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Not Just “Rocks for Jocks”: Who Are Introductory Geology Students
and Why Are They Here?
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ABSTRACT

Do students really enroll in Introductory Geology because they think it is “rocks for jocks”? In this study, we examine the
widely held assumption that students view geology as a qualitative and remedial option for fulfilling a general education
requirement. We present the first quantitative characterization of a large number of Introductory Geology students, their
demographic characteristics and motivations at the start of the course, and their reasons for enrolling. More than 1,000
undergraduate students from seven institutions across the U.S. participated in this study, providing demographic information
and responses to the Motivated Strategies for Learning Questionnaire. Students taking Introductory Geology either to fulfill a
general education requirement (72% of the survey population) or because they thought it would be easy (19%) had relatively
low motivation. The youngest students (18 or 19 years, 62% of the survey population) and those who had not declared a major
or were planning a nonscience major (79%) also had relatively low motivation. In contrast, students taking the course for a
major or minor (26%), because of prior interest in geology (31%), or because of interest in the interactions between humans
and the environment (15%) had relatively high motivation. The differences in motivation we identify have important
implications for Introductory Geology instructors, particularly those teaching large-enrollment courses, and validate the need
for understanding student characteristics when designing course goals and selecting instructional strategies. © 2012 National

Association of Geoscience Teachers. [DOI: 10.5408/12-287.1]
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INTRODUCTION

Geology is commonly viewed by undergraduate stu-
dents as a qualitative and remedial science (e.g., Wenner et
al,, 2009; Wagner, 2010). This view might be fueled by
limited exposure to geology in high school (Holbrook, 1997;
Van Norden, 2002), and the lack of an advanced placement
course in geology (Willyard, 2008; Gonzales and Keane,
2010). As of 2009, a high school geology or Earth science
course was required in only seven states and recommended
in only 24 states (American Geological Institute, 2009).
Further, geology is rarely a prerequisite for other science
majors or medical school (unlike biology, chemistry, and
physics, or some combination thereof), although it is
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sometimes required for elementary education majors (e.g.,
Wagner, 2010). Within our own geoscience community the
refrain, “rocks for jocks” is a common pejorative used in
articles and abstracts (Thompson, 1994; Van Norden, 2002;
Underwood, 2008; Willyard, 2008; Kraft and Husman, 2009;
Van Norden and Ingersoll, 2011), a book review (Scott,
2003), and a published acceptance speech for an award
(Bodnar, 2009).

Within this overall negative context (perceived or
otherwise), the purpose of this paper is to empirically
address the following questions: (1) Who are the students
taking Introductory Geology? and (2) Why are they
enrolling?

In characterizing the students (Who are they?), we
consider both (1) basic demographic characteristics (gender,
age, and race/ethnicity) and (2) interest and academic
experience information (prior coursework, major, and stated
interest in science). To examine students’ reasons for
enrolling in Introductory Geology (Why are they here?),
we allowed students to offer more than one answer,
acknowledging that students often choose to take a specific
introductory science course based on an array of reasons.
Knowledge of student characteristics and reasons for
enrolling in introductory geology can guide instructor efforts
in the design of effective course materials and selection of
appropriate teaching strategies.

Our approach to these questions is to focus on
motivation, defined as the process by which goal-directed
activities are initiated and sustained (Schunk et al., 2008).
Motivation should not only speak to why students enroll,
but also once enrolled, motivation should also affect their
chances for success. Many college geoscience instructors rate
motivation as the most important driver for student learning
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(Markley et al., 2009). Perry et al. (2007) showed a profound
link between students” feeling of “control” and learning.
Covington (2007), Pekrun (2007), and Zusho et al. (2007)
demonstrated that student motivation can have more
significant influences on college student learning (reflected
by grades and concept inventories) than does student ability,
as measured by standardized test results. Interest is a strong
predictor of students’ choice to enroll in an additional
content course, even stronger than academic performance
(Harackewicz et al., 2000), and students’ choices of major
and ultimately of career, are strongly influenced by their self-
efficacy beliefs (Hackett, 1995). Further, educational psy-
chology studies have demonstrated that certain positive
motivation characteristics are a necessary precondition for
learning (Perrier and Nsengiyumva, 2003; Zusho et al,
2003).

These prior results indicate that efforts to improve
learning about the Earth and increase the numbers of
geoscience majors would be aided by placing more attention
on student motivation. The importance of motivation has
been well studied in a variety of educational levels, content
areas, and educational settings (e.g., Pintrich and DeGroot,
1990; Pintrich, 2003; Schunk et al.,, 2008; van der Hoeven
Kraft et al., 2011). In this study, we measured value and
expectancy—two components of motivation that commonly
impact student engagement and performance (Pintrich and
Zusho, 2007)—at the start of Introductory Geology. Value
includes goal orientation (both intrinsic and extrinsic) as well
as the student’s evaluation of the interest, importance, or
usefulness of the course (task value). Measures of expectancy
include both the student’s belief that learning and the course
outcome are under the control of the student (control of
learning beliefs), and that a student believes she/he has the
skills to be successful in the course and assignments (self-
efficacy for learning and performance).

