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Organic chemistry courses are often viewed as “weed-out” courses, with success traditionally measured
by examination performance. However, learning extends beyond cognition as it is also influenced by
students’ interactions with their peers and instructors. Affective and social dimensions of the learning
environment should also be considered for supporting meaningful engagement with organic chemistry
content. In this study, a flipped, peer-led team-learning (PLTL) pedagogical strategy was implemented in
the second semester of a yearlong postsecondary organic chemistry course. Using the Community of
Inquiry (Col) framework, we explored how students’ perceptions of their social, cognitive, and teaching
presence in the course varied across the semester, by course grade, and admit type (first-time-in-
college and transfer). Confirmatory factor analysis and measurement invariance testing supported the
validity of the data collected by the Col instrument, and nonparametric analyses were used to assess
group-level differences. Results indicate that perceptions of all Col components increased across the
organic chemistry course. Students that earned higher course grades reported stronger perceptions of
social and cognitive presence, and transfer students were found to report comparable perceptions of
the Col components to their first-time-in-college peers. Overall, the flipped, PLTL course pedagogical
strategy cultivated a supportive and cohesive learning environment of organic chemistry over time and
across student groups. These results underscore the value of intentionally structured, collaborative
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DOI: 10.1039/d5rp00447k environments in challenging gateway chemistry courses and the need to measure affective and social
dimensions of learning alongside cognitive outcomes to more fully capture the mechanisms by which

rsc.li/cerp course structures influence the learning experience.

Introduction

The introductory organic chemistry course sequence has long
been recognized as a pivotal and challenging course within the
postsecondary STEM curriculum (Bradley et al., 2002; Anderson
and Bodner, 2008; Grove et al, 2008, 2012; Widanski and
McCarthy, 2009; Kraft et al., 2010; Schmidt-McCormack et al.,
2019; Asmussen et al., 2023), often serving as a gateway to
advanced coursework and professional opportunities in the
chemical and health sciences (Grove et al, 2008; Horowitz
et al, 2013; Mutanyatta-Comar and Mooring, 2019). Success
in these courses requires students to coordinate between multi-
ple modes of chemical reasoning, while developing sophisti-
cated conceptual and representational skills (such as molecular
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visualization and representational competence), which are
demands that are uniquely intensive relative to earlier intro-
ductory chemistry coursework. In response to these challenges,
recent instructional reforms such as flipped and peer-led team-
learning (PLTL) models have sought to make these cognitive
processes more explicit and to promote deeper engagement
with chemical thinking by positioning students as active parti-
cipants in the construction of their chemical understanding.
Much of the organic chemistry education literature has
focused on students’ cognitive processes, including how they
reason about reaction mechanisms and representations (e.g.,
Kozma and Russell, 2005; Graulich, 2015, 2025; Cooper et al.,
2016; Dood and Watts, 2022, 2023; Talanquer, 2022; Ward et al.,
2022; Frost et al., 2023; Yik et al, 2023; Crowder and Raker,
2024; Crowder et al., 2024, 2025). While such work provides
insight into how students make sense of content, dimensions
of learning go beyond cognition (Dewey, 1904; Ausubel, 1963;
Novak, 1977; Novak and Gowin, 1984; Bretz, 2001; Immordino-
Yang and Damasio, 2007). Student success in the complex,
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high-stakes learning environment of organic chemistry is addi-
tionally influenced by affective and social dimensions, includ-
ing motivation, identity, sense of belonging, and perceptions of
the learning environment (e.g., Lynch and Trujillo, 2011; Gallo-
way et al., 2016; Villafafie et al., 2016; Liu et al., 2018; Gibbons
and Raker, 2019). As chemistry education continues to empha-
size more student-centered teaching practices, there is a grow-
ing recognition that understanding how experiences in the
learning environment are essential for the improvement of
learning and retention. Thus, a more complete understanding
of the organic chemistry learning experience must account for
the affective and social dimensions of students’ experiences
(Flaherty, 2020b).

This work explores students’ perceptions of these different
dimensions of learning within the second semester of a yearlong
postsecondary organic chemistry course sequence that uses
a flipped, peer-led team-learning (PLTL) pedagogical strategy.
To frame these perceptions, this study adopts the Community
of Inquiry (Col) framework, which conceptualizes learning as
the interaction of three interrelated components: social
presence, cognitive presence, and teaching presence (Garrison
et al., 1999). In the context of this work, social presence reflects
students’ engagement with peers and their sense of belonging;
cognitive presence reflects students’ engagement with mean-
ingful problem-solving; and teaching presence reflects how
instructors structure and guide learning activities. Using this
framework, we quantitatively examine students’ perceptions of
these three Col components across the semester, by course
grade, and by admit type.

Student perceptions in organic chemistry

Student perceptions provide a lens to capture broader dimen-
sions of the learning experience. Perceptions influence how
students interpret instructional practices, how they engage with
peers, and how they evaluate their own persistence and belong-
ing in STEM (Bauer, 2005, 2008; Galloway et al., 2016). In the
context of the organic chemistry course sequence, a sequence
that often carries a negative connotation, these perceptions may
be particularly consequential. Positive experiences of colla-
boration and support can foster motivation; whereas negative
experiences, such as perceiving the course culture as competitive
or unsupportive, can compound existing challenges and influence
students’ decisions to continue in STEM (Seymour and Hewitt,
1997; Thiry et al., 2019).

Student perceptions are shaped by the diverse experiences
and backgrounds that they bring into the classroom. Among
these, transfer students represent a particularly relevant group for
studying student perceptions in organic chemistry (Whitfield,
2005; Frost et al., 2024b). Unlike their first-time-in-college (FTIC)
peers, transfer students often enter the organic chemistry course
sequence after completing prerequisite coursework elsewhere
(both at two-year and four-year institutions). This means trans-
fer students may differ in their chemistry preparation, expecta-
tions, and familiarity with instructional practices. Research
has also shown that transfer students often experience lower
academic performance upon transfer (i.e., transfer shock), both
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broadly and within organic chemistry specifically, highlighting
the potential impact of this transition period on student out-
comes (Hills, 1965; Whitfield, 2005; Elliott and Lakin, 2021;
Smith et al, 2022; Frost et al, 2024b). Moreover, transfer
students must simultaneously adapt to a new institutional
culture, build peer networks, and develop a sense of belonging.
This transition often coincides with enrollment in founda-
tional, yet highly demanding, gateway courses like organic
chemistry, which serve as critical sites for integration into the
new institution and for building relationships that support
persistence and success (Whitfield, 2005). At universities with
historically high transfer rates, such as those where our study is
conducted (Jenkins and Fink, 2016), understanding how trans-
fer and FTIC students perceive their learning environments is
particularly important since a growing number of students are
beginning STEM degrees at two-year institutions (Wang, 2015;
Gray et al., 2022). More broadly, examining variations in
student perceptions across groups can provide insight into
how different students navigate and engage with the organic
chemistry course sequence.

In our work, we examine how students’ perceptions of the
second semester of a yearlong postsecondary organic chemistry
course differ over time and by different grouping variables
(i.e., course grade and admit type). However, student percep-
tions are not only shaped by students’ prior experiences and
backgrounds, but also by the instructional environments they
encounter. Work exploring student perceptions in chemistry
education contexts has provided insights beyond performance
metrics, such as those related to course goals, climate, and
challenges (Flaherty, 2020a; Irby et al., 2020; Ramachandran
and Rodriguez, 2020; Bowen et al., 2022). These perceptions
are useful for evaluating course transformations, informing
instructional practices, and exploring the alignment between
student expectations and instructor goals (Bowen et al., 2022).
To more fully understand student perceptions, it is also neces-
sary to consider the pedagogical principles underlying course
design and facilitation as these shape student engagement,
peer and instructor relationships, and the construction of
understanding.

Constructivist approaches in chemistry classrooms

Constructivist learning theories posit that students build
knowledge actively through engagement with concepts, authentic
tasks, and their peers rather than passively absorbing information
from their instructor (Dewey, 1938; Piaget, 1952; Freire and
Ramos, 1970; Cole et al., 1978; Bodner, 1986; DeVries, 2000).
In practice, a constructivist classroom is characterized by
(1) knowledge shared between instructors and students,
(2) instructors and students sharing authority, (3) the instructor
serving as a facilitator or guide, and (4) learning occurring in
small groups of students (Chung, 1991). Instructional appro-
aches grounded in these principles emphasize student engage-
ment, collaboration, and problem-solving as central to
learning. Such approaches have been found to promote chem-
istry students’ higher-order thinking, conceptual understand-
ing, sense of belonging, and persistence (Freeman et al., 2014;
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Seery, 2015; Crimmins and Midkiff, 2017). By fostering inclu-
sive learning environments that value students’ experiences,
active learning can help promote more equitable learning out-
comes across student populations (Stanich et al., 2018; Theo-
bald et al., 2020), and contribute to increased retention and
graduation rates for transfer students (Wang et al., 2017; Riedl
et al., 2021).

These approaches can take a variety of forms, including, but
not limited to, just-in-time teaching (Simkins and Maier, 2010),
studio format classrooms (Sorensen et al., 2006), flipped class-
rooms (Seery, 2015), process-oriented guided-inquiry learning
(POGIL; Moog et al., 2009), think-pair-share (Mazur, 1997), and
peer-led team-learning (PLTL; Gosser et al., 1996). In the
present study, the second semester of a yearlong postsecondary
organic chemistry course incorporated both flipped instruction
and PLTL, with the goal of providing students with multiple
opportunities to actively engage with challenging content,
collaborate with their peers, and receive guided support from
both their instructor and trained peer leaders.

