 
 
 I am interested in determining student’s values, interests, and attitudes 
toward various Earth Science related topics that we will deal with this semester. 
 
 THIS IS NOT A TEST.  It has no bearing, whatsoever, on your grade.  Your 
responses will remain totally anonymous.  I am asking that you list a personal 
identification number that you will use several times during this semester so that I 
can compare your responses from this questionnaire with those from other 
questionnaires you will complete during the semester.  I will make no attempt to 
identify anyone. 
 
After reading each statement, please respond to it such that I will know if you: 
Strongly Agree (6), Agree (5), Somewhat Agree (4), Somewhat Disagree (3), 
Disagree (2), Strongly Disagree (1).  Circle the number that most closely matches 
how you feel on the scoring sheet.  The following system should be used: 
 
 If you strongly agree with the statement, circle number 6 next to that item 
number on the scoring sheet. 
 
 If you agree with the statement, circle number 5 next to that item number on 
the scoring sheet. 
 
 If you somewhat agree with the statement, circle number 4 next to that item 
number on the scoring sheet. 
 
 If you somewhat disagree with the statement, circle number 3 next to that 
item number on the scoring sheet. 
 
 If you disagree with the statement, circle number 2 next to that item number 
on the scoring sheet. 
 
 If you strongly disagree with the statement, circle number 1 next to that item 
number on the scoring sheet. 
 
 This questionnaire is divided into several major sections: one dealing with 
your values, one with your interests, one with your attitudes, and one with 
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supplementary questions.   Please realize that, in many instances, values, interests, 
and attitudes are interrelated.  For example, you might enjoy (attitude) best those 
things in which you are most interested.  This in not necessarily always the case, 
however.  You might, for example, believe a certain topic is important (value) and 
that you will enjoy it (attitude) although you have no particular interest in that 
topic.  Therefore, please consider each part (importance, interest, and enjoyment) of 
this questionnaire separately by considering the importance to you of the various 
topics, then moving on to your interest in the various topics, and finally your 
enjoyment of the various topics. 
 
 Please respond to ALL questions.  Be sure you use a number two pencil to 
record your responses.  Should you not have one, a pencil will be provided to you.  
And again, please consider each statement thoughtfully and carefully and mark the 
response you truly feel.  THANK YOU. 
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Earth Science 5 Pre-Course Attitude (Enjoyment) Survey 
Your secret identification number:      
 
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
1.  I think I will enjoy learning (or learning more) about: 
 
a.  How the earth functions in terms of the   
 energy sources which drive the various     1   2   3   4   5   6 
 processes at work in both its interior and  
 exterior. 
 
b.  The nature of minerals and their formation.   1   2   3   4   5   6 
 
c.  Igneous, sedimentary, and metamorphic rocks:  
 formation, identification, and weathering    1   2   3   4   5   6 
 into soils. 
 
d.  Geologic time and its implications.   1   2   3   4   5   6 
 
e.  The forces of erosion: mass wasting, stream     
 erosion, glacial erosion, wind erosion, and   1   2   3   4   5   6 
 wave erosion. 
 
f.  Earthquakes as a tool of the geologist.   1   2   3   4   5   6 
 
g.  The interior and exterior of the earth and its     1   2   3   4   5   6 
 relationship to plate tectonics. 
 
h.  Mineral resources and the environment.   1   2   3   4   5   6 
 
i.   How geologists use minerals and rocks to help    1   2   3   4   5   6 
 locate ore deposits. 
 
j.  How geologists use topographic, geologic,    
 gravity, and environmental maps to help locate   1   2   3   4   5   6 
 ore deposits. 
 
k.  How geologists, surveyors, mining engineers,     
 and accountants interact and work together to     1   2   3   4   5   6 
 help mining companies maximize profits while   
 minimizing environmental degradation. 
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Earth Science 5 Pre-Course Interest Survey 
Your secret identification number:        
 
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
3.  I am interested in learning (or learning more) about: 
    
a.  How the earth functions in terms of the    
 energy sources which drive the various     1   2   3   4   5   6 

processes at work in both its interior and  
 exterior. 
 
b.  The nature of minerals and their formation.   1   2   3   4   5   6 
 
c.  Igneous, sedimentary, and metamorphic rocks:  
 formation, identification, and weathering    1   2   3   4   5   6 
 into soils. 
 
d.  Geologic time and its implications.   1   2   3   4   5   6 
 
e.  The forces of erosion: mass wasting, stream     
 erosion, glacial erosion, wind erosion, and   1   2   3   4   5   6 
 wave erosion. 
 
f.  Earthquakes as a tool of the geologist.   1   2   3   4   5   6 
 
g.  The interior and exterior of the earth and its     1   2   3   4   5   6 

relationship to plate tectonics. 
 
h.  Mineral resources and the environment.   1   2   3   4   5   6 
 
i.   How geologists use minerals and rocks to help    1   2   3   4   5   6 

locate ore deposits. 
 
