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Abstract

In this paper the results of a simultaneous regression analysis concerning achievement
motivation for introductory college biology are presented. A total of 287 undergraduates
enrolled in introductory-level college biology courses participated in this study. Participants
completed a survey consisting of items from the Motivated Strategies for Learning
Questionnaire, demographic information, and academic achievement. Results indicate that
68% of the variation in biology students’ achievement can be explained by a combination of
motivational constructs, intrinsic goals, extrinsic goals, task wvalue, control beliefs,
self-efficacy, and test anxiety; with self-efficacy being the strongest predictor. Implications
and future directions are discussed.
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1. Introduction

Of the core sciences (biology, chemistry, and physics), the biological sciences stake claim to
having the largest student enrollment (National Center for Education Statistics, 2006), and
claim responsibility for preparing individuals for health and environmental related careers
(Eyster, 2007). Nevertheless, the biological sciences face some adversity with combating
students’ low achievement, particularly in introductory-level biology courses. According to
Congos, Langsam, and Schoeps (1997), up to half of students enrolled in introductory
biology courses at many colleges and universities earn a letter grade of ‘D’ or ‘F’, if not
withdraw from the courses entirely. Students having to enroll in introductory-level science
courses have expressed “the boring memorization of jargon and formulas; the grade curves;
the ‘weeder’ function; and the lack of community in large, introductory science courses”
(Brand, 1994, p. 182). Before one can obtain a college degree, particularly a degree in the
sciences, one must first achieve in introductory-level biology classes. The difficulty, however,
in combating low achievement in such courses involves addressing the many factors that
adversely influence students’ academic behaviors and performance. One of these major
factors under investigation is students’ motivation.

It is well documented that academic motivation has been strongly associated with students’
academic behaviors in college science courses, including strategy use (Zusho, Pintrich, &
Coppola, 2003), the tasks students choose to pursue (Moore, 2005), and consequently,
achievement (Bandalos, Finney, & Geske, 2003; Duncan & McKeachie, 2005; Lin,
McKeachie, & Kim, 2001). The research in science education points to the importance of six
motivational constructs, including self-efficacy, task-value, control of learning beliefs,
test-anxiety, intrinsic motivation, and extrinsic motivation (Zusho, Pintrich, & Coppola, 2003)
that play a role in influencing achievement. Often found to be a strong predictor of college
achievement (Lawson, Banks, & Logvin, 2007; Lynch, 2006), self-efficacy can be defined as
one’s belief that a desired outcome, on a specific task, can be produced (Bandura & Locke,
2003; see also, Pajares, 1996; Usher & Pajares, 2008). In a multi-wave study with college
students enrolled in introductory-chemistry courses, self-efficacy is found to be one of the
strongest predictors of students’ final course performance (Zusho, Pintrich, & Coppola, 2003).
A construct that is strongly related to self-efficacy, is the motivational construct, control of
learning beliefs, which can be defined as an individuals’ expectations that controlling
personal efforts on a learning task will result in positive outcomes (Sungur, 2007). In a study
of first year college students, McKenzie, Gow, & Schweitzer (2004) identify control for
learning beliefs, to have an indirect effect on student achievement when mediated by
students’ learning strategy use.

In addition to the role self-efficacy and control beliefs may have in student achievement,
Glynn, Taasoobshirazi, and Brickman (2006) illustrated in a path analysis that students’ belief
in the relevance of biology to their career (task value) had a significant positive direct effect
on achievement. Moore (2007), along with Bruning (2007), contend that the lack of
task-value towards introductory-level biology courses may be a detrimental factor to
achievement, as both Moore and Bruning observe that students often view tasks in
introductory biology courses as “unimportant.” Therefore, Bruning challenges science
educators to identify what is valued by students in science courses. A construct that
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Bembenutty (2008) argues can decrease both self-efficacy and allow an individual to devalue
important learning outcomes, is test-anxiety. Test-anxiety, the degree to which a student has
concern or worry over taking exams, has been found to be negatively associated with
achievement in biology courses (Sansgiry, Bhosle, & Dutta, 2005), as well as biopsychology
college students (Sgoutas-Emch, Nagel, & Flynn, 2007).

Despite the strong associations between self-efficacy, task-value, test-anxiety, and students’
science achievement, intrinsic and extrinsic motivation tend to illustrate less stable
associations. Whereas intrinsic motivation involves participating in a task because it is
inherently rewarding (Sheldon & Kasser, 1995), extrinsic motivation involves participating in
a task as a means to an end (i.e. money). In a 2001 study with college biology students, Lin,
McKeachie, and Kim found that students who had high intrinsic motivation and moderate
extrinsic motivation, yielded better grades than those who had extreme (high and low)
extrinsic motivation.

