
Chapter 1 Draft- Rachel Strivelli's Thesis

1.1 The Need to Raise Awareness about Soil Science 

With the onset of global food shortages and climate change, people are becoming more 

aware of the negative effects of certain anthropogenic activities on the earth's processes. 

Ameliorating the effects of these activities is a task that will call for collective individual, 

national, and global action. Two of the most expansive and multifaceted environmental issues 

of our time, land conservation and global climate change, will require informed citizens and 

governments ready to take action. Management and health of the world's natural resources 

affects all of us, yet a small selection of groups and individuals will make the decisions that 

impact our collective resources. Human land use impacts CO2 levels in the atmosphere and 

carbon cycling, in the clearing of land, leveling of forests, cultivation of crops, etc.; since the 

Industrial Revolution, approximately 35% of the CO2 emissions are a result of human land-

use decisions (Foley et al., 2005). Without communication and transference of knowledge of 

the effects of anthropogenic land-use on the entire ecosystem, individuals will not be 

equipped to make daily decisions that are scientifically sound and sustainable.  

The United States National Research Council identified  “earth's critical zone,” the interface 

between biosphere, hydrosphere, lithosphere, and atmosphere, as one of the most 

compelling areas for research in the 21st century (1996). On land, this critical zone is 

composed predominantly of soil.  Soil serves many ecosystem functions and provides 

humans with the ability to produce fuel, food, and fodder, as well as having varied historical 

and cultural significance. Throughout history, humans have impacted the soil through various 

activities (clearing land, practicing agriculture, building structures) which are deemed 

necessary for our survival.  These actions have been both enriching and degrading the soil 

(Hillel, 1991; Goudie, 2006; Richter, 2007).  As the human population has increased and 

covered more expansive areas of earth, the signs of human-induced soil degradation have 

continued to appear.  It is estimated that since pre-agricultural times, humans have changed 

1760 million square kilometers from a natural state to a cultivated state (Goudie, 2006). In 

1950, there were 115 million km2 of vegetated, non-human-degraded land on Earth. When 

assessed again in 1990, 9 million km2 (approximately the size of China) have become 

“moderately degraded” and 3 million km2 were “severely degraded” (FAO, 1996). In one study 



looking at global desertification, Dregne and Chou conclude that the extent of degraded dry 

land on the planet is 70 million km2; another study, by the International Soil and Reference 

and Information Centre, with has a significant different amount of total degraded land as a 

result of looking at different vegetation cover, estimates 19.65 million km2  degraded land 

globally, half of which occurs from water erosion (Eswaran et al., 2001). Though scientists 

disagree regarding the quantification and extent of soil degradation around the world 

(Eswaran et al, 2001), it is generally accepted that currently soil degradation/loss is occurring 

at rates faster than soil genesis and/or soil conservation (Wilkinson, 2005). Presently, human 

activity is the largest geomorphic agent acting on the surface of Earth. In terms of soil erosion 

and sediment transport, Wilkinson figures that human activity is approximately one order of 

magnitude more influential than all the other natural processes (2005). 

On a planet with accelerated soil genesis, the impacts of soil degradation might not be so 

evident as they are on earth. Soil genesis is a fairly slow process, better measured using 

geological time frames than human lifetimes.  It occurs as the result of five factors reacting in 

conjunction with various biological, chemical, and physical processes to create horizon 

differentiation. Jenny (1941) elucidated the five factors that form the general theory for soil 

genesis: parent material, climate, biota, topography, and time.  Jenny referred to humans as 

the “outstanding biological soil-forming factor” because of the degree to which humans can 

enact changes in the soil.  Early soil scientists did not recognize humans as a major part of 

soil formation, but simply a part of the biota factor, likely because there was a lack of 

understanding regarding the rates of soil processes and the rates with which we could 

drastically change the soil (Richter, 2007). In the last century, as human impacts to soil have 

become more profoundly noticeable, acknowledging humans as a factor of soil formation has 

been proposed (Bidwell and Hole, 1964; Dudal, 2004). The human impacts on soil formation 

resulting in the alteration of the soil profile is known as metapedogenesis (Yaalon and Yaron, 

1966).  Because metapedogenesis is a fairly new concept, the knowledge of the rates and 

magnitudes of soil degradation from human activity has not been largely disseminated outside 

of the soil science community.  Communicating this information to a larger community is 

necessary to insure that future land use decisions enhance sustainable land management 

(Mermut and Eswaran, 1997).



In both natural and managed ecosystems, soil processes are necessary for the continuation 

of  ecosystems processes (Barrios, 2007). Yet, the scientific community does not fully 

understand, nor have we quantified the value of the total ecosystem services that soil 

provides (Amundson et al., 2003).  As a integral player in ecosystems, understanding how 

and to what degree soil is participating in system processes is a key concept for ecological 

understanding and management.  This ability of soil, to function in and complete ecosystems 

processes, such as nutrient cycling, water storage and transport, gaseous exchange, is soil 

quality.  Though soil quality comes up frequently in the literature, the definition of it has some 

variance to it in the soil science community (Bastida et al., 2008).  Generally, a scientist or 

land manager can define the parameters of soil quality as the ability of a soil to complete a 

specified or multiple function(s) over time, based on the characteristics that a particular soil 

exhibits (Doran, 2002).  The soil quality assessment must address soil functions in order to be 

accurate (Nortcliff, 2002). Why the specific, local definition of soil quality addressing functions, 

rather than a blanket definition? Soil is heterogeneous physically, biologically, and chemically; 

has indefinite boundaries, and can serve many different roles.  Instead of one definition for 

soil quality, in the way that air quality has one generalized definition, soil scientists have 

agreed that it is better to speak of the concept of soil quality because of the many factors and 

functions therein (Bastida et al., 2008; Sojka and Upchurch, 1999). The concept of soil quality 

is one of the reasons to warrant a thorough and careful education of soil science students, 

because one definition of soil quality alone will not work, neither will it serve society to have 

students with only pure rote knowledge of concepts, but no experience with assessing and 

applying that knowledge; therefore, teaching students how to assess and apply their soils 

knowledge to varied environments and situations should be a key focus in soil science 

education. 

