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ABSTRACT

College students’ performance in introductory-level biology course work is an important
predictor of ongoing persistence in the major. This study reports on a researcher—educa-
tor partnership that designed and compared two cocurricular workshops. Seventeen labo-
ratory sections of an undergraduate biology course were randomly assigned to one of two
educational interventions during the regularly scheduled lab class section after students
had completed and received the results for the first exam. The baseline Metacognition
intervention was an hourlong workshop focused on effective learning strategies and
self-awareness in the learning process; the extended Metacognition plus Time Manage-
ment (Metacognition+TM) intervention included the aforementioned workshop plus a
second hourlong workshop on time management and procrastination. Based on three
exams and self-report surveys administered before the intervention and at the end of the
semester, students who participated in the Metacognition+TM intervention experienced
greater increases in their exam scores and degree commitment than those in the baseline
intervention. Additionally, group status moderated the effect of the intervention, as the
Metacognition+TM intervention was especially effective in increasing use of time manage-
ment tools by students from minoritized groups.

INTRODUCTION

How and when to study are key considerations for effective learning in the field of
biology (Rytkonen et al., 2012; Aflalo, 2018). Effective study strategies are especially
needed in the college context, where undergraduate students face the demands of
increased quality and quantity of learning amid greater flexibility in how they use their
time (Hensley et al., 2015; Wolters and Hoops, 2015). Developing effective study
strategies is associated with higher grades as well as a higher likelihood of persisting
in college, that is, making progress toward degree plans and, ultimately, graduation
(Tinto, 1993; Nora, 2004; Kuh et al., 2006; Sebesta and Speth, 2017). Yet both empir-
ical research and instructors’ experiences in the college classroom suggest that many
students do not use effective strategies and that their academic engagement, confi-
dence, and achievement may suffer as a result (Rachal et al., 2007; Cholewa and
Ramaswami, 2015; Perin and Holschuh, 2019).

Various interventions have been developed to help address shortcomings in college
students’ study strategies, ranging from full-semester courses (e.g., Tuckman and Ken-
nedy, 2011) and summer bridge programs (e.g., Hoops and Kutrybala, 2015) to one-
time workshops (e.g., Nordell, 2009) and integrated classroom supports (e.g., Stanton
etal., 2015; Sabel et al., 2017). Although participating in a course devoted to effective
learning typically provides the most comprehensive experience and opportunities for
feedback (Wolters and Hoops, 2015), it may not always be an option for students who
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take full course loads or who do not realize the need for
improved strategies until partway through a semester. For this
reason, instructors and other university personnel have devel-
oped brief interventions intended to build effective study strat-
egies, such as workshops (Boretz, 2012; Truschel and Reedy,
2009). Academic workshops typically address just one or two
dimensions of learning (Wolters and Hoops, 2015), such as
using memorization techniques, preparing for finals, or over-
coming procrastination (Truschel and Reedy, 2009).

There has been a growing focus on understanding how to
develop students’ metacognitive abilities to support success in
college science courses (Cook et al., 2013; Zhao et al., 2014;
Stanton et al., 2015; Dye and Stanton, 2017; van Vliet et al.,
2015; Sabel et al., 2017; Sebesta and Speth, 2017). Delivering
a metacognitive workshop within the structure provided by an
undergraduate course is a promising practice, because
domain-relevant instruction may increase the likelihood of
transfer to both subsequent learning tasks and other contexts
(Zepeda et al.,, 2015). When students learn about effective
learning skills in an overly general manner or outside an action-
able context, it can be difficult to apply the skills to their future
learning efforts; conversely, contextualizing learning skills
instruction within a specific discipline provides authenticity and
scaffolding that help students develop new behaviors and ulti-
mately apply them in new settings (Hattie and Donoghue,
2016; Bernacki et al., 2020). Although a brief intervention can
make a positive impact by teaching students how to assess their
understanding and engage in intentional learning (Hoffmann
and McGuire, 2010; McGuire, 2015), an emphasis on metacog-
nition alone may be incomplete. That is, students may be meta-
cognitively aware of the quality of their learning, but they may
struggle to put their understanding of effective learning strate-
gies into practice if they cannot regulate their time, motivation,
or study environment.

To advance research and practice on the use of workshops to
support study strategies and learning, the present study brought
together a team of researchers and educators from a life sci-
ences education center and a student learning center. Our proj-
ect involved evaluating the impacts of two cocurricular work-
shop interventions on undergraduate biology students’
academic beliefs, strategies, and achievement. By comparing
two workshop interventions—one with a metacognitive focus
on being self-aware and intentional as a learner and one with
additional content on enacting strategies through managing
time and overcoming procrastination—we aimed to assist stu-
dents with their learning and to better understand the impact of
cocurricular workshops on academic outcomes.

