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Evaluating student motivation in organic
chemistry courses: moving from a lecture-based
to a flipped approach with peer-led team learning
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Academic Motivation Scale-Chemistry (AMS-Chemistry), an instrument based on the self-determination
theory, was used to evaluate students’ motivation in two organic chemistry courses, where one course
was primarily lecture-based and the other implemented flipped classroom and peer-led team learning
(Flip—PLTL) pedagogies. Descriptive statistics showed that students in both courses were more extrinsically
motivated and their motivation moved in negative directions across the semester. Factorial multivariate
analysis of covariance revealed a main effect of pedagogical approach. Students in the Flip—PLTL environ-
ment were significantly more motivated toward chemistry at the end of the semester while controlling for
the motivation pre-test scores; however, there was no evidence for a sex main effect or an interaction
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Introduction

Students struggle with organic chemistry because organic
chemistry is challenging for students to learn (Lynch and
Trujillo, 2011; Bodner et al., 2017). For example, students had
difficulties with mechanisms (Bhattacharyya, 2014) and had
limited understanding of what curved-arrow formalism means
(Bhattacharyya and Bodner, 2005). Students are often intimi-
dated and anxious when entering organic chemistry courses.
There is a widely recognized problem with attrition and student
learning in the course (Tien et al, 2002). In exploration of
motivation in organic chemistry courses, motivation has shown
associations with student academic achievement (Black and
Deci, 2000; Lynch and Trujillo, 2011), sex differences in the
associations (Lynch and Trujillo, 2011), and increased students’
perceptions of intrinsic motivation over the semester in organic
chemistry courses implementing peer-led team learning (PLTL)
(Black and Deci, 2000).
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of Flip—PLTL pedagogies in improving student motivation toward chemistry.

Motivation

Motivation refers to the desire to act. Motivation has been
found to be one of the important factors to improve students’
persistence in science, technology, engineering, and mathe-
matics (STEM) and to promote better academic achievement
(Guay et al, 2010; PCAST, 2012; Griffin et al, 2013; Kusurkar
et al., 2013; Taylor et al., 2014; Sturges et al., 2016). Motivation is
a complex multidimensional construct ranging from amotiva-
tion (no motivation), to extrinsic motivation, and finally intrinsic
motivation, along a self-determination continuum based on self-
determination theory (SDT) (Deci and Ryan, 2000; Ryan and
Deci, 2000). When students are amotivated, they lack the desire
to perform any activity. For these students, it is necessary to
provide incentives to extrinsically motivate them for learning
to occur (Deci and Ryan, 2000). Extrinsic motivation means that
people do an activity because of its consequences, such as
rewards or punishments. Extrinsic motivation differs from
intrinsic motivation: when students enjoy an activity and find
the activity inherently satisfying, this is defined as intrinsic
motivation (Ryan and Deci, 2000). People are differently moti-
vated between tasks due to the reasons for doing the activity
and the level of satisfaction experienced when engaging in
the activity.

Motivation is closely associated with social environments.
Social contexts either support or thwart the natural tendencies
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toward engagement (Vansteenkiste et al., 2006). When students
take a consumerist approach to higher education, there is a
shift from intrinsic to extrinsic motivation (Labaree, 1999).
In a learning environment, where students are provided with
meaningful rationales for doing the learning activities and
given opportunities to interact with one other, and the instructors
are encouraging and respecting of students, intrinsic motivation
can be promoted (Black and Deci, 2000; Lepper and Henderlong,
2000; Chirkov and Ryan, 2001; Vansteenkiste et al., 2006; Su and
Reeve, 2011; Reeve, 2012; Vaino et al., 2012; Jang et al., 2016a,
2016b). For example, Black and Deci (2000) found that organic
chemistry students, who attended full-class lectures and
randomly assigned PLTL groups in a small, eastern university
in the U.S., had a positive but nonsignificant change on the
enjoyment and interest, which is regarded as a measure of intrinsic
motivation in the Intrinsic Motivation Inventory (McAuley et al.,
1989), by the end of a semester. In another study, basic and
high school students in Estonia had higher levels of intrinsic
motivation when context-based modules were implemented in
chemistry courses (Vaino et al., 2012).

Motivation may decrease over time (Zusho et al, 2003;
Nilsson and Warrén Stomberg, 2008; Brouse et al, 2010; He
et al., 2015). A decline in students’ motivational levels (i.e., self-
efficacy, task value) was found for college students enrolled in
introductory chemistry courses in a large Midwestern Univer-
sity in the U.S. over the course of a semester (Zusho et al., 2003).
Motivation also decreased during a single term course for
nursing students in Sweden (Nilsson and Warrén Stomberg,
2008). Freshmen students from Canada had higher levels of
intrinsic and extrinsic motivation compared with seniors in
college courses (Brouse et al., 2010). Students in an electrical
engineering course in the western U.S. also had a decline in
motivation that was associated with a decrease in exam scores
(He et al., 2015). Researchers have also found that students’
perceptions of other affective variables, such as attitude and
self-concept, changed across a course (Chan and Bauer, 2015).
The findings from previous literature suggest that motivation
in chemistry courses may decrease over time.

Sex differences in motivation levels have been reported.
Female college students usually reported higher motivation
levels than males (Vallerand et al, 1992; Cokley et al., 2001;
Spittle et al., 2009; Brouse et al., 2010; Smith et al., 2010; Eymur
and Geban, 2011). Females are under-represented in STEM
fields (Ong et al, 2011; Villafane et al., 2014). It is important
to investigate females’ motivation levels toward science because
sex has been found as an important factor on academic
achievement in science (Osborne et al., 2003). In a U.S. general
chemistry course, females were found to be less motivated
toward chemistry than male students (Liu et al., 2017). To date,
sex differences in motivation in organic chemistry courses have
not been explored; therefore, we were curious about how
motivation may differ at the end of the semester by sex taking
into considerations of students’ initial motivation levels.

Mixed results were reported in the literature regarding
associations between motivation and academic achievement;
one of the possibilities for such variable findings is the use of
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multiple definitions of motivation and achievement measures
across studies. Cerasoli et al. (2014) reviewed 40 years of
publications finding an average correlation coefficient of
0.24-0.31 between intrinsic motivation and academic achieve-
ment for college-aged samples. In chemistry, Jurisevic et al. (2012)
found that Slovenian and Polish vocational and technical high
school students with higher motivational scores on intrinsic
motivation, regulated motivation, and controlled motivation scored
higher on their tests of knowledge of visible spectrometry. In an
introductory organic chemistry course, students’ motivation
scores as measured by interest/enjoyment, were positively
correlated with students’ academic achievement expressed by
average grades of four in-term exams and final course grade
(Black and Deci, 2000). In contrast, two studies in Slovenia
found weak evidence that intrinsic motivation was positively
associated with chemistry achievement for elementary students
(Devetak et al., 2009) and for first-year pre-service primary
school teachers (Jurisevic et al., 2008). Associations between
extrinsic motivation and academic achievement are also mixed
(Lynch and Trujillo, 2011; Liu et al., 2017). For example, organic
chemistry students’ extrinsic goal, a type of motivation, was
significantly and negatively correlated with academic achievement
for females but the correlation was not significant for males
(Lynch and Trujillo, 2011). In general chemistry, extrinsic motiva-
tion toward chemistry was not significantly correlated with exam
scores at the beginning of the semester but positively correlated
with exam scores at the end of the semester (Liu et al., 2017).