1.2. Soil Science Education
Over the past twenty years, the number of soil science publications in peer reviewed journals 

has increased by around 545 every year along with the annual, steady rise of the impact 

factor of the the major soil journals (Hartemink and McBratney, 2008).  Around 74% of soil 

publications are published in non-soils journals, exhibiting a desire to communicate with a 

larger audience than purely the soil science community. These numbers contrast with the 

status of the discipline in the university, which has largely decreased, over the same period of 



twenty years, in growth and impact. While the publications are increasing, fewer and fewer of 

those soils-related articles are written by individuals working for soils-associated; the numbers 

of professors working for nominally soil-related institutions have dropped from 23% in 1976 to 

13% in 2003 (Baveye et al., 2006). The wealth of publications belies the status of soil science 

outside of the scientific journals. 

The importance of soil science was evident in North America from the 1950s until the early 

1970s, as the United States increased its support for soil and agronomic research as a 

response to a growing population and need for greater crop production (Letey, 1994; Pepper, 

2000). Advances in agricultural production (new cultivars and hybrids, chemical fertilizers and 

pesticides) allowed farmers to reach unprecedented crop yields in the 1970s, which once 

achieved, served to minimize the importance of the study of soil fertility and over time, the 

importance of the soil scientists (Lal, 2007). In conjunction, societal expectations of 

agriculture and agricultural universities have changed. In the United States, the creation of the 

land-grant universities, completed with the Morill Act, was enacted to insure national 

prosperity and security (Zimdahl, 2003). The pairing of agriculture and ideas of national 

prosperity and security are not perceived as intricately tied any longer.  Simultaneously, with 

the decline in importance of soil science for crop production, its importance for environmental 

protection started to gain momentum (Pepper, 2000). Consequently, many universities shifted 

the focus of soil science from agricultural to environmental science, in the form of 

management of land and water resources (Hopmans, 2007; Hartemink, 2008). This shift has 

altered both the faculty and the student populations (Pepper, 2000). 

Since the 1980s, the soil science discipline in North America has seen a decrease in multiple 

arenas. In many countries the future for the soil science discipline at post-secondary 

universities is unclear. The numbers of students enrolled, professional appointments, and 

changing of department names to remove the word 'soil' indicate the declining status of soil 

science education. A survey conducted comparing numbers in 1992 and 2004, showed that 

among 80% of respondents from Canadian and US university soil science programs, there 

was a 40% decline in the graduate student enrollment in soil science programs (Baveye et al., 

2006).  Trends were analyzed by reviewing long-term numbers for undergraduate and 

 graduate (MSc and PhD) students from soil science programs in North America, Europe, and 



Oceania. The Netherlands, New Zealand, Kenya, and Tanzania also showed current or 

decade-old decline in student numbers (Hartemink et al., 2008).  In a survey of Canadian and 

United States institutions that teach soil science courses, almost half of the 46 responders 

noted professorial appointments were experiencing a decrease (Letey, 1994). As student 

numbers dwindle, universities are hesitant to commit funding into increasingly smaller 

programs. 

Over the last 50 years the financial government support of agriculture has been decreasing 

(Fribourg, 2005). Notably, in the 1980s, a reduction in funding available to soil science 

projects occurred (Mermut and Eswaran, 1997).  At present, less than 5% of the research 

budgets for agriculture in the world are used for soil science research (Yaalon, 2000). Soil 

scientists who were accustomed to working with funding bodies with a focus on agriculture, 

became irrelevant with regard to researching environmental issues.  The emerging areas for 

soil research, such as urban soil management, contaminated soils and soil remediation, 

climate change, etc. could not be pursued by scientists being funded by agricultural funding 

bodies (Letey, 1994). 

Reasons for decreased student enrollment can be identified from a plethora of social and 

cultural attitudes and trends. Commonly, it is accepted that fields such as law and medicine 

have more money-making appeal than soil science or agriculture, driving some students to 

the fields with better incomes (McAllister et al., 2005; Baveye et al., 2006). The decreasing 

acreage of rural spaces and the increasing residence of the majority of the population in the 

United States and Canada in urban areas, resulting in there being potentially less exposure 

for students to soil science or agronomic sciences in general (McCallister et al., 2005). At the 

University of Florida, over 2,000 students were surveyed to determine how they chose their 

intended major and the main reason that respondents choose was career opportunities; 

however, at that university agronomic professors assessed that soil science program was 

taught in a way that was too 'traditional,' dated, and was not highlighting job possibilities in the 

field (Collins, 2008). At the University of Wisconsin, Handelsman noted, she only has to see 

the agriculture department hall displays showing rusty farm equipment and pre-color 

photographs to recognize that in comparison with how other science departments at 



Wisconsin present themselves, these displays carry the message that the soil science and 

agriculture departments are part of a bygone era (1992).

 

Soil science, through its partnership with agronomy, may have missed the advantages that 

closer associations with geology and other earth sciences could have fostered.  Landa (2004) 

believes that there is a natural curiosity among younger students (elementary and middle 

school aged) for the 'substance underfoot'.  As students age and pursue earth sciences, there 

is a noticeable lack of soils education and cross disciplinary activities at the university level 

between geology and soil and soil science. By maintaining the connection between soil 

science and earth sciences through all levels of education, greater connection and 

collaboration could be fostered, while maintaining the natural topical links. 