j.  How geologists use topographic, geologic,    
 gravity, and environmental maps to help locate   1   2   3   4   5   6 
 ore deposits. 
 
k.  How geologists, surveyors, mining engineers,     
 and accountants interact and work together to     1   2   3   4   5   6 
 help mining companies maximize profits while   
 minimizing environmental degradation. 
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Earth Science 5 Pre-Course Values (Importance) Survey 
Your secret identification number:        
  
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
5.  I think it is important to learn more (or more about): 
 
a.  How the earth functions in terms of the      
 energy sources which drive the various     1   2   3   4   5   6 
 processes at work in both its interior and  
 exterior. 
 
b.  The nature of minerals and their formation.   1   2   3   4   5   6 
 
c.  Igneous, sedimentary, and metamorphic rocks:  
 formation, identification, and weathering    1   2   3   4   5   6 
 into soils. 
 
d.  Geologic time and its implications.   1   2   3   4   5   6 
 
e.  The forces of erosion: mass wasting, stream     
 erosion, glacial erosion, wind erosion, and   1   2   3   4   5   6 
 wave erosion. 
 
f.  Earthquakes as a tool of the geologist.   1   2   3   4   5   6 
 
g.  The interior and exterior of the earth and its     1   2   3   4   5   6 
 relationship to plate tectonics. 
 
h.  Mineral resources and the environment.   1   2   3   4   5   6 
 
i.   How geologists use minerals and rocks to help    1   2   3   4   5   6 
 locate ore deposits. 
 
j.  How geologists use topographic, geologic,    
 gravity, and environmental maps to help locate   1   2   3   4   5   6 
 ore deposits. 
 
k.  How geologists, surveyors, mining engineers,     
 and accountants interact and work together to     1   2   3   4   5   6 
 help mining companies maximize profits while   
 minimizing environmental degradation. 
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Earth Science 5 Pre-Course Survey -- Supplemental Questions 
Your secret identification number:        
  
1.  I am taking Earth Science 5 because: 
 
a) I wanted to take this course because I am interested in earth science and/or I 

believe it is important and/or I just enjoy it. 
b) I had to take this course because of the general education requirements of 

Columbia College, but I did not really want to. 
c) I needed an elective and heard that this class was easy. 
d) I needed an elective and just picked this course “out of the hat”. 
e) A reason other than those mentioned above. 
 
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
2.  If Earth Science 5 were not required for general   1   2   3   4   5   6 

education, I would still elect to take this course. 
 
3.  I believe it is important for the average citizen   1   2   3   4   5   6 

to know about (or have an appreciation for) science. 
 
4.  I feel I now have an appreciation for (or under-  

standing of) what science is and what science  1   2   3   4   5   6 
has done and/or can do. 

 
5.  I think I will enjoy this course.    1   2   3   4   5   6 
 
6.  I think this course is important.    1   2   3   4   5   6 
 
7.  I believe this course will be interesting.   1   2   3   4   5   6 
 
8.  I think simulation activities and role playing  
 are worthwhile learning activities in college  1   2   3   4   5   6 
 level courses. 
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Earth Science 5 Pre-Course Survey -- Information Sheet 
 
Your secret identification number:        
  
 
Age:       
 
Year in school:      
 
Ethnicity:         
 
Gender: male    female      
 
Major:            
  
 
How many semesters of science did you have in high school?     
 
How many other science courses have you had at the college level previous to this 
one? 
     
 
Where did you go to high school (city and state)?      
           
  
 
Approximately how many students were in your high school graduating  
class?     
 
What was your final high school grade average?       
 
What is your present college grade point average?       
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An Evaluation of Values, Interests, and Attitudes Related to Earth Science Topics 
(Post-Course) For Earth Science 5 

Columbia College 
 
Instructions 
 
 I am interested in determining student’s values, interests, and attitudes 
toward various Earth Science related topics that we will deal with this semester. 
 
 THIS IS NOT A TEST.  It has no bearing, whatsoever, on your grade.  Your 
responses will remain totally anonymous.  I am asking that you list a personal 
identification number that you will use several times during this semester so that I 
can compare your responses from this questionnaire with those from other 
questionnaires you will complete during the semester.  I will make no attempt to 
identify anyone. 
 
After reading each statement, please respond to it such that I will know if you: 
Strongly Agree (6), Agree (5), Somewhat Agree (4), Somewhat Disagree (3), 
Disagree (2), Strongly Disagree (1).  Circle the number that most closely matches 
how you feel on the scoring sheet.  The following system should be used: 
 
If you strongly agree with the statement, circle number 6 next to that item number 
on the scoring sheet. 
 
 If you agree with the statement, circle number 5 next to that item number on 
the scoring sheet. 
 
 If you somewhat agree with the statement, circle number 4 next to that item 
number on the scoring sheet. 
 
 If you somewhat disagree with the statement, circle number 3 next to that 
item number on the scoring sheet. 
 