Academic motivation scale-chemistry

Based on self-determination theory, Academic Motivation Scale
(AMS) (vallerand et al., 1992) was developed and used in many
contexts to examine student motivation toward education.
Academic Motivation Scale-Chemistry (AMS-Chemistry), which
measures student motivation toward chemistry in a specific
chemistry course, a type of situational level of motivation
(Vallerand, 1997; Vallerand and Ratelle, 2002), was recently
developed by modifying the items in AMS (Liu et al, 2017).
AMS-Chemistry measures amotivation, three types of extrinsic
motivation (external regulation, introjected regulation, and identified
regulation), and three types of intrinsic motivation (to know, to
accomplish, and to experience).

Validity (including content, response process, internal structure,
and relationships to other variables) and internal consistency
reliability psychometric evidence (Arjoon et al., 2013) has been
collected for AMS-Chemistry in the context of a general chemistry
course (Liu et al, 2017). Results suggested that the AMS-Chemistry
scores were valid and reliable in general chemistry and could be
interpreted in terms of the seven motivational subscales,
females were significantly less motivated than males, and
motivation and its association with exam scores varied across
a course (Liu et al., 2017). This previous work suggests that the
AMS-Chemistry is a potential instrument to identify potential
motivational movement along the self-determination continuum
across a course. In this study, AMS-Chemistry was used to
evaluate a pedagogical change in organic chemistry courses
over a course of semester.

This journal is © The Royal Society of Chemistry 2018
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PLTL and flipped classroom

In the past few decades, active learning pedagogies have been
extensively developed and implemented in college settings,
leading to a number of positive outcomes compared with tradi-
tional classroom experiences, as has been documented in several
reviews and meta-analyses (Prince, 2004; Freeman et al., 2014;
Warfa, 2016; Wilson and Varma-Nelson, 2016; Apugliese and
Lewis, 2017). Observed outcomes included increased academic
achievement (Prince, 2004; Freeman et al, 2014; Warfa, 2016;
Wilson and Varma-Nelson, 2016; Apugliese and Lewis, 2017),
increased student retention (Wilson and Varma-Nelson, 2016),
higher attitudes toward STEM disciplines (Brandriet et al., 2011;
Chonkaew et al, 2016; Vishnumolakala et al, 2017), reduced
attrition rates (Henry, 2017), and benefits for students who actively
responded to questions in class on a regular basis and those who
did not (Obenland et al, 2013). Self-determination theory (SDT)
hypothesizes that in more autonomous learning environments,
such as often found to be associated with active learning environ-
ments, students feel they have obtained the desired effects and
outcomes and developed more internalized, or intrinsic, motiva-
tion (Deci and Ryan, 2000; Reis et al., 2000; Ryan and Deci, 2000).
Without internalization of motivation, people won’t persevere
through difficulty (Ryan and Deci, 2000; Prince, 2004). Research
has explored the impact active learning pedagogies have on
achievement (Prince, 2004; Freeman et al, 2014; Warfa, 2016;
Wilson and Varma-Nelson, 2016; Apugliese and Lewis, 2017) and
motivation (Black and Deci, 2000; Prince, 2004; Obenland et al.,
2013; Abeysekera and Dawson, 2015; Cicuto and Torres, 2016). For
example, biochemistry students in an active learning environment
were found generally motivated and their motivation scores were
higher than or equal to those in other courses, which suggested
that the active learning environment had a positive impact on
students’ motivation (Cicuto and Torres, 2016).

Peer-led team learning (PLTL) is an educational reform to
actively engage students in learning through small-group work
led by students who successfully completed the target course
(Gosser and Roth, 1998; Wilson and Varma-Nelson, 2016). Peer
leaders are trained to guide and engage students to facilitate
collaboration, ask students to explain their work and seek group
consensus, and point students to resources (Tien et al, 2002;
Hockings et al., 2008; Drane et al., 2014; Robert et al, 2016). The
impact of PLTL includes improved pass rates (Mitchell et al., 2012),
increased student achievement (Lewis and Lewis, 2005a, 2008;
Hockings et al., 2008; Popejoy and Asala, 2013; Drane et al., 2014;
Carlson et al.,, 2016; Robert et al., 2016), and increased retention in
STEM degree programs (Lewis, 2011; Mitchell et al., 2012; Popejoy
and Asala, 2013; Drane et al., 2014; Lewis, 2014). PLTL has been
extensively implemented and evaluated in first-semester general
chemistry (Lewis and Lewis, 2005a, 2005b, 2008; Hockings et al.,
2008; Lewis, 2011; Popejoy and Asala, 2013; Drane et al., 2014; Lewis,
2014; Chan and Bauer, 2015; Carlson et al., 2016). The implementa-
tion has been extended to other more advanced college chemistry
courses (Tien et al., 2002; Lyle and Robinson, 2003; Wamser, 2006;
Arrey, 2012; Mitchell et al., 2012; Lewis, 2014; Robert et al, 2016).
There are fewer implementations of PLTL in organic chemistry
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courses (Tien et al., 2002; Lyle and Robinson, 2003; Wamser, 2006;
Arrey, 2012; Robert et al., 2016). PLTL has showed positive outcomes
in organic chemistry courses (Tien et al, 2002; Lyle and Robinson,
2003; Wamser, 2006; Arrey, 2012; Robert et al., 2016). For example,
students experiencing PLTL workshops had increased performance
and retention compared with students experiencing traditional
recitation sessions in first semester organic chemistry courses
(Tien et al., 2002). Higher success rates and persistence for students
who participated in the PLTL organic chemistty workshops were
reported (Wamser, 2006). Moreover, in an intensive course imple-
menting PLTL, students performed better than students in courses
with traditional semester format (Arrey, 2012).

Studies on PLTL mainly focus on cognitive learning
(Lewis and Lewis, 2005a, 2008; Hockings et al., 2008; Popejoy
and Asala, 2013; Drane et al, 2014; Carlson et al., 2016;
Robert et al, 2016); fewer studies have focused on affect
(Gafney and Varma-Nelson, 2008). Chan and Bauer (2015)
studied students’ attitude, self-concept, and motivation in
general chemistry taught with PLTL; they found that students
had negative changes on their attitude and self-concept with
small to medium effect sizes; they did not observe any signifi-
cant differences in traditional and PLTL environments.