The decline in student enrollment may be partially attributed to the lack of effective promotion 

of soil science as a career choice to prospective students and their parents (Baveye et al., 

2006; Collins 2008). At the University of Florida, for example when freshmen or transfer 

students were surveyed regarding their potential degree choice, the belief that soil science 

could be a university major was virtually nonexistent (Collins, 2008). Creating interest in soil 

science and promoting it among elementary and middle school students could help in 

increasing interest the discipline as a potential career choice (Wilding and Lin, 2006). 

Some universities and faculty members addressed the issue of declining student enrollment 

by changing the delivery of or the actual content in the soil science curriculum at their 

institutions. As the focus in the discipline shifted, some felt the need to revamp and enhance 

soil education, in order to prevent the loss of relevancy (Baveye et al., 2006; Collins, 2008). 

Some universities developed new courses that focus on environmental issues (McCallister et 

al., 2005), while others responded by creating interdisciplinary soil science programs. Student 

enrollment in interdisciplinary soils courses remained high, according to a survey in 2004-5 

undergraduate soil and crop programs at US land-grant institutions (Hansen et al., 2007). For 

example, at California Polytechnic State University, the faculty members observed a steadily 

decreasing undergraduate enrollment and graduation in soil science program and reacted by 



reorganizing the program to create three new degree concentrations, which over the course 

of two years almost tripled the student enrollment (Taskey, 1994). 

 

The traditional method by which soil science concepts are taught needs to be assessed and 

modernized. Soils are complex natural bodies composed of living and nonliving components, 

hence soil science builds upon principals of biology, physics, chemistry, ecology, and geology. 

Communicating applications of soil principles and soil management to students must address 

the complexity inherent in the topic. Another distinguishing characteristic of soil science 

education relates to the post-academic job reality. Outside of the classroom, soil problems are 

usually not solved solely by individuals, but by teams composed of a range of scientists, land 

use planners, consultants, farm or range managers, and/or governmental officials. Soil 

experts need to be able to communicate to non-experts in government and other 

organizations.   Effective university instruction will address this dynamic pedagogical 

challenge by educating a student body to master comprehension of a complex subject, 

effective communication skills, team-work and problem-solving skills (Smiles et al., 2000).

 

A natural resource and soil education focused on instruction about the rates and magnitudes 

of anthropogenic soil degradation would provide students with the scientific background to 

guide future land use decisions. Focusing soil science education in this way would allow 

students to understand the system stressors, the adaptability or resilience of the soil or 

environment, and the degree of environmental change. In addition to learning the basic 

science concepts, soil science students also need to learn problem-solving and 

communication skills in a team-based environment (Smiles et al., 2000).  As the population of 

the world grows, estimated to reach just over 9 billion by 2050 (US Census Bureau, 2009), 

sustainable land use will become more of a pressing issue. Soil science education should 

focus on soil functions, processes and sustainable management, by including many real-life 

examples because the demand for individuals with this type of knowledge is going to increase 

as population increases (Mermut and Eswaran, 1997). 

Many scientists have reflected on the present nature and future of soil science and are calling 

for action.  Some believe that soil scientists must facilitate and maintain effort for outreach to 



the general public (White, 1997; Amundson, et al., 2003; Landa, 2004; Lin, 2005; Hopmans, 

2007).  Many believe that innovative curricula and recruitment efforts from elementary to post-

secondary ages is a key step for reviving the declining numbers in the field (Handelsman, 

1992; White, 1997; Landa, 2004; Lin, 2005; McCallister et al., 2005; Baveye et al. 2006; 

Wilding and Lin, 2006; Collins, 2008; Grabau, 2008;  Peterson, 2008;  Bouma, 2009). 

Additionally, a key direction for the discipline according to some is to create better methods to 

communicate soil science applications and train future soil scientists or land managers 

(Mermut and Eswaran, 1997, Smiles et al., 2000). 

1.2 Innovative Educational Approaches

It has been recognized that the way the majority post-secondary science is taught- through 

rote memorization- and the way science is practiced are not complimentary (CSA, 2009; 

Wieman, 2007). Mass memorization of facts does not a scientist make. It has been widely 

recognized that present day scientists and professionals need to have communication, critical 

thinking and collaborative skills, in addition to content knowledge (Amador and Gorres, 2004; 

Kirschner, 2004; Koppi et al., 1997). As a response to the rising demand for scientifically 

educated problem-solvers and communicators, universities are developing innovative 

approaches to build these skills in students. The traditional method of courses taught solely 

by instructor lectures was, in its structure and design, centered on the instructor.  This 

method, while practical for some learning outcomes, does not address all of the outcomes 

that are expected from a post-secondary education. Over the last two decades, university 

education in Australia and the UK has shifted focus to making the learner the center of the 

educational process (Koppi et al., 1997). This shift is occurring all over the world, with the 

focus shifting in education from teaching to learning, from passive to active learning (Parker, 

1997; Oliver and Omari, 1999).  American universities have been encouraged, via the 

Secretary of Education’s Commission on the Future of Higher Education to redesign courses 

and programs using learner-centered, technology-based principles (U.S. Dept. of Educ, 

2006).  Canadian post-secondary teaching has shifted to include more active learning, 

constructivist, and collaborative learning approaches in the classroom, which largely show 

positive results on critical thinking skills and learning outcomes (Usher and Potter, 2006). In 

agronomic education, there have been numerous articles since 1992 focusing on case 



studies in the lecture course or inquiry learning in the laboratory, both of which are know for 

their promotion of critical thinking, problem solving, and decision-making skills (Thien, et al., 

2008). 

These educational approaches which are thought to develop critical thinking and problem-

solving skills reflect the employer demand for graduates who have these skills. 