 If you disagree with the statement, circle number 2 next to that item number 
on the scoring sheet. 
 
 If you strongly disagree with the statement, circle number 1 next to that item 
number on the scoring sheet. 
 
 This questionnaire is divided into several major sections: one dealing with 
your values, one with your interests, one with your attitudes, and one with 
supplementary questions.   Please realize that, in many instances, values, interests, 
and attitudes are interrelated.  For example, you might enjoy (attitude) best those 
things in which you are most interested.  This in not necessarily always the case, 
however.  You might, for example, believe a certain topic is important (value) and 
that you will enjoy it (attitude) although you have no particular interest in that 
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topic.  Therefore, please consider each part (importance, interest, and enjoyment) of 
this questionnaire separately by considering the importance to you of the various 
topics, then moving on to your interest in the various topics, and finally your 
enjoyment of the various topics. 
 
 Please respond to ALL questions.  Be sure you use a number two pencil to 
record your responses.  Should you not have one, a pencil will be provided to you.  
And again, please consider each statement thoughtfully and carefully and mark the 
response you truly feel.  THANK YOU. 
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Earth Science 5 Post-Course Attitude (Enjoyment) Survey 
Your secret identification number:         
 
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
2.  I enjoyed learning (or learning more) about: 
 
a.  How the earth functions in terms of the       
 energy sources which drive the various     1   2   3   4   5   6 
 processes at work in both its interior and  
 exterior. 
 
b.  The nature of minerals and their formation.   1   2   3   4   5   6 
 
c.  Igneous, sedimentary, and metamorphic rocks:  
 formation, identification, and weathering    1   2   3   4   5   6 
 into soils. 
 
d.  Geologic time and its implications.   1   2   3   4   5   6 
 
e.  The forces of erosion: mass wasting, stream      
 erosion, glacial erosion, wind erosion, and   1   2   3   4   5   6 
 wave erosion. 
 
f.  Earthquakes as a tool of the geologist.   1   2   3   4   5   6 
 
g.  The interior and exterior of the earth and its     1   2   3   4   5   6 
 relationship to plate tectonics. 
 
h.  Mineral resources and the environment.   1   2   3   4   5   6 
 
i.   How geologists use minerals and rocks to help    1   2   3   4   5   6 
 locate ore deposits.      
 
j.  How geologists use topographic, geologic,     
 gravity, and environmental maps to help locate   1   2   3   4   5   6 
 ore deposits. 
 
k.  How geologists, surveyors, mining engineers,     
 and accountants interact and work together to     1   2   3   4   5   6 
 help mining companies maximize profits while   
 minimizing environmental degradation. 
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Earth Science 5 Post-Course Interest Survey 

Your secret identification number:        
  
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
4.  I was interested in learning (or learning more) about: 
 
a.  How the earth functions in terms of the      
 energy sources which drive the various     1   2   3   4   5   6 
 processes at work in both its interior and  
 exterior. 
 
b.  The nature of minerals and their formation.   1   2   3   4   5   6 
 
c.  Igneous, sedimentary, and metamorphic rocks:  
 formation, identification, and weathering    1   2   3   4   5   6 
 into soils. 
 
d.  Geologic time and its implications.   1   2   3   4   5   6 
 
e.  The forces of erosion: mass wasting, stream     
 erosion, glacial erosion, wind erosion, and   1   2   3   4   5   6 
 wave erosion. 
 
f.  Earthquakes as a tool of the geologist.   1   2   3   4   5   6 
 
g.  The interior and exterior of the earth and its     1   2   3   4   5   6 
 relationship to plate tectonics. 
 
h.  Mineral resources and the environment.   1   2   3   4   5   6 
 
i.   How geologists use minerals and rocks to help    1   2   3   4   5   6 
 locate ore deposits. 
 
j.  How geologists use topographic, geologic,    
 gravity, and environmental maps to help locate   1   2   3   4   5   6 
 ore deposits. 
 
k.  How geologists, surveyors, mining engineers,     
 and accountants interact and work together to     1   2   3   4   5   6 
 help mining companies maximize profits while   
 minimizing environmental degradation. 

 126



Earth Science 5 Post-Course Values (Importance) Survey 
Your secret identification number:       
 
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
6.  I thought it was important to learn more (or more about): 
 
a.  How the earth functions in terms of the       
 energy sources which drive the various     1   2   3   4   5   6 
 processes at work in both its interior and  
 exterior. 
 
b.  The nature of minerals and their formation.   1   2   3   4   5   6 
 
c.  Igneous, sedimentary, and metamorphic rocks:  
 formation, identification, and weathering    1   2   3   4   5   6 
 into soils. 
 
d.  Geologic time and its implications.   1   2   3   4   5   6 
 
e.  The forces of erosion: mass wasting, stream     1   2   3   4   5   6 
 erosion, glacial erosion, wind erosion, and  
 wave erosion. 
 
f.  Earthquakes as a tool of the geologist.   1   2   3   4   5   6 
 
g.  The interior and exterior of the earth and its     1   2   3   4   5   6 
 relationship to plate tectonics. 
 
h.  Mineral resources and the environment.   1   2   3   4   5   6 
 
i.   How geologists use minerals and rocks to help    1   2   3   4   5   6 
 locate ore deposits. 
 
j.  How geologists use topographic, geologic,    1   2   3   4   5   6 

gravity, and environmental maps to help locate  
 ore deposits. 
 
k.  How geologists, surveyors, mining engineers,      
 and accountants interact and work together to     1   2   3   4   5   6 
 help mining companies maximize profits while   
 minimizing environmental degradation. 

