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ABSTRACT

Our objective was to evaluate responses from students with
different learning styles to the use of computer technology as a
supplemental tool in teaching soil erosion concepts. The online
lesson utilized photographs, illustrations, animations, and an
interactive model that allowed students to manipulate factors in-
fluencing soil erosion. Studentsr(= 52) were given 10 objective
pre-test questions before the lesson and 10 objective post-test
questions after lesson completion. Students completed the Stu-
dent Assessment of Learning Gains (SALG) and Kolb Learning
Style Inventory (KLSI) within a week of concluding the lesson.
The SALG instrument is an assessment tool used by faculty to
ask students a variety of questions related to their gains in learn-
ing and KLSI is used to assess a student’s preference in acquir-
ing new knowledge and/or skills. Performance on the pre- and
post-tests and SALG responses were compared among students.
Among the online lesson participants who completed the KLSI,
22,29, 24, and 25% were divergers, accommodators, convergers,
or assimilators, respectively. Pre-test and post-test scores ranged
from 6.1 to 7.4 and 6.6 to 7.3, respectively. Accommodators had
the lowest pre-test scores among the learning styles; however,
there were no differences in post-test scores among learning
styles. Responses to the 43 SALG questions which encompassed
the areas of lesson design, skill gains, learning gains, and un-
derstanding were similar among the learning styles. This study
suggests that with proper instructional design, online lessons
can be used to broaden the range of available teaching tools and
increase learning among students of all learning styles.

l |SE OF COMPUTER TECHNOLOGYs becoming widespread in

college classrooms as a teaching tool. A 1995 survey by

verging learning styles. Ellsworth (1995) found that among
users of computer-aided instructions, students who are active
experimentators and reflective observers preferred computer-
aided instruction because of the ability to control their own
learning. Doherty and Maddux (2002), using the Index of
Learning Styles on 71 distance education courses, found that
global learners (e.g, like to learn in “big picture”) were less
likely to complete Internet-based courses than sequential
learners (e.q, like to learn in steps or pieces).

The KLSI is based on how a person prefers to acquire new
knowledge and/or skills (Kolb, 1976). Learners have two
preferences for dealing with information: (i) concrete experi-
ence (CE) or abstract conceptualization (AC), and (ii) active
experimentation (AE) or reflective observation (RO). The
combination of these preferences leads to four learning modes
or classifications:

» AType | learner (CE and RO), or diverger, often focuses on
the why question (Felder, 1996). A Type | learner likes
imaginative and innovative activities, generates a wide
range of ideas, discusses, is sensitive to feelings, identifies
problems and gathers information, is personally involved in
the learning experience, and likes group activities. The
learner may enjoy independent study, web searches, re-
ceiving many examples, and self-diagnostic activities
(Felder, 1996).

» AType Il learner (CE and AE), or accommodator, often fo-
cuses on thevhat if questions (Felder, 1996). A Type |
learner likes to connect what he/she is learning into the con-
text of real world problems. This learner likes hands-on ex-
perience, active learning, carrying out solutions, risk taking,
trial and error, flexibility, sharing information with others,

the U.S. Department of Education (1995) estimated that 84%
of all higher education institutions use computer-based tech-
nology in their distance education courses. Research by Don-
aldson et al. (1999) shows that students are becoming in-
creasingly proficient in utilizing computers as educational
tools in the university setting. .
Learning theory suggests that Internet-based courses may
be differentially attractive to students depending upon their
learning styles (Felder and Solomon, 1999). Learning styles
are indicators of how learners perceive, interact with, and re-
spond to the learning environment (DeBello, 1990). Fred-
erico (2000) used KLSI and observed that students with as-
similating and accommodating learning styles demonstrated
higher positive attitudes toward design of network-based in-
structions compared with students with converging and di- «
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class discussion, debates, presentations, and group activi-
ties. The Type Il learner dislikes structure and authority fig-
ures. He or she works well with others and/or serving as a
leader. This learner may enjoy role play, narration, and on-
line peer interaction (Felder, 1996).

A Type lll learner (AC and AE), or converger, often focuses
on thehow question (Felder, 1996). A Type lll learner finds
practical uses for ideas and theories, evaluates consequences
and selects solutions, follows detailed sequential steps, and
enjoys hands-on activities, trial and error, and being given
clear objectives with a logical sequence to activities. This
learner does not do as well in interpersonal situations. He
or she may enjoy simulations, selecting information sources,
guest speakers, and practical application.