Challenges in College Biology: The Need for
Metacognition and Time Management

Introductory biology is a demanding context for many college
students, presenting more rigorous expectations than prior edu-
cation in terms of the depth, quality, and quantity of learning
(McCarthy and Kuh, 2006; Yazedjian et al., 2008). College biol-
ogy students may have academic difficulties for many reasons,
but two stand out as the most critical. One, students may not
use effective learning strategies, due in part to a lack of meta-
cognitive awareness and skills (Tanner, 2012). Two, students
may struggle with managing their time and ensuring that they
can devote the time needed to thoroughly complete academic
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activities and tasks (Klingsieck et al., 2013). In this section, we
summarize key literature related to the nature of these chal-
lenges and their connections to academic performance.

For many students, giving thought to their learning strate-
gies may not have been essential before college. Students may
engage with content at a surface level and, based on how easily
they seem to recognize the content, assume they understand it
adequately (Collins and Sims, 2006; Freeman et al., 2007). This
illusion of competence is often at the heart of students’ frustra-
tions and disappointments when receiving an unexpected poor
grade on an exam; their judgments that they adequately under-
stood the material proved wrong (Larmar and Lodge, 2014).
Metacognition, in contrast, involves understanding the learning
task, making choices about how to effectively engage in it, and
gauging how well these strategies are working. Metacognition
includes three knowledge-based components: declarative
knowledge about oneself as a learner, procedural knowledge
about how to learn, and conditional knowledge about why and
when to apply various approaches to learning (Schraw and
Moshman, 1995). In addition, it includes three self-regulatory
skills: planning how to engage in learning, monitoring the
effectiveness of learning processes in the moment, and evaluat-
ing the outcomes of learning efforts (Moshman, 2018).

Reflecting learning principles articulated by Flavell (1979),
metacognition involves the ability to “think about one’s own
thinking; be consciously aware of oneself as a problem solver;
monitor, plan, and control one’s mental processing; and accu-
rately judge one’s level of learning” (McGuire, 2015, p. 17).
Through metacognition, students actively engage in monitoring
and regulating their learning. They identify what they do and
do not understand (metacognitive knowledge), then make
adjustments to comprehend or remember more effectively
(metacognitive skills; Flavell, 1979; Pintrich, 2002). Examining
studies that together included nearly 20,000 college students, a
meta-analysis revealed that metacognitive self-regulation was
positively associated with course grade and overall grade point
average (GPA), as well as with indicators of academic engage-
ment such as intrinsic motivation and elaborative learning
strategies (Credé and Phillips, 2011). In addition, findings from
a meta-analysis conducted by Broadbent and Poon (2015) sug-
gested that specific self-regulated learning strategies, including
some linked to metacognition, were associated with students’
academic performance in online courses.

Within the biology context, metacognition has been a par-
ticular focus. In terms of domain-specific strategies, college
students’ use of specific self-regulated learning strategies,
especially metacognitive strategies, has been connected to
exam performance in introductory biology (Sebesta and
Speth, 2017). In interviews with college students enrolled in
upper-division biology course work, Dye and Stanton (2017)
found a tendency for students to describe the importance of
developing metacognitive regulation skills, particularly evalu-
ation, in order to succeed in life sciences. Most interviewed
students noted that receiving an unsatisfactory exam grade
initially prompted the evaluation of their study strategies
(Dye and Stanton, 2017). Researchers have suggested that
instructors can integrate supports into biology courses to
enhance students’ metacognition (Stanton et al., 2021). For
example, reflection assignments, answer keys that include the
rationale for answers, and self-evaluations all seem to prompt
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metacognition (Stanton et al., 2015; Sabel et al., 2017). Stan-
ton et al. (2021) provide further research-based suggestions in
their review of metacognition for teachers. Based on prior
work, these suggestions include teaching students to engage
in metacognition as they prepare for, take, and evaluate their
performance on exams, which are often new and challenging
learning experiences for college biology students (Dye and
Stanton, 2017).

Time management represents a second key area that is
instrumental to success in college and whose absence may lead
to academic difficulties. Students who struggle academically
tend not to recognize just how much time college-level learning
may require and may not have a repertoire of effective tools for
managing their time (Freeman et al., 2007). The amount of
time students were accustomed to studying in high school—
three or fewer hours per week in many cases (McCarthy and
Kuh, 2006)—falls short of the recommended 2 to 3 hours per
credit hour per week to earn a “C” in college (Nonis et al.,
2006). Additional contributors to poor time management
include failing to plan or prioritize, becoming distracted by dig-
ital media and social opportunities, and waiting until the last
minute to study (Claessens et al., 2007; Bembenutty, 2011;
Wolters and Brady, 2020). When acting in these ways, students
tend to run out of time to use effective learning strategies and
do not engage with academic content sufficiently (Hartwig and
Dunlosky, 2012).