The flipped classroom is an instructional strategy developed
to engage students in the course material before and during
class in ways different from a traditional classroom (Seery, 2015).
In flipped classrooms, students are required to study resources,
e.g., recorded lectures, videos, tutorials, textbooks, worksheets,
etc. before coming to class. Content is moved outside of class to
allow for more time to do other activities during class, such
as problem-solving sessions, small-group work, or classroom
discussions (Morrison, 1976; Smith, 2013; Fautch, 2015; Flynn,
2015; Seery, 2015; Eichler and Peeples, 2016; Henry, 2017). Most
research has focused on how well flipped classroom pedagogies
improve cognitive learning. In general, researchers have reported
increased or comparable outcomes compared with traditional
teaching methods (Love et al., 2013; Jensen et al., 2015; Weaver
and Sturtevant, 2015; Hibbard et al., 2016; Robert et al., 2016;
Ryan and Reid, 2016; Shattuck, 2016; Gregorius, 2017). The
attitude towards study materials (in particular videos or tutor-
ials) has been considered (Fautch, 2015; Flynn, 2015; Jensen
et al., 2015; Eichler and Peeples, 2016; Reid, 2016). Students
responded that out-of-class videos used in the studies were
effective and helpful (Seery, 2015; Hibbard et al, 2016; Reid,
2016; Shattuck, 2016). Recently researchers found that students
in an organic chemistry that utilized flipped classroom and
PLTL pedagogies had positive changes on attitudes towards
chemistry (Mooring et al, 2016). A recent study found that
general chemistry students, taught by flipped classroom pedagogy
in a historically Black college and university for women in the
southeast U.S., had positive motivation perceptions toward
chemistry as displayed by high scores on intrinsic motivation,
career motivation, self-determination, self-efficacy, and grade moti-
vation subscales (Hibbard et al., 2016). However, in this study
very few students (n = 27) took the motivation instrument.
Moreover, motivational perceptions are rarely studied in classrooms
with both PLTL and flipped classroom implemented and integrated.

Chem. Educ. Res. Pract., 2018, 19, 251-264 | 253


https://doi.org/10.1039/c7rp00153c

Published on 20 November 2017. Downloaded on 8/28/2021 8:15:40 AM.

Paper

In PLTL and flipped classroom environment, students could
develop more intrinsic motivation. In PLTL environment, stu-
dents have more chance to interact with their group members
and peer leaders, and the activities are well designed, and peers
and instructors are autonomy supportive. Therefore, according
to the SDT, students can have their basic needs of autonomy,
competence, and relatedness met, which will promote intrinsic
motivation (Deci and Ryan, 2000; Ryan and Deci, 2000). A similar
argument was made that flipped approaches might improve
student motivation (Abeysekera and Dawson, 2015). The study
materials that students are required to study in a flipped class-
room are carefully selected, or created, and scaffolded, which helps
student learn and therefore is good for students’ competence. The
students can choose when to and how often to study the materials,
which can meet student autonomy need. Again when students’
basic needs are met, we can promote student intrinsic motivation.
When we integrate flipped classroom and PLTL in the same
course, the instructor has more class time for learning activities
in small groups because part of the content is moved outside of
the lecture; students have more options and study resources in
and outside of classroom. We, therefore, expect that the dual
implementation of flipped classroom and PLTL pedagogies
(Flip-PLTL) will have a positive effect on student motivation.

In this study, flipped classroom and peer-led team learning
(Flip-PLTL) were integrated and implemented in organic chem-
istry by author JRR as a means to increase student motivation.
Author JRR accomplished this goal through small group work
during lecture periods. Students in the Flip-PLTL course inter-
acted with peer-leaders and author JRR during small group
work time. Peer leaders were trained to serve as facilitators of
learning rather than expert sources of information. To examine
the effect of the Flip-PLTL pedagogy, motivation toward chemistry
was measured at the beginning and end of lecture-based and
Flip-PLTL courses, both taught by author JRR, using the AMS-
Chemistry instrument (Liu et al., 2017).

Research questions

In this study, motivation will be studied in a lecture-based course
and a Flip-PLTL course using the AMS-Chemistry instrument
(Liu et al, 2017). The following research questions will be addressed:

1. How does AMS-Chemistry function in two differently
taught organic chemistry courses?

2. What is the student motivation status at the beginning
and end of a semester in organic chemistry courses?

3. How do changes on motivation differ by pedagogical
approaches and by sex?

4. How is motivation associated with student academic
achievement in the organic chemistry courses?

Methods

Research context

This study was conducted in two first-semester courses of a
yearlong organic chemistry course, which were taught a year
apart by author JRR at a large research-intensive university in
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the southeast United States. Author JRR’s course was one of the
five sections of first semester organic chemistry course in Fall
2014 and Fall 2015. Students in this course learn about the
three-dimensional chemical structures, naming the chemical
structures, simple functional group transformations, and
chemical reactions. Many of the students who are enrolled in
this course are premedical or biomedical science majors; most
students take the course to satisfy a major requirement. The
course consisted of two 75 minute lecture periods and a
50 minute recitation period weekly for 15 weeks. Lectures were
held in a large classroom (~300 seats); recitations were held
in small classrooms (~35 students). While the two courses
covered the same material, the two courses were taught with
different pedagogical approaches (i.e. lecture-based pedagogy
and Flip-PLTL pedagogy).

The first course was taught with a lecture-based pedagogy.
Author JRR utilized a classroom response system (i.e., clicker)
to promote discussion in pairs, small groups, and amongst the
classroom. Author JRR was interactive and dynamic, posing
questions and eliciting answers from the students throughout
the weekly lecture periods. Attendance in lecture was tied to the
classroom response system, of which points were awarded for
both attendance and answer correctness. Recitation sessions were
structured by teaching assistants; students had the opportunity to
ask questions about difficult content, see additional worked
examples, and request assistance with homework and suggested
problems from the textbook. There were four during-the-term
examinations and a final cumulative examination.

The second course was taught with a hybrid of lecture,
flipped, and peer-led team learning (PLTL) pedagogies (Flip-
PLTL). Author JRR continued to utilize a classroom response
system, as with the first course, to promote discussion and
learning in one of two lecture periods each week. In addition,
students were assigned American Medical Association Commis-
sioned Khan Academy videos (via YouTube) to watch before the
second lecture period each week. The videos were approximately
eight minutes long on average and addressed course learning
objectives. We have anecdotal evidence to suggest that, as with
most implementations of flipped-classroom pedagogies, there is
great variability in engagement with the video content; we lack
an observational strategy to monitor student engagement with
the video content.

For the second lecture period, students completed a work-
sheet with the assistance of peer leaders (i.e., students who
had successfully completed the course with an A or better).
Worksheets had between four and eight items each, with some
items having multiple parts particularly for topics including
nomenclature, translating structural representations, and pre-
dicting the products of reactions; worksheet items were devel-
oped by author JRR and modeled after “end-of-the-chapter”
items that are typical of most postsecondary second-year level
organic chemistry textbooks. There was approximately one peer
leader for every 12 to 16 students in the course. Author JRR
provided little lecture during the second lecture period other
than to explain clicker questions. Again, attendance during
these two lecture periods was tied to the classroom response

This journal is © The Royal Society of Chemistry 2018
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system; points again were awarded for attendance and correct-
ness. Recitation sessions continued to be teaching assistants
led. There were four during-the-term examinations. The ACS
Organic Chemistry First-Term Examination (2014) was used as
the final examination for the second course.