A Type IV learner (AC and RO), or assimilator, often fo-
cuses on thevhat question (Felder, 1996). A Type IV
learner likes abstract ideas and concepts, creates conceptual
models, designs experiments, solves problems, considers al-
ternative solutions, reads, reflects, theorizes, analyzes quan-
titative information, and likes structured activities. The
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Abbreviations: AC, abstract conceptualization; AE, active experimenta-
tion; CE, concrete experience; KLSI, Kolb learning style inventory; RO, re-
flective observation; SALG, student assessment learning gain; T, erosion tol-
erance level; USLE, universal soil loss equation.



learner may enjoy a systematic approach, detailed direc-gains in learning. Through an online survey, students are
tions, and computer-assisted instruction (Felder, 1996). asked to select statements of agreement or disagreement in re-

The objective of this study was to evaluate learner’s atti- lation to skills development, cognition, and their attitude to-
tudes toward an online lesson in soil science. A web-based in¥ard the subject being studied within the course (Seymour,

teractive soil erosion lesson was developed, implemented intg-997)- The survey included six categories which students
P P ated on a 1 to 5 Likert-type scale (5 = best, 1 = worst). A Cron-

an introductory soil science course, and assessed for its usi; , D .
fulness in the classroom. Our hypothesis was that the additio ach alpha level of 0.97 validated the reliability of the instru-
ment (Gravetter and Wallnau, 1996).

of interactive online lessons in soil science will stimulate . . .
similar attitudes among different learners. _ The KLSI, descrlbed above, is an instrument that catego-
rizes student’s learning style. The student is presented with 12
MATERIALS AND METHODS phrases, each with responses designed to identify how the stu-
dent learns and deals with ideas and day-to-day situations in
Soil erosion was the 16th of 21 lessons presented to stueveryday life. The student ranks the responses from 1 to 4 (4
dents in an introductory soil sciences course in the fall of 2001.= most like, and 1 = least like the student) based upon how
The overall objective of the lesson was to enhance studenhe/she sees himself/herself as a learner. The rankings for each
learning on the causes of soil erosion, environmental degraresponse category are totaled and used to create a score used
dation that results from erosion, and soil management prac+to place the student in 1 of 4 learning style categories.
tices that can be implemented to prevent and mitigate erosion’s
occur][ence. I A i . Statistical Analyses
Before completing the online lesson, students were as- ) . .
signed readingg fron? the course textbook and asked to com- _Differences among the learning styles in the 43 SALG re-
plete a supplementary study outline over the material. EackSPONses were compared by PROC GLM procedure on SAS,
student took a pre-test based on assigned readings for the [e¥€rsion 8 (SAS Institute, 1999). Test scores among the learn-

son. After the pre-test, students received a 45-minute lecturéd Styles were compared by mixed model analysis using
covering the topic of soil erosion, its causes, and control. ~ ~ROC MIXED procedure on SAS, version 8 (SAS Institute,

The content of the soil erosion online lesson was createdt999)- Student was set as arandom effects and learning style,
gre—test, and post-test were fixed effects (Littell et al., 1999).

based on 13 specific learning objectives. The online lesson ha o . .
13 pages of text, 17 photos, 8 figures, 1 table, 1 animation, and€@St significant differences (LSD) among learning styles for
tests were significant at the 0.10 probability level.

1 interactive modeling program (Fig. 1). Lesson animation Pré- Or post-
showed the wind erosion process, depicting small and large
soil particle movement caused by wind (Fig. 1). A quantita- RESULTS AND DISCUSSION

tive soil erosion prediction model based on the Universal Soil  Among the 52 online lesson participants who completed the
Loss Equation (USLE) was adapted from Kansas State Uni-K S|, 22% were Type | learners (divergers), 29% were Type
versity (Thien, 1999) and was used as an interactive Iearning| learners (accommodators), 24% were Type 11l learners
resource at the end of the lesson. Interacting with the USLE(convergers), and 25% were Type IV learners (assimilators).
model allowed students to manipulate relevant variables suchaccommodators had lower pre-test scores compared with the
as soil type, climate, residue cover, and cropping system; angther learning styles (Table 1). Accommodators learn or per-
assess the effects of different soil management strategies ogeive concepts through hands-on experience and link the con-
predicted soil erosion loss (Fig. 1). cepts into real world problems. The assigned textbook read-
Working individually, each one of 52 students completed ings and study outlines used in preparation for the pre-test may
the online lesson during 2-hour periods in a computer/labnot have been sufficiently meaningful to real-world situa-
type classroom. The instructor was available while they tions. Accomodators may be at a disadvantage if the method
worked to answer both content and computer related questionssf teaching relies heavily on textbook reading with minimal
As students worked on the lesson, they completed a workshe&ieal-world application activities. However, post-test scores
consisting of 11 questions addressing mechanisms of watefyere similar among learning styles, suggesting that the online
and wind erosion, factors controlling erosion, and managementrosion presentation helped to reinforce the concepts of soil
measures for erosion (Fig. 2). The last worksheet question deerosion by accommodating all learning styles. Pre-test and
scribed a field scenario where the management practice wapost-test scores were similar within each learning style cate-
eroding soil above the erosion tolerance leVebf 11.2 Mg gory. Mean responses to the 43 SALG questions were simi-
har’. Using the USLE program, students first evaluated the Jar among the different learning styles in all six categories
amount of soil loss from the current field scenario. Then, stu- (Tab|e 2) Student satisfaction, as measured by SALG ratings,
dents manipulated the relevant variables until they obtained dhas also been demonstrated to be better with students com-
management plan that resulted in a soil loss rate les3than pleting the online lesson compared with students using the tra-
A post-test was administered to students immediately afterditional paper and pencil worksheet method (Mamo et al.,
completing the online lesson. Both the pre-tests and post2004). Each learning style had agreeable responses on the de-
tests consisted of 10 multiple choice questions created to adsjgn of the online lesson (Questions 1-8). Specifically, each
dress the Iearning objectives of the lesson. Within 1 week aﬂeﬂearning Sty|e agreed on the Working pace (i_e_, not being
completing the lesson, students completed both the SALGryshed by group members) of the online lesson. Also, lesson
adapted from Seymour (1997) and the KLSI (Kolb, 1976). participation ratings among learning styles were similar. Un-
The SALG instrument is an assessment tool used by facqike this study, Frederico (2000) found assimilators to be more
ulty to ask students a variety of questions related to theirsatisfied with network-based instruction. This suggests that the
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Describe the three mechanisms of water erosion.