Many assessments have been used to measure motiva-
tion, including the Academic Motivation Scale (Vallerand et
al., 1992), the Intrinsic Motivation Inventory (Ryan and Deci,
2000), the Conceptions of Science Survey (Libarkin, 2001),
the Study Process Questionnaire (Biggs et al., 2001), the
Learning and Study Skills Inventory (Cano, 2006), and the
Self-Efficacy Questionnaire (Bandura, 2006). For this study,
we selected the Motivated Strategies for Learning Ques-
tionnaire (MSLQ); Pintrich et al., 1991) (Table I). The MSLQ
has been validated and widely used as an assessment tool in
a variety of settings and disciplines (e.g., Pintrich et al., 1993;
Birenbaum, 1997; Husman et al., 2004; Dahl et al., 2005;
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Duncan and McKeachie, 2005; Richardson, 2007; Artino,
2009; Matuga, 2009).

METHODS
Data Collection

During the 20092010 academic year, a total of 1,057
students agreed to participate in the study and provided data
(two completed surveys). Participating students were en-
rolled in Introductory Geology at one of seven postsecond-
ary institutions from across the U.S.: California State
University at Chico (CSUGC; n = 220, 21% of total study
population), Macalester College (MC; n = 49, 5%), North
Carolina State University (NCSU; n = 166, 16%), North
Hennepin Community College (NHCC; n = 47, 4%),
Scottsdale Community College (SCC;, n = 66, 6%),
University of Colorado—Boulder (UCB; n = 270, 26%), and
University of North Dakota (UND; n = 239, 23%). All of the
courses were an introductory physical geology course except
one of the four courses at UND, which was an introductory
environmental geology course. The university classes
(CSUC, NCSU, UCB, and UND) typically enrolled 60-160
students each. The community colleges (NHCC and SCC)
and liberal arts college (MC) classes enrolled fewer than 30
students each.

In the third week of the course, participating students
completed two surveys online, a demographic survey
(Supplement A: Demographic Data; available at http://dx.
doi.org/10.5408/12-287s1) and the MSLQ. For the demo-
graphic survey, questions included basic demographic
information such as gender, age, and race/ethnicity, as
well as interest and academic experience in science and
reasons for enrolling in the course. On the MSLQ, students
rated themselves on a 7-point Likert-type scale, from 1
(“not at all true of me”) to 7 (“very true of me”) for a variety
of statements as each applied to their Introductory Geology
(Pintrich et al., 1991).

Calculation of Motivation Scores

Individual student responses for all questions in an
MSLQ subscale, e.g., task value, (Table I) were averaged to
obtain a student’s score for that specific subscale. Individual
student subscale scores were then organized as a function of
demographic variables to assess variations of motivations
between groups, e.g., the intrinsic goal orientation of
different age groups) (Table II). Students’ overall MSLQ
“motivation” scores were calculated as the mean MSLQ
results from intrinsic goal orientation, task value, control of

TABLE I: Components of selected subscales of the Motivated Strategies for Learning Questionnaire.

Motivation Scale

Subscale!

Value
a desire to master the material

Intrinsic goal orientation (4)—the student engages in the course because of curiosity about the subject or

performance, or other evaluation

Extrinsic goal orientation (4)—student’s view that s/he is participating in the course for grades,

Task value (6)—student’s evaluation of the interest, importance or usefulness of the course

Expectancy
are dependent on their own efforts

Control of learning beliefs (4)—the student believes that s/he controls learning so that course outcomes

Self-efficacy for learning and performance (8)—the student believes that s/he has the skills to complete
the course and that s/he expects to be successful on class assignments

The number in parentheses indicates the number of survey items per subscale.
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TABLE II: Means (4 standard deviations) of MSLQ results for overall motivation and for the five subscales listed in Table 1.1