A multifaceted concept, time management is understood to
include “the awareness that time can be manipulated; the active
use of skills, strategies, and tools; creating and maintaining a
flexible routine; and the ability to evaluate one’s personal effec-
tiveness” (White et al., 2013, p. 216). Time management also
includes overcoming the lure of distractions and procrastination
by directing time, effort, and motivation to engage in academic
tasks (Klassen et al., 2008). Research consistently associates
effective time management with strong academic performance,
as measured by overall GPA, as well as individual assignment,
exam, and course grades (Landrum et al., 2006; Steel, 2007;
Credé and Kuncel, 2008; Credé and Phillips, 2011; Basila, 2014;
Broadbent and Poon, 2015). The value of time management for
college students is further bolstered by research that demon-
strates ties to satisfaction with university life (Krumrei-Mancuso
et al., 2013).

Interventions Designed to Support Academic Success

The strategies students use to engage in academics are not
inherent; instead, they can be taught and developed (Weinstein
et al., 2000; Pintrich and Zusho, 2007). As some have argued,
learning how to learn not only can be taught but “must be
taught” (Gall, 1990, as cited in Tanner, 2012, p. 113). McDaniel
and Einstein (2020) suggested that successful learning strat-
egy training must include four components. One, students
must learn about the target strategy and how to use that strat-
egy. Two, students must believe that the target strategy will
improve their learning. Three, students must feel committed
and motivated to use the target strategy. Four, students must
receive training to support their future use of a strategy. In
particular, understanding when strategies should be used is
important for students given the context-specific nature of
strategies (Hattie and Donoghue, 2016). Thus, embedding
learning strategy training within a specific context might lead
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to a deeper understanding of the target strategy (Hattie and
Donoghue, 2016).

One type of academic support that has grown in popularity
over the past decade is teaching students about metacognition
and providing opportunities to engage in metacognition as
part of the classroom experience (Bernacki et al., 2020, 2021;
Freeman et al., 2011; Tanner, 2012; van Vliet et al., 2015). The
overall goal of this approach is to increase students’ awareness
and regulation of their learning processes in order to improve
their achievement (Zepeda et al., 2015). Researchers have
explored different approaches to teaching and prompting
students’ metacognition, including instructional modules that
students engage in outside class time (Bernacki et al. 2020,
2021; Cogliano et al., 2020), assignments or activities students
complete as part of their courses (Stanton et al., 2015; Sabel
et al., 2017), and cocurricular workshops delivered during class
time (Hoffmann and McGuire, 2010; McGuire, 2015). The
accompanying research suggests these approaches tend to be
effective. In addition, in a meta-analysis focused on self-regu-
lated learning scaffolds in online learning environments, Zheng
(2016) found that both domain-general (i.e., aspects that
support overall learning processes) and domain-specific (i.e.,
aspects that support learning in a particular subject area) scaf-
folds facilitated students’ self-regulated learning.

The form of metacognition instruction of interest to the pres-
ent study is that of a cocurricular workshop delivered during
class time, as modeled by McGuire (Hoffmann and McGuire,
2010; McGuire, 2015). Workshops are a group-based educa-
tional intervention led by an expert and intended to develop
participants’ knowledge and skills on a topic or small set of
related topics (Brooks-Harris and Stock-Ward, 1999; Wolters
and Hoops, 2015). In two core studies (Cook et al., 2013; Zhao
et al., 2014), researchers found that metacognition workshops
improved academic achievement in undergraduate science
courses. While the results of this research are promising,
design-related factors (e.g., lack of a comparison group or ade-
quate controls for pre-intervention characteristics) suggest that
more rigorous methods are needed to strengthen arguments for
the benefits of metacognitive workshops. Moreover, additional
research is needed to understand whether teaching about meta-
cognition is enough, or if teaching about time management pro-
vides further benefits that warrant the additional class time.

Although metacognition is an important component of
self-regulated learning, it is just one of the areas that effective
learners regulate; the other areas include motivation, behavior,
and context (Panadero, 2017; Kim et al., 2020). Engaging in
effective time management invokes a fuller range of self-regula-
tory processes, as it pertains to students’ skills in devoting time
and effort toward academic work, including managing distrac-
tions in the environment and generating the motivation to get
started rather than procrastinate. Thus, content on time man-
agement, including the closely related topics of managing dis-
tractions and procrastination (Claessens et al., 2007; Wolters
and Brady, 2020), may complement and extend workshop con-
tent on metacognition.