Describe the 4 types of water crosion.

Distinguish between rill and gully erosion.

Describe the 3 types of wind erosion.

What are 5 factors that influence amount of soil eroded by wind.

6. Describe 3 management practices to control damage by wind erosion,

R

7. What are the potential consequences of uncontrolled soil erosion to the environment,
productivity, and civilization?
8. What is the soil loss reduction estimate for the following amounts of residue:
% Residue Cover % Soil Loss Reduction
0
10
20
50
80
100
8b. Using the graph in the module, and the table above, what conclusions can you make about %
residue cover and optimum soil loss reduction?
9. What tillage system has the highest potential for water erosion? For wind erosion?
Explain your answers using the graphs in the module or your textbook.
10.  Describe the affect of each of the six factors in the Universal Soil Loss Equation (USLE) on

the amount of soil lost by water crosion. Which of the factors of the USLE can be controlled
by the land manager?

11. A producer in Cedar County NE has grown corn on his ficld for 20 years. He follows the
conventional tillage practices of his father and disks his field after harvest every fall. On one
80 acre (32 ha) parcel of his farm, there is a slope of 6% that runs 600” downhill to a strecam.
Tolerable soil loss (T) for this soil is 5 tons/acre/year or 11 mT/ha/year (according to the
NRCS soil survey). Using the USLE program, calculate the amount of soil lost annually
from this parcel of his land. If he is exceeding T, make some management recommendations
for his cropping system to lower his soil loss and help him meet T for this land. If you
cannot meet T by altering only C factors, then try implementing some conservation practices
(P factor) to help. Record all factors, recommendations and results in the table below.

12
Location Soail R factor | K factor | LS factor | C factor | P factor | Soil Loss-
A
Fig. 1. Screen shots of pages (a, b) on wind erosion animation and (c) rain-
fall (R) factor selection page of the Universal Soil Loss Equation in- Fig. 2. Exercise worksheet assigned to Introductory Soil Science students
teractive model. who completed the online erosion lesson.
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Table 1. Test score (out of possible 10 points) comparison among student
learning styles on Soil Erosion online lesson in an Introductory Soil Sci-
ence course.

Pre-test Post-test
Kolb learning style mean score mean score LSD{0.1)
Diverger 7.3 7.3 0.9
Accomodator 6.1 6.6 0.9 as the Only tOOI)'
Converger 7.4 7.3 1.3
Assimilator 7.2 7.1 0.9
LSD(0.1)} 0.5 1.2

T LSD, least significant difference at the 0.1 probability level within a row.
1 LSD, least significant difference at the 0.1 probability level within a column.

design of the online lesson was helpful to all styles of learn-
ers, not just assimilating and accommodating learning styles.
Differences between this study and that of Frederico (2000)
may be due to difference in instructional design and the way
it was used (i.e., used as an additional teaching tool and not

With regard to ‘availability of resources to help in students’
learning’ (Questions 9-18), responses were similar among
learning styles. In particular, students with different learning
styles had similar perception in skills of estimating soil ero-
sion using the USLE (Question 17). The quantitative interac-

Table 2. Summary of results of Student Assessment of Learning Gains (SALG) survey comparing student learning style on an oriésson in an In-

troductory Soil Science course.