Variable Category n | Motivation Intrinsic Extrinsic Task value %Z?iterle Self-efficacy
Basic demographic
Gender Male 518 | 4.90 +0.87 | 451 +1.02 | 516 + 1.14 | 4.64 + 1.17 | 526 + 1.03 | 5.20 + 1.04
Female 539 | 4.85 £0.92 | 448 +1.12 | 538 £ 1.13 | 4.67 +1.23 | 522 +£0.98 | 5.05 + 1.06
Age (yrs) 18-19 651 | 4.77 +0.88 | 4.39 +1.09 | 535 +1.11 | 4.56 + 1.18 | 5.16 + 1.00 | 5.01 £ 1.02
20-21 262 | 493 +£0.89 | 459 +1.00 | 520 +1.14 | 470 +1.23 | 523 +1.01 | 521 + 1.05
22-25 83 | 5.02 4+ 0.84 | 4.55 +1.12 | 5.06 + 1.24 | 4.68 + 1.14 | 554 +0.93 | 5.33 £ 1.09
>25 52 | 5524080 | 518 +0.89 | 493 +1.28 | 551 +1.00 | 575 +0.98 | 5.66 + 1.05
Race/ethnicity | Asian 36 | 490 £0.80 | 457 +0.85 | 563 +1.04 | 479 £ 1.10 | 530 + 1.07 | 4.93 + 0.95
Caucasian 866 | 4.89 +0.90 | 4.50 +1.08 | 524 +1.14 | 4.65 +1.19 | 526 +0.99 | 5.15 + 1.06
Underrep- 155 | 4.80 +0.89 | 445 +1.09 | 535 +1.15 | 462 +1.25 | 511 +1.05 | 5.01 + 1.02
resented
Interest and experience
Major Non-STEM 433 | 475 +£0.89 | 433 +1.09 | 524 + 1.15 | 447 +£1.20 | 512 + 1.01 | 5.06 & 1.05
Undecided 405 | 4.79 £ 0.88 | 443 +1.05 | 530 + 1.15 | 458 £1.20 | 521 +1.00 | 4.96 + 1.03
STEM 219 | 528 +0.78 | 492 +0.97 | 528 +1.10 | 516 + 1.05 | 554 &+ 0.94 | 5.53 + 0.98
Likelihood of None 436 | 454 +0.89 | 412 +1.08 | 520 + 1.19 | 408 £ 1.15 | 5.06 + 1.07 | 4.89 + 1.12
Ef;;)rral science 'y g 366 | 4924+ 0.80 | 455+ 098 | 530 + 1.10 | 474 +1.02 | 526 +0.95 | 5.15 + 0.94
Some 132 | 523 +0.73 | 496 + 0.87 | 545 +1.02 | 542+ 094 | 537 +0.89 | 518 + 0.88
High 123 | 556 + 0.73 | 517 £ 0.93 | 523 +1.18 | 562 4+ 0.93 | 5.68 + 0.88 | 577 + 0.96
Science interest | None 56 | 3.90 £0.99 | 3.71 £1.20 | 506 +1.26 | 327 +£1.14 | 4.42 £+ 1.13 4.20 + 1.22
Low 205 | 427 +£0.77 | 3.76 091 | 527 +1.10 | 3.80 £ 0.94 | 491 + 1.08 | 4.61 + 1.03
Some 558 | 4.88 +0.73 | 450 +0.93 | 525 +1.16 | 4.68 +1.00 | 524 + 0.92 | 5.12 + 0.93
High 238 | 5.62 £ 0.70 | 530 4 0.87 | 537 +1.10 | 5.66 + 0.94 | 573 4+ 0.85 | 5.78 & 0.87
High school 0-3 463 | 472 £096 | 433 +£1.13 | 528 +1.17 | 450 £1.24 | 512 +£1.05 | 4.95 + 1.09
science courses 3 594 | 5.00 + 0.82 | 4.62 +1.00 | 527 +1.12 | 478 £ 1.15 | 534 + 0.96 | 5.25 + 0.99
College STEM | 0 247 | 485+ 084 | 449 +1.03 | 534 +1.13 | 470 £ 1.14 | 522 + 0.96 | 5.00 + 1.04
courses 1-3 513 | 477 +£ 091 | 436 +1.09 | 528 +1.15 | 450 + 1.22 | 518 4+ 1.03 | 5.04 + 1.03
4-6 175 | 4.95 + 0.87 | 4.63 £ 0.98 | 529 +1.10 | 473 +1.17 | 523 4+ 0.99 | 5.20 & 1.01
>6 122 | 528 +0.83 | 4.86 & 1.08 | 507 + 1.17 | 511 + 1.12 | 555 4+ 0.94 | 5.59 + 1.06
Reason for taking the course
General No 292 | 524 +0.84 | 488 +0.98 | 525 +1.16 | 518 +£1.08 | 551 + 0.96 | 5.38 + 1.03
ffﬁiiﬁ&im Yes 765 | 4.74 4+ 0.87 | 435 +1.07 | 528 +1.13 | 445+ 1.18 | 5.14 + 1.01 | 5.02 + 1.04
Major/minor No 779 | 4.08 + 0.89 | 4.42 +1.07 | 525 +1.16 | 454 +1.21 | 519 +1.00 | 5.06 + 1.04
requirement Yes 278 | 5.09 + 0.87 | 470 +1.04 | 533 +1.09 | 498 + 1.10 | 539 4+ 1.00 | 5.29 + 1.05
Easy course No 861 | 493 +090 | 456 +1.07 | 523 &+ 1.13 | 4.73 +1.20 | 527 £+ 1.01 5.15 4+ 1.04
Yes 196 | 4.64 + 0.83 | 419 4+ 1.01 | 543 £ 1.18 | 432 +1.12 | 512 + 0.98 | 4.96 + 1.08
Prior geology No 734 | 467 +0.88 | 428 +1.05 | 528 +1.12 | 432 +1.14 | 511 +1.03 | 4.96 + 1.07
interest Yes 323 | 535+ 073 | 498 4094 | 524 +1.18 | 541 + 094 | 554 + 0.89 | 5.48 + 0.89
Human/ No 894 | 4.77 +0.88 | 436 +1.04 | 530 + 1.12 | 449 + 1.17 | 518 £ 1.02 | 5.05 + 1.06
ie;‘t‘:rr:srt‘mem Yes 163 | 545 4+ 0.73 | 5.20 4 0.93 | 5.09 + 1.21 | 557 4 0.87 | 5.55 4 0.85 | 5.47 & 0.91

"Bold numbers indicate statistically significant differences between groups; see Table III for details. Italicized numbers indicate no significant difference
between the groups.
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learning beliefs, and self-efficacy (Table II). Extrinsic goal
orientation was not included in our calculation of overall
motivation because higher extrinsic goal orientation has
been related to lower interest, value, and self-efficacy (Ryan
and Connell, 1989), and has a small effect size (Cohen’s d
~0.2; Coladarci et al., 2008) for the three variables for which
it is significant (Tables II and III).