As with metacognition, learning about time management
seems to be an area where intervention can support college stu-
dent success. Van der Meer et al. (2010) highlighted the need
for instructional efforts to help students understand how to
engage in effective time management. In this mixed-methods
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study, analyses of survey responses and interviews suggested
that students were aware that college required a different
approach to time management than high school but had diffi-
culty identifying what specific changes might be needed.

Intervention studies suggest that there are benefits to directly
teaching individuals how to improve their time management
through approaches that cover topics such as planning, manag-
ing distractions, and addressing procrastination. However, such
intervention has not been adequately studied in the context of
the college classroom. Two small-scale interventions suggested
that a 4-hour training on time management could increase
sense of control over time, as well as decrease stress (Hafner
et al., 2015) and procrastination (Héfner et al., 2014). The
commitment of time in these prior interventions may not be
feasible for classroom-based application, however, and thus the
findings and methods may not be fully transferable. Also, while
this prior work suggests that time management interventions
can yield desirable psychological and behavioral outcomes,
they do not investigate a connection to desirable academic out-
comes. Although time management appears to be fundamental
to student success in college (Robbins et al., 2004; Credé and
Phillips, 2011) and time management workshops are common-
place on college campuses (Truschel and Reedy, 2009; Wolters
and Brady, 2020), the academic outcomes of this type of inter-
vention remain underresearched.

Supporting Students from Minoritized Groups in Science
For researchers focused on supporting student success in col-
lege, these efforts often include a focus on student subpopula-
tions, such as students from ethnic and racial groups that are
typically underrepresented in science (May and Chubin, 2003;
Toven-Lindsey et al., 2015; Jordt et al., 2017). This underrepre-
sentation of individuals of color in certain fields traces back to
inequities and systematic exclusion of certain groups based on
ethnicity or race (Asai, 2020b). Racial and ethnic identities that
are underrepresented in science in proportion to their makeup
of the overall U.S. population include Black or African Ameri-
can, Hispanic or Latinx, and Native American, Hawaiian, and
Pacific Islander (National Science Foundation, 2019). The term
“underrepresented minority” is often used to refer to these
groups (Jordt et al., 2017). In this paper, we use the term
“minoritized” (e.g., “students from minoritized groups”) to
emphasize the role that social and educational systems have
historically played in creating minoritized status and underrep-
resentation (Matthews and Lépez, 2020).

In her review of the literature related to enhancing diversity
in science, technology, engineering, and mathematics (STEM),
Tsui (2016) noted that college students from minoritized back-
grounds tended to report challenges in their study skills and time
management skills to a greater degree than White or Asian col-
lege students. For some students, this difference may relate to
precollege preparation, where access to college-preparatory cur-
riculum and resources may not have been widely available (Kuh
et al., 2006, 2007). Additionally, in college, students from
minoritized groups tend to work more hours in part- or full-time
jobs than White or Asian students (Hurtado et al., 2010), which
can increase time pressures and reduce time resources. Academic
struggles can precede decisions to leave a major or an institution,
and some scholars connect the underrepresentation of racial and
ethnic minorities in science-related fields to early levels of aca-
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demic preparation (Lewis, 2003; Chang et al., 2014). Systemic
racism in education—specifically, inequities in resources, oppor-
tunities, and policies for students from minoritized groups—can
be seen as the primary factor underlying differences in students’
academic preparation for college (Kendi, 2019). Thus, how and
when students approach their studying are relevant to academic
progression in science, yet they must also be considered in the
broader context of inclusive and anti-racist education.

In line with anti-deficit reframing, it is important to pursue
lines of research that focus not on calling out underpreparation
and academic challenges but rather on how students attain suc-
cess (Harper, 2010) and how educational strategies work to
foster inclusion (Asai, 2020a). Along these lines, life science
researchers have emphasized the need for educational interven-
tions that support academic success and broaden opportunities
for engagement (Estrada et al., 2016; Lent et al., 2018). Com-
mon interventions include summer bridge programs and early
arrival programs before students’ first year of college (Estrada
et al., 2016), as well as mentoring and research opportunity
programs that occur during the undergraduate experience
(Toven-Lindsey et al., 2015). As other scholars have noted (e.g.,
Lewis, 2003; Harper, 2010), such programs can be conceptual-
ized in ways that reinforce the deficit-minded perception that
students from minoritized groups are lacking in academic skills.
Ideally, however, these programs cultivate students’ existing
strengths and serve to enhance equity. Toven-Lindsey et al.
(2015), for example, tied their 2-year program to the overarch-
ing goal of creating a campus culture that is inclusive and wel-
coming. It is unclear, however, whether a brief intervention
such as a classroom-based workshop might also support posi-
tive academic experiences for science students from minori-
tized backgrounds.