Author JRR started the project with a broad array of instruc-
tional experience using multiple pedagogical methods includ-
ing using classroom response systems, flipped-classroom and
small-group pedagogies. For the lecture-based pedagogy, this
was the first instance of author JRR teaching the particular
course at the research setting. For the hybrid pedagogy, this
was the first instance of author JRR specifically combining
flipped-classroom and peer-led team learning pedagogies.

Data were collected in accordance with University of South
Florida Institutional Review Board (IRB) applications: Improving
Gateway Chemistry Courses (Pro00017861) and Pathways to
Success. The study activities (in the lecture-based course) in
Pathways to Success constituted program evaluation and did
not meet the USF definition of human subject research. Students
were provided with a description of the studies prior to partici-
pation in the survey. Completion of the survey was deemed by
the USF IRB as consent to participate in the study.

Instrument

Academic Motivation Scale-Chemistry (AMS-Chemistry) (Liu et al.,
2017) was used to measure student motivation toward taking an
organic chemistry course in this study. Sample items for each
scale are displayed in Table 1. Students responded to 28 possible
reasons for being enrolled in the target chemistry course. A five-
point Likert scale ranging from “1” (not at all) to “5” (exactly) was
used to show the degree of agreement with each reason.

Exam 1 was used as the first achievement measure. Exam 4
was used as the second achievement measure. The two exams
were out of 100 points. In addition, Final Exam (cumulative and
out of 150 points) and Final Score (the final course grade in
percentages) were used to examine if motivation is associated
with students’ overall academic achievement.

Data collection and participants

The AMS-Chemistry was administered as paper-and-pencil test
in the target organic chemistry courses. The students were
given 10 minutes during lecture to complete the survey.
Students received a small amount of bonus points towards
their final exam score for participating in the study; these
points amount to less than 0.25% of the student’s final course
grade. We acknowledge that such a reward system may amplify

Table 1 Sample items of AMS-chemistry
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a student’s extrinsic motivation; however, the small percentage
of a student’s final course grade represented by the bonus
points dampens the potential overall effect of such a reward for
participation. Data were collected at two time points during
lecture time in Fall 2014 and Fall 2015 semesters.

There were 257 students enrolled in the first course taught
by lecture-based instructional pedagogy in 2014, coded as the
“Lecture-Based” course. The pre-semester data collection (Pre1)
was during the second week of class before Exam 1 in 2014.
After checking for missing data and careless responses (e.g. the
same response for all the 28 items), 235 students’ responses
(93% of all the responses) were used for data analysis. The post-
semester data collection in 2014 (Postl) was during the last
(15th) week of class following Exam 4, and all the 224 students
who responded to the survey had complete responses (response
rate = 87%), which were used for data analysis. Both Prel and
Post1 datasets were used to answer the first research question.
In addition, a matched-pair sample (n = 204), who had compete
responses for the two administration of AMS-Chemistry, was
used to examine the status of student motivation, effects of
pedagogical approach and sex, and association with academic
achievement (Research Questions 2-4). For the 204 students,
61.3% were females; 51.5% were White, 17.2% were Hispanic or
Latino, 7.8% were Black or African American, and 15.2% were
Asian; 10.3% were sophomores, 43.1% were juniors, and 44.6%
were seniors; 55.4% of the students were biomedical science or
health related majors, 26.0% were biology or biology related
majors, and only 4% were chemistry or chemistry engineering
majors; the average SAT math and verbal scores for this class
were 592.9 and 573.4. The demographic information and SAT
backgrounds for students who were enrolled in the course
(n = 257) are displayed in Appendices 1 and 2. The overall pass
rate (C or above) in this course was 73.5%.

In 2015, there were 240 students enrolled in the course, coded
as “Flip-PLTL”. The pre-semester data (Pre2) was collected
during the fourth week of class after Exam 1. The post data
(Post2) was collected during the 14th week after Exam 4. Nine
students had incomplete responses and one student had no
identifier, which resulted in 217 students’ responses for Pre2
with a response rate of 90%. In the Post2 dataset, all 190
students who responded to the survey had complete responses
for data analysis, which resulted a response rate of 79%. Pre2
and Post2 datasets were used to answer Research Question 1.
A matched-pair sample (n = 166), with compete responses for
the two administration of AMS-Chemistry in the Flip-PLTL
course, was used to answer Research Questions 2-4. For the

Subscales Sample item

Amotivation

External regulation
Introjected regulation
Identified regulation
To experience

To accomplish

To know

This journal is © The Royal Society of Chemistry 2018

I don’t know; I can’t understand what I am doing taking chemistry courses.

Because without having taking chemistry I would not find a high-paying job later on.

To prove to myself that I am capable of succeeding in chemistry.

Because taking chemistry will enable me to enter a job market in a field that I like.

For the enjoyment I experience when I think about the world in terms of atoms and molecules.
For the satisfaction I feel when I work toward an understanding of chemistry.

Because study chemistry allows me to continue to learn about many things that interest me.
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166 students, 63.9% were females; 44% were Whites, 22.3% were
Hispanic or Latino, 6.6% were Black or African American, and
20.5% were Asian; 9.6% were sophomore, 37.3% were juniors,
and 53% were seniors; 60.8% of the students were biomedical
science or health related majors, 22.2% were biology-related
majors, and only 3% were chemistry or chemistry engineering
majors; the average SAT math and verbal scores were 601.9 and
585.1. The demographic information and SAT backgrounds
for students who were enrolled in the course are displayed in
Appendices 1 and 2. The overall pass rate (C or above) in this
course was 95.4%.

Data analysis

Collected data for this study were analyzed using different
statistical analyses. First, the scores of the AMS-Chemistry from
Prel, Postl, Pre2, and Post2 were analyzed to evaluate the
internal structure validity of the instrument through confirma-
tory factor analysis (CFA) in Mplus 5.2. A Comparative Fit Index
(CFI) greater than 0.90 is considered as an acceptable fit
(Cheng and Chan, 2003). A Root Mean Square Error of Approxi-
mation (RMSEA) smaller than 0.08 is considered as a reasonable fit
(Browne and Cudeck, 1992; MacCallum et al., 1996). A standar-
dized root mean squared residual (SRMR) smaller than 0.10 is
considered as an acceptable fit to the data (Hu and Bentler, 1995).
In summary, we used the following cut-off values as an evaluation
of a reasonable model fit beyond the chi-square test statistic:
RMSEA < 0.08, SRMR < 0.10, CFI > 0.90.