Statistical Analysis

For the first step in our analysis, we examined the
distribution of student demographics and reasons for
enrolling. We used chi-square goodness-of-fits tests to
determine if observed distributions varied significantly from
assumed randomly distributed populations or institution-
wide demographic information (compiled from institutional
Web sites).

Second, to identify significant differences in motivation
between multiple groups within a demographic variable, we
used the nonparametric Kruskal-Wallis test (Kruskal and
Wallis, 1952). We did not use more commonly known
parametric statistical methods, such as analysis of variance
(ANOVA) because of unequal sample sizes and variance for
some demographic groups (see Fig. 1), which violated
assumptions of such tests. The Kruskal-Wallis test is
analogous to a single-factor ANOVA but completes the
analysis of equality for the medians of several groups
through the use of ranks. This approach makes the
Kruskal-Wallis test desirable when the samples are not
derived from normal populations (Krutchkoff, 1988). Similar
to a single-factor ANOVA, the Kruskal-Wallis test only
identifies if significant differences are present among
multiple groups. Where there were only two possible
categories (e.g., “yes” or “no” for a reason for enrolling), a
paired Student’s t-test was applied in place of the above two
steps.

Third, for pair-wise comparisons that yielded a signif-
icant difference, we calculated the effect sizes with Cohen’s d
by using the pooled standard deviations (Coladarci et al.,
2008). Effect sizes indicate whether the results are more than
statistically significant, rather than if they are statistically
meaningful.

Finally, when considering the different subscales of
motivation together, we used the Holm-Bonferroni method
(Holm, 1979). This method is used to limit the statistical
probability of finding a statistically meaningful result simply
because of the high number of variables. Specifically, we
took the results from the Kruskal-Wallis tests (second step
above), and ordered the p values from smallest to largest.
Then, rather than using o = 0.05 to reject or accept each null
hypothesis, we used o = 0.01 (with the smallest p value),
0.02, 0.03, 0.04, and 0.05 (with the largest p value). This final
step in our analysis establishes a greater confidence in those
rejected hypotheses with p values between 0.01 and 0.05
(Table III).

Analyses were completed with SAS 9.2 and MATLAB
7.9.

Confirmation of the MSLQ for Introductory Geology
Pintrich et al. (1991) statistically assessed the validity of
the MSLQ to capture motivations and learning strategies
by using a heterogeneous student population that included
science and nonscience disciplines and varying levels of
education. We replicated the original analysis by Pintrich et
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al. to ensure the survey was appropriate for an undergrad-
uate-only population for Introductory Geology. Confirma-
tory factor analyses using the conventional maximum
likelihood method were completed on the same models
diagrammed by Pintrich et al. (1991, 1993). The analysis
identified how well the individual statements are associ-
ated with each of the proposed subscales. We used the
same three parameters originally used by Pintrich et al.
(1991) for evaluation: (1) Ax values to indicate how strongly
an observed variable (e.g., individual statement) loads onto
a latent variable (e.g., MSLQ subscale), (2) several
goodness-of-fit statistics, and (3) Cronbach as for reliabil-
ity and internal consistency. The Ax values from our data
were 0.73 on average and were comparable or higher than
values originally computed by Pintrich et al. (their average
was 0.68). The goodness-of-fit statistical results using our
data also matched ranges computed by Pintrich et al.
(1991). Last, our Cronbach as (0.62-0.93) were comparable
or better than values computed (0.52-0.93) by Pintrich et
al. (1991) when computed for each subscale using all the
items within a subscale. Together these measures demon-
strate the applicability of the MSLQ to our data.

RESULTS
Basic Demographics

In geosciences, as in all science, technology, engineer-
ing, and mathematics (STEM) fields, efforts have been made
in recent decades to increase diversity and retain women,
minority students, and other under-represented groups (e.g.,
Lee, 1991; George et al., 2001; Burke and Mattis, 2007).
Below, we summarize the basic demographic characteristics
of the Introductory Geology students surveyed.

Gender

Students participating in the study were 51% female (n
= 539) and 49% male (n = 518) (Fig. 1). Although gender
percentages varied among institutions, women constituted
more than 40% of participating students in every Introduc-
tory Geology class. Only two institutions had gender ratios
that varied mgnlflcantly from 50:50: UCB (y* = 4.28, df =1, p
= 0.038) and UND (3> = 5.73, df = 1, p = 0.017). When
compared with the ratio of female to male students at a
given institution, only UCB was statistically significant 07 =
9.16, df = 1, p = 0.0025) during spring 2010, with a higher
proportion of women in Introductory Geology than what
would be expected based on university demographics. The
lower percentage of women in Introductory Geology in
UND is not statistically different from the overall percentage
of female students at the institution (x*> = 3.05, df = 1, p =
0.08).