 127



 
Earth Science 5 Post-Course Survey -- Supplemental Questions 

Your secret identification number:        
 
Please respond to the following statements using this scale: Strongly Agree (6), 
Agree (5), Somewhat Agree (4), Somewhat Disagree (3), Disagree (2), Strongly 
Disagree (1).  Circle the number that most closely matches how you feel at this 
time. 
 
1.  Now that I have completed Earth Science 5, if the  
 opportunity arose in the future, I would recom-  1   2   3   4   5   6 
 mend this course to a fellow student. 
 
2.  If Earth Science 5 were not required for general   1   2   3   4   5   6 
 education, I would still elect to take this course. 
 
3.  I believe it is important for the average citizen to   1   2   3   4   5   6 
 know about (or have an appreciation for) science. 
 
4.  I feel I now have an appreciation for (or under-  
 standing of) what science is and what science  1   2   3   4   5   6 
 has done and/or can do. 
 
5.  I have enjoyed this course.     1   2   3   4   5   6 
 
6.  I think this course was important.    1   2   3   4   5   6 
 
7.  I believe this course was interesting.   1   2   3   4   5   6 
 
8.  I think simulation activities and role playing  
 are worthwhile learning activities in college  1   2   3   4   5   6 
 level courses. 
 
9.  I think the mining simulation would work well   1   2   3   4   5   6 
 in earth science classes with other instructors. 
 
10.  If my schedule allowed, I would seriously   1   2   3   4   5   6 

 consider taking another earth science course  
 sometime in the future. 
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Appendix Q -- Consent Form 
 

Adult Consent for Own Participation 
 
 I would like you to participate in a research study titled: “The Effectiveness 
of a Mining Simulation Activity on the Cognitive and Affective Achievement of 
Students in a Lower Division Physical Geology Course”.  The purpose of the study 
is to gain a better understanding of how a particular mining simulation activity 
effects critical thinking/geological reasoning and attitudes, interests, and values of 
students enrolled in Earth Science 5.  If you decide to participate, your involvement 
will occur during the normal laboratory hours during weeks 9 through 11.  You will 
simply complete the normal class activities during that time and the results will be 
analyzed to assess the effects mentioned above. 
 
 Your participation in the class is required, but your results don’t have to be 
used in the study if, for some reason, you don’t want them to be.  Your grades or 
class standing will not be affected in any way if you decide not to participate.  All 
information will be number coded and strictly confidential.  Your identity will not 
be revealed without your written consent. 
 
 Do you have any questions?  If so, please feel free to contact me at: 
 
   Jeff Tolhurst 
   Earth and Computer Science Instructor 
   Columbia College 
   11600 Columbia College Drive 
   Sonora, California 95370 
   tolhurstj@yosemite.cc.ca.us 
   (209) 588-5235 voice 
   (209) 588-5104 fax 
 
 Please read the following paragraph and, if you agree to participate, please 
sign below. 
 
 I understand that any information about me obtained from this research will 
be kept strictly confidential.  I do understand that my research records may be 
subpoenaed by court order or may be inspected by federal regulatory authorities. 
 
 
Signature            Date:     
Investigator            Date:     
 
 
Please place your initials here acknowledging receipt of a copy of this  
consent form.     
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Appendix R - Cloze Procedure 

 “Cloze” refers to the psychological principle of closure.  A cloze test 
determines how well students can read a particular text or reading selection as a 
result of their interaction with the material.  Simply defined, the cloze procedure is 
a method by which one systematically deletes words from a text passage and then 
evaluates students’ ability to accurately supply the words that were deleted.  An 
encounter with a cloze passage should reveal the interplay between the prior 
knowledge that students bring to the reading task and their language competence.   
 A cloze test is constructed by selecting a random passage of approximately 
275 words from the text that students have not yet read.  Every fifth word is deleted 
starting from the second sentence until 50 words are deleted.  The last sentence is 
left intact.  A blank is inserted for the deleted word.  Students are instructed to fill 
in the blanks.  Every exact word is counted as correct – synonyms are not counted.   
The total number of correct words is multiplied by two to determine the correct 
percentage score.  A score of 40-60% indicates the passage can be read with some 
competence by students.  A score over 60% indicates the students may be able to 
read the material without guidance.  A score below 40% indicates the passage will 
probably be too difficult for students.  (See Vacca and Vacca, 1986). 
 