Although research does show that low motivation is linked to low achievement in biology,
my intent is to investigate the degree to which the aforementioned motivational constructs
contribute to college students’ biology achievement, specifically those enrolled in
introductory-level college biology courses. An understanding of which motivational factors
best predict college biology achievement can help inform college educators about the specific
motive(s) that may garner higher achievement in biology. Implications of this study’s results
may provide valuable insight as to what motivational strategies/interventions college biology
instructors and other student services personnel who interact with college biology students
may employ to enhance their students’ achievement experiences.

2. Method
2.1 Participants

A total of 287 undergraduate students (205 females and 82 males)' enrolled in five sections
of a required introductory level biology course for science majors, at two large, public, urban,
college institutions in the Southwestern region of the United States, participated in this study.
The bulk of participants were in their sophomore year (43%), followed by freshmen (21%),
juniors (19%), and seniors (17%). Approximately 50% of participants reported having a
biology major, followed by 23% reporting nursing majors, 23% reporting “other” science
related majors, and 4% undecided. Approximately 48% of the sample identified as being
Caucasian, followed by 24% identifying as Asian/Pacific-Islander decent, 13%
Hispanic/Latino decent, 6% Blackk/African-American, 3% Native American, and 6% other.
Participants from the sample also reported an average cumulative grade-point-average of 3.16
[on a 4.0 scale] (SD = .66).

2.2 Measures
2.2.1 Motivation

To access students’ motivation, 31 (7-point Likert-scale) items derived from the motivation

! The greater number of female participants in my sample can be attributed to the unequal gender distribution at the
institutions, and the biology courses themselves, which enroll more females than males.
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scale of the Motivated Strategies for Learning Questionnaire [MSLQ] (Duncan & McKeachie,
2005; Pintrich, Smith, Garcia, & McKeachie, 1993) were used; consisting of subscales for
intrinsic goal orientation (4 items), extrinsic goal orientation (4 items), task value (6 items),
control of learning beliefs (4 items), self-efficacy for learning and performance (8 items), and
test anxiety (5 items). Using a social-cognitive view of motivation and learning strategies, the
MSLQ has been an established and invaluable self-report tool (Duncan & McKeachie, 2005)
for many researchers, educators, and students for a wide variety of different purposes and
contexts. Duncan and McKeachie (2005) report Cronbach alpha reliability coefficients
ranging from .62 to .93 for the motivation subscales, with intrinsic goal orientation, test
anxiety, task value, and self-efficacy having acceptable to excellent consistency. Though
Duncan and McKeachie (2005) report questionable internal consistency values for control
beliefs and extrinsic goal orientation, in the present study, Cronbach alpha reliability
coefficients ranging from .77 to .95 were obtained for the same MSLQ subscales (see Table
1); indicating that participants in this sample were consistent in their responses to items
respective of each of the MSLQ motivation subscales. In addition to having acceptable
reliability, Pintrich et al. (1993) reported that with exception to the extrinsic goal orientation
subscale, that the MSLQ had reasonable predictive validity, as the remaining motivation
subscales were strong predictors of college students’ final course grades (in various subject
matters).

2.2.2 Achievement

College biology students’ achievement was determined by participants’ self-reported
responses to “what is your current grade for this biology class.” Students’ actual grades for
their courses could not be obtained from instructors. Sawyer (1988) suggests that despite
obtaining students’ actual grades is recommended, students’ self-reported grades are
sufficiently accurate (Cassady, 2001) and useful in many contexts. To minimize students’
“overreporting” of their grades, students responded to a second grading item, “what is your
expected grade for this biology class.” Both of the grade items (current versus expected) were
strongly correlated at .81 (p < .001), suggesting that students’ self-reporting of grades was
consistent. Students’ responses to the item “current grade” were used to denote achievement,
since it pertained specifically to how students’ were performing at the time of data collection.