Communication, team work, and critical thinking skills have increasingly been emphasized in 

university education because of their desirability among employers (Koppi et al., 1997). 

Increasingly, industry and society demand to have individuals who are versed in solving the 

ill-structured, authentic, or complex problems of the workplace; educators have been 

experimenting with creating environments whereby students may learn these skills in the 

classroom (Kirschner, 2004).  This trend is reflected in the natural resource world as well, 

which reports that natural resource employers desire graduates with problem-solving skills 

(Thompson et al, 2003). 

Creating and leading tasks that build higher order thinking processes in students can be 

taxing on instructors' time and resources; by utilizing learning technologies and innovative 

teaching approaches potentially we can offer the same educational opportunities, but without 

overtaxing the instructors (Oliver and Omari, 1999). Complex and broad concepts can be 

effectively conveyed in an engaging way to learners through using learning technologies such 

as computer modeling, cooperative learning, and problem-solving approaches (Handelsman, 

1992). 

The adoption of information technology (IT) into higher education has been and will likely 

continue to be significant.  One measure of the popularity of IT in education is the number of 

students enrolling in online learning classes.  Analysis from Staying the Course: Online 

Education in the United States,  shows that from 2002 to 2007 enrollment in online courses 

grew 19.7% while the post-secondary student population grew only 1.6% (Allen and Seaman, 

2008).  The total number of students enrolled in online courses went from 1.6 million in 2002 

to 3.94 million in 2006 in the United States, with the online students representing around 20% 

of overall post secondary enrollment. The report also noted that more than 20% of all 

students at American colleges or universities took at least one online course during the fall of 

the 2007 semester .  The Economist Intelligence Unit (2008) conducted a global online survey 



and in-depth interviews of higher education and private executives half of which were from the 

US (154 respondents), with the rest being from Europe (69) Asia-Pacific (43), and the rest of 

the world (23) to glean attitudes towards technology in higher education at present and over 

the next five to ten years. The survey showed that 63% of respondents anticipate that online 

or electronic technological innovation will majorly impact teaching methodologies over the 

next five years. Seventy-three percent of corporate respondents believe that technology will 

become a one of the core factors students use when determining which university to attend. 

Many of the academic respondents (60%) believe that in the next five years, college 

campuses will shift from being one-dimensional (physical) to multi-dimensional (physical and 

online).

a) Information Technology 

The advent of IT and the Internet initiated the opportunity for creation of new teaching tools. 

Information technology use in education includes websites, software, learning objects, 

multimedia, virtual field trips, blogs, podcasts, simulations, and more. University educators 

have been exploring options for utilizing IT in content delivery for the past several decades. 

Incorporation of IT into the post-secondary classroom has ranged from distance education, to 

animated games and models, web-based collaborative tools, web-based multimedia learning 

experiences to hybrid/blended courses (composed of both online and face-to-face 

instruction).  A survey of computing and IT in higher education carried out in the United States 

in 1995 showed that desktop computers and IT were essential components of the college 

experience (Sanders and Morrison-Shetlar, 2001). Post-secondary educators in natural 

resource sciences also took advantage of the shift to technology, as shown through a review 

of publications that had computers ranking first as the most prevalent teaching aid in 

education (Thien et al,  2008). The impact of information technology on higher education has 

been and will continue to be significant. 

With regard to the history of educational methodology, IT is still new and thus may not 

effectively address instructional research and pedagogy (Ewing, 2000); however, the use of IT 

for education has become more common over the last decade even without the full backing of 

scientific research.  Higher education has incorporated IT into course widely, although the 

results regarding IT's effects on learning range from positive to neutral to negative (Hede, 



2002). A lot of the literature in Canada has focused on distance learning and very little on 

hybrid learning and admittedly, there are gaps in the research with regard to adult education 

(Abrami et al, 2006). Understanding of the effective teaching potential of IT in education is still 

limited, because the technology is so innovative and the empirical research is still in its 

foundational stages (Abrami et al, 2006). Some identifiable advantages and disadvantages of 

IT in education, however, can be noted.

IT advantages

For many university instructors, the advantages of IT outweigh any perceived or potential 

disadvantages. Information Technology-enhanced course content has temporal and spatial 

flexibility, reusability options, and wider accessibility than traditionally delivered course 

content.  For example, there is the virtual field trip, whereby students 'travel' to a field site by 

viewing images, text, and possibly video on the computer. Virtual field tours (VFT) have 

become a popular educational tool because they offer instructor control of content and 

features, reusability, and greater accessibility for students to information (Hurst, 1998; 

Ramasundaram et al., 2005; Tuthill and Klemm, 2002). The VFTs are effective accessibility 

options for students who are unable to attend a field trip because of handicap, sickness, or 

scheduling conflict.  Additionally, via VFTs students can be exposed to material which would 

either be time-consuming (ex., multi-week soils survey), expensive (international tour of 

archaeological ruins) or dangerous/destructive (lava flows or protected environmental sites) in 

the field (Hurst, 1998; Tuthill and Klemm, 2002). 

According to various meta-analyses, IT is not universally effective at helping people learn, 

though it has been proven to be helpful in certain scenarios (Najjar, 1995). For example, IT 

has shown to enhance learning in situations where the learners do not have an extensive 

prior knowledge, when the IT content is connected and supportive of one another, and when 

the IT media is used in development of a cognitive model (Najjar, 1995). Some studies 

showed that when visual and auditory information are presented together because they are 

both integral to the understanding of a concept, this dual mode of presentation served to 

increase the effective working memory's capacity and facilitated learning (Low and Sweller, 

2005; Najjar, 1995). The dual mode of presentation, or dual-coding theory, originally proposed 

by Paivio in 1986, is based on assumption that information stored in the brain that is coded 



with both visual and verbal system is better retrieved than just information coded with one 

system (de Jong, 2005). 