Race/Ethnicity

The majority of the students that participated in the
study identified themselves as Caucasian (81%, n = 866)
(Fig. 1). Only 15% (n = 155) of the participants identified
themselves as from under-represented ethnicities, which
included Hispanic of Any Race, Black or African American,
American Indian or Alaskan, Native Asian, Native Hawai-
ian or Other Pacific Islander, and 3% identified as Asian (n
= 36). Although the relative proportions of students in
each ethnic group varied from institution to institution,
Caucasian students were consistently 75% or more of the
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TABLE III: Additional statistics.

Variable Category Motivation Intrinsic goal orientation
Demographic
Gender df = 1,055 t =084 p =040 t =040 p =0.69
Age (yrs) df =3 x* = 36.92 p < 0.0001 x =194 p =038
18-19 and 20-21 p = 0.016 d=-0.17
18-19 and 22-25 p = 0.037 d=-0.73
18-19 and >25 p < 0.0001 d=-130
20-21 and 22-25 p = 0.64
20-21 and >25 p < 0.0001 d=-1.06
22-25 and >25 p = 0.00061 d=—-120
Race/ethnicity df =2 K = 19215 p = 0.3826 ¥ =046 p =079
Interest and experience
Major df =2 % = 56.69 p < 0.0001 x> = 44.56 p < 0.0001
Non-STEM and undecided p =036 p =019
Non-STEM and STEM p < 0.0001 d=-111 p <0.0001 |d=-056
Undecided and STEM p < 0.0001 d=—-1.01 p <0.0001 |d=-048
Likelihood of a natural df =3 x> =17.04 p < 0.0001 x> = 25.16 p < 0.0001
science major None and low p<00001 |d=-045 p<00001 |d=—042
None and some p < 0.0001 d=-130 p <0.0001 |d=-0.82
None and high p < 0.0001 d=-1.68 p <0.0001 |d=-0.82
Low and some p < 0.0001 d=-0.89 p <0.0001 |d=—-044
Low and high p < 0.0001 d=-130 p <0.0001 |d=—-0.65
Some and high p=10.00062 |d=—0.81 p =0.06
Science interest df =3 x> = 271.90 p < 0.0001 x> = 24157 p < 0.0001
None and low p=0.014 d=—-045 p =062
None and some p < 0.0001 d=—-156 p <0.0001 |d=-0.82
None and high p < 0.0001 d=-249 p <0.0001 |d=-1.68
Low and some p < 0.0001 d=-153 p <0.0001 |d=-0.80
Low and high p < 0.0001 d=—-254 p < 00001 |d=-173
Some and high p < 0.0001 d=—-156 p <0.0001 |d=-0.88
High school science df = 1,055 t=—5.05 p < 0.0001 d=-031 t=—454 p <0.0001 |d=-0.28
College STEM courses df =3 ¥’ =28.71 p < 0.0001 ¥ = 23.98 p < 0.0001
0 and 1-3 p =018 p =0.10
0 and 4-6 p =036 p =027
0 and >6 p < 0.0001 d=-09 p = 0.006 d=-0.14
1-3 and 4-6 p = 0.034 d=—-0.66 p = 0.007 d=-026
1-3 and >6 p < 0.0001 d=-103 p <0.0001 |d=-046
4-6 and >6 p = 0.0031 d=-0.76 p =0.09
Reason for taking the course
General education df = 1,055 t=—-836 p < 0.0001 d =058 t=-739 p <0.0001 |d=051
requirement
Major/minor requirement df = 1,055 t=4.64 p < 0.0001 d=-114 t = 3.68 p = 0.0002 d=-0.26
Easy course df = 1,055 t=—4.04 p = 0.0001 d=033 t=—4.49 p <0.0001 |d=036
Prior geology interest df = 1,055 t =12.30 p < 0.0001 d=-0.82 t=10.17 p <0.0001 |d=—-0.68
Human/environment df = 1,055 t =926 p < 0.0001 d=-0.79 t=9.56 p <0.0001 |d=-081
interaction