Learning style typest

Question | 1l 1] v P>Ft
How much did each of the follding aspects help your learniPg
1. The way in which the material was approached. 3.64 3.93 3.58 3.77 0.68
2. The pace at which we worked. 3.36 3.73 3.92 3.77 0.52
3. Ability to proceed through section of the lesson. 3.64 3.73 4.00 4.38 0.26
4. Participation in the lesson and preparation for the test. 3.82 4.13 3.17 4.08 0.15
5. The fairness of test content as related to erosion. 4.09 4.27 3.33 3.77 0.49
6. The mental stretch required to complete the lesson. 3.73 4.13 3.30 3.77 0.58
7. The grading system used in this lesson. 3.82 4.47 3.08 3.84 0.18
8. The feedback received from this lesson. 4.09 4.07 3.00 3.69 0.36
How much did resources prialed help your learning with respect to the fofing:
9. The overall cause of erosion. 4.18 3.80 4.00 4.23 0.36
10. The impact of water on erosion. 4.18 4.00 4.08 4.15 0.92
11. The water erosion process. 4.18 4.07 4.92 4.23 0.73
12. The impact of wind on erosion. 4.09 3.73 3.67 4.08 0.57
13. Understanding the factors effecting wind erosion. 4.09 3.67 3.75 4.23 0.40
14. Understanding the control of wind erosion. 3.91 3.67 3.75 3.62 0.91
15. The effects of erosion. 4.00 3.87 3.83 4.23 0.65
16. Understanding the factors enhancing soil erosion. 4.54 3.80 3.83 4.23 0.36
17. Estimating soil erosion from fields using USLE. 4.00 4.07 4.00 4.08 0.99
18. The overall perception of this lesson on erosion. 4.27 3.93 4.00 4.23 0.87
How much did information you weregin about this lesson help your learrfing
19. Preparation for the erosion lesson. 3.09 3.87 3.08 3.54 0.28
20. The teacher provided support for this module on erosion. 4.27 3.60 3.75 3.69 0.58
Because of the lesson vevell do you think you n@ understand each of the folling?
21. Ability to differentiate between geologic and accelerated erosion. 4.00 3.87 3.92 4.46 0.22
22. Ability to describe the mechanisms of soil erosion. 3.64 3.73 3.83 4.38 0.27
23. Ability to describe four types of water erosion. 3.82 3.87 3.75 3.62 0.89
24. Ability to describe each of the six factors affecting soil loss appropriate for a given situation. 3.45 3.67 3.42 3.77 0.79
25. Ability to locate values for each of the six factors affecting soil loss appropriate for a given situation. 3.36 3.53 3.25 3.489 0
26. Ability to calculate soil loss from water erosion from the USLE. 3.91 3.80 3.58 3.46 0.76
27. Ability to determine suitable values for one of the six soil loss factors if allowable loss and values 4.09 3.60 3.58 3.46 0.61
of the other five factors are known.
28. Ability to describe the three types of wind erosion and describe the five factors that affect the amount 4.00 3.53 3.75 3.80 0.
of soil lost by wind erosion.
29. Ability to identify particle size ranges which are susceptible to each of the three types of wind erosion. 3.82 3.60 4.17 4.237 0.
30. Ability to identify whether wind, water, or both kinds of erosion are likely problems when given 4.18 3.67 3.92 4.00 0.48
a field erosion situation.
31. Ability to select erosion control measures for a field situation. 3.91 3.60 4.00 3.85 0.65
How much has this lesson added to your skills in each of thevioli®
32. Ildentifying the initial signs of erosion. 3.36 3.47 3.83 3.69 0.53
33. Selecting appropriate solutions to the various types of erosion. 3.55 3.60 3.75 3.77 0.90
To what etent did you maé& cains in the follaving as a result of this lessdn
34. Understanding the main concepts of erosion. 3.82 3.87 4.00 4.00 0.89
35. Understanding the relationship between factors contributing to soil erosion. 3.91 3.87 3.83 4.08 0.85
36. Understanding how ideas in this lesson relate to those in other classes. 4.09 4.13 3.75 4.31 0.78
37. Understanding the relevance of this module to real world issues on erosion. 3.82 3.60 3.58 3.85 0.88
38. Appreciating soil management and conservation. 3.82 3.80 3.92 3.46 0.69
39. Ability to think through a problem or argument related to erosion. 3.64 3.87 3.92 3.77 0.87
40. Confidence in your ability to address issues and problems related to erosion. 3.82 3.80 3.50 3.85 0.69
41. Feeling comfortable with complex ideas related to erosion. 3.45 3.47 3.67 3.85 0.62
42. Enthusiasm for soil management and conservation. 3.00 3.73 3.58 3.46 0.30
43. Understanding the major components, causes, and prevention measures associated with erosion. 3.55 3.60 3.75 3.77 0.91

T Kolb Learning Styles Inventory category: Type | = diverger, Type || = accommodator, Type Il = converger, Type IV = assimilat

¥ Significant at 0.1 probability level.
§ Response levels 1 to 5 (5 = best, 1 = worst).
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