Present Study

Instructional efforts that impact achievement by supporting
both metacognition and time management may be advanta-
geous for students overall, and especially for students in biol-
ogy from minoritized backgrounds. The purpose of this study is
to examine the impacts of two different workshop interventions
on introductory biology students’ academic beliefs, strategies,
and achievement. This experimental study compares the
impacts of two instructional interventions: a baseline Metacog-
nition workshop and a Metacognition plus Time Management
(Metacognition+TM) workshop that added content on manag-
ing time and the closely related topics of overcoming distrac-
tions and procrastination. We anticipated that both workshops
would benefit students, but that students who participated in
the extended Metacognition+TM workshop would experience
greater benefits in terms of their development of adaptive aca-
demic beliefs and strategies, as well as increases in their exam
grades. Our research questions were:

1. In what ways, if any, do biology students show differences in
subsequent academic beliefs and strategies based on partici-
pation in a Metacognition intervention versus a Metacogni-
tion+TM intervention?

2. In what ways, if any, do biology students show differences in
their subsequent exam performance based on participation
in a Metacognition intervention versus a Metacognition+TM
intervention?
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TABLE 1. Gender, minoritized or majority group status, and first-generation status for participants

Characteristic? Total n (%) Metacognition n (%) Metacognition+TM n (%)
Gender
Female 147 (59.0%) 79 (59.4) 68 (58.6)
Male 102 (41.0) 54 (40.6) 48 (41.4)
Race/ethnicity
Minoritized 30 (12.0) 14 (10.5) 16 (13.8)
Majority 213 (85.5) 115 (86.5) 98 (84.5)
Not able to determine 6 (2.4) 4 (3.0) 2(1.7)
First-generation status
First generation 63 (25.3) 30 (22.6) 33 (28.4)
Continuing generation 186 (74.7) 103 (77.4) 83 (71.6)

“The students from minoritized groups category includes students who identified as Black/African American or Hispanic/Latinx. No students in the sample identified as
Native American, Hawaiian, and Pacific Islander. The majority status students category includes students who identified as White or Asian. The not able to determine
category pertained to students who identified as two or more races/ethnicities, non-resident aliens, or unknown/not disclosed. N = 249.

3. In what ways, if any, do the workshop interventions improve
beliefs, strategies, or exam performance differently based on
students’ minoritized or majority group status (i.e., are there
ways in which a given workshop is more impactful for stu-
dents who are traditionally underrepresented in biology)?

METHODS

We used a pre/posttest design with 17 biology laboratory (lab)
sections of ~24 students each, with students randomly assigned
to one of two intervention conditions. The two workshop-based
interventions took place during regularly scheduled lab meet-
ing times the week following the release of students’ grades for
the first course exam. Exam grades, as well as pre- and post-in-
tervention measures reflecting students’ academic beliefs and
strategies, were collected to understand potential impacts of
the workshops. In the following sections, we describe the course
context and participants, interventions, timeline, measures, and
analyses.

Course Context and Participants

The workshops and data collection took place at a large, 4-year,
public university in the Midwestern United States during the
Autumn 2019 semester. The instructional context was a foun-
dational course that required students to understand and apply
biological concepts. Specifically, the study took place in a
high-enrollment, introductory-level undergraduate course. The
course was administered by the life sciences education center
and emphasized topics such as cells, energy transfer, genetics,
and the chemistry of life. Each week, students spent 3 hours in
lecture and an additional 3 hours in lab.

The study was reviewed and approved by the university’s
Institutional Review Board. Because the activities were struc-
tured as an educational intervention designed to support stu-
dent success, all 404 students enrolled in the course were
assigned to one of the two interventions. From this total, 249
students (133 Metacognition and 116 Metacognition+TM) con-
sented to participate in the study, representing a 61.6% partici-
pation rate. Demographic data, including gender, race/ethnic-
ity, and first-generation status, were obtained from university
records. Consistent with other recent research in STEM contexts
(e.g., Canning et al., 2019), students identifying as White or
Asian students were considered majority status. Students who
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reported another racial or ethnic group, including Black and/or
Hispanic, were considered minoritized status. Table 1 reports
the demographic characteristics.