Cloze Procedure 

Folds are bends or wave-like features in layered rock.  Folded rock can be 

__________ to several layers of___________ or blankets that have __________  

pushed into a series __________arches and troughs.   Oftentimes __________ in 

rock can be __________ in roadcuts or other __________.  When the arches and 

__________ of folds are concealed  (__________ when they exist on __________   

grand scale), geologists can __________ determine the presence of ____________ 

by noticing repeated reversals __________ the direction of dip __________  on 

outcrops in the __________  or shown on a  __________  map. 

The fact that __________ rock is folded shows __________ it was strained 

plastically __________ than by elastic or  __________ strain.  Yet the rock 

__________ in outcrops is generally __________ and shatters when struck  

__________ a hammer.   The rock __________ not metamorphosed (most 

metamorphic rock _________  intensely folded because it __________  plastic 

under the high __________  and temperature environment of __________  burial 

and tectonic stresses).   __________ folding took place ____________  pressure 

favors plastic behavior.  __________, folding could have taken __________ close 
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to the surface __________ a very low rate __________ strain.  (When we strike 

__________ rock with a hammer, __________ strain rate is very high _________ 

the point of impact). 
 
Geometry of Folds 

__________ the geometry or shape ___________ folds may have important 

__________ implications because many oil __________ gas deposits and also 

___________ metallic mineral deposits are __________ in folded rocks (see 

__________ 21).   The geometry of  __________  is also important in  __________ 

how a rock was __________ and how it might __________ related to the movement 

__________ tectonic plates.  Folds are __________ associated with compressive 

stresses along convergent plate boundaries, but are also commonly formed where 

rock has been sheared along a fault. 
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Appendix S –  Cloze Procedure Key 

 

1. compared    26. is 

2. rugs     27. pressure 

3. been     28. deep 

4. of     29. Perhaps 

5. folds    30. when 

6. seen     31. Alternatively 

7. exposures    32. place 

8. troughs    33. under 

9. or     34. of 

10. a     35. a 

11. still    36. the 

12. folds    37. at 

13. in     38. Determining 

14. taken    39. of 

15. field    40. economic 

16. geologic    41. and 

17. the      42. some 

18. that    43. localized 

19. rather    44. chapter 

20. brittle    45. folds 

21. exposed    46. unraveling 

22. brittle    47. strained 

23. with    48. be 

24. is     49. of 

25. is     50. usually
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Appendix T - Logical Reasoning Instrument 
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Appendix U – Logical Reasoning Instrument Key  

 

1. d    11. E    21. c & e 

2. d    12. d 

3. e    13. b 

4. d    14. b 

5. d    15. e 

6. c    16. b & e 

7. d    17. d, f, & l 

8. a    18. d & g 

9. b    19. c, e, & k 

10. b    20. c, f, & k 

 
In order to be counted correct, questions 16-21 must be marked exactly as they are 
marked on the key. 
   

 

RATING 

Formal    14-21 

Transitional     8-13 
Concrete or below    0-7
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Appendix V –Cloze Procedure/Logical Reasoning Equivalency Results 
 
C = control group; T = treatment group 
 
Two Sample T-Test and Confidence Interval 
 
Two sample T for CLOZE (Control) vs CLOZE (Treatment) 
 
            N      Mean     StDev   SE Mean 
CLOZE (C)  31     18.65      7.21       1.3 
CLOZE (T)  48     16.25      4.39      0.63 
 
95% CI for mCLOZE (C - mCLOZE (T: ( -0.5,  5.30) 
T-Test mCLOZE (C = mCLOZE (T (vs not =): T = 1.66   
P = 0.10  DF = 44 
 
 
Two Sample T-Test and Confidence Interval 
 
Two sample T for Reasoning (Control) vs Reasoning 
(Treatment) 
 
            N      Mean     StDev   SE Mean 
Reasoning  31     12.74      3.79      0.68 
Reasoning  47     13.57      3.65      0.53 
 
95% CI for mReasoning - mReasoning: ( -2.56,  0.89) 
T-Test mReasoning = mReasoning (vs not =): T = -0.96   
P = 0.34  DF = 62 
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Appendix V – Instructor Assessment Instrument 
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 The following is optional. 