Table 1. Reliabilities of MSLQ Subscales

Scale/Subscales Cronbach’s Alpha
Motivation (MSLQ) 928

- Intrinsic Goals .823

- Extrinsic Goals 776

- Task Value 930

- Control Beliefs .842

- Self-Efficacy 951

- Test Anxiety .823
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2.3 Procedures and Design

Data was collected during the 14" week of a 15 week Fall semester. Four instructors agreed
to post a survey link onto their course webpages. In accordance with an approved institutional
review board (IRB) protocol, students were asked to partake in a 10-minute online survey
that assesses students’ attitudes and perceptions toward their biology education. Students had
until the weekend, prior to their final exam, to complete the survey. Student scores for each of
the MSLQ subscales were computed using the Statistical Package for Social Sciences (SPSS).
A simultaneous regression analysis (Tai, Sadler, & Mintzes, 2006) was employed to
determine the predictability of the aforementioned motivational constructs on achievement.

3. Results

Simultaneous regression analysis is most appropriate when it is unknown as to what variable
should come prior to any other. In a simultaneous regression model, multiple independent
variables “are treated simultaneously and on an equal footing” (Williams, 2009, p.1). In this
study, the independent variables are intrinsic goals, extrinsic goals, task-value, control beliefs,
self-efficacy, and test anxiety; and the dependent variable is student achievement. Results
indicate that 68% of the variation in biology students’ achievement can be explained by a
combination of motivational constructs, intrinsic goals, extrinsic goals, task value, control
beliefs, self-efficacy, and test anxiety, F(6, 270) = 37.72, p = .0005. Of the motivational
constructs, self-efficacy (p = .759, p < .01) appears to be the strongest predictor of biology
student achievement.

Table 2. Summary of Simultaneous Regression Analyses for Variables Predicting Biology
student achievement (N = 278)

Biology Student Achievement

Variable B SE B i
Intrinsic Goals -0.016 0.016 -.078
Extrinsic Goals -0.004 0.012 -.021
Task Value 0.000 0.010 .003
Control Beliefs -0.018 0.011 -.096
Self-Efficacy 0.065 0.007 759%*
Test Anxiety -0.009 -0.008 -.065

* < .05. *p < 0l

4. Discussion

Student achievement may be influenced by multiple factors, all of which cannot be explained
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within the constraints of this study. Nevertheless, amongst motivational variables that are
discussed more thoroughly in regards to science student achievement, the construct,
self-efficacy, was found to be the strongest predictor of biology student achievement. This is
not to say that self-efficacy causes biology student achievement, however, suggests that
students’ beliefs about their ability to obtain a desired outcome on a specific task, in this case
biology, contributes strongly to students’ achievement in an introductory-level college science
course.

Strategies that instructors may consider utilizing, to improve their students’ efficacy in
introductory level college biology courses may include linking material to recent successes
students have experienced, using peer models, and/or reinforcing student effort and
persistence, to name a few (Margolis & McCabe, 2004). Schunk, Pintrich, and Meece (2008)
suggest similar approaches, as they advocate educators to employ modeling practices;
advocate educators to review materials in small steps; and advocate stressing effort and
persistence (for more on sources of self-efficacy, see also Chen & Usher, 2013; as well as
Usher & Pajares, 2008). The use of models, particularly peer models, can act as vicarious
reienforcers of adaptive behaviors. What is meant by this, is that if students see their peers,
especially those they identify with, succeed, then self-efficacy may be enhanced. Providing
reviews for material and linking material with recent successes may also enhance student
self-efficacy, since activating students’ memory of materials they have already learned or may
be familiar with, can reduce feelings of intimidation when new material is presented; thus,
students may become more confident in their ability to master the content and/or obtain a
desirable outcome.

Applying the aforementioned strategies to introductory-level college biology courses may
involve instructors of such classes adopting practices in which students in a class are invited
to participate in demonstrations and/or dedicating some time at the start of class/lab/lecture to
review previously covered materials [if such practices are not already being employed].
Future studies pertaining to the influence of motivational factors on college science
achievement, should consider investigating the effectiveness and appropriateness of
instructional strategies that are aimed at improving college biology students’ self-efficacy.
Additionally, future studies should strongly consider testing the predictability of motivational
constructs on student achievement in alternative contexts, such as upper-division biology
courses, science courses for non-science majors, underrepresented populations in science, etc.

5. Conclusion

Low achievement in introductory-level biology courses may in part be resultant of low
motivation, however, instructional strategies may be employed by science educators to
remedy and/or improve student motivation. In this study, self-efficacy was identified as the
most influential motivational construct on college biology students’ achievement. If
college-level science instructors seek strategies to improve student achievement in
introductory courses, instructional methodologies such as fostering self-efficacy by utilizing
peer models, may be a recommended starting approach.
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