Another advantage of IT is that it is hypothesized that student motivation and interest is 

heightened with incorporation of IT into course content (Goldberg, 2005; Tal and Hochberg, 

2003). Rich multimedia content can enhance the maintenance of student interest in a topic 

by presenting multiple perspectives of information to students and thereby support the 

possibility that students will pay attention until they have achieved greater understanding of 

concepts (Moore and Gerrard, 2002; Cox and Su, 2004).  Students are able to visit IT-

enhance course content repeatedly and have multiple access points to the representational 

richness of the topic via video, photos, graphs, text, and audio media (Moore and Gerrard, 

2002; Polsani, 2003). Students may not notice the finer nuances of an issue until the third or 

fourth time of being exposed to the content. For some users, repeated exposure to the varied 

media material is the means by which student comprehension and insight into the material 

occurs (Hoffman and Ritchie, 1997).  It is presumed that hybrid courses increase student 

motivation by accenting student-faculty contact and enhancing learning outcomes (Riffell and 

Sibley, 2004). Riffell and Sibley (2004) determined that while courses with IT did not improve 

course attendance- which was their research hypothesis- courses with IT did, however, 

increase student time spent on activities. Therefore, the positive factor is that though students 

may not be spending more time in the classroom, they are spending more time with the 

course material. 

Technology can offer greater learner control over the process of learning, because students 

are able to guide their learning based on their own preferences and styles (Arts et al., 2002; 

Koppi et al., 1997; Muller et al., 2008; Tal and Hochberg, 2003).  Student motivation can be 

significantly enhanced because students have the autonomy to access and use the learning 

material at their own discretion (Ewing, 2000). Generally, third and fourth year students are 

considered to be more autonomous with regard to their learning; students in the upper years 

of study benefited more from hybrid courses than first year university students- emphasizing 

the theory that IT offers greater student flexibility with regard to learning and learner autonomy 

(Riffell and Sibley, 2004, 2005). 



Howard Gardener proposed the Theory of Multiple Intelligences to describe the varied 

cognitive avenues by which people learn information (reference date). David Kolb also came 

up with a theory describing the different styles by which people learn information. Though 

their theories have both been met with criticism by educational or cognitive researchers (cite 

criticism here), there is an exploration of spectrum of human learning and consciousness 

which may have partials truths enclosed therein.  Despite the lack of a scientifically supported 

theory of learning styles,  the “common knowledge” acceptance that students utilize different 

learning styles or approaches to build knowledge not disputed (McAndrews, et al. 2005). 

Some research is focused with investigating the methodology to measure and design IT 

educational tools that effectively address multiple learning styles (Miller, 2005). To 

successfully satisfy learning style requirements, proper technical support and instructional 

design must be undertaken in the design of IT teaching material (Mamo et al., 2005). At Iowa 

State University, an interactive IT learning program for an introductory agronomy course was 

designed with student learning styles in mind (McAndrews et al., 2005). The program was 

tested to see if the IT would enhance student motivation and to what degree, if any, student 

learning styles would impact the degree of student use of the program.  The results showed 

that students' learning styles did not impact the students' use of learning system, therefore 

they surmised that the program was effectively designed to address different learning styles. 

In another study on learning styles and student use/interest of IT-enhanced instruction, 

students exhibited a highly positive attitude towards the innovation (Sanders and Morrison-

Shetlar, 2001). This study involved a university-level biology class and the finding that there 

was no relationship between learning style and attitude towards IT showed researchers that 

the IT material presented was suitable for various types of learners. The Internet has been 

shown to achieve more effective instruction that addresses multiple learning styles over 

traditional media (Jain and Getis, 2003).

IT disadvantages

Though IT provides opportunities for instructors to innovate, there are diverse opinions as to 

whether these new tools have enhanced student knowledge acquisition or whether they are 

simply presenting computerized versions of the same teaching methodology used previously. 

The prevalent attitude is that simply transferring textbook or lecture content to web format, 

does not result into automatic educational benefits (Jonassen, et al. 1995; Parker, 1997). 

Some early online learning was simply a re-creation of the face-to-face information and 



lecture handouts, but placed online; transference of the information with no attention to the 

pedagogy or IT characteristics will not successfully enhance student learning or the potential 

of technology for doing so (Jonassen, et al. 1995; Lefoe, 1998). Many researchers have 

pointed to meta-analyses and studies which show that IT in education has no significant 

difference from traditional education.  Though there are certainly instances when the results of 

IT in higher education have been shown to be neutral or negative (Hede, 2002), perhaps 

these results were reached because of the variables of inherent disadvantages with IT or the 

IT design. 

Technology has been heralded for its ability to minimize the effects of time and space:  for 

anyone who has ever had to wait for more than ten minutes for a download to complete, the 

joys of technology use begin to wear thin.  Slow download of videos or website components 

has been noted as an annoyance or learning deterrent by students utilizing web-based 

learning experiences (Chumley-Jones, et al. 2002). Similarly, improper or poorly designed 

webpages or images defeat any advantages to flexibility or convenience for the student or 

instructors (Goldberg, 2005). 

For some instructors, the cost and time to implement IT into coursework outweighs the 

benefits. While innovation, open source software, and new content sharing options are 

opening up the IT possibilities for more instructors, the cost of creating quality IT educational 

tools may be too high. 

passive learning

Information technology may make material more interesting to students, but whether or not 

they learn more or learn more effectively from it, is determined on a case-by-case basis. 