In a flipped classroom, students engage with the course
content before class through readings, videos, or online mod-
ules (Seery, 2015); which allows for productive problem-solving,
discussion, and application of concepts in class. (Liu et al,
2018; Mutanyatta-Comar and Mooring, 2019; Eichler, 2022). For
example, students may watch a video and complete a module
on electrophilic aromatic substitution (EAS) before arriving
to class so they can complete a worksheet with their peers on
EAS reactions. The flipped classroom approach shifts the
instructor’s role from primarily delivering content via lecture
to facilitating deeper engagement by guiding students as they
work through challenging problems and build understanding.
In an organic chemistry context, this might involve having
students discuss challenges they encountered during the EAS
video lecture in the first few minute of class. The instructor can
walk around the class to get an idea of the knowledge students’
currently have and then direct students to questions to solve
together, such as practicing drawing EAS intermediates and
their resonance structures. Prior chemical education work has
cited that flipped organic chemistry classrooms positively
impacted student attitudes across underrepresented student
groups and allows students to set the pace of their learning
(Christiansen, 2014; Fautch, 2015; Flynn, 2015; Rossi, 2015;
Mooring et al., 2016; Crimmins and Midkiff, 2017; Rocabado
et al., 2019; Reimer et al., 2021).

PLTL is rooted in the theory of social constructivism
(Cole et al., 1978) and emphasizes the importance of collaboration
in the process of knowledge construction (Raker et al., 2021). In
the PLTL model, small groups of students (e.g., 6-10 per group)
meet weekly to work through problems that build upon content
covered in lecture (Gosser et al, 1996). An undergraduate peer
leader who completed the course, generally with a “A” or higher,
undergoes training throughout the semester in content and
pedagogy. In the organic chemistry context, peer leaders might
help students in drawing the mechanisms of EAS reactions by
guiding their reasoning through concepts, such as directing
effects, and addressing common struggles (e.g., confusing
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activating vs. deactivating groups, missing resonance struc-
tures). Prior work has suggested that PLTL positively impacts
general (Lewis and Lewis, 2005, 2008; Hockings et al., 2008;
Lewis, 2011; Mitchell et al., 2012; Shields et al., 2012; Chan and
Bauer, 2015) and organic (Tien et al., 2002; Lyle and Robinson,
2003; Wamser, 2006; Rein and Brookes, 2015; Wilson and
Varma-Nelson, 2019, 2021) student learning in multiple facets,
including positive affect, content understanding, problem-
solving, and retention. Taken together, the PLTL model is not
only a means to promote students’ conceptual understanding,
but also a structure to foster the social and affective dimensions
of learning that contribute to persistence and success in
challenging courses like organic chemistry.

Community of inquiry (Col)

The community of inquiry (Col) framework serves as a model
for understanding how learning occurs through collaboration
within higher education (Garrison et al., 1999). This framework
reflects the idea that inquiry is a social activity, where colla-
borative engagement encourages students to take responsibility
for constructing and confirming their understanding (Dewey,
1910). The Col framework has been applied in a variety of learning
environments; originally developed for online courses, it has since
been applied in hybrid and face-to-face learning environments
(Garrison and Kanuka, 2004; Vaughan et al, 2013). The Col
framework emphasizes that meaningful learning develops in
communities (e.g., a course environment) where students engage
in sustained dialogue, reflection, and shared inquiry. Meaningful
learning emerges from the dynamic interplay of three compo-
nents: social presence, cognitive presence, and teaching presence
(see Fig. 1).

Social presence

Social presence is the most studied component of Col (e.g.,
Walther, 1992; Rourke et al., 2001; Richardson and Swan, 2003;
Richardson et al., 2017; Oh et al., 2018); it is described as the
degree to which students feel that they are able to project
themselves socially and emotionally within a course so that
they are perceived as authentic participants (Gunawardena and
Zittle, 1997). Aspects of social presence include affective/emo-
tional expression, open communication, and group cohesion
(Garrison et al., 1999). Together, these highlight that social
presence is more than just personal bonds formed within the
context of a course but rather are reflective of relationships that
are both personal and purposeful within the community of
inquiry.

Social presence facilitates classroom relationships and open
communication among instructors and students to support
collaboration rather than individual information acquisition
(Picciano, 2019). Within online course environments, this
might take place in discussion forums in course management
systems (e.g., Canvas) or communication platforms (e.g.,
GroupMe or Discord) where students feel comfortable expres-
sing their thoughts; in face-to-face courses, this may occur in
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Fig. 1 Description of Col components.

collaborative group activities. Previous literature suggests that
collaborative activities support increased social presence and
sense of community (Rovai, 2002; Richardson and Swan, 2003),
which results in increased satisfaction with the learning pro-
cess (Benbunan-Fich and Hiltz, 2003). A high perception of
social presence posits that students feel comfortable interacting,
collaborating, and able to express themselves in the course
environment. This is reflective of students building connections
with peers, feeling a sense of belonging, and engaging in colla-
borative learning environments (Rogers and Lea, 2005; Shen et al.,
2010). Without sufficient social presence, course interactions risk
feeling superficial or transactional.

Cognitive presence

Cognitive presence has long been considered a defining charac-
teristic of higher education, emphasizing critical-thinking as
both a process and outcome (Dewey, 1910; Garrison et al., 2001).
Within the Col framework, cognitive presence is described as the
extent to which students construct and confirm meaning through
sustained reflection and discourse (Garrison et al, 1999). This
emphasis on meaning making aligns with Ausubel’s theory of
meaningful learning, which posits that learning is most effective
when new information is actively integrated with learners’ existing
cognitive structures rather than simply memorized in isolation
(Ausubel, 1968). The Col framework conceptualizes cognitive
presence as an inquiry process that occurs through four phases
including (1) a triggering event, (2) exploration, (3) integration, and
(4) resolution, to reflect the process of critical thinking and
the means to develop cognitive presence. Progressing through
these phases of inquiry requires thoughtfully designed learning
activities, as well as purposeful facilitation and guidance.
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Cognitive presence reflects the extent to which students are
able to engage in critical thinking and meaning making
through reflection and dialogue with their peers. When learn-
ing activities are limited to rote memorization or passive
information transfer (e.g., traditional lecturing style), oppor-
tunities to develop cognitive presence and higher-order think-
ing skills are reduced (Arbaugh, 2013). Within the classroom,
cognitive presence is fostered through collaborative problem-
solving activities via class discussion or discussion posts,
group projects, or inquiry-based experiments that push stu-
dents beyond surface-level engagement. Although cognitive
presence is often associated with academic performance mea-
sures, it does not directly measure content knowledge; rather,
it reflects how students perceive their engagement with course
content and collaborative knowledge construction (e.g., class
discussions). Thus, a high perception of cognitive pre-
sence suggests that students perceive themselves as not only
engaging with course content on a surface-level, but also
as constructing and applying their knowledge in more
meaningful ways.

Teaching presence

Teaching presence is the most recently conceptualized compo-
nent of the Col framework, described as how the instructor
designs and facilitates the educational experience with the goal
of supporting social and cognitive presence to help students
achieve the learning outcomes and goals (Garrison et al., 1999).
To this end, teaching presence is considered to be a significant
determinant of student satisfaction, their perceived learning,
and sense of community. This component is also conceptua-
lized as having three components including (1) instructional

This journal is © The Royal Society of Chemistry 2026
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design and organization, (2) facilitating discourse (or building
understanding), and (3) direct instruction (Anderson et al,
2019). In practice, teaching presence may be reflected in how
an instructor structures group work, offers feedback, addresses
misconceptions, or poses guided questions during peer-led
activities. A high value of teaching presence suggests that
students perceive the instructor as providing clear communica-
tion of expectations, feedback, and guidance that make the
learning process feel structured and intentional.

Overall, teaching presence provides design and direction of
the educational experience, social presence supports the devel-
opment of the personal and purposeful relationships needed
to foster a collaborative environment, and cognitive presence
reflects the depth of higher-order thinking skills encouraged by
the environment. These three components are interconnected
and collectively shape students’ perceptions of the learning
environment.

Col in chemistry education research

While there is not widespread use of the Col framework within
STEM applications (such studies mainly exist within engineering
and medical education disciplines; Sadaf et al, 2021), there is
a growing body of work within chemistry education that use this
framework to explore how instructional contexts influence
student learning and engagement, particularly following the
transition to online learning during the COVID-19 pandemic
(Lawrie, 2021). Some studies have used Col as a framework for
course (re)design of general, organic, and elective chemistry
courses; redesign initiatives mainly focus on adapting the course
for an online format (Lasker et al., 2019), but also include the
implementation of structured peer teams, (Flener-Lovitt et al.,
2020) and online communication tools (Ng et al., 2022). Col has
also been used as a lens to investigate student and instructor
experiences within these nontraditional course contexts
(Ang and Ng, 2022; Reyes et al., 2024), e.g., investigating their
perceptions of asynchronous lectures (Ang and Ng, 2024) and
help-seeking behaviors of students underrepresented in chem-
istry (Williams-Dobosz et al., 2021). The Col instrument has also
been adapted for chemistry-specific contexts, used specifically
within introductory chemistry courses in a face-to-face context
(Komperda, 2016).