The internal consistency of the seven subscales was assessed
using Cronbach’s alpha coefficients through SPSS 22.0; a
benchmark of 0.7 is suggested for research purposes (Murphy
and Davidshofer, 2005). SPSS 22.0 was also used for descriptive
statistics of the items and subscales, correlation studies, and
multivariate analysis of covariance. To compare whether the
correlation coefficients were significantly different in the two
courses, two-tailed Z-tests for independent correlations coefficients
were conducted (Glass and Hopkins, 1970) while using Bonferroni
procedures to control for the family-wise type-1 errors (Holm, 1979).
A factorial multivariate analysis of covariance (MANCOVA)
(Stevens, 2002) at an alpha level of 0.05 and post hoc compar-
ison (Bonferroni approach) (Holm, 1979) at an alpha level of
0.007 (0.05/7) were conducted to examine the main effects of
sex and pedagogical approach as well as the interaction effect
on the seven types of motivation at the end of the semester,
with pre-test motivation scores as covariates to eliminate the
effect of any existing pre-test differences on the results, in
particular because data were collected at different times at
the beginning of semester.

Results and discussion
Internal structure validity and internal consistency reliability

To answer the first research question, how does AMS-Chemistry
function in two differently taught organic chemistry courses, the
internal structure validity and internal consistency reliability of
AMS-Chemistry were examined to evaluate how the instrument
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Table 2 Confirmatory factor analysis fit indices of the seven-factor model
in two organic chemistry courses

2

Dataset n x Df  p-value CFI RMSEA SRMR
Prel 235 709.79 329 <0.001 0.91 0.070 0.061
Post1 224 672.27 329 <0.001 0.93 0.068 0.062
Pre2 217  657.15 329 <0.001 0.93 0.068 0.064
Post2 190 695.74 329 <0.001 0.92 0.077 0.060

Table 3 Cronbach’'s alpha coefficients for the four datasets in two
organic chemistry courses

Prel Post1 Pre2 Post 2
Subscale n =235 n =224 n =217 n =190
Amotivation 0.77 0.87 0.85 0.86
External regulation 0.87 0.86 0.89 0.89
Introjected regulation 0.88 0.88 0.89 0.91
Identified regulation 0.72 0.78 0.78 0.84
To experience 0.87 0.86 0.84 0.89
To accomplish 0.90 0.92 0.93 0.93
To know 0.85 0.88 0.87 0.90

functioned in the two courses. Most AMS-Chemistry items were
normally distributed with skewness and kurtosis between —2
and +2; therefore, a maximume-likelihood method of estimate is
employed for the confirmatory factor analysis (CFA). The
sample size at each time point was within the range of 190-
235 and therefore appropriate for CFA (Brown, 2006). A seven-
factor model was examined. Fit indices for each administration
are listed in Table 2; CFI values were between 0.91 and 0.93,
RMSEA values were between 0.068 and 0.077, and SRMR values
were between 0.060 and 0.064. Similar to the findings in a
general chemistry course (Liu et al, 2017), the seven-factor
model, rooted in SDT, showed reasonable fit to the data for
each of the four data collections.

Evidence of the internal consistency of the AMS-Chemistry
was examined by using Cronbach’s alpha coefficients. As shown
in Table 3, the Cronbach’s alpha coefficients were between
0.72 (identified regulation) and 0.90 (to accomplish) for the Prel
dataset and between 0.78 (identified regulation) and 0.92
(to accomplish) for the Postl dataset. The coefficients ranged
from 0.78 (identified regulation) to 0.93 (to accomplish) for the
Pre2 dataset. The alpha coefficients were from 0.84 (identified
regulation) to 0.93 (to accomplish) for Post2 dataset. The results
were similar to those in the general chemistry course
(Liu et al, 2017), and showed acceptable internal consistency
(Murphy and Davidshofer, 2005).

The CFA results together with Cronbach’s alpha coefficients
suggested that motivation can legitimately be explored by calcu-
lating the means for each subscale of the AMS-Chemistry
instrument.

Motivation status

To answer the second research question, what is the student
motivation status at the beginning and end of a semester in
organic chemistry courses, the means and standard deviations
of students’ motivation subscale scores were presented. Response
scales range from 1 “not at all” to 5 “exactly”. A higher score for
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Table 4 Mean and standard deviations of motivation scores and the changes over a semester in two organic chemistry courses

Course Subscale Pre M (SD) Post M (SD) M difference (effect size)

Lecture-based (n = 204) Amotivation 1.41 (0.63) 1.85 (1.00) 0.44 (0.53)
External regulation 3.77 (0.97) 3.74 (0.97) —0.03 (0.03)
Introjected regulation 3.48 (0.99) 3.14 (1.08) —0.34 (0.33)
Identified regulation 4.09 (0.73) 3.79 (0.89) —0.29 (0.36)
To experience 2.67 (1.10) 2.52 (1.10) —0.15 (0.14)
To accomplish 3.19 (1.06) 2.97 (1.13) —0.21(0.20)
To know 3.34 (0.99) 3.11 (1.03) —0.23 (0.23)

Flip-PLTL (1 = 166) Amotivation 1.36 (0.66) 1.56 (0.80) 0.20 (0.27)
External regulation 3.62 (1.05) 3.46 (1.03) —0.15 (0.14)
Introjected regulation 3.44 (1.01) 3.25 (1.04) —0.19 (0.19)
Identified regulation 3.86 (0.87) 3.64 (0.93) —0.22 (0.24)
To experience 2.59 (0.91) 2.61 (1.01) 0.02 (0.02)
To accomplish 3.13 (1.05) 2.96 (1.04) —0.17 (0.16)
To know 3.26 (0.94) 3.07 (0.99) —0.19 (0.20)

extrinsic motivation subscales means that students are more
extrinsically motivated to take this organic chemistry course.
The same goes for the intrinsic motivation subscales. A higher
score for amotivation would mean that students are more lack of
any motivation. Descriptive statistics for students with complete
responses at the beginning and end of two organic chemistry
courses are displayed in Appendix 3. Subscales were approxi-
mately normally distributed, with skewness and kurtosis in the
range of +1, except for amotivation subscale. While the descriptive
statistics in Appendix 3 were like those who have responded to
AMS-Chemistry twice over a semester (Table 4), our focus herein is
only on the matched dataset in both courses.

In both courses, students scored higher on extrinsic motivation
subscales. For example, at the beginning of the semester in the
Lecture-Based course, the means on extrinsic motivation subscales
ranged from 3.48 (introjected regulation) to 4.09 (identified regulation),
while the intrinsic motivation subscales ranged from 2.67 (to
experience) to 3.34 (to know). In both courses, students scored higher
on amotivation and lower on extrinsic and intrinsic motivation
subscales at the end of the semester. For example, in the Lecture-
Based course, students scored 1.41 on amotivation at the beginning
of the semester, while at the end of the semester in the same course,
the mean on amotivation increased to 1.85 and the extrinsic
motivation subscales ranged from 3.14 (introjected regulation) to
3.79 (identified regulation), and the intrinsic motivation subscales
were from 2.52 (to experience) to 3.11 (to know).