Though students using IT may be more interested in the course content, interest does not 

always correlate with better learning (Goldberg, 2005); it may actually promote passive 

student interaction with content and in turn passive learning. The Geological Society of 

America and the Open University in the UK have identified that teaching aids that rely purely 

relying on slide-shows or videos with no data extraction or manipulation support passive 

learning (Hurst, 1998). Online learning with hypertext can create the same passivity, as 

students scroll through pages and links without interacting actively with the material (Koppi et 

al, 1997; Ward, 1998). 



Cognitive load- poorly designed IT- information overload

Educational IT can have negative effects on learning and student performance because of 

cognitive load. Cognitive load theory (CLT) refers to the interactions between the information 

and cognitive organization- it is centered with the investigation of the information stored in a 

person's working memory, long-term memory and the ability of an individual to build new 

knowledge and schema (Paas et al., 2003). In terms of instructional design, CLT researchers 

study how information presentation may contribute to individual knowledge acquisition- known 

as germane cognitive load- or how it may detract from individual knowledge acquisition- 

extraneous cognitive load.  Extraneous cognitive load occurs when the information load is 

excessive, and the excess information overloads the brain's working memory and prevents its 

ability to understand and comprehend new information.  It is recognized that the brain can 

process and remember several new 'chunks' of information in the working memory- generally 

3-7 chunks.  With ill-structured IT learning environments, students may be exposed to more 

than their working memories can process effectively, and thereby experience extraneous 

cognitive load  (reference). For example, an instructor may include supplementary or 'exciting' 

IT content into the course material as a way of  intriguing students, however, if the material is 

excessive it can potentially lead to extraneous cognitive load (Muller et al., 2008).

In Najjar's (1995) overview of studies of effective IT learning, multiple studies highlighted that 

with the dual presentation of material (multimedia as opposed to “monomedia”) learning was 

equal to or worse than when students were presented with “monomedia.” Multimedia is not 

conclusively an aid to effective learning.  In some of the studies Najjar reviewed, the IT 

incorporatation resulted in neutral or negative effect, because the content presented was 

repetitive. In those cases whether the multiple presentations of the material resulted in 

student extraneous cognitive load or boredom, the result that was the IT did not enhance 

learning.  Other types of IT presentation that Najjar found were ineffective in repeated studies 

occurred in situations where the presented was the same mode of information. I one example, 

a narrative reading of a text was simultaneously presented with text, as opposed presenting 

to text and a picture simultaneously. The text and audio dual presentation resulted in poor 

student information retention, in contrast to the text and picture presentation which had 

positive information retention in students. 



Lastly, IT in the post-secondary classroom will never supplant the effectiveness of human 

interaction and actual field trips. Virtual field trips, for example, may include various 

information that students would not be able to see in the field, but the technology does not 

replace the actual sensory experience of being present on a field trip site (Hurst, 1998). 

When instructors do choose to use IT in the classroom, the hope is that the addition of IT will 

add, not detract from the learning taking place. Poor performance from IT inclusion in a 

course may not be a result of IT itself, but rather of poor design. Hede (2002) supposes that 

the application of IT educational material without regard to learner needs or course content 

can actually be detrimental to learning, and this can be attributed to one of the reasons for the 

discrepancy in results of the ability of IT to fostering effective learning.

Proper IT Design

In the review of literature, there are many conclusions to be drawn about technology in 

education, but generally it is considered that use of computers and IT can improve teaching 

and learning (Abrami, 2006; Goldberg, 2005) if designed and used with intention. In order to 

minimize negative effects that may be inherent in IT, careful attention to the design, 

implementation, and review of IT is necessary. Essential to creating these effective 

educational technologies is reliance on best practices, design principles, and educational 

research. 

While previous educational technologies (i.e., television, radio) may have allowed for the 

instructor to create or innovate content independently, the current extent of IT available to 

utilize in curriculum and classroom innovation makes that venture ambitious.  Instructional 

design for IT educational material does not follow the same pedagogical methods as 

traditional instruction (Abrami, 2006). Many IT guidelines for best practices recommend that 

university educators partner with experts to create effective IT educational material (Naidu, 

2003). Certainly, some innovation is accessible to instructors based on either her own 

acquired teaching knowledge or new software/applications/programs designed for educators 

to aid in curriculum creation, however, in order to create tools which meet technical standards, 

are cost-effective, and have reasonable usage periods, consultation and partnership with IT 

experts is recommended. The university instructor can best utilize his/her skills as a content 

expert in a team of other experts which may consist a combination of educational researchers 



and IT experts (Polsani, 2003).  The role of the designer of educational material is to create 

an environment whereby students are engaged and enabled to construct meaningful 

knowledge (Jonassen et al., 1995). By constructing innovative educational material, 

instructors are challenged to identify the key points of their discipline that they need to convey 

and that they need to connect to current pedagogical practices. Designers of educational IT 

material must pay careful attention to address best pedagogical practices for web-based 

learning.

To counteract the potential IT disadvantage of learner passivity, the design can incorporate 

the inclusion of active, directive tasks. Successful web-based learning setting can facilitate 

knowledge construction and understanding by addressing three goals:

1-Inclusion of directive and engaging tasks

2-Scaffolding to support the learner

3-Providing sufficient resources to support scaffolding and guidance to learners

(Oliver, 2003).These goals can prevent passive learning because students are given specified 

tasks, aided with material/means to achieve those tasks by scaffolding. 

The Southern Regional Education Board (2005) identified principles for effective IT learning 

tools. A tool should be reusable, aligned with learning goals, accessible, and motivating 

(Polsani, 2003; Southern Regional Education Board, 2005; BCcampus, 2007). Reusability in 

educational IT serves to make the cost of creating the IT much less than the cost at face 

value.  When the creation costs are factored over the time, for years of use and students 

reached, often the IT turns out to be quite cost-effective. 