"Bold numbers indicate statistically significant differences between groups; italicized numbers indicate no significant difference between the groups either
because p > 0.05, or for p values between 0.01 and 0.05 failed the Holm’s—Bonferroni test (numbers italicized and with superscripted +). Cohen’s d is not listed
for comparisons with no significant difference (Cohen’s d is negative if the second group had a significantly higher mean than the first). Pairwise comparisons
were not done if the Kruskal-Wallis test showed no significant difference between any of the groups (blank squares). t = Student’s t-test statistic, - = chi-
squared statistic, d = Cohen’s d, df = degrees of freedom.
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TABLE III: Extended.
Extrinsic goal orientation | Task value Control beliefs Self-efficacy
Demographic
t=-316|p=00016 |d=—-019| t=—-033 |p =07427 t=054 |p=059 t=232 | p=00206"
¥ =490 |p=0086 Y =022 |p=090 ¥ =59 |p=005 ¥’ =647 | p=0.039
p=0.0033 |d=020
p=00061 |d=-031
p=100001 |d=—063
p =032
p=0012 |d=-042
p =011
¥ =445 |p=011 ¥ =069 |p=071 ¥ =389 |p=014 ¥ =428 |p=012
Interest and experience
¥ =102 |p =060 ¥* =53.60 |p < 0.0001 ? =2464 | p < 0.0001 x> =40.87 | p < 0.0001
p =028 p =011 p =022
p < 0.0001 | d = —0.60 p < 0.0001 | d = —0.38 p < 00001 |d=—042
p < 0.0001 | d = —0.50 p < 0.0001 | d = —0.30 p < 0.0001 |d=-050
¥ =212 |p=035 ¥* = 5440 |p < 0.0001 ¥ =104 |p =060 ¥ =154 |p=046
p < 0.0001 | d = —0.60
p < 0.0001 | d = —1.21
p < 0.0001 | d =139
p < 0.0001 | d = —0.68
p < 0.0001 | d = —0.88
p = 0.086
¥ =138 |p=2050 ¥* = 294.45 | p < 0.0001 ¥* = 7232 | p < 0.0001 ¥* = 145.37 | p < 0.0001
p=00017 | d = —0.54 p=0002 |d=—-046 p=0011 |d=-039
p < 0.0001 | d = —1.39 p < 0.0001 | d = —0.87 p < 0.0001 |d=-09
p < 0.0001 | d =244 p < 0.0001 | d=—145 p < 0.0001 |d=—1.68
p < 0.0001 | d = —0.90 p=0.0007 | d =—033 p <0.0001 |d=-052
p < 0.0001 | d =—-1.99 p = 0.0007 | d = —0.85 p < 0.0001 |d=-123
p < 0.0001 | d =—1.01 p < 0.0001 | d = —0.54 p <0.0001 |d=-0.72
=017 |p=087 t=-38 |p=00001|d=-024| t=-361|p=00003|d=-022| t=-468 |p<00001 |d=-029
¥ =276 |p=025 ¥* =33.09 |p <0.0001 ¥* =14.07 | p = 0.0009 ¥* =1253 | p=0.0019
p =0.018" p =049 p =079
p =083 p =093 p = 0.09
p =0.0009 | d = —0.37 p=0.0045 | d = —0.35 p < 0.0001 |d=-057
p =0.030" p =059 p = 0.095
p < 0.0001 | d = —0.51 p = 0.0006 | d = —0.37 p <0.0001 |d=—053
p=00053 | d =033 p=001 |d=-033 p=00017 |d=-038
Reason for taking the course
=031 |p=076 t=-921 | p<0.0001 | d =063 t=-534 | p<0.0001|d=037 t=-510 | p < 0.0001 |d=035
t=098 |p=033 t=533 |p<00001|d=-037| t=287 |p=00042|d=-020| t=317 |p=00016 |d=—-022
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participants from each class surveyed. When compared
with institutional data, five of the seven participating
institutions have similar race/ethnicity distributions as in
the participating Introductory Geology. At two institutions
(UCB and UND), the differences in population distribution
between Introductory Geology and the overall population

was significant. At UCB, the overall university population
of underrepresented ethnicities is 16.4%, yet was only 7.4%
of the survey participants (y* = 17.43, df = 2, p = 0.0002).
At UND, underrepresented ethnicities made up 17.7% of
the university population, but only 7.5% of the Introduc-
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tory Geology students surveyed (x> = 21.16, df = 2, p <
0.0001).

Age

Most students surveyed were the traditional age of first-
and second-year undergraduates in the U.S. (18-19 years,
62%, n = 651) or of third- and fourth-year students (20-21
years, 25%, n = 262) (Fig. 1). The remainder was divided into
groups of 22-25 years (8%, n = 83) and older than 25 years
(5%, n = 52). More than 80% of the students from each of
the four-year institutions (CSUC, MC, NCSU, UCB, and
UND) were of traditional undergraduate age (18-21 years),
with 50%-86% from each institution being 18-19 years old.
In contrast, only 63% of students from Introductory Geology
at the 2-year colleges (NHCC and SCC) were of traditional
undergraduate age.

Interest and Academic Experience
Major

For the total surveyed population, 21% (n = 219) had
declared or intended to declare a major in a STEM field,
37% (n = 405) were undecided about their field of study,
and 41% (n = 433) declared or intended to declare a major
in a non-STEM field (Fig. 1). This distribution is
significantly different from a random distribution, in which
33% of the population would fall in each category (x* =
76.88, df = 2, p < 0.0001) (Fig. 1), and significantly
different from anecdotal expectations that very few STEM
majors enroll in Introductory Geology. While percentages
varied from institution to institution, more than 30% of
students in every section had yet to declare a major, and
less than 30% of students intended to declare or had
already declared a STEM major. Within the group of
students reporting that had not yet decided on or declared
a major, about 80% reported that they were “not very
likely” or “definitely not” planning to major in one of the
natural sciences: geology, physics, chemistry, or biology
(Fig. 1).

Prior Courses and Interest in Science

A surprisingly large percentage of the students surveyed
expressed a high level of interest in science (23%, n = 238)
(Fig. 1). A total of 51% (n = 534) of the students surveyed
reported taking more than 3 years of high school science
courses, with most students in this study having completed
high school biology and chemistry (95 and 86%; n = 1,007
and 911, respectively), and nearly half (47%, n = 493)
completed high school physics, but a surprisingly large 77%
(n = 809) reported taking high school Earth science courses.
For comparison, the national averages are similar or lower
for completion of high school science courses (biology, 93%;
chemistry, 66%; physics, 33%; Earth science, 25%) (Amer-
ican Geological Institute, 2009). For 58% (n = 611) of the
students, this was also not their first college science course.
Before taking Introductory Geology, 11% (n = 113) had
previously taken physics, 16% (n = 170), had completed
chemistry, 25% (n = 248) took biology, and 7% (n = 72)
enrolled in college courses in more than one science
discipline.