While the Col framework has been used and adapted for
chemistry courses, its application to pedagogies such as the
flipped, PLTL organic chemistry course in which our study is
situated, provides a unique opportunity to examine students’
perceptions of the learning experience. Social presence, cognitive
presence, and teaching presence provide a lens to evaluate the
design of the learning environment and understand the ways
students perceive themselves engaging in the community and
content of the course. In this sense, the Col framework can assist
in illuminating how students perceive the learning environment.
Exploring these perceptions over the course of a semester across
different performance levels and student backgrounds allows for a
more nuanced understanding of student engagement in a con-
structivist learning environment.

This journal is © The Royal Society of Chemistry 2026
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Research question

Guided by the Col framework, this study aims to quantitatively
examine differences in students perceptions of social, cogni-
tive, and teaching presence in the second semester of a year-
long postsecondary organic chemistry course sequence, using
flipped, PLTL methods. Specifically, we ask: Do students’ percep-
tions of the Col components differ (1) across the semester, (2) by
course grade, and (3) by admit type?

Methods

This work was conducted under application Pro#00028802,
“Comprehensive evaluation of the University of South Florida’s
undergraduate and graduate chemistry curricula”, as reviewed
by the University of South Florida’s Institutional Review Board
on December 13, 2016.

Data collection & course context

Data were collected at the University of South Florida: a large,
public, research-intensive, and emerging Hispanic-Serving
Institution university in the southeastern United States. Data
were collected from students enrolled in the second semester of
a yearlong postsecondary organic chemistry course sequence
across four semesters (ie., Spring/Fall 2023 and Spring/Fall
2024) and taught by author K. B-R. The course used Klein’s
Organic Chemistry, 4th edn. textbook (Klein, 2021). Each course
section enrolled up to 150 students, organized into groups of
five for in-class collaborative work. The second semester
organic chemistry course included a separate laboratory course
that was offered as a recommended co-requisite but was not
required for enrollment in the lecture component. The labora-
tory was conducted in traditional, instructor (or teaching
assistant)-led format and was administratively and pedagogi-
cally separate from the flipped, PLTL lecture course. Student
enrollment in the laboratory course was not controlled for in
the present study.

The lecture course was taught in a flipped, PLTL format,
which the instructor (author K. B.-R.) implemented with the
goal of fostering students’ self-regulated learning, problem-
solving, teamwork, and communication skills, in addition to
mastery of organic chemistry content. The instructor posi-
tioned themselves as a facilitator, mentor, and manager of
the learning environment by guiding students through content,
coordinating course logistics, and supporting students and
peer leaders in developing transferable skills for their future
careers.

Prior to each lecture, students engaged with course content
through video lectures and textbook readings. Within each
class period, approximately 45 minutes were devoted to
instructor-led discussion of major topics and common mis-
conceptions, followed by 20 minutes of worksheet practice
problems in small groups of 5 students and 10 minutes of
class-wide clicker questions (a class period is 75 minutes).
A team of 45 trained peer leaders supported these sessions,
each responsible for two groups of five students. Peer leaders
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Example

Teaching presence
that helped me to learn.

Social presence
Cognitive presence

Attention check
Fig. 2 Example Col items.

facilitated in-class group work, guided discussion, helped stu-
dents reflect on problem-solving processes, and served as peer
mentors. Peer leaders were undergraduate students who had
previously completed the course with an “A” and participated
in a weekly peer leadership course covering a review of content
to be learned in the course that week as well as facilitation
strategies, cognitive psychology, growth mindset, and the crea-
tion of supportive learning communities. Students also had
multiple opportunities for interaction outside of class, includ-
ing small-group GroupMe chats, a course Discord server (for
virtual office hours and peer assistance), in-person office hours,
and a weekly 50-minute recitation session with a graduate
teaching assistant. These opportunities were made available
to further foster peer collaboration, social connection, and
engagement with course material.

Col instrument. The Col framework was used to inform the
development of the original instrument (Arbaugh et al., 2008).
Similar to the Col framework, this original instrument was
originally developed for online contexts but has since been
adapted and applied across face-to-face and hybrid environ-
ments, as well as across several disciplines (e.g., E-learning,
education, languages and literature, medicine and health
sciences, computer science, etc.; Stenbom, 2018). The instrument
has largely been used to capture how larger groups of students
perceive the three components of the learning environment, to
compare features or interventions, and to investigate the relation-
ship between the components and other variables (e.g., satisfac-
tion; Garrison et al., 2010; Redstone et al., 2018; Stenbom, 2018;
Castellanos-Reyes, 2020; Sadaf et al., 2021).

Students’ perceptions of teaching, social, and cognitive
presence were measured twice during the semester using a revised
Col instrument for chemistry (Komperda, 2016). The instrument

The instructor was helpful in facilitating discussions on course topics

In-class discussions helped me to develop a sense of collaboration.
Course learning activities helped me construct explanations/solutions.

Please select “Disagree” for this item.

is comprised of 37 multiple-choice items: thirteen items for
teaching presence, nine items for social presence, fourteen items
for cognitive presence, and one attention check item. Example
items are shown in Fig. 2. Answer choices comprised on a five-
point Likert-type scale with response options including: Strongly
Disagree, Disagree, Neutral, Agree, and Strongly Agree (numerical
score ranged from 1-5, respectively).

The Col instrument was administered via Qualtrics to all
students enrolled (N = 1611; including students who withdrew
from the course) at two timepoints approximately eight weeks
apart — after Exam 1 and before the cumulative Final Exam
(see Fig. 3). Students received bonus points towards their final
examination score for completing the Col instrument. Only
responses from students who completed Col (e.g., no more
than five missing responses and passed the attention check
item) at both timepoints and received a passing final grade
(i.e., A-C) were included in our analyses (N = 1052; response
rate of 65.3%). A median imputation was conducted for remain-
ing items missing a response.

Course grade. Course grade was determined by performance
on clicker questions, group work, Discussion section engage-
ment, homework, a science literature project, four in-term
examinations, and a cumulative final examination. Letter
grades were determined with the following ranges: “A” 85.00-
100.00%, “B” 70.00-84.99%, and “C” 60.00-69.99%. The DFW
rate for this course ranged from 5-8% over the four semesters
Col data were collected; these observations were excluded
from our analyses due to incomplete information (e.g., with-
drawals) and the small size of the subgroup. Within our data,
489 students received an “A” (46.48%), 418 received a “B”
(39.73%), and 145 received a “C” (13.79%) for their final course
letter grade.

Exam 1 Exam 2 Exam 3 Exam 4 Final Exam

+ Infrared spectroscopy | *+ Conjugated Pi * Aldehydes & + Alpha carbon +  Organometallic
+  Mass spectrometry systems & Pericyclic Ketones ‘ ) chemistry: Enols & compounds
+  Nuclear Magnetic reactions +  Carboxylic acids & Enolates

Resonance +  Aromatic compounds their derivatives * Amines

spectroscopy *  Aromatic substitution

reactions
Col Col
Timepoint 1 Timepoint 2

Fig. 3 Timeline of course content coverage, examinations, and Col administrations.
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Admit type. Admit type is inclusive of first-time-in-college
(FTIC) and transfer (TS) students. FTIC students are defined
as having “no prior postsecondary experience attending any
institution for the first time at the undergraduate level”
(National Center for Education Statistics, 2025); the TS admit
type is inclusive of students who transferred from a two-year or
four-year institution with 12 or more credit hours. During the
timeframe data were collected, the University of South Florida
enrolled an average of 3730 new FTIC students and 3263 TS
students per year (University of South Florida, 2023, 2024, 2025).
Within our data, 842 students are FTIC (80.04%) and 210
students are TS (19.96%). In line with prior work (Frost et al.,
2024b), a significant difference was found between student admit
type and final course grade (see Appendix 1, Table 9 for descrip-
tive statistics) using a t-test: {(325) = 8.0321, p < 0.001, d = 0.62
(medium).

Data analysis

Analyses were conducted using R (version 4.5.0; R Core Team,
2025) via RStudio (version 2025.05.0 + 496; Rstudio Team,
2025). Descriptive statistics were determined using the ‘psych’
package (Revelle, 2024). Confirmatory factor analyses were
conducted using the ‘lavaan’ package (Rosseel, 2012), Cronba-
ch’s alpha («) and McDonald’s omega (w) were calculated using
the ‘semTools’ package (Jorgenson et al., 2022), and dynamic fit
indices were calculated using the ‘dynamic’ package (Wolf and
McNeish, 2023). Nonparametric analyses were conducted using
the ‘npmv’ (Burchett et al, 2017), ‘rcompanion’ (Mangiafico,
2025), ‘rstatix’ (Kassambara, 2025), and ‘FSA’ (Ogle, 2017)
packages.

Psychometric analysis

To ensure that the Col measurement model captured the
intended constructs of interest of teaching presence (TP), social
presence (SP), and cognitive presence (CP), evidence for validity
and reliability were gathered using confirmatory factor analysis
and measurement invariance.

Confirmatory factor analysis. To investigate the internal
structure of our data, confirmatory factor analyses were con-
ducted to test a three-factor model. Due to the ordinal nature of
the data collected (i.e., Likert scale responses), the model was
estimated using the weighted least squares means and variance
adjusted (WLSMV) method. The comparative fit index (CFI),
Tucker-Lewis index (TLI), and root-mean-square error of
approximation (RMSEA) were used to evaluate model fit.
Robust values for each are reported for all relevant analyses
(Brosseau-Liard and Savalei, 2014). General recommendations
for good model fit are: CFI > 0.90, TLI > 0.90, RMSEA < 0.08
(Hu and Bentler, 1999).