Cognitive science has been a leader in guiding learning enhancement through setting forth 

parameters and precepts; one precepts notes that new information must be meaningful to the 

learner for learning to take place (Jacobson et al., 2009). By designing IT materials that is 

based on student needs, professors can offer content which is relevant and meaningful. 

Content relevance to students is often assessed by surveying students for personal interests 

(Hodges, 2004), however one can also assess the learner needs, and provide for those in the 

IT development (Chumley-Jones, et al., 2002).



By creating IT educational content that is aligned with learning goals, motivating and 

accessible, students are more likely to be engaged with the content.  Most studies about IT in 

education note that designing the tool with attention to learner needs is key (Ewing, 2000; 

Naidu, 2003; Hodges, 2004).  Some instructors determine this through student surveys or 

course evaluations, while others determine this by the derived experience of teaching the 

content for a number of years and identifying student challenges with acquisition of various 

concepts or what information is likely to be meaningful to students (Jacobson et al, 2009). 

However the information is gained, addressing learner needs in IT design has been shown to 

be the best predictor for successful, effective IT tools (Chumley-Jones et al., 2002).

Designers of educational material can organize and plan the IT design and information 

delivery and layout to minimize or prevent extraneous cognitive load. Through having 

organized, streamlined, well-planned IT materials, the extraneous cognitive load of learners 

can be lessened. IT designers recommend organizing information so that there is (i) limited 

contextual information about a course in the content (those present  are placed on a logistical 

menu), and (ii) navigation and presentation content are placed on different menus (Southern 

Regional Education Board, 2005; BCcampus, 2007). Other methods for minimizing 

extraneous cognitive load are still the course of much research.  In one study, it was 

hypothesized that extra, irrelevant material would decrease student performance as a result 

of extraneous cognitive load; the results were to the contrary.  Though the experimenters 

added 50% extra irrelevant- yet interesting- material to the online learning tool, students did 

not show any decrease in understanding (Muller et al, 2008).  It is possible that what the 

researchers and educators deemed 'significant' and 'irrelevant' information was actually 

comprehended in total by the students, because the information was interesting. As 

researchers test and learn more about the brain and how it processes 'significant' and 

'irrelevant' information, new guidelines for the design of IT educational tools will likely emerge. 

Designers must insure that the IT developed is compliant with technical standards and plan 

for the lowest common denominator in terms of student technological equipment when 

designing new resources (Polsani, 2003; Goldberg, 2005; Southern Regional Education 

Board, 2005;  BCcampus, 2007). In this way, students will not be excluded because their 

computers can not access the technology. 



We humans experience the world not as a set of problems to be solved, but rather stimuli and 

environments to assess, evaluate, and engage with; educational designers believe that the 

design of learning environments should reflect this (Prawat, 1993). In this way, the design of 

authentic learning environments resembles what individuals actually encounter at home and 

in the workplace. Many of the principles for IT educational design represent variations of 

principles used in authentic learning environment design.  Herrington (2006) identifies are six 

IT authentic learning principles, which were derived from studying the effective qualities of 

apprenticeships, and applying them to the IT development.  They are  

1. learning is in context and reflects how it would be used in real life

2. tasks are authentic

3. there is access to expert perspectives, processing of information, etc. to serve as a 

model and resource

4. students are enabled to access the information from multiple perspectives or roles

5. knowledge construction occurs collaboratively

6. there is time for presentation and articulation of knowledge

7. reflection time for the learning is incorporating into the process 

Therefore, the degree to which a tool incorporates IT is not as crucial, as to what degree the 

tool has been designed to most authentically present the information or the learning 

experience. By incorporating these principles into the IT design, more authentic learning 

experiences may take place. 

b) Case-based collaborative learning with focus on PBL 

The ability to deal with problem-based situations is a highly desirable quality among 

graduates in professional fields (Koppi et al., 1997). Case-based collaborative learning is one 

of problem-solving educational approaches that provides students with communication, 

problem analysis, and resolution skills. In case-based learning, students work on a 'case' 

which is a scenario with some unresolved issues that students strive to apply content 

knowledge to recommendations for issue resolution. Problem-based learning (PBL) is one of 

the case-based collaborative learning methods that has been developed to facilitate self-

directed learning, problem-solving skill acquisition, and inquiry learning (Hmelo-Silver, 2004). 

Before the PBL approach emerged as a widely popular educational approach, agricultural 



educators were promoting similar case-based or inquiry-based approaches to teaching 

agriculture since the 1980s and 1990s (Parr and Edwards, 2004).  Problem-based learning 

arose out of dissatisfaction with medical science education in the 1950s and 1960s (Dochy et 

al., 2003) which was faced with the task of instructing students to learn content with a high 

complexity of subject matter, real-world examples and applications, meanwhile utilizing their 

problem-solving and communication skills (Amador and Gorres, 2004).  Problem-based 

learning utilizes small student groups to solve a problem or dilemma, which may or may not 

have a defined solution (Hmelo-Silver, 2004).  Students working on a PBL case are provided 

with recommended reading that provides the basis of background information for the case. 

Over the course of several weeks or an entire term, student groups work through a case 

trying to address instructor-provided learning outcomes. The instructor also prepares a set of 

guiding questions to help both group and individual student learning (Norman and Schmidt, 

1992; Finucane et al., 1998; Hmelo-Silver, 2004). During the course of a PBL case study, 

student learning is also guided by tutors who make sure that students discussions stay 

focused.  Students conclude the PBL case study with a demonstration of their group and 

individual learning and by providing recommendations for actions to solve the problem of the 

study case. Natural resources and agriculture sciences education in many instances have 

adopted the PBL approach because the curriculum contains similar instructional challenges 

as medical education (Arthur and Thompson, 1999; Amador and Gorres, 2004).