Reason for Enrolling
The main reason students report enrolling in Introduc-
tory Geology was to fulfill a general education requirement
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(73%, n = 765) (Fig. 1). But students could choose multiple
reasons. Some students enrolled to fulfill a major/minor
requirement (26%, n = 278). Some students had an interest
in the topic of geology (31%, n = 323), or in the interaction
between humans and the environment (18%, n = 163), or
both (11%, n = 113). Others were just looking for an easy
course (19%, n = 196), presumably with respect to the
alternatives of physics or chemistry, and sometimes biology
(e.g., Willyard, 2008).

Motivation Scores

In general, overall motivation score varies significantly
by age, but neither by gender nor race/ethnicity. Overall
motivation is also significantly different when comparing the
interest and academic experience groupings and when
comparing students who did or did not select any given
reason for taking the course (Fig. 2). Although gender did
not yield differences in overall motivation, when comparing
individual subscales (Tables II and III), extrinsic goal
orientation is higher for female students with a small effect
size (Student’s t-test statistic [t] = —3.16, p = 0.0016, d =
—0.19) at the start of Introductory Geology.

The characteristics of two-end member populations
(highly motivated and less motivated) can be detected in the
overall motivation scores (Fig. 2 and Tables II and III). The
highly motivated students include those with an interest in
geology and/or the interaction between humans and the
environment, and students exhibiting a general proclivity for
science (including STEM majors or students very likely to be
natural science majors, and students with more than six prior
college STEM courses or more than three high school
science courses). Overall motivation significantly increased
with increasing stated interest in science. Motivation also
increased with age (except between 20-21 and 22-25 years),
with the oldest students (older than 25 years) being the most
highly motivated (Table III).

In contrast, the students least motivated included those
expressing low or no interest in science and those not
enrolling to fulfill a major or minor requirement (Fig. 2 and
Table II). The youngest (18-19 years), those who took three
or fewer science courses in high school, those unlikely to be
natural science or STEM majors, and those enrolling to fulfill
a general education requirement and/or expecting an easy
course are also had low overall motivation.

DISCUSSION

Below we discuss motivation, reason for enrolling, and
demographic data, without regard for specific details of the
course or the instruction. Our focus here is on characterizing
the motivations of students at the start of the course in order
to provide baseline information on students before instruc-
tional methods or other factors of the course influence
motivation.

Prior research indicates that students tend to overesti-
mate their scores of motivation and use of learning strategies
at the beginning of a course, and these scores decline
throughout the semester (Pintrich and Zusho, 2007; van der
Veen and Peetsma, 2009). As a result, initial student self-
reports of motivation will likely be recalibrated and be
represented by a lower score by the end of the semester. It is
also important to note that how one student interprets a
given value may be different from another, so a score of 3
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FIGURE 1: Percentages of each group enrolled in Introductory Geology (total n = 1,057), by basic demographic (top
row), interest and experience information (middle row), and reason for taking the course (bottom row). The original

survey is shown Supplement A.

out of 7 could mean something different for two different
students. However, when there are significant clusters
within the survey population, one can begin to draw
conclusions about a particular population (Carifio and Perla,
2007). Compared with the rest of the survey population, the
“highly motivated” and “less motivated” groups described
here are statistically distinct, with significantly different
motivation scores.

Highly Motivated Students

It is no real surprise that the more motivated students
are the students who have already chosen a STEM major
and/or are considering a natural science major, who have
taken many prior science courses, and/or who have a high
interest in science in general, the interaction between
humans and the environment, and/or geology (Fig. 2 and
Table III). These students are more likely to value mastery
over performance, believe they are in control of their

learning, value learning tasks, and have confidence in their
learning ability. Many of these attributes have been
documented to influence learning in other disciplines (e.g.,
Vanderstoep et al., 1996; Zusho et al., 2003). These are the
most confident students in a class, and it is reasonable to
assume that they are the most likely to willingly accept the
challenges of a course and seek to develop a deeper
understanding of the content. An instructor probably needs
to spend less effort motivating them and can focus instead
on sustaining their motivation.

Less Motivated Students

Students with less motivation are the students most at
risk for poor performance because of their own affect (e.g.,
Vanderstoep et al., 1996; Zusho et al, 2003; Covington,
2007) and most likely to be a risk for retention (e.g.,
McKeachie et al., 2002). The less motivated students are the
youngest (18-19 years), those with the least proclivity
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FIGURE 2: Results from the MSLQ, on a 7-point scale, grouped by student demographics, interest, and reason for
enrolling in the course. Results compare overall motivation, which is the mean of MSLQ results from intrinsic goal
orientation, task value, control of learning beliefs, and self-efficacy. Scores are significantly different at o = 0.05 or less
(see “Methods”), with p < 0.0001 except gender and race/ethnicity (denoted by asterisks). Means and standard
deviations for overall motivation and the individual subscales are given in Table II; additional statistics are shown in

Table III.

toward science and/or a science major, those expecting an
easy course, and/or those taking the course for a general
education requirement (Fig. 2 and Table III). It is a
disheartening fact that the youngest students and those
seeking to fulfill a general requirement are some of the
largest demographic groups in the surveyed student
population (Fig. 1). A large fraction of the class might thus
start the class with lower motivation, particularly lower task
value and intrinsic goal orientation (Table II). It is logical to
assume many of these students will not do well early in the
class, their motivation will deteriorate further, and their
learning will be hindered because of a decrease in self-
efficacy (Brophy, 2004). This in turn suggests that instructors
need to be aware of such a potential downward spiral and

deliberately intervene to try and improve student motivation
early in the course.