Cronbach’s « and McDonald’s w are reported for each of the
three Col components as measures of internal consistency.
As prior work with Col report Cronbach’s «, this value is
reported herein for comparative purposes. Due to the conge-
neric nature of the proposed model, Col scores were evaluated
using McDonald’s w. Cronbach’s o and McDonald’s » are
interpreted similarly, with general recommendations of a value
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of 0.7 or higher suggesting acceptable internal consistency
(Cortina, 1993; Komperda et al., 2018).

The internal structure of the Col data was evaluated with a
three-factor model estimated on the combined Timepoint 1
and Timepoint 2 dataset (see Appendix 1, Table 10 for all item
loadings); this pooled model was used to establish the baseline
factor structure prior to conducting measurement invariance
analyses. Fit statistics for the model and internal consistency
measures showed similar patterns to those previously reported
(Komperda, 2016). To evaluate whether each presence scale
could also be treated as a unidimensional construct, we esti-
mated separate single-factor models for TP, SP, and CP. These
models demonstrated acceptable fit and yielded consistent
reliability estimates (see Appendix 1, Table 11), supporting
the interpretation of each presence as a coherent scale-level
factor for subsequent latent mean comparisons. For the
three-factor model, acceptable data model fit was obtained: ;>
(591, N = 2104) = 6298.703, p < 0.001, CFI = 0.895, TLI = 0.888,
RMSEA = 0.068. Although the CFI and TLI values fall slightly
below commonly cited cutoff criteria (e.g., 0.90), rigid adher-
ence to universal cutoff values is not recommended; model
evaluation should also consider sample size, model complexity,
and theoretical plausibility (Marsh et al., 2004). In large-sample
CFA models with many indicators, incremental fit indices are
known to be particularly sensitive to minor model misspecifi-
cations. In this context, the RMSEA value falls within the
general acceptable range, and the overall pattern of fit indices
suggests reasonable model fit. Moreover, these fit statistics are
consistent with prior work with the revised Col instrument for
chemistry (Komperda, 2016). Acceptable internal consistency
was also observed for each component: arp = 0.936, ogp = 0.892,
tep = 0.910; wrp = 0.942, wgp = 0.900, wep = 0.919.

Measurement invariance. Longitudinal measurement invar-
iance and group measurement invariance were conducted to
ensure that the Col data represent the same constructs across
time and subgroups (i.e., course letter grade and admit type).
Three models were evaluated: configural, metric, and scalar.
The configural model serves as the baseline model for the
entire dataset, meaning factor loadings and thresholds are
freely estimated for each timepoint or group. The metric model
constrains the factor loadings to be equal across timepoints or
groups. The scalar model further constrains factor loadings and
thresholds to be equal across timepoints or groups. Invariance
is desired and is exemplified by identical fit between successive
models (e.g., configural to metric, metric to scalar), indicated by
a nonsignificant y*, ACFI < 0.1, ATLI < 0.1, and ARMSEA <
0.015 (Chen, 2007). When the most constrained model (e.g.,
scalar) demonstrates acceptable fit, this can also be used as
evidence to support invariance (Putnick and Bornstein, 2016).

Results of the longitudinal measurement invariance testing
(see Appendix 1, Table 12) suggest that the Col instrument
functioned consistently across both timepoints. Configural,
metric, and scalar invariance were each supported (e.g., ACFI,
ATLI, and ARMSEA < 0.003), providing evidence to suggest
that students interpreted the constructs similarly at the beginning
and end of the semester. In other words, observed differences
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across timepoints can be interpreted as meaningful changes in
student perceptions rather than shifts in understanding of the
survey items.

Group measurement invariance testing was also conducted
by course grade (“A”, “B”, “C”; see Appendix 1, Table 13) and
admit type (FTIC vs. TS; see Appendix 1, Table 14) at both
timepoints. Individual CFA models generally reflected the fit
seen in the original CFA; however, few groups showed worse fit
indices (e.g., course grade “C” at both timepoints). Dynamic
fit index analyses (using the ‘dynamic’ package) suggested
these deviations were likely due to sample size rather than
substantive model misspecification (see Appendix 1, Table 15;
McNeish and Wolf, 2023a; Wolf and McNeish, 2023, 2024;
McNeish, 2024). Across both comparisons, configural, metric,
and scalar invariance were supported (for course grade: ACFI,
ATLI, and ARMSEA < 0.007; for admit type: ACFI, ATLI, and
ARMSEA < 0.004), suggesting that the Col instrument mea-
sures the same constructs regardless of course grade or admit
type. Differences observed across student groups reflect differ-
ences in their perception rather than differences in interpreta-
tion of the survey.

Group comparisons

Following measurement invariance testing, we sought to inves-
tigate differences across various groups through tests of analy-
sis of variance and structured means modeling. Due to the
ordinal nature of the individual Col survey items (i.e., Likert
scale) and preliminary analyses which indicated that the
assumption of multivariate normality was violated, accordingly
parametric tests (e.g., multivariate analysis of variance) are
inappropriate. Thus, nonparametric alternatives were used to
examine if and where differences occurred between our groups.

Nonparametric multivariate analysis of variance (MANOVA).
A nonparametric MANOVA was used to determine the differ-
ences between students’ perceptions of Col components and
other variables (e.g., timepoint; Wilks, 1932). The ‘nonpartest’
and ‘ssnonpartest’ functions in the ‘npmv’ package were used
to calculate global nonparametric test statistics, permutation-
based analogs, and nonparametric relative effect sizes
(Burchett et al., 2017). For our data, Wilks’ lambda was used
as the preferred test statistic. The reported relative effect sizes
indicate the direction in which groups differ by quantifying the
probability that a randomly chosen observation from one group
is higher than a randomly chosen observation from the overall
population. Relative effects range from 0 to 1 with a value of
>0.5 indicating that observations in this group tend to be
higher than the overall population. For significant nonpara-
metric MANOVA results, a Mann Whitney U or Kruskal-Wallis
test was conducted based on the number of independent
groups.

Mann-Whitney U test. The Mann-Whitney U test is a non-
parametric alternative to the independent #-test and is used to
investigate whether differences are present between medians of
two variables (e.g., Col perceptions at Timepoint 1 vs. Timepoint 2;
Mann and Whitney, 1947). Rank-biserial correlations are
reported as effect sizes and can be interpreted similarly to

764 | Chem. Educ. Res. Pract., 2026, 27, 757-779

View Article Online

Chemistry Education Research and Practice

Pearson correlation coefficients: 0.10 (small), 0.30 (medium),
and 0.50 (large; Cureton, 1956; Cohen, 1988). The ‘rcompanion’
(Mangiafico, 2025) package was used for these analyses.

Kruskal-Wallis test. The Kruskal-Wallis test is a nonpara-
metric alternative to the one-way ANOVA and is used to
investigate whether differences are present between medians
of three or more variables (e.g., course letter grade; Kruskal and
Wallis, 1952). Eta-squared (%) values are reported as effect sizes
and can be interpreted as follows: 0.01 (small), 0.06 (medium),
and >0.14 (strong; Cohen, 1988). For significant Kruskal-
Wallis results, Dunn’s post-hoc test is conducted to evaluate
pairwise comparisons to investigate where differences lie
(Dunn, 1964). A Bonferroni correction was used to control for
Type 1 error (Holm, 1979). The ‘rstatix’ (Kassambara, 2025) and
‘FSA’ (Ogle, 2017) packages were used for these analyses.

Structured means modeling. Comparisons across groups are
often conducted using traditional ANOVA or MANOVA techni-
ques (and nonparametric alternatives) on composite scale
scores; these approaches assume that all items contribute
equally to a scale and contain the same amount of measure-
ment error. In reality, items may vary in how strongly they
reflect an underlying construct, and each item has unique
variance representing measurement error. Ignoring these dif-
ferences can lead to biased estimates of group differences.

Structured means modeling (SMM) provides an alternative,
latent variable approach to ANOVA-type comparisons (Hancock,
1997; Steinmetz, 2013). SMM is based on confirmatory factor
analysis, where items are modeled as indicators of underlying
latent structures; by explicitly modeling the mean structure of the
factors, SMM allows for comparison of error-free latent factor
means across groups rather than composite scale scores
(Sorbom, 1974). This is accomplished by establishing scalar
invariance, ensuring that the latent factors are measured
equivalently so that observed differences reflect differences in
the underlying construct rather than differences in item func-
tioning. In practice, the mean of each factor is set relative to a
reference group (typically zero), and differences between groups
are interpreted as deviations from this reference.

SMM is particularly useful in cases where (1) the instru-
ment has a defined factor structure and items differ in their
loadings, (2) measurement error is present, or (3) accurate
estimation of group differences on underlying constructs is
desired. Statistical significance of the latent mean differences
can be tested using Wald tests in the ‘lavaan’ package. Effect
sizes of these differences (reported as ‘Effect size SMM’) can be
calculated as the absolute value of the factor mean difference
divided by the pooled variance of factors. Although calculated
similar to Cohen’s d, these effect sizes should not be inter-
preted on the same scale of magnitude; latent factors are free
from measurement error, thus these effect sizes tend to be
larger than those computed from composite scale scores
(Hernan and Robins, 2006).

By explicitly modeling the latent structure, SMM provides
more precise and interpretable comparisons across groups,
complementing traditional techniques, and may reveal patterns
obscured by measurement error.
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Results & discussion

Results of our study suggest:

1. Across the semester - Student perceptions of Col compo-
nents are found to differ, with evidence to suggest that percep-
tions of teaching presence, social presence, and cognitive
presence are higher at the end of the semester.