Higher scores on extrinsic motivation subscales suggest that
students were more extrinsically motivated in both the Lecture-
Based and Flip-PLTL courses. In particular, students were
motivated because they may have identified the value of organic
chemistry to their future careers, suggested by the highest
mean on identified regulation subscale. We speculate the follow-
ings are the possible reasons that students were more extrinsi-
cally motivated in the two courses: Most students were medical
science majors and no one in the course took the course as
elective; the students took the course for entrance graduate
school and profession studies, and the students needed to get
“A” to be competitive. Students’ higher scores on extrinsic
motivation subscales were consistent with the speculation that
students may have taken a consumerist approach to higher
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education (Labaree, 1999). Furthermore, according to SDT,
when most tasks are not inherently interesting and satisfying
and that learning requires a lot of repetitive practices, students
need some extrinsic stimulus to perform learning activities
(Ryan and Deci, 2000). Comparable results were found in general
chemistry (Liu et al., 2017). As students were more extrinsically
motivated, researchers have speculated that instructors can use
course policy to influence students’ extrinsic motivation, e.g.
through policy regarding attendance, in-class assignments, and
other activities, but it is hard to influence students’ intrinsic
motivation (Maurer et al., 2012, 2013; Sturges et al., 2016).

When closely examining the motivation scores in each course,
we found that the magnitude of changes on motivational scores
was different over the course of a semester. In the Lecture-Based
course, amotivation scores increased by 0.44 on average with a
medium effect size (Cohen’s d: small = 0.20, medium = 0.50, large =
0.80) (Cohen, 1988). This suggests that motivation levels decreased
over a semester. All other motivation scores decreased with
decreases ranging from 0.03 (external regulation) to 0.34 (introjected
regulation) with small to medium effect sizes (d = 0.03 to 0.36). This
suggests that students were less motivated by external reasons and
internal satisfactions over a course of a semester. In the Flip-PLTL
course, a similar trend was noticed, but the effect sizes were smaller
(d = 0.02 to 0.27). The decline in motivation was consistent with
prior literature that motivation changed over time and decreases in
motivation occurred in particular contexts (Zusho et al, 2003;
Nilsson and Warrén Stomberg, 2008; Brouse et al, 2010; He
et al., 2015; Sturges et al., 2016; Liu et al., 2017). There are many
possible reasons that students were demotivated. For example,
Nilsson and Warrén Stomberg (2008) found that unstimulating
curriculum, negative attitudes towards the studies, bad life situa-
tions, and difficulties with concepts were among the reasons for the
decrease in motivation. Under-studied factors, such as fatigue
(Smets et al, 1995) and exhaustion (Karatepe and Tekinkus,
2006), may be another possible reason that students were
demotivated over time.

Sex and course effects

To answer the third research question, how do changes
on motivation differ by pedagogical approaches and by sex, a
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factorial MANCOVA was conducted (Stevens, 2002; Nakajima
and Freesemann, 2013). Motivation has been found to relate
with math ability (Ablard and Lipschultz, 1998; Leaper et al.,
2012). In addition, math ability is important in organic chem-
istry because the subject of organic chemistry requires diverse
skills, including mathematical skills (Carpenter and McMillan,
2003) and one main type of the problems in organic chemistry
with regard to content is mathematical problems (Graulich,
2015). We, therefore, first examined if students differed on
their math ability (i.e., SAT-Math score) in the two courses
and if SAT-Math was an appropriate covariate for a factorial
MANCOVA. We found that students’ SAT-Math differed by
9.1 points in the two courses for students in the matched
datasets. Two one-tailed independent ¢-tests (Schuirmann, 1987;
Lewis and Lewis, 2005b) showed that the two courses were not
equivalent based on SAT-Math: ¢t; =2.26 > 1.29,¢, = 0.62 < 1.29
at an alpha level of 0.10. However, assumption tests showed
that there was no evidence for a significant relationship
between SAT-Math and the dependent variables: A4 = 0.977,
F(7,285) = 0.948, p = 0.47. Therefore, SAT-Math was excluded as
a covariate for the factorial MANCOVA.

The purpose of the factorial MANCOVA test was to
examine the effects of sex and pedagogical approach on student
motivation post-test scores, with pre-test motivation scores
as covariates to eliminate the effect of any existing pre-test
differences on the results. In this analysis, post scores of the
seven motivation subscales were the dependent variables. Sex
and pedagogical approach were the independent variables,
and the pre-test scores of the seven types of motivation were
the covariates. The interaction effect of sex and pedagogical
approach was also examined. Results (see Table 5) did not
provide evidence for a significant main effect of sex or an
interaction effect for sex and pedagogical approach, suggesting
females and males scored similarly at the end of the semester
in the Lecture-Based and Flip-PLTL courses, while controlling
for the pre-test motivation scores. Our results were different
from prior literature, which found that female college students
tended to have higher levels of motivation than males in
various contexts (Vallerand et al, 1992; Cokley et al., 2001;
Spittle et al., 2009; Brouse et al., 2010; Smith et al., 2010; Eymur
and Geban, 2011). The results also differed from previous
findings in which females reported being less motivated toward
chemistry than males in a first-semester general chemistry
course (Liu et al, 2017). Due to our easily accessible conve-
nience sample in a single institution, these results regarding
a lack of sex differences in self-reported motivation levels
should be interpreted with caution when comparing with the
literature.

Table 5 Factorial MANCOVA results for main and interaction effects of
sex and pedagogical approach on student motivation

Effect A F(7,353) p Partial #”
Sex 0.975 1.291 0.254  0.025
Pedagogical approach 0.928  3.906 <0.001  0.072
Sex x pedagogical approach  0.985 0.792 0.594 0.015
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Table 6 Univariate analysis of main effect of pedagogical approach on
seven motivation subscales of AMS-Chemistry

Dependent variables F(1,359) P Partial #”
Amotivation 11.735 0.001 0.032
External regulation 4.884 0.028 0.013
Introjected regulation 3.81 0.052 0.011
Identified regulation 0.06 0.806 <0.001
To experience 3.195 0.075 0.009
To accomplish 0.564 0.453 0.002
To know 0.085 0.771 <0.001