Timeline

During the semester, students completed pre- and post-inter-
vention self-report surveys, as well as three exams. The first
exam took place in week 5 of the semester. Two days later, stu-
dents completed a consent form and were assigned an online,
self-report pre-intervention survey of their academic beliefs and
strategies. The next week (week 6), students received their
exam grades and attended their regularly scheduled lab sec-
tions. During these required lab sections, students participated
in either the Metacognition intervention or the Metacogni-
tion+TM intervention, based on random assignment of each lab
section to an intervention. Students completed the second
exam in week 10. Students completed the online, self-report
post-intervention survey of their academic beliefs and strate-
gies in the last week of the semester (week 16). The day after
the 4-day window for completing the survey closed, students
completed the third exam. Below, we describe the interventions
in depth.

Workshop Interventions

Two workshop interventions were examined in the study: Meta-
cognition, which focused on being self-aware as a learner and
developing learning strategies for different levels of Bloom’s
taxonomy; and Metacognition+TM, which included this core
material plus additional content on time management and pro-
crastination. Based on contemporary classroom-based research
(Cook et al., 2013; Zhao et al., 2014) and earlier scholarly
reviews about the benefits of teaching learning skills (Hattie
et al., 1996; National Research Council, 2000), the research
team determined that the metacognition workshop would serve
as the baseline content delivered to all students, as having a
no-workshop control group would place students at a disadvan-
tage. Limited pilot work in the biology course in a prior semes-
ter suggested that students perceived value in the metacogni-
tion workshop but that their behaviors were not impacted
beyond the very short term. These early findings led the instruc-
tor to develop booster assignments (described in this section)
as a mechanism to support students in practicing and applying
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the knowledge and skills explored in the intervention as they
moved forward in the course.

As informed by McGuire’s (2015) model of teaching stu-
dents how to learn effectively, both workshop interventions
were held in students’ regular classroom (lab) setting following
the results of the first exam. This approach emphasized the aca-
demic rigor of the workshop, communicated the instructor’s
support for the content, and conveyed information to students
when they were receptive to feedback on how they studied
(McGuire, 2015). The workshops were designed collaboratively
by members of the life sciences education center and student
learning center, who held advanced degrees in biology educa-
tion and educational psychology. The team developed the two
workshops over several months, which included reviewing the
literature, preparing drafts of workshop slides and activities,
and conducting a test run and feedback session of each work-
shop in its near-final form. Each workshop was accompanied by
a worksheet that provided space for students to take notes and
identified the major takeaways. Additionally, in both work-
shops, the presenter asked questions to maintain engagement
and prompted students to discuss the content with one another.

On the day of the intervention, students came to their regu-
larly scheduled lab sections and participated in an hourlong
metacognition workshop led by their instructor. Based on their
lab’s intervention condition, students were then either released
from lab (Metacognition intervention) or participated in a sec-
ond hourlong workshop after a 10-minute break (Metacogni-
tion+TM intervention). The content of each workshop is
described in the specific intervention sections below.

Metacognition Intervention. For the Metacognition portion of
the intervention, the course instructor presented a 1-hour work-
shop titled “Strategies to Get the Grade You Want in Bio [Course
Number]!” The content was based on the model provided by
McGuire (2015), which has been tested in prior classroom-based
research (Cook et al., 2013; Zhao et al., 2014). The workshop
focused on effective learning strategies and self-awareness in
the learning process. The three main sections were: 1) matching
the task with the tool, 2) applying the metacognitive process
(planning, monitoring, and evaluating) as a way of purpose-
fully learning, and 3) selecting learning strategies based on the
depth of learning desired, following Bloom’s taxonomy of edu-
cational objectives (Bloom et al., 1956).

In the first section, the instructor began by sharing feedback
from former students about how learning about effective strat-
egies had helped them to improve their grades. Students then
reflected on whether they had ever performed poorly on an
exam, even when they had worked hard to feel prepared for it.
To introduce the importance of matching a task with the correct
tool, students engaged in an active-learning exercise in which
they brainstormed what they might do next when approaching
a massive redwood tree with just a handsaw. Then, students
were prompted to consider how they would prepare differently
for the task if they could go back and try again. The purpose of
the activity was to set up students to recognize how the exam-
ple might be analogous to their own classroom experiences: if
they are not using effective and efficient learning strategies,
they are less likely to succeed.