2. By course grade - Student perceptions of social presence
and cognitive presence are found to differ; students that
received an “A” in the course have higher perceptions of these
components than other students in the course.

3. By admit type - Student perceptions of teaching presence
are found to differ; transfer students have higher perceptions of
this component than their FTIC peers.

Research question 1: Do students’ perceptions of Col
components differ across the semester?

A nonparametric MANOVA revealed significant differences in
students’ perceptions of the Col components across the seme-
ster: A(3,2100) = 6.258, p < 0.001. The median predicted factor
scores reported in Table 1 represent the central tendency of
students’ standardized latent perceptions, where values above
zero indicate perceptions above the sample mean; increases in
median values from Timepoint 1 to Timepoint 2 reflect upwards
shifts in students’ perceived teaching, social, and cognitive
presence across the semester. Relative effects indicate that stu-
dents were more likely to report higher levels of teaching, social,
and cognitive presence at Timepoint 2 compared to Timepoint 1,
as evidenced by values of above 0.5 across all components at
Timepoint 2; this suggests a consistent shift towards more
positive perceptions at the end of the semester.

To further examine these differences, Mann-Whitney U tests
(with rank-biserial correlations) are conducted for each compo-
nent. Results confirmed that perceptions of teaching presence
(W = 499104, p < 0.001, ry, = —0.098), social presence
(W =502537, p < 0.01, r,, = —0.092), and cognitive presence
(W=511760, p < 0.01, rp, = —0.075) are all significantly higher
at Timepoint 2, though with small effect sizes. Latent mean
comparisons were also investigated via SMM, as shown in
Table 2; a positive mean difference indicates that the other
variable (i.e., Timepoint 2) has a higher latent mean compared
to the reference group (ie., Timepoint 1) with standardized
mean difference measures (i.e., Effect size SMM) indicating the

Table 1 Descriptive statistics for predicted factor scores of Col compo-
nents and relative effects (N = 1052)°

Median SD Relative effects

TP1 0.16 0.92 0.451
TP2 0.25 0.91 0.549
SP1 —0.09 1.03 0.454
SP2 0.03 1.04 0.546
CP1 —0.08 0.96 0.462
CP2 0.06 1.00 0.538
CG 83.06 10.86 —

“ Raw item statistics by Col component are reported in Appendix 1,
Tables 16-18.
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Table 2 Latent mean comparisons of Col components by timepoint®

Component Mean difference Effect size SMM
TP 0.159* 0.16
SP 0.135** 0.13
CP 0.117** 0.11

¢ Mean differences are reported for the Timepoint 2 relative to Time-
point 1.*p < 0.001; **p < 0.01.

magnitude of change. For example, a mean difference of 0.159
for teaching presence suggests that its latent mean at Time-
point 2 is 0.159 units higher than at Timepoint 1. These
findings align with the Mann-Whitney U test results, suggest-
ing that students’ perceptions of Col components increased
significantly over time, although the effect size was small.

Timepoint 1 was administered after Exam 1, meaning it
captured students’ initial exposure to the flipped, PLTL course
context and a measure of their course performance. At Time-
point 2, students had completed the majority of the semester.
Consistent increases over time for each component suggest
that extended exposure to the flipped, PLTL course structure
likely supported meaningful improvements in students’ percep-
tions of the learning environment.

The features of the flipped, PLTL structure (e.g., pre-class
preparation, peer collaboration, peer-led teamwork, instructor
guidance) likely helped students to feel more connected,
engaged, and supported in the course. As this increase in
student perception was measured after students had experi-
enced the course structure, it is reasonable to interpret
the course format as a contributing factor to these observed
changes. While overall increases in perception were small,
students’ prior experiences may have shaped the size of these
effects, indicating that the course may have influenced students
differently depending on their background. For example, at this
institution, PLTL formats are frequently used in the year-long
general chemistry course sequence; having engaged in similar
active-learning formats, students may have started the semester
with positive perceptions of the learning environment, leaving
less room for substantive change. Thus, even small increases in
perception suggest that continued exposure in the flipped,
PLTL in an Organic Chemistry 2 environment reinforced their
experiences.

Research question 2: Do students’ perceptions of Col
components differ by their course grade?

Nonparametric MANOVA tests conducted at each timepoint
reveal significant differences in students’ perceptions of Col
components by course letter grade letter: Timepoint 1 A(6, 2094) =
19.848, p < 0.001 and Timepoint 2 A(6, 2094) = 19.148, p < 0.001.
The median predicted factor scores and relative effects (Table 3)
suggest that students who earned an “A” consistently reported
higher perceptions of social and cognitive presence compared to
those who earned a “B” or “C”; students who earn a “C”
consistently reported higher perceptions of teaching presence.
To further investigate these differences, Kruskal-Wallis tests
are conducted for each Col component at both timepoints,
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Table 3 Descriptive statistics for predicted factor score of Col components and relative effects by course letter grade (“A”, "B", "C")

A (n = 489) B (n = 418) C (n = 145)

Median SD Relative effects Median SD Relative effects Median SD Relative effects
TP1 0.13 0.98 0.490 0.18 0.88 0.498 0.18 0.84 0.539
TP2 0.26 0.93 0.498 0.25 0.89 0.495 0.32 0.87 0.520
SP1 —0.01 0.95 0.543 —0.18 1.06 0.464 —0.23 1.14 0.460
SP2 0.20 0.93 0.543 —0.04 1.09 0.466 —0.10 1.16 0.452
CP1 0.07 0.97 0.541 —0.17 0.89 0.474 —0.41 1.07 0.436
CP2 0.20 0.96 0.550 —0.08 0.98 0.461 —0.18 1.11 0.441
CG* 92.89 4.66 — 77.35 4.12 — 66.05 2.83 —
“ Course grade.
Table 4 Kruskal-Wallis tests and Dunn'’s test results for course letter grade®

Timepoint 1 Timepoint 2
Dunn’s

Component Kruskal-Wallis 0> Dunn’s test Kruskal-Wallis > test
TP 3.18 0.001 — 0.80 —0.001 —
SP 20.02* 0.017 A-B,* A-C** 20.55* 0.018 A-B,* A-C**
CP 20.73* 0.017 A-B,** A-C* 28.32* 0.025 A-B,** A-C**

4 All p values are adjusted with the Bonferroni correction.*p < 0.001; **p < 0.01.

followed by Dunn’s post hoc test when appropriate (Table 4).
Results indicate that differences primarily lie in perceptions of
social and cognitive presence, with students earning an “A”
grade perceiving these components significantly higher than
students earning a “B” or “C”. Teaching presence did not differ
significantly across course letter grade groups at either time-
point. Latent means were compared via SMM, with results that
confirmed these findings as shown in Table 5.

Ideally we would observe negligible differences in terms of
perceptions of these components by course grade, suggesting
that students at all performance levels perceived the course the
same in terms of these three components. However, our results
suggest that the observed differences reflect areas where this
course structure may have been experienced differently depend-
ing on student performance. The small differences in social
presence perception suggest that PLTL activities generally

Table 5 Latent mean comparisons of Col components by course letter
grade?

Timepoint 1 Timepoint 2

Mean Effect Mean Effect size
Component Comparison difference size SMM difference SMM
TP Avs. B —0.043 0.05 0.005 0.01
Avs. C —0.196 0.21 —0.082 0.09
Bvs. C —0.152 0.17 —0.087 0.10
SP Avs. B 0.285*  0.27 0.309*  0.29
Avs. C 0.326** 0.30 0.364** 0.33
Buvs. C 0.042 0.04 0.055 0.05
CP Avs. B 0.192**  0.20 0.298*  0.30
Avs. C 0.303**  0.29 0.384*  0.36
Buvs. C 0.111 0.11 0.086 0.08

¢ Reference group is the first group listed in comparisons (e.g., mean
differences are reported for students earning a “B’ relative to students
earning an “A”.).*p < 0.001; **p < 0.01.
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support engagement for most students, but that high-performing
students experienced slightly greater interaction. The small differ-
ences in perceptions of cognitive presence at the end of the
semester suggest that higher-performing students felt more cogni-
tively engaged; these students may have felt that they were able to
better leverage the active learning and problem-solving compo-
nents of the course. In contrast, teaching presence remained
consistent across grade groups, indicating that students generally
perceived clear guidance, feedback, and support from the instruc-
tor, regardless of their performance in the course.

Overall, these patterns suggest that performance in the course
was related to how students experienced the learning environ-
ment: high-performing students in the course tended to report
stronger social and cognitive presence than the rest of their peers,
while perceptions of teaching presence remained relatively con-
sistent regardless of grade. These indicate opportunities for
helping all students perceive the learning environment similarly.

Research question 3: Do students’ perceptions of Col
components differ by their admit type?

Nonparametric MANOVA tests, conducted for admit type
(i.e., FTIC or TS) at each timepoint, reveal significant differ-
ences in students’ perceptions of Col components: Timepoint 1
A(3, 1072) = 10.773, p < 0.001 and Timepoint 2 A(3, 1072) =
4.712, p < 0.01. The median predicted factor scores along with
the relative effects (Table 6) suggest that FTIC students have
higher perceptions of social presence, and transfer students have
higher perceptions of teaching presence and cognitive presence.