1. What were the strong points of the course and/or the instructor?  

 

 

 

 

 

 

 

 

2. What were the weak points of the course and/or the instructor? 

 

 

 

 

 

 

 

 

 3.  How could the course be improved? 
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Appendix W – T-Tests and Confidence Intervals for Instructor Evaluations 

q = question #; c = control group; t = treatment group; (eg. q14t = treatment group, 
question number 14) 
 

Two Sample T-Test and Confidence Interval 
Two sample T for q1c vs q1t 
 
      N      Mean     StDev   SE Mean 
q1c  31     3.871     0.428     0.077 
q1t  49     3.939     0.242     0.035 
 
95% CI for mq1c - mq1t: ( -0.238,  0.102) 
T-Test mq1c = mq1t (vs not =): T = -0.81   
P = 0.43  DF = 42 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q2c vs q2t 
 
      N      Mean     StDev   SE Mean 
q2c  31     3.968     0.180     0.032 
q2t  49   3.99980   0.00143   0.00020 
 
95% CI for mq2c - mq2t: ( -0.098,  0.03383) 
T-Test mq2c = mq2t (vs not =): T = -0.99   
P = 0.33  DF = 30 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q3c vs q3t 
 
      N      Mean     StDev   SE Mean 
q3c  31   3.99968   0.00180   0.00032 
q3t  49     3.959     0.200     0.029 
 
95% CI for mq3c - mq3t: ( -0.01693,  0.098) 
T-Test mq3c = mq3t (vs not =): T = 1.42   
P = 0.16  DF = 48 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q4c vs q4t 
 
      N      Mean     StDev   SE Mean 
q4c  31   3.99968   0.00180   0.00032 
q4t  49     3.980     0.143     0.020 
 
95% CI for mq4c - mq4t: ( -0.02095,  0.061) 
T-Test mq4c = mq4t (vs not =): T = 0.98   
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P = 0.33  DF = 48 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q5c vs q5t 
 
      N      Mean     StDev   SE Mean 
q5c  31   3.99968   0.00180   0.00032 
q5t  49     3.959     0.200     0.029 
 
95% CI for mq5c - mq5t: ( -0.01693,  0.098) 
T-Test mq5c = mq5t (vs not =): T = 1.42   
P = 0.16  DF = 48 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q6c vs q6t 
 
      N      Mean     StDev   SE Mean 
q6c  31     3.968     0.180     0.032 
q6t  49     3.939     0.242     0.035 
 
95% CI for mq6c - mq6t: ( -0.065,  0.123) 
T-Test mq6c = mq6t (vs not =): T = 0.61   
P = 0.54  DF = 75 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q7c vs q7t 
 
      N      Mean     StDev   SE Mean 
q7c  31     3.903     0.301     0.054 
q7t  49     3.837     0.373     0.053 
 
95% CI for mq7c - mq7t: ( -0.085,  0.218) 
T-Test mq7c = mq7t (vs not =): T = 0.88   
P = 0.38  DF = 73 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q8c vs q8t 
 
      N      Mean     StDev   SE Mean 
q8c  31     3.935     0.250     0.045 
q8t  49     3.959     0.200     0.029 
 
95% CI for mq8c - mq8t: ( -0.130,  0.083) 
T-Test mq8c = mq8t (vs not =): T = -0.45   
P = 0.66  DF = 53 
 
Two Sample T-Test and Confidence Interval 
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Two sample T for q9c vs q9t 
 
      N      Mean     StDev   SE Mean 
q9c  31   3.99968   0.00180   0.00032 
q9t  49     3.959     0.286     0.041 
 
95% CI for mq9c - mq9t: ( -0.04158,  0.123) 
T-Test mq9c = mq9t (vs not =): T = 0.99   
P = 0.33  DF = 48 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q10c vs q10t 
 
       N      Mean     StDev   SE Mean 
q10c  31     3.774     0.497     0.089 
q10t  49     3.857     0.354     0.051 
 
95% CI for mq10c - mq10t: ( -0.289,  0.123) 
T-Test mq10c = mq10t (vs not =): T = -0.81   
P = 0.42  DF = 49 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q11c vs q11t 
 
       N      Mean     StDev   SE Mean 
q11c  31     3.839     0.454     0.082 
q11t  49     3.878     0.331     0.047 
 
95% CI for mq11c - mq11t: ( -0.228,  0.151) 
T-Test mq11c = mq11t (vs not =): T = -0.41   
P = 0.68  DF = 50 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q12c vs q12t 
 
       N      Mean     StDev   SE Mean 
q12c  31     3.710     0.529     0.095 
q12t  49     3.816     0.441     0.063 
 
95% CI for mq12c - mq12t: ( -0.335,  0.122) 
T-Test mq12c = mq12t (vs not =): T = -0.94   
P = 0.35  DF = 55 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q13c vs q13t 
 
       N      Mean     StDev   SE Mean 
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q13c  31     3.742     0.445     0.080 
q13t  49     3.796     0.407     0.058 
 
95% CI for mq13c - mq13t: ( -0.252,  0.144) 
T-Test mq13c = mq13t (vs not =): T = -0.55   
P = 0.59  DF = 59 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q14c vs q14t 
 
       N      Mean     StDev   SE Mean 
q14c  31     3.968     0.180     0.032 
q14t  49     3.918     0.277     0.040 
 
95% CI for mq14c - mq14t: ( -0.052,  0.151) 
T-Test mq14c = mq14t (vs not =): T = 0.97   
P = 0.34  DF = 77 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q15c vs q15t 
 