In the second section, students considered the difference
between studying and learning (McGuire, 2015). The key take-
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away was that going through content with the purpose of truly
understanding was more effortful—but also more valuable
(Rovers et al., 2018). To help students prepare to learn at this
level, the instructor defined metacognition as thinking about
your own thinking (Dimmitt and McCormick, 2012) and
described a three-step process for engaging in metacognition.
Focusing on the metacognitive aspects of a three-phase model
of self-regulated learning (Zimmerman and Schunk, 2001), this
process included identifying learning strategies, monitoring
learning as it took place, and evaluating the effectiveness of the
approach, often via reflection, in order to guide adjustments
and plan more effectively for the next study task.

In the third section, the instructor introduced the levels of
Bloom’s taxonomy, ranging from basic (e.g., remembering or
understanding) to increasingly more complex (e.g., applying,
analyzing, or evaluating). The instructor asked students to con-
sider the level of learning required in college as opposed to high
school (McGuire, 2015), provided examples of exam questions,
and asked students to identify the level of learning required in
order to reinforce the idea that memorization and basic under-
standing were often insufficient in college biology. The instruc-
tor concluded by elaborating upon how planning, monitoring,
and evaluating could help students approach learning as a
metacognitive process.

Metacognition+TM Intervention. In the lab sections in which
the Metacognition+TM intervention took place, students first
attended the 1-hour Metacognition workshop. Following a
10-minute break, the course instructor introduced the learning
center representative, who presented a 1-hour workshop titled
“Taking Control of Your Time Management and Procrastina-
tion.” The additional material for the Metacognition+TM inter-
vention was informed by van Eerde and Klingsieck’s (2018)
meta-analysis of procrastination intervention studies, as well as
relevant research on learning, time management, and motiva-
tional regulation (Wolters, 2003a,b; Wolters and Brady, 2020).
The three main sections were 1) using calendars and task lists,
2) removing distractions, and 3) implementing procrastination
management strategies.

The first section began with a group discussion of how time
management in college was different from time management in
high school. Then, the presenter introduced the curve of forget-
ting (Roediger et al., 2010) and explained how frequent study
sessions spaced out over time were more effective than cram-
ming (Hopkins et al,, 2016). To aid in planning, students
learned about creating an integrated master syllabus that
brought together the readings, topics, assignments, and exams
from all their classes. To counteract being overwhelmed and not
knowing where to start, students learned to translate their run-
ning list of all tasks into a manageable set of daily objectives,
with a focus on identifying their top three tasks each day and
working on the top priority task first (Van Eerde, 2000). Stu-
dents also learned to incorporate study tasks into their calen-
daring system to increase the likelihood of follow-through
(Steel and Konig, 2006).

The second section of the workshop emphasized the impor-
tance of the study environment in terms of promoting either
focus or inefficiency (Dewitte and Schouwenburg, 2002).
Students learned to assess their common distractions and man-
age the study environment to reduce distractions. Here, the
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presenter introduced specific techniques to increase focus, such
as the pomodoro technique (Oakley, 2014), and apps that shut
out distractions and rewarded time on task.

The third and final section of the workshop addressed pro-
crastination specifically. Students discussed when they typically
procrastinated, and the presenter emphasized common causes
for procrastination connected with students’ examples, such as
low self-efficacy (Wolters, 2003b), a need for immediate grati-
fication (Harrington, 2005), and low motivation (Howell and
Buro, 2009). Students learned to identify and counteract ratio-
nalizations (i.e., excuses) typically used to justify procrastina-
tion (Tuckman, 2005), as well as to implement strategies to
address procrastination, such as seeking help, breaking tasks
into smaller pieces, using positive self-talk, and adding struc-
ture through self-set rewards or peer accountability (Wolters
and Benzon, 2013).

Booster Assignments. To support students’ application of the
content from the workshops, the instructor introduced an extra-
credit assignment opportunity. These optional booster assign-
ments gave students weekly opportunities to plan and reflect on
their study strategies. At the beginning of the week, students
listed three or more strategies they would commit to using to
improve their learning. At the end of the week, students listed
the strategies they actually used and reflected on how well the
strategies seemed to work for them. In this way, the booster
assignments provided a form of accountability that encouraged
students to regularly engage with strategies learned during the
workshop(s). Students submitted the optional assignments
online each week, and the instructor provided reminders a few
times during the semester to encourage students to continue to
use the activities to improve their ability to be successful in the
course. We designed this intervention to motivate students to
modify their study behaviors and develop self-regulation. We
thought that mandatory reflective exercises could be counter-
productive, as prior research has suggested that choice is an
important element in students’ motivation and mental engage-
ment (Reeve, 2002; Niemiec and Ryan, 2009). Ultimately, we
chose to let the students decide whether to complete this activ-
ity, with the extra credit as an incentive for engaging in a task
designed to develop new skills (Williams and Stockdale, 2004).
Students from both intervention groups completed a similar
average number of booster assignments; therefore, any effect of
completing them should have similarly impacted the Metacog-
nition and Metacognition+TM students’ post-intervention sur-
vey responses.