To further investigate these differences, Mann-Whitney U
tests (with rank-biserial correlations) are conducted for each
Col component by admit type at each timepoint (Table 7).
Rank-biserial correlations (r,) calculated as effect size esti-
mates to quantify the magnitude and direction of differences
in predicted factor scores between FTIC and TS groups;
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Table 6 Descriptive statistics for predicted factor score of Col compo-
nents and relative effects by admit type (FTIC and TS)

FTIC (n = 842) TS (1 = 210)
Median SD Relative effects Median SD Relative effects
TP1 0.12 0.95 0.429 0.27 0.80 0.571
TP2 0.22 0.92 0.455 0.39 0.85 0.545
SP1 —0.08 1.03 0.527 —0.14 1.03 0.473
SP2 0.05 1.05 0.520 —0.01 1.03 0.480
CP1 -0.08 0.96 0.473 —0.07 0.93 0.527
CP2 0.09 0.99 0.489 0.10 1.03 0.511
CG 82.90 10.88 — 84.74 10.75 —

Table 7 Mann-Whitney U tests results comparing predicted factor scores
for Col components between FTIC and TS groups at each timepoint?

Timepoint 1 Timepoint 2

b b

Component Mann-Whitney Mann-Whitney 7y,

TP 81251* —0.143 86274** —0.090
Sp 100 000 0.055 98 604 0.040
CP 89586 —0.055 92617 —0.023

@ All p values are adjusted with Bonferroni correction. > Rank-biserial
correlation.*p < 0.001; **p < 0.05.

negative values indicate higher predicted factor scores for TS
compared to FTIC students. As with investigating differences
by course letter grade, in an ideal scenario, we would observe
no differences between students in these groups as this would
reflect a course environment that supports all students simi-
larly. Our results suggest that differences only exist between
admit types with student perceptions of teaching presence at
both timepoints. Specifically, transfer students have higher
perceptions of teaching presence than FTIC students, a com-
parison, though, with weak effect sizes. Latent mean compar-
isons via SMM further confirm these results (Table 8).

For our data, significant differences by admit type were
observed only for teaching presence, with transfer students
reporting slightly higher perceptions than their FTIC peers.
This higher teaching presence perception by transfer students
may reflect the value of structured guidance and instructor
support as they navigate a new academic environment. Further-
more, transfer students coming from community colleges may
be more familiar with smaller class sizes, where active-learning
environments are often easier to implement; thus, students may
feel more connected to their instructor in this environment

Table 8 Latent mean comparisons for Col components between FTIC
and TS groups at each timepoint?

Timepoint 1 Timepoint 2

Mean Effect size Mean Effect size
Component difference SMM difference SMM
TP 0.244* 0.26 0.133 0.14
Sp —0.089 0.09 —0.066 0.06
CP 0.100 0.10 0.017 0.02

“ Mean differences are reported for the TS group relative to the FTIC
group.*p < 0.001.
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compared to the traditional large-lecture courses more com-
monly found at four-year institutions.

No differences were observed in terms of how different
admit student groups perceived social or cognitive presence;
this result suggests that both FTIC and transfer students
perceived similar levels of peer interaction, collaboration, and
engagement with the course materials. The consistency in
social presence may indicate that the PLTL learning structure
effectively fostered a comparable sense of community and
connectedness for FTIC and transfer students. Similarly, for
cognitive presence the active-learning and problem-solving
opportunities were perceived as accessible and meaningful to
both groups.

Interestingly, despite these comparable perceptions, trans-
fer students performed significantly worse than their FTIC
peers in overall course grades (as discussed in the Methods
section). This decoupling of perception and performance high-
lights that positive perceptions of the learning environment do
not necessarily equate to higher academic outcomes. Transfer
students may feel supported and engaged yet still face chal-
lenges with the organic chemistry content. Many transfer
students are non-traditional students with additional commit-
ments or obligations, such as full-time employment or family
responsibilities, that may constrain the time and energy avail-
able to engage and practice with the complex organic chemistry
content. Differences in prior chemistry preparation or institu-
tional background could further influence transfer students
performance in the course.

Overall, these findings indicate that the flipped, PLTL
structure may provide an avenue for equitable learning experi-
ences for transfer students; however, differences in perfor-
mance between transfer and FTIC students still exists.

Limitations & implications for
researchers

The results of this work highlight key limitations and implica-
tions for chemistry education researchers regarding (1) context
& study design, (2) performance and course outcomes, and
(3) measurement & instrument use.

Context & study design

A key contextual limitation of this study is that FTIC students at
this institution have prior experience with active learning
formats in the yearlong general chemistry course sequence.
Though the facilitation of active learning techniques for the
flipped, PLTL second semester organic chemistry course is
different to that of the general chemistry courses, students’
prior exposure to these environments may have influenced
their initial perceptions and responsiveness to the course
design. As a result, the patterns observed in this study may
differ at institutions where FTIC students have less prior
exposure. Investigating similar instructional models at institu-
tions that differ in their use of active learning could help to
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clarify how students’ prior experiences and institutional context
shape their perceptions and engagement with these learning
environments.

Additionally, we were unable to account for enrollment in
the recommended co-requisite second semester organic chem-
istry laboratory course, which may have provided additional
opportunities for peer interaction and small-group engage-
ment, particularly for transfer students, and could therefore
influence perceptions of Col components (particularly social
presence). We attempted to minimize this confounding effect
by including explicit instructions in the Col survey asking
students to rate only lecture portion of the course. Further,
students were informed that the bonus points received for
responding to the survey would be applied to their lecture
grade, reinforcing focus on the lecture experience rather than
the laboratory course.

This work also used a one-group, pre- and post-test design
(Shadish et al., 2002) to examine student perceptions of social,
cognitive, and teaching presence in a flipped, PLTL second
semester organic chemistry course. While this design allowed
us to observe changes over time and differences across student
groups, we are limited in our ability to make strong causal
claims about the effect the course format had on student
perceptions. Nonetheless, such results are valuable for identify-
ing potential pathways through which course structure and
pedagogy may shape students’ affective and social experiences
while engaging with challenging organic chemistry concepts.
Future work could examine how students’ perceptions of
Col components might differ in high-quality traditional
lecture-based courses (e.g., those with an engaging instructor
that cares about students and student motivation and is able
to create a structured course with clear expectations, provides
consistent feedback, and opportunities for growth) compared
to flipped, PLTL courses (or other active learning formats).
Prior work by Liu et al. (2018) found that even a high-quality
traditional lecture-based approach to an organic chemistry
course may not prevent a decline in student motivation
compared to a course using an active-learning format. Given
these findings, in comparison to flipped, PLTL courses, high-
quality traditional courses might support cognitive and teach-
ing presence to some extent, as clear structure and active
instructor engagement can facilitate understanding and gui-
dance; however, this course format may be less effective at
fostering social presence, which relies on structured peer
interactions and collaboration. Further, conducting such a
study would be challenging, as differences in instructor style
and student cohorts could confound results, making it diffi-
cult to isolate the effects of instructional format alone. Despite
this, systematically investigating these comparisons could
clarify how different instructional formats uniquely impact
social, cognitive, and teaching presence, helping to guide
course design decisions that maximize student engagement
and learning outcomes.

As organic chemistry courses require students to coordinate
multiple representational levels, reason through mechanisms,
and use spectroscopic evidence to predict features of a
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molecule, students’ perceptions of community and instruc-
tional support are likely to play a critical role in how they
approach and persist in the course. Further insight into these
pathways would benefit from incorporating multiple forms of
evidence beyond self-reported perceptions. Although survey
data provide a useful snapshot of students’ subjective experi-
ences, they may not fully capture behavioral engagement or
interactional dynamics that contribute to learning, such as
how students justify their reasoning about a mechanistic
pathway, build coherence among ideas, or enact epistemic
agency during peer-led discussions. For example, Eckhard
et al. (2026) demonstrated that students’ opportunities to
enact epistemic agency and construct coherent reasoning in
the moment of classroom discourse depend strongly on
problem design and instructor facilitation. If we had collected
additional sources of data, such as participation metrics (e.g.,
clicker responses), observational data, or qualitative inter-
views with students, it would be possible to more clearly link
students’ reported perceptions to their actual engagement
within the course and investigate how affective and social
dimensions relate to collaborative knowledge-building in
organic chemistry.

Further, pairing the Col instrument with other measures,
such as questions about student satisfaction, the Academic
Motivation Scale-Chemistry (AMS-Chemistry; Liu et al., 2017),
or the Academic Emotions Questionnaire-Organic Chemistry
(AEQ-OCHEM; Raker et al., 2019) could provide a more com-
prehensive picture of students’ perceptions and experiences in
organic chemistry. Using multiple instruments would allow
researchers to capture different facets of the learning environ-
ment and inform the evaluation of specific pedagogical stra-
tegies and their effectiveness. Triangulating such evidence
could clarify the mechanisms underlying observed changes
in social, cognitive, and teaching presence, offering a more
complete picture of how the flipped, PLTL structure of the
course relates to organic chemistry students’ connections,
motivation, and persistence across a variety of backgrounds
(American Educational Research Association et al., 2014;
Pekrun, 2020).