       N      Mean     StDev   SE Mean 
q15c  31     3.774     0.497     0.089 
q15t  49     3.837     0.373     0.053 
 
95% CI for mq15c - mq15t: ( -0.271,  0.146) 
T-Test mq15c = mq15t (vs not =): T = -0.60   
P = 0.55  DF = 51 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q16c vs q16t 
 
       N      Mean     StDev   SE Mean 
q16c  31     3.903     0.301     0.054 
q16t  49     3.510     0.711      0.10 
 
95% CI for mq16c - mq16t: ( 0.164,  0.62) 
T-Test mq16c = mq16t (vs not =): T = 3.42   
P = 0.0011  DF = 70 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q17c vs q17t 
 
       N      Mean     StDev   SE Mean 
q17c  31     3.968     0.180     0.032 
q17t  49     3.898     0.306     0.044 
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95% CI for mq17c - mq17t: ( -0.038,  0.178) 
T-Test mq17c = mq17t (vs not =): T = 1.28   
P = 0.20  DF = 77 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q18c vs q18t 
 
       N      Mean     StDev   SE Mean 
q18c  31     3.194     0.980      0.18 
q18t  48      2.83      1.19      0.17 
 
95% CI for mq18c - mq18t: ( -0.13,  0.85) 
T-Test mq18c = mq18t (vs not =): T = 1.46   
P = 0.15  DF = 72 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q19c vs q19t 
 
       N      Mean     StDev   SE Mean 
q19c  31     3.871     0.341     0.061 
q19t  49     3.898     0.368     0.053 
 
95% CI for mq19c - mq19t: ( -0.188,  0.134) 
T-Test mq19c = mq19t (vs not =): T = -0.33   
P = 0.74  DF = 67 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q20c vs q20t 
 
       N      Mean     StDev   SE Mean 
q20c  31     3.935     0.359     0.065 
q20t  49    3.9898    0.0714     0.010 
 
95% CI for mq20c - mq20t: ( -0.188,  0.079) 
T-Test mq20c = mq20t (vs not =): T = -0.83   
P = 0.41  DF = 31 
 
Two Sample T-Test and Confidence Interval 
Two sample T for q21c vs q21t 
 
       N      Mean     StDev   SE Mean 
q21c  31     3.468     0.618      0.11 
q21t  49     3.337     0.534     0.076 
 
95% CI for mq21c - mq21t: ( -0.14,  0.401) 
T-Test mq21c = mq21t (vs not =): T = 0.97   
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P = 0.33  DF = 57 
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Appendix X – Chi-Square Tests 
 
Chi-Square Test (Gender) 
Expected counts are printed below observed counts 
 
     Treatment  Control    Total 
    Male    25       12       37 
         22.66    14.34 
 
    Female  24       19       43 
         26.34    16.66 
 
Total       49       31       80 
 
Chi-Sq =  0.241 +  0.381 + 
          0.207 +  0.328 = 1.158 
DF = 1, P-Value = 0.282 
 
 
Chi-Square Test (Age) 
Expected counts are printed below observed counts 
 
     Treatment  Control    Total 
    15-20   22       13       35 
         21.44    13.56 
 
    21-25   13        7       20 
         12.25     7.75 
 
    >26     14       11       25 
         15.31     9.69 
 
Total       49       31       80 
 
Chi-Sq =  0.015 +  0.023 + 
          0.046 +  0.073 + 
          0.112 +  0.178 = 0.447 
DF = 2, P-Value = 0.800 
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Chi-Square Test (Ethnicity) 
Expected counts are printed below observed counts 
 
         Treatment  Control    Total 
    White       43       28       71 
             43.29    27.71 
 
    Other        7        4       11 
              6.71     4.29 
 
Total           50       32       82 
 
Chi-Sq =  0.002 +  0.003 + 
          0.013 +  0.020 = 0.038 
DF = 1, P-Value = 0.846 
1 cells with expected counts less than 5.0 
 
 
Chi-Square Test  (Year in College) 
Expected counts are printed below observed counts 
 
     Treatment  Control    Total 
    Frosh   19        9       28 
         17.15    10.85 
 
    Soph    30       22       52 
         31.85    20.15 
 
Total       49       31       80 
 
Chi-Sq =  0.200 +  0.315 + 
          0.107 +  0.170 = 0.792 
DF = 1, P-Value = 0.373 
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Chi-Square Test (Major) 
Expected counts are printed below observed counts 
 
        Treatment  Control    Total 
    Math/Sci   10       12       22 
            13.48     8.53 
 