Implications for Improving Student Motivation

Efforts to influence motivation could have the greatest
impact when such efforts target those areas with the greatest
potential for improvement. Based on our results, we
recommend a focus on those motivation factors that already
divide Introductory Geology classes into statistically separate
populations, namely the categories we used to calculate
overall motivation: (1) intrinsic goal orientation, (2) task
value, (3) control of learning beliefs, and (4) self-efficacy
(Tables I and III). All four of these factors positively correlate
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with student performance (Pintrich et al., 1991; Zusho et al.,
2003).

Previous motivation research has documented multiple
strategies that are effective for targeting improvement of
self-efficacy and/or control of learning beliefs in specific
contexts or in more general terms (e.g., Johnson et al., 1991;
Brophy, 2004, McConnell and van der Hoeven Kraft, 2011).
We posit that these strategies are likely to be effective in
Introductory Geology because these strategies transcend
content. For example, self-efficacy can be enhanced by
promoting mastery of challenging tasks through small-
group activities or by providing students with multiple
opportunities to complete assignments (Johnson et al., 1991)
or by breaking complex tasks into smaller steps (Rhee
Bonney et al., 2005) and providing frequent feedback
(Pajares, 2002). Control of learning beliefs can be fostered
by seeking student feedback about classroom practices or by
providing students with opportunities to make choices about
the format of assignments or the components of a grading
rubric (Johnson et al., 1991). Margolis and McCabe (2006)
suggest a variety of strategies to improve self-efficacy and
other motivational aspects of learning including using peers
as role models, teaching specific learning strategies, and
presenting the students with options and choices.

However, because self-efficacy and control of learning
belief scores were relatively high in this study compared with
other measures of motivation, more efforts to improve
student intrinsic goal orientation and task value might yield
larger gains. For example, compared with the rest of the
survey population, students enrolling for a general education
requirement have significantly lower intrinsic motivation
and task value, with medium effect sizes (Cohen’s d = 0.51
and 0.63, respectively). Thus, for those students, assignment
of authentic tasks that incorporate students’ personal
interests or incorporate current events can help develop
heightened intrinsic goal orientation (e.g., Johnson et al.,
1991; Hulleman and Harackiewicz, 2009). Similarly, to
increase task value in those general education students,
instructors can make explicit references to the relevance of
course materials and skills to future personal or professional
goals outside of science.

Motivations of Students at Universities Versus
Colleges

Because most of the students surveyed (85%) were from
large research universities, the discussion here is most
relevant to similar large-enrollment courses at universities in
the U.S. However, although only 15% of the students
surveyed were from small liberal arts (SLAC) and commu-
nity colleges (CC), there are a few comparisons worthy of
brief note. First, SLAC students enrolled in Introductory
Geology for interest-based reasons at more than double the
rates of students at large research universities, and had
significantly higher motivation scores than students from
other institutions (see Supplement B: Supplemental Data;
available at http://dx.doi.org/10.5408/12-287s2). Second, CC
students were not significantly different from students at
large research universities in terms of motivation or reasons
for enrolling in Introductory Geology. An important future
study might compare the influence of institution types and
other factors such as course size or instructor methods, both
on students’ reasons for enrolling and on students” changes
in motivation from the start to the end of the course.
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CONCLUSION

This article is the first to empirically characterize the
motivations undergraduate students bring to Introductory
Geology, and to link motivation to reasons for enrolling in
the course. Results from the demographic surveys and the
MSLQ reveal that key aspects of student motivation are
influenced by age, potential major, prior coursework in
science, reasons for taking the course, and stated interest in
science. Although gender and race/ethnicity appear to have
little bearing on motivation at the start of Introductory
Geology, age is an important distinguishing factor. The data
indicate that the more highly motivated students are older
students, those with an interest in geology, those who have
declared a STEM major or consider a natural science major
likely, and those who previously completed several science
courses in high school and/or college. These students
generally have higher self-efficacy, a greater level of interest
or perceived value of the course, and more curiosity and/or
desire to learn about geology. Less than 20% of the students
enrolled because they perceived geology to be an easy “rocks
for jocks” option for fulfilling their science requirement.

Knowing why students enroll in Introductory Geology
and their motivational characteristics helps provide infor-
mation instructors can use to plan successful interventions
early in the course. These interventions have the potential to
improve skills that will help less motivated students better
understand how to learn, and also provide them with the
incentive for why they should learn, whereas different
interventions can be targeted to help the more motivated
students. This study thus has important implications for
instructors to better plan courses to meet the needs and
values of all students.
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