The factorial MANCOVA indicated a significant main effect
of pedagogical approach after adjusting for the covariates:
A =0.928, F(7,353) = 3.906, p < 0.001. This suggests that the
students scored significantly differently on the set of motiva-
tion variables at the end of the semester taught by different
pedagogical approaches, while controlling for motivation pre-
test scores. Based on the multivariate findings, univariate
analyses of variance were done for each motivation subscale.
Table 6 summarizes the significance levels for each of the
variables. Results showed that students scored similarly on all
the intrinsic and extrinsic motivation subscales, but students
taught with the Flip-PLTL pedagogical approach scored signifi-
cantly lower on amotivation at an alpha level of 0.007 while
controlling type-1 error (Holm, 1979). Students in the two
courses were similar based on their demographics (e.g. sex),
when they enrolled in the course they knew which professor
was going to teach but they were not aware of pedagogical
changes; therefore, we speculate that the differences on student
motivation could be due to the different pedagogical approaches.
This suggests that different pedagogical approaches can differently
affect student motivation (Ryan and Deci, 2000). Perhaps only
one semester is insufficient for students to show gains in
intrinsic motivation or differences in extrinsic motivation. Self-
determination theory suggests that if basic needs of autonomy,
competence, and relatedness are met, students can develop
intrinsic motivation (Deci and Ryan, 2000; Ryan and Deci,
2000). We speculate that in a Flip-PLTL classroom, students have
freedom regarding when to and how often to explore the study
materials, students have more chance to interact with their peers,
and the instructor and peer-leaders function more like facilitators
in class; therefore, like other active learning pedagogies (Black
and Deci, 2000; Prince, 2004; Obenland et al., 2013; Abeysekera
and Dawson, 2015; Cicuto and Torres, 2016), Flip-PLTL
pedagogies can have a positive effect on student motivation given
long enough time according to theory (Deci and Ryan, 2000; Ryan
and Deci, 2000; Abeysekera and Dawson, 2015).

Motivation and academic achievement

To answer the fourth research question, how is motivation
associated with student academic achievement in the organic
chemistry courses, the associations between motivation and
academic achievement were studied in the two courses. Four
academic achievement measures were used: Exam 1, Exam 4,
Final Exam, and Final Score (the final course percentages).
Matched samples were used for the correlation study in order to

This journal is © The Royal Society of Chemistry 2018


https://doi.org/10.1039/c7rp00153c

Published on 20 November 2017. Downloaded on 8/28/2021 8:15:40 AM.

Chemistry Education Research and Practice

View Article Online

Paper

Table 7 Association of motivation with academic achievement in the Lecture-Based course (n = 204)

Subscales Exam 1° Final exam” Final score” Exam 4° Final exam” Final score”
Amotivation —0.15* —-0.11 —0.13 —0.35** —0.33** —0.38**
External regulation —0.01 0.00 0.02 0.00 —0.02 0.04
Introjected regulation —0.08 0.05 0.02 0.13 0.16* 0.18**
Identified regulation —0.06 0.05 0.04 0.22** 0.19** 0.24**

To experience 0.06 0.18** 0.18* 0.25%* 0.24** 0.29**

To accomplish 0.08 0.20** 0.17* 0.26** 0.27** 0.31**

To know 0.06 0.17* 0.17* 0.28** 0.30% 0.32**

*Significant at 0.05 level (two-tailed test). ** Significant at 0.01 level (two-tailed test). © With pre-motivation scores. > With post-motivation scales.

Table 8 Association of motivation with academic achievement in the Flip—PLTL course (n = 166)

Subscales Exam 1° Final exam” Final score” Exam 4° Final exam” Final score’
Amotivation —0.20* —0.20** —0.28** —0.19* —0.21** —0.23**
External regulation —0.03 —0.01 —0.01 —0.07 —0.03 —0.06
Introjected regulation 0.03 0.07 0.02 0.12 0.09 0.06
Identified regulation —0.03 —0.00 0.04 0.11 0.06 0.02

To experience 0.02 0.12 0.08 0.17* 0.15 0.13

To accomplish 0.12 0.20* 0.16* 0.18* 0.15 0.13

To know 0.08 0.19* 0.15 0.20** 0.17* 0.13

* Significant at 0.05 level (two-tailed test). ** Significant at 0.01 level (two-tailed test). “ With pre-motivation scores. * With post-motivation scales.

compare the associations in the two courses. Intrinsic and
extrinsic motivation subscales had no significant correlations
with Exam 1; however, amotivation was negatively correlated
with Exam 1 with a small effect size (r: small = 0.1, medium =
0.3, large = 0.5) (Cohen, 1988) at the beginning of both courses
(Tables 7 and 8).

For the Lectured-Based course, at the beginning of the semester
intrinsic motivation subscales were significantly and positively
correlated with Final Exam and Final Score (see Table 7); correla-
tions ranged from 0.17 to 0.20 with small effect sizes. At the end of
the semester, intrinsic motivation subscales were significantly and
positively correlated with Exam 4, Final Exam, and Final Score:
r = 0.24-0.32, with medium effect sizes; introjected regulation and
identified regulation also had positive correlations with the exam
grades, with r values ranging from 0.16 to 0.24.

For the Flip-PLTL course, amotivation was significantly and
negatively correlated with exam grades (see Table 8). At the
beginning of the semester, both ¢to know and to accomplish
subscales were significantly and positively correlated with Final
Exam; the to accomplish subscale was significantly and posi-
tively correlated with Final Score. At the end of the semester, to
know and to accomplish subscales were significantly and posi-
tively correlated with Exam 4; only the to know subscale was
significantly and positively correlated with Final Exam. There
was no evidence for significant correlations between extrinsic
motivation subscales and academic achievement throughout
the semester. Two-tailed Z-tests of independent correlation
coefficients (Glass and Hopkins, 1970) did not provide evidence
for differences in correlation coefficients between the two
courses (p > 0.05 for each of the two-tailed Z-tests), suggesting
the association trend between motivation and academic
achievement was similar in the two courses.

The variable correlations over time were consistent with the
findings in general chemistry course (Liu et al., 2017). Negative

This journal is © The Royal Society of Chemistry 2018

correlations between amotivation and academic achievement
suggested that it would be beneficial to stimulate all forms of
self-determined motivation toward chemistry. Extrinsic motivation
had no significant correlations with academic achievement in the
Flip-PLTL course, suggesting that while providing some minor
rewards could help student extrinsic motivation, merely relying on
extrinsic rewards may not be enough for students to achieve. This
was consistent with a hypothesis that students had difficulty keeping
up studies if they were primarily concerned with grades
(Lynch and Trujillo, 2011), a key indicator of high extrinsic motiva-
tion. Positive correlations between intrinsic motivation subscales
and students’ exam grades were consistent with prior findings in the
literature (Black and Deci, 2000; Jurisevic et al, 2008; Devetak et al.,
2009; Cicuto and Torres, 2016; Liu et al, 2017), which suggest that
students who were more intrinsically motivated toward chemistry
had better achievement (Lynch and Trujillo, 2011). Intrinsic motiva-
tion had a stronger association with student academic achievement.
Therefore, we suggest instructors to take efforts to promote student
intrinsic motivation. For example, instructors can provide choices to
students and rationales for assignments. Instructors can also
acknowledge students’ feelings and give them a sense of indepen-
dence. Moreover, instructors can provide students’ positive feedback
to help them be confident and grow in their abilities, as well as help
them to have a sense of belonging by encouraging collaborations
in small groups. According to SDT, when students’ basic needs
of autonomy, competence, and relatedness are met, intrinsic
motivation development is supported (Deci and Ryan, 2000;
Ryan and Deci, 2000).