    Lib.Stud.  13        4       17 
            10.41     6.59 
 
    Vocational  7        2        9 
             5.51     3.49 
 
    Other      12       10       22 
            13.48     8.53 
 
    Undecided   7        3       10 
             6.12     3.87 
 
Total          49       31       80 
 
Chi-Sq =  0.896 +  1.416 + 
          0.643 +  1.016 + 
          0.401 +  0.634 + 
          0.161 +  0.255 + 
          0.125 +  0.198 = 5.747 
DF = 4, P-Value = 0.219 
2 cells with expected counts less than 5.0 
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Chi-Square Test (Semesters of High School Science) 
Expected counts are printed below observed counts 
 
     Treatment  Control    Total 
    0-2     16        8       24 
         14.89     9.11 
 
    3-4     21       11       32 
         19.85    12.15 
 
    5-6      9        6       15 
          9.30     5.70 
 
    7 or >   3        5        8 
          4.96     3.04 
 
Total       49       30       79 
 
Chi-Sq =  0.083 +  0.136 + 
          0.067 +  0.109 + 
          0.010 +  0.016 + 
          0.776 +  1.267 = 2.465 
DF = 3, P-Value = 0.482 
2 cells with expected counts less than 5.0 
 
 
Chi-Square Test (Semesters of Other College Science)  
Expected counts are printed below observed counts 
 
     Treatment  Control    Total 
    0       17       11       28 
         17.37    10.63 
 
    1       10        5       15 
          9.30     5.70 
 
    2 or >  22       14       36 
         22.33    13.67 
 
Total       49       30       79 
 
Chi-Sq =  0.008 +  0.013 + 
          0.052 +  0.085 + 
          0.005 +  0.008 = 0.170 
DF = 2, P-Value = 0.918 
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Chi-Square Test (High School GPA) 
Expected counts are printed below observed counts 
 
             Treatment  Control    Total 
    2.00-2.49        9        6       15 
                  9.55     5.45 
 
    2.50-2.99       16        2       18 
                 11.45     6.55 
 
    3.00-3.49       15       10       25 
                 15.91     9.09 
 
    3.50-4.00        9       10       19 
                 12.09     6.91 
 
Total               49       28       77 
 
Chi-Sq =  0.031 +  0.055 + 
          1.804 +  3.157 + 
          0.052 +  0.091 + 
          0.790 +  1.383 = 7.362 
DF = 3, P-Value = 0.061 
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Chi-Square Test (College GPA) 
Expected counts are printed below observed counts 
 
             Treatment  Control     Total 
    2.00-2.49        6        3         9 
                  5.51     3.49 
 
    2.50-2.99       11        8        19 
                 11.64     7.36 
 
    3.00-3.49       15        9        24 
                 14.70     9.30 
 
    3.50-4.00        12        7       19 
                  11.64     7.36 
 
    1st Semester       5       4         9 
                   5.51     3.49 
 
Total                49       31       80 
 
Chi-Sq =  0.043 +  0.068 + 
          0.035 +  0.055 + 
          0.006 +  0.010 + 
          0.011 +  0.018 + 
          0.048 +  0.075 = 0.369 
DF = 4, P-Value = 0.985 
2 cells with expected counts less than 5.0 

 155



Chi-Square Test (Number of Students in High School 
Graduating Class) 
Expected counts are printed below observed counts 
 
           Treatment  Control    Total 
    < 199         14       12       26 
               16.00    10.00 
 
    200-499       27       14       41 
               25.23    15.77 
 
    >500           7        4       11 
                6.77     4.23 
 
Total             48       30       78 
 
Chi-Sq =  0.250 +  0.400 + 
          0.124 +  0.198 + 
          0.008 +  0.013 = 0.993 
DF = 2, P-Value = 0.609 
1 cells with expected counts less than 5.0 
 
 
Chi-Square Test (High School Location) 
Expected counts are printed below observed counts 
 
                Treatment  Control    Total 
    Local County       26       18       44 
                    26.95    17.05 
 
    Other              23       13       36 
                    22.05    13.95 
 
Total                  49       31       80 
 
Chi-Sq =  0.033 +  0.053 + 
          0.041 +  0.065 = 0.192 
DF = 1, P-Value = 0.661 
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Appendix Z –Independent Scorer Results 
 
 
 
Two Sample T-Test and Confidence Interval (Pilot Group) 
Two sample T for Jeff vs Interrator 
 
            N      Mean     StDev   SE Mean 
Jeff        5     20.40      4.39       2.0 
Interrater  5     19.80      3.77       1.7 
 
95% CI for mJeff - mInterrat: ( -5.5,  6.7) 
T-Test mJeff = mInterrat (vs not =): T = 0.23   
P = 0.82  DF = 7 
 
 
 
 
Two Sample T-Test and Confidence Interval (Experimental 
Group) 
Two sample T for Jeff vs Interrator 
 
             N      Mean     StDev   SE Mean 
Jeff        24     10.46      3.46      0.71 
Interrater  24      9.08      2.38      0.48 
 
95% CI for mJeff - mInterrat: ( -0.36,  3.11) 
T-Test mJeff = mInterrat (vs not =): T = 1.60   
P = 0.12  DF = 40 
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