Performance & course outcomes

Further, there was a small number of students who did not pass
this course (i.e., DFW) which restricted analyses comparing
passing and non-passing students. Although a high pass rate
reflects positively on student success, it limits our ability to
draw conclusions about how students who struggle in
the course perceive social, cognitive, and teaching presence.
Perspectives from these students are valuable, as they may
engage with the chemical content and collaborative aspects of
the course in distinct ways that reveal opportunities to enhance
instructional design to better support students. For example,
students who find it challenging to integrate multiple repre-
sentations or reason through reaction mechanisms may also
experience heightened feelings of shame, anxiety, or embar-
rassment, particularly when the course environment empha-
sizes peer interaction (Cooper et al., 2018), which could affect
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their perception of social presence in the course. Expanding the
sample to include a broader range of course outcomes would
enable a more comprehensive understanding of how students
across achievement levels experience the learning environment
and inform strategies to promote engagement and belonging
for all students.

While this study examined differences by final course
grade, it does not capture how students’ perceptions of social,
cognitive, and teaching presence may interact with perfor-
mance on individual examinations throughout the semester;
investigating reciprocal relationships between Col compo-
nents and examination performance could be particularly
informative in organic chemistry as it is characterized by
cumulative, conceptually challenging content. As students’
understanding builds across topics, early perceptions of
teaching and social presence may influence performance on
in-term examinations; further, success or struggles on these
assessments may shape students’ perceptions of the learning
environment. Modeling these bidirectional relationships can
help to identify which components of the learning environ-
ment most strongly relate to conceptual growth and how the
Col components interact with each other over time. Such work
could offer a nuanced perspective on the dynamic interplay
between affective and cognitive dimensions of learning within
the traditionally high-stakes, content-intensive organic chem-
istry course.

Measurement & instrument considerations

As the chemistry education research community increasingly
investigates affective aspects of learning, rigorous approaches
to modeling such constructs are needed. The use of dynamic
fit indices for measurement model evaluation and SMM for
comparing latent means across groups represent one such
opportunity. Traditional fit cutoffs (e.g., Hu and Bentler,
1999) use fixed thresholds that may not generalize across
models or sample sizes; the dynamic fit index approach
instead generates context-specific cutoffs through simu-
lation, providing a more accurate and flexible assessment of
model fit, though at a greater computational cost (McNeish
and Wolf, 2023b). SMM allows researchers to compare latent
variable means across groups while accounting for mea-
surement error, providing a more accurate assessment of
differences than observed scores (Hancock, 1997). These tech-
niques, while more established in broader educational psy-
chology fields, are less common in chemistry education
research and offer a pathway for more accurate comparisons
across groups, revealing differences that conventional meth-
ods might obscure.

The findings of this work also highlight considerations for
using the Col framework as an evaluative tool in chemistry
education research. In this work, we used the chemistry-
specific adaptation of the Col instrument (Komperda, 2016);
however, multiple versions of the instrument exist, including
the original Col instrument (Arbaugh et al., 2008) and versions
that add a fourth component, learning presence (Shea and
Bidjerano, 2010). Further, researchers may choose different
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ways to model these components. Prior work has demon-
strated considerable variation in how the Col instrument
has been operationalized, with constructs modeled beyond
the three-factor model; such models include dividing teaching
presence into pre-instruction planning and in-class facilita-
tion as well as adapting cognitive presence to include inquiry
or resolution phases and social presence to include affective
expression (Arbaugh, 2007; Arbaugh et al., 2008; Yang and Su,
2021; Bai et al., 2023). These variations underscore the impor-
tance to carefully consider which version and modeling
approach of the Col instrument best aligns with the context
and research questions of a study.

Implications for instructors

The results of this work point toward four key implications for
organic chemistry instructors regarding (1) sustaining student
engagement, (2) recognizing variation in students’ experiences
of learning organic chemistry, (3) supporting transfer students’
sense of belonging and community, and (4) reflective course
design.

Sustaining organic chemistry student engagement

Findings of this work indicate that students’ perceptions of
social, cognitive, and teaching presence increased, though
weakly, across the semester, suggesting that the flipped, PLTL
structure of the organic chemistry course may have helped
maintain and even strengthen students’ sense of connection
and engagement with the learning environment over time.
These trends are particularly noteworthy given the challenging
nature of the organic chemistry curriculum, where maintain-
ing student motivation and engagement can be difficult as
course content becomes more complex. Prior work has shown
that in traditional, lecture-based organic chemistry courses,
students’ attitudes, motivation, and confidence often decline
over time, which can negatively impact persistence and
achievement (Liu et al., 2018; Collini et al., 2024). In contrast,
active learning approaches have been associated with more
positive affective outcomes in sustaining students’ motivation
throughout the course (Liu et al., 2018). The results of this
study align with these findings, suggesting that course struc-
tures that support collaborative problem solving may help
students to remain engaged throughout the semester. For
organic chemistry instructors, this highlights the value of
designing learning environments that not only promote con-
ceptual understanding but also foster meaningful participa-
tion and collaboration, factors that appear to contribute to
sustaining students’ perceptions of the learning environment
across the course.

Recognizing variation in students’ experiences of learning
organic chemistry

This study revealed that students’ perceptions of social and
cognitive presence varied by course grade, with “A” students
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reporting stronger perceptions of these components than their
peers. This is not altogether surprising as students who per-
form at higher levels may feel more confident in their ability
to engage in peer discussions and in using critical thinking
skills with organic chemistry content. However, this does not
reflect a deficiency of non-“A” students, rather it highlights
that students at different performance levels may experience
the same classroom environment and activities differently.
In the context of organic chemistry, students who have already
developed fluency in visualizing with representations or inter-
preting spectroscopic data may feel more comfortable contri-
buting to collaborative discussions and articulating their
reasoning to their peers. Conversely, students who are still
developing these skills may be less confident in sharing ideas,
which can affect how supported or connected they feel in the
learning environment (Skagen et al., 2018).

Despite these differences, students across course grade
levels reported similar perceptions of teaching presence, sug-
gesting that the flipped, PLTL structure and the instructor’s
consistent facilitation effectively communicated organization
and guidance to all students. This highlights the value of
deliberate instructional design in organic chemistry. When
course structure, materials, and instructor communication
are well orchestrated, students may feel supported even as
their individual confidence or performance varies. Instructors
can continue to build on this strength by pairing structured,
well-facilitated learning environments with scaffolds to speci-
fically address areas where students’ experience diverge. For
example, breaking down complex synthetic pathways into
stepwise discussions to allow them to model their reasoning
could help more students to participate meaningfully (social
presence) and reinforce their understanding (cognitive
presence). Overall, instructors should recognize that students
engage with and perceive the organic chemistry classroom
differently depending on their course grade; we encourage
instructors to reflect on how they structure both the cognitive
and social dimensions of learning organic chemistry.

Supporting transfer students’ sense of belonging and
community in organic chemistry

Findings from this study indicate that transfer students
perceive the flipped, PLTL organic chemistry course compar-
ably to their FTIC peers in terms of all Col components. This
suggests that this course structure provided a learning
environment in which transfer students felt a sense of belong-
ing with their peers, supported by their instructor, and able to
engage with critical thinking skills. Such perceptions are
noteworthy given that transfer students often face challenges
when transitioning into larger institutions (e.g., adjusting to
larger class sizes). Within chemistry (and other STEM fields)
specifically, transfer students also have to learn how to navi-
gate the “hidden curriculum” including the importance of
participating in research and receiving mentoring by near-
peers or faculty (Reeves et al, 2023). For many transfer
students, the organic chemistry sequence is their first chem-
istry experience at a new institution and thus it plays an
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important role in shaping transfer students’ sense of belong-
ing within the discipline.

For organic chemistry instructors, these findings empha-
size the value of intentionally designed course structures that
help transfer students acclimate both academically and
socially. Transfer students may enter with fewer established
peer networks and less familiarity with institutional or depart-
mental norms; incorporating structured group work, peer-led
sessions, and communication of resources can help students
making this transition. Implementing practices that highlight
teaching presence (e.g., clear organization, supportive feed-
back, flexible office hours) and social presence (e.g., structured
and intentional peer collaboration) can help ease this transi-
tion. Such approaches are particularly valuable in organic
chemistry as the content is conceptually demanding and
often carries negative perceptions; building meaningful con-
nections with peers (or near-peers) and their instructor
can help students manage these challenges (Jardine and
Friedman, 2017; Reeves et al., 2023). Creating these types of
supportive, connected learning environments not only helps
transfer students in developing a sense of belonging, but also
fosters a community that benefits all students in organic
chemistry.

Reflective course design in organic chemistry

While the findings of our work indicate that the flipped, PLTL
organic chemistry course structure supports transfer students
in their perceptions of the learning environment compar-
able to their FTIC peers, it is crucial to recognize that these
outcomes may not be universally experienced across all stu-
dent groups. As Bodner, and others, have reflected, it is not
important to know how many unique student experiences
exist (whether it be in terms of their level of reasoning or
affect), rather that we simply recognize that a wide range of
these experiences are present in our classrooms (Bodner,
1986; Frost et al, 2024a). Students from different back-
grounds, such as first-generation college students, may encoun-
ter unique challenges that influence their perceptions and
experiences in the classroom. Thus, it is important to recognize
that there is no ‘“one-size-fits-all” course structure that is
inherently ideal; instructors must consider how and for whom
interventions and classroom structures work (Schweingruber
et al.,2012; Eddy and Hogan, 2014; Cooper and Brownell, 2016).
Effective classroom design requires awareness of the specific
students in a course, the goals of both the students and
instructor, and reflection on which strategies best support
learning in that context (Eddy and Hogan, 2014). Instructors
should be mindful of the many ways that students perceive the
learning environment and reflective about which approaches
best foster engagement, motivation, and mastery within their
specific course.