Conclusion

The purpose of the present study is to examine the effect of
pedagogical approaches by using AMS-Chemistry to evaluate
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motivational perceptions before and after the implementation
of flipped classroom and PLTL (Flip-PLTL). To achievement
this purpose, we first gathered psychometric evidence and
suggested that the AMS-Chemistry can be used to measure
motivation in the target organic chemistry courses that utilized
different pedagogies. AMS-Chemistry scores were used to eval-
uate the effectiveness of Flip-PLTL on student motivation;
results suggest that AMS-Chemistry has potential to evaluate
the impact of other research-based instructional pedagogies on
motivation. Results suggest that students are less amotivated in
a Flip-PLTL instructional environment; we conclude that the
reformed pedagogy is having the intended effect on motivation.
Additional, we observe that one semester is not long enough to
observe meaningful positive changes in the extrinsic and
intrinsic subscales of the AMS-Chemistry; a longitudinal study
over multiple semesters would lend evidence to support claim
that the AMS-Chemistry data are invariant across time and can
be used to articulate changes across time.

Limitations

This study has several limitations, which suggest that other research-
ers should be cautious when comparing our results with findings in
other contexts. First, the samples were conveniently taken from the
two target courses and from courses at a single institution. The
inferential results may be due to the particular sample and unre-
flective of causal associations between changes in motivation and
instructional environments. Second, the sample size was too small
for measurement invariance testing (Xu et al., 2016) and limited the
power of the statistical analysis reported. Third, results were pri-
marily based on quantitative data. Fourth, there was no data to show
the fidelity of the implementation of PLTL and flipped classroom. In
the future, qualitative studies should be conducted to triangulate
these findings. For example, interviews could uncover which aspects
of flipped classroom and PLTL motivate students toward chemistry
and how the curriculum, fatigue, and exhaustion may have influ-
enced motivation.

Implications

Our findings have multiple implications for the chemistry educa-
tion community. Our work found some positive effect of Flip-
PLTL on student motivation; therefore, we encourage faculty to
implement such a pedagogical approach to their instructional
practices. According to SDT, when instructors support the auton-
omy of students, students develop more intrinsic motivation and
identified regulation (Deci and Ryan, 2000; Ryan and Deci, 2000).
For example, autonomy-supportive interventions could be used to
help faculty develop this instructional technique (Su and Reeve,
2011). Reeve (2009) has suggested instructors to use informative
and permissive language while communicating with students, to
acknowledge and accept students’ feelings; such communication
techniques enhance the support of autonomy. Instructors should
provide students with optimally challenging tasks and tools
necessary for success, resources for self-paced learning, and
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positive feedback, be respectful, and create opportunities for
students to interact with each other (Kusurkar et al., 2011; Su
and Reeve, 2011; Jang et al., 2016a, 2016b); these behaviors also
meet students basic needs of autonomy, competence, and relat-
edness, therefore support the development of intrinsic motivation
according to SDT (Deci and Ryan, 2000; Ryan and Deci, 2000;
Orsini et al, 2015). When students are motivated, more positive
outcomes are expected, for example, better academic achievement
and persistence in STEM fields (PCAST, 2012).

Scores from AMS-Chemistry can be interpreted using differ-
ent frameworks based on different mini-theories in SDT. First,
using the seven-factor model, we can show nuances of motiva-
tion and potential movement along the self-determination con-
tinuum based on the organismic integration theory. Second,
with the support of alternative models, the data collected from
AMS-Chemistry can also be interpreted in terms of autonomous
and controlled motivation using causality orientations theory,
another mini-theory in SDT (Deci and Ryan, 2000, 2008; Ryan
and Deci, 2000; Jurisevic et al., 2008; Guay et al., 2010; Kusurkar
et al., 2013), which can be used to produce simplified student
motivation profiles and enhance our understanding of SDT in
college chemistry courses.
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Appendices

Appendix 1: the demographics of students enrolled in the courses

“Lecture-

Based” Flip-PLTL
n 257 240
Females 158 (61.5%) 152 (63.3%)
Males 99 (38.5%) 88 (36.7%)
White 123 (47.9%) 109 (45.4%)
Hispanic or Latino 44 (17.1%) 54 (22.5%)
Asian 40 (15.6%) 47 (19.6%)

Black or African American 27 (10.5%) 14 (5.8%)

Senior 117 (45.5%) 120 (50%)
Junior 110 (42.8%) 90 (37.5%)
Sophomore 26 (10.1%) 29 (12.1%)
Post Bachelor 3 (1.2%) 1 (0.4%)
Freshman 1 (0.4%) 0

Biomedical Sciences 105 (40.9%) 125 (52.1%)

Cell and Molecular Biology 25 (9.7%) 22 (9.2%)
Integrative Animal Biology 18 (7.0%) 18 (7.5%)
Health Sciences 32 (12.5%) 16 (6.7%)
Chemistry/Chemical Engineering 11 (4.3%) 10 (4.2%)
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Appendix 2: examination of the academic background of all the
students enrolled in two courses

Lecture-Based Flip-PLTL

SAT_Q SAT-V SAT_Q SAT-V
n 208 208 192 192
M 590.0 570.8 607.2 587.8
SD 74.4 79.5 84.6 87.8

Appendix 3: descriptive statistics of student motivation based
on all students’ responses

Data collection Subscales M SD Sk Ku

Amotivation 1.47 0.67 1.73 3.10
External regulation  3.79 0.96 —0.79 0.00
Introjected regulation 3.53 0.99 —0.43 —0.25
Identified regulation 4.05 0.75 —0.71 —0.19

Prel n = 235

To experience 2.65 1.11 0.24 —0.94
To accomplish 3.18 1.05 —0.07 —0.83
To know 3.33 0.99 —-0.11 —0.84
Postl n =224 Amotivation 1.85 1.00 1.19 0.63
External regulation ~ 3.74 0.98 —0.83  0.04
Introjected regulation 3.15 1.10 —0.23 —0.92
Identified regulation 3.78 0.90 —0.63 —0.28
To experience 2.50 1.10 0.35 —0.83
To accomplish 2.95 1.13 —0.14 —0.86
To know 3.10 1.03 —0.08 —0.79
Pre2 n =217  Amotivation 1.34 0.62 2.53 7.78
External regulation  3.63 1.03 —0.65 —0.28
Introjected regulation 3.50 1.00 —0.4 —0.51
Identified regulation 3.91 0.86 —0.82 0.54
To experience 2.65 0.96 0.33 —0.43
To accomplish 3.19 1.05 —0.06 —0.8
To know 3.33 0.94 0.13 —0.64
Post2 n =190 Amotivation 1.56 0.82 1.74 2.82

External regulation  3.42 1.05 —0.51 —0.25
Introjected regulation 3.25 1.05 —0.32 —0.45
Identified regulation 3.61 0.95 —0.53 —0.27

To experience 2.62 1.00 0.21 —-0.67
To accomplish 2.98 1.04 —0.16 —0.55
To know 3.09 0.98 —0.16 —0.64

Note: Sk = skewness, Ku = kurtosis.
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