Even though PBL has become widely popular among post secondary institutions scientific 

evidence about effectiveness of the PBL is conflicting (Norman and Schmidt, 1992; Finucane, 

1998; Dochy et al, 2003). Kirschner et al. (2006) notes that teaching approaches such as PBL 

have been shown to be ineffective because of the minimal guidance and structure offered to 

students. Norman and Schmidt (1992) investigated the psychological basis for PBL and found 

that though the theory of PBL is based on cognitive theory, studies of PBL show minimal or 

negative impacts to knowledge acquisition as a result of PBL instruction. Several studies that 

Norman and Schmidt reviewed demonstrated that PBL-instructed students performed more 

poorly on knowledge tests than non-PBL instructed students. 

Studies that found PBL to have positive impacts on student learning have identified following 

key advantages of this method (1) enhancement of self-directed learning, (2) creation of more 

stimulating and humane learning environments, (3) raised interest/motivation towards a 



subject (Norman and Schmidt, 1992; Finucane, et al. 1998), and (4) better integration of basic 

and applied knowledge (Norman and Schmidt, 1992). Some studies have also shown that 

PBL can improve knowledge retention (Finucane et al., 1998), since the problem in a case 

study motivates students to learn and apply information about concepts that students 

otherwise might deem minimally enticing (Turgeon, 2007). The assumption that PBL supports 

acquisition of problem-solving skills in students is yet to be sufficiently supported by the 

literature (Norman and Schmidt, 1992).

c) Combination of IT and collaborative learning 

In the quest to find a variety of presentation methods that are closely related to real world 

business practices regarding transfer of knowledge IT inclusion and case-based learning 

have some promising results. By combining IT and collaborative case-based learning, 

educators bring their students one step closer to authentic learning by simulating real life 

situations similar to what professionals in that particular field deal with on daily basis (Hoffman 

and Ritchie, 1997; Naidu, 2003).

During the last decade, attempts have been made to combine collaborative learning case 

study cases with IT (Ward, 1998; Oliver and Omari, 1999; Barak and Dori, 2004; Taradi et al., 

2005). Generally, there are two approaches for combining IT and case-based learning 

together.  The first approach involves creating a collaborative online environment, whereby 

the students may complete the case study work by communicating using the IT environment 

created. The studies which used online collaborative platforms to support case-based 

learning  may or may not ever have face-to-face interaction with the instructor and other 

students (Collis, 1997; Guzdial et al., 1997).  This is commonly enacted when an instructor 

wishes to have a distance education course that is modeled on the collaborative case-based 

approach. The second approach to combining IT and PBL involves creating an informational 

structure and database whereby students could view and gather the material to make their 

conclusions. These types of studies experimented with combining the design and multimedia 

aspects available with IT to complement and support collaborative case-based learning in the 

classroom (Arts et al., 2002; Oliver and Omari, 1999, 2001). This approach is more common 



in face to face courses where the instructor wishes to enhance his/her curriculum by blending 

technology into the present course PBL/inquiry learning environment.

The innovative blending of IT and PBL is inspiring, but there is much area remaining for 

innovation and the testing of educational efficacy of these teaching approaches.  Norman and 

Schmidt (1992) recommend taking aspect of PBL and adjusting them to other means, such as 

having faculty instead of tutors providing synthesis and feedback for student exploration of 

ideas.  Similarly, instructors at various levels of education call for a selective 'pick and choose' 

approach to utilizing IT in the classroom to reflect and insure that IT is only incorporated if it is 

the best choice for the teaching and learning environment (Abrami et al, 2006).  Identifying 

student learning needs and then making IT and/or PBL accommodate the learning goals is 

the means to effective use of educational technologies and expertise. 

1.3 Study Objective

 I feel that this section is probably still in need of work, but am leaving it as is for now.  

Refocusing soil science education through innovative teaching methods can aid in increasing 

awareness and interest in the anthropogenic impacts on soil quality and potentially aid in the 

future conservation of this essential resource. Briefly note some environmental issues facing 

the world....Mass education of citizens in scientifically sound principles that emphasize the 

value of the ecosystem functions of natural resources will aid to guide future actions, policies, 

and decisions in a sustainable direction.  University students, the citizens of today and 

tomorrow, need effective, engaging natural resource courses communicating the science 

behind these current issues facing the world. 

Researchers are in North America are becoming increasingly interested in soil, as a part of 

the critical zone, yet this type of interest has not been consistent over the past few decades. 

Soil science is continuing to be innovative in research in many areas; meanwhile the number 

of students studying soils has dropped in North America.  By innovating soil science 

education, the discipline will be innovative in all facets and foster interest from the next 

generation of soil scientists.  One means to incorporate innovation into soil science is to 

create and utilize new resources in education, such as IT and collaborative case-based 



teaching methods in the education of university students.  A teaching tool, designed to 

illustrate understanding of soil properties and processes, will increase awareness and interest 

in the discipline and hopefully lead to increased enrollment of students in soil science.  A long 

term effect of this result will be reduced degradation and neglect of this natural resource and 

greater understanding of sustainable soil management.  

My study addresses the following research question – “What is the most effective web-based 

teaching tool to educate students on the topics of land use impacts on soil quality?”

The objective of this study was to create the web-based teaching tool, which combined a 

PBL-style case study with a multimedia experience, to illustrate the impacts of land uses on 

soil formation and soil quality.  The hypothesis was that the tool would effective aid in teaching 

the impacts of land uses on soil formation and soil quality by generating interest and 

appealing to multiple learning styles through rich media presentations. 

The long-term objective of this study was to promote development and use of multimedia 

teaching tools in soil science education with an aim to enhance the appeal of soil science 

among university students and increase student enrollment. 
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