For context, the flipped, PLTL second semester organic
chemistry course in this study was designed and refined over
several years by the instructor, partly in response to challenges
presented by COVID-19 and partly out of a sustained interest in
active learning pedagogies. Decisions about course structure,
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content coverage, and the skills emphasized (e.g., teamwork
and collaboration) were shaped by what was feasible given
available institutional resources, what had worked for students
in previous semesters, and the flexibility afforded in a second-
semester organic chemistry course (compared to that of the first-
semester organic chemistry course). This iterative, reflective pro-
cess highlights the importance of grounding instructional design
in both context and experience, and of continuously assessing
how course structures and pedagogical choices shape students’
perceptions of learning organic chemistry.

Conclusions

This study examined students’ perceptions of Col components
(i.e., social, cognitive, and teaching presence) in the second
semester of a yearlong postsecondary organic chemistry
course sequence using a flipped, PLTL pedagogical strategy,
revealing nuanced differences over time and across groups of
students. Results indicate that students’ perceptions of the
learning environment increased over the semester for all Col
components, suggesting that the structured peer interactions
and instructor guidance of this course design can help sustain
engagement in conceptually demanding organic chemistry
courses. While students with higher course letter grades
generally reported stronger perceptions of social and cognitive
presence, teaching presence was perceived consistently
regardless of course letter grade, highlighting that students
in this study experienced instructor support similarly. Finally,
transfer students reported similar perceptions of all Col
components to their FTIC peers, suggesting that this course
was effective at creating an equitable learning environment for
these students in a context of conceptually demanding organic
chemistry courses. For researchers, this work demonstrates
how the Col framework can be used to examine student
perceptions of the learning environment and highlights the
potential to investigate relationships between Col compo-
nents and other variables (e.g., motivation, satisfaction, exam-
ination performance) to gain a more holistic understanding of
the learning environment and effectiveness of pedagogical
strategies in organic chemistry. For instructors, these results
highlight the value of deliberate instructional design within
the context of organic chemistry and of being mindful of the
many backgrounds and experiences students bring with them
in organic chemistry courses.
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Appendix

Appendix 1 Course grade descriptive statistics, three-factor
CFA item loadings, single-factor CFA fit statistics,
measurement invariance fit statistics, dynamic fit indices,
and item statistics by Col component

Tables 9-18.

Table 9 Descriptive statistics for final course grade

Group N Average (%) SD

FTIC 842 84.35 10.59
TS 210 77.88 10.40
Overall 1052 83.06 10.86

Table 10 Three-factor CFA item loadings from the combined Timepoint 1
and Timepoint 2 data

TP Sp CP
Item Loading Item Loading Item Loading
TP1 0.814 SP1 0.736 CP1 0.706
TP2 0.793 SP2 0.657 CP2 0.735
TP3 0.777 SP3 0.729 CP3 0.739
TP4 0.699 SP4 0.801 CP4 0.563
TP5 0.863 SP5 0.821 CP5 0.689
TP6 0.860 SP6 0.787 CP6 0.682
TP7 0.807 Sp7 0.655 CpP7 0.736
TP8 0.835 SP8 0.763 CP8 0.753
TP9 0.731 SP9 0.834 CP9 0.798
TP10 0.777 CP10 0.792
TP11 0.843 CP11 0.751
TP12 0.771 CP12 0.721
TP13 0.698 CP13 0.694
CP14 0.610

Table 11 Single-factor CFA fit statistics and internal consistency for each
Col component from the combined Timepoint 1 and Timepoint 2 data

Model P df CFI RMSEA o »

TP 50726 78 0.936 0.102 0.937 0.942
SP 22753 36 0.962 0.087 0.893 0.899
CP 1275 77 0.937 0.080 0.914 0.920

“All p < 0.001.
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Table 12 Longitudinal measurement invariance testing for the Col instrument

Model 7 df CFI TLI RMSEA Ay Adf ACFI ATLI ARMSEA
Timepoint 1 3083 591 0.890 0.882 0.069 — — — — —
Timepoint 2 3413 591 0.885 0.877 0.074 — — — — —
Configural 2549 1182 0.914 0.908 0.054 — — — — —
Metric 2581 1215 0.914 0.911 0.053 32% 33 0.000 0.003 0.001
Scalar 2653 1248 0.912 0.911 0.053 72 33 0.002 0.000 0.000

*p > 0.05.

Table 13 Group measurement invariance testing by course letter grade

Model P df CFI TLI RMSEA Ay? Adf ACFI ATLI ARMSEA
A*Timepoint 1 1854 591 0.859 0.850 0.081 — — — — —
A*Timepoint 2 1963 591 0.861 0.851 0.084 — — — — —
B*Timepoint 1 1330 591 0.865 0.856 0.075 — — — — —
B*Timepoint 2 1471 591 0.867 0.858 0.080 — — — — —
C*Timepoint 1 929 591 0.756 0.740 0.123 — — — — —
C*Timepoint 2 957 591 0.715 0.696 0.143 — — — — —
Configural 4437 3546 0.909 0.903 0.055 — — — — —
Metric 4603 3711 0.908 0.906 0.054 166* 165 0.001 0.003 0.001
Scalar 4852 3876 0.901 0.904 0.055 249 165 0.007 0.002 0.001
*p > 0.05.

Table 14 Group measurement invariance testing by admit type

Model 7 df CFI TLI RMSEA Ay Adf ACFI ATLI ARMSEA
FTIC*Timepoint 1 2659 591 0.886 0.879 0.070 — — — — —
FTIC*Timepoint 2 2896 591 0.881 0.873 0.076 — — — — —
TS*Timepoint 1 988 591 0.813 0.801 0.094 — — — — —
TS*Timepoint 2 1121 591 0.785 0.771 0.115 — — — — —
Configural 3295 2364 0.912 0.907 0.054 — — — — —
Metric 3353 2463 0.913 0.911 0.053 58* 99 0.001 0.004 0.001
Scalar 3486 2562 0.911 0.912 0.053 133* 99 0.002 0.001 0.000

*p > 0.05.

Table 15 Dynamic fit indices by group

Empirical fit indices Simulated cutoff recommendations®
Model 0 df CFI RMSEA CFI RMSEA
Timepoint 1 2560 591 0.937 0.063 0.988 0.032
Timepoint 2 2938 591 0.942 0.067 0.987 0.035
A*Timepoint 1 1621 591 0.933 0.066 0.992 0.028
A*Timepoint 2 1710 591 0.936 0.069 0.992 0.029
B*Timepoint 1 1216 591 0.958 0.055 0.993 0.025
B*Timepoint 2 1413 591 0.956 0.060 0.990 0.031
C*Timepoint 1 821 591 0.948 0.063 0.993 0.024
C*Timepoint 2 907 591 0.961 0.066 0.994 0.023
FTIC*Timepoint 1 2247 591 0.937 0.064 0.991 0.029
FTIC*Timepoint 2 2518 591 0.941 0.068 0.990 0.032
TS*Timepoint 1 900 591 0.956 0.055 0.992 0.026
TS*Timepoint 2 1082 591 0.954 0.064 0.991 0.034

*All p < 0.001. “ Level 2 cutoffs reflect fit indices expected under moderate simulated misspecification.
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Table 16 Item statistics for social presence

Item Mean Median SD SK Kurt
SP1 3.85 4 1.08 —0.85 0.14
SP2 3.89 4 0.91 —0.71 0.43
SP3 4.34 4 0.79 —1.36 2.35
SP4 4.08 4 0.95 —-1.12 1.13
SP5 3.92 4 0.96 —0.92 0.71
SP6 4.12 4 0.93 —1.15 1.21
SP7 3.83 4 0.94 —0.80 0.61
SP8 3.94 4 0.89 —0.68 0.35
SP9 3.84 4 1.07 —0.82 0.07
Table 17 Item statistics for cognitive presence

Item Mean Median SD SK Kurt
CP1 3.31 3 1.11 —0.23 —0.66
CP2 3.35 3 1.08 —0.31 —0.53
CP3 3.39 4 1.11 —0.32 —0.65
CP4 3.96 4 0.93 —0.83 0.42
CP5 3.81 4 0.96 —0.70 0.16
CP6 3.92 4 0.86 —0.80 0.77
CP7 3.80 4 1.05 —0.80 0.12
CP8 3.87 4 0.87 —0.82 0.92
CP9 3.92 4 0.92 —0.94 0.87
CP10 3.94 4 0.90 —0.85 0.74
CP11 3.81 4 0.98 —0.79 0.30
CP12 3.74 4 0.96 —-0.70 0.28
CP13 3.73 4 0.93 —-0.71 0.39
CP14 3.37 4 1.16 —0.40 —0.65
Table 18 Item statistics for teaching presence

Item Mean Median SD SK Kurt
TP1 4.05 4 1.00 —1.10 0.87
TP2 4.22 4 0.86 —1.22 1.60
TP3 4.22 4 0.83 —1.22 1.80
TP4 4.34 5 0.87 —1.52 2.42
TP5 3.88 4 1.02 —0.81 0.14
TP6 3.85 4 1.08 —0.86 0.11
TP7 3.96 4 1.02 —0.97 0.48
TP8 3.79 4 1.07 —0.78 0.01
TP9 4.08 4 0.88 —0.96 0.95
TP10 4.12 4 0.89 —1.08 1.28
TP11 3.75 4 1.04 —-0.70 —0.05
TP12 3.58 4 1.08 —0.47 —0.45
TP13 3.93 4 1.00 —0.84 0.36
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