Measures

Students’ prior academic performance data were gathered
from university records. Pre- and post-intervention surveys
assessed students’ self-reported academic beliefs and strate-
gies. The two surveys, with 68 items each, were built into the
course as assignments to provide credit for student participa-
tion. Each survey provided ~1% of the total course points (2%
total for both surveys). All items were closed-ended and used a
five-point Likert-type response scale where, unless otherwise
indicated, strongly disagree = 1 and strongly agree = 5. Because
the self-report measures included items with wording adapted
from the original items, we conducted factor analyses to deter-
mine the underlying factor structure in the present study. The
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measures and, where applicable, factors are defined in the Aca-
demic Beliefs and Academic Strategies sections below. A descrip-
tion of the factor analyses appears in the subsequent section.

Academic Backgrounds. Students’ standardized test scores
and beginning-of-semester cumulative GPA were acquired
from university records. Standardized test scores reflected
either the composite ACT score or the equivalent SAT-ACT
score conversion, using 2018 concordance tables (ACT, 2018).
Students’ academic backgrounds are summarized in Supple-
mental Table S1.

Academic Beliefs. Incremental and entity beliefs about intelli-
gence (Dweck, 1999), also known as mindsets, reflected stu-
dents’ beliefs about whether their intelligence was malleable.
Students’ incremental and entity beliefs before the intervention
were used as covariates to control for students’ expectations
about whether they would be able to increase their knowledge
or ability to learn, which might influence receptivity to the
workshop content. In prior studies with college students, incre-
mental beliefs about intelligence predicted students’ mastery
goal orientation (Lou et al., 2017) and entity beliefs predicted
students’ external academic locus of control, that is, beliefs that
their outcomes were determined by other people or events
(Bodill and Roberts, 2013). Consistent with recent research,
this scale contained two factors that were distinct but not
strictly opposite from one another. A sample item for incremen-
tal beliefs (four items) was “You can always substantially change
how intelligent you are.” A sample item for entity beliefs (four
items) was: “You can learn new things, but you can't really
change your basic intelligence.”

Self-efficacy for self-regulated learning, derived from the orig-
inal (Bandura, 2006; Usher and Pajares, 2007), assessed how
confident students were in their ability to complete certain aca-
demic activities successfully. In previous studies of college stu-
dents, this scale was correlated with student enthusiasm as well
as mastery goal orientation, that is, the desire to learn and
improve (Gerhardt and Brown, 2006). The eight items asked
students to gauge their confidence for activities such as to “fully
understand the information presented in class and textbooks.”
The response scale ranged from not confident = 1 to very confi-
dent=>5.

College commitments, from the College Persistence Question-
naire (Davidson et al., 2009), assessed students’ commitment to
their current institution or to earning a college degree. Institu-
tional and degree commitments are predictors of persistence
(Davidson et al., 2009), reflecting the important role that stu-
dents’ academic goal intentions play in college retention (Nora,
2004). Aligning with the questionnaire’s subscales, the items
reflected two factors pertaining to different aspects of students’
commitment to continuing college, both at a specific institution
and as an overall aim. A sample item from the institutional com-
mitment factor (four items) was “How confident are you that
[university name] is the right university for you?” A sample
item from the degree commitment factor (three items) was ‘At
this moment in time, how strong would you say your commit-
ment is to earning a college degree, at [university name] or
elsewhere?” The response scale had different labels correspond-
ing with the type of question (e.g., 1 = not confident, 5 = very
confident; 1 = not strong, 5 = very strong).
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Academic Strategies. Motivational regulation strategies (Brief
Regulation of Motivation Scale; Kim et al., 2018) assessed stu-
dents’ use of strategies to maintain their effort toward and inter-
est in studying and schoolwork (eight items). In prior research
with college students, this scale was related to but empirically
distinct from the regulation of other aspects of learning, such as
cognition, and was predictive of lower procrastination and
higher course grades (Kim et al., 2020). A sample item was “If I
feel like stopping before I'm really done, I have strategies to
keep myself studying.”

Metacognitive strategies, derived from the original scale in
the Motivated Strategies for Learning Questionnaire (Pintrich
et al., 1993), gauged the degree to which students engaged in
metacognition by taking an active role in understanding and
directing their learning processes. In previous studies of col-
lege students, this scale predicted lower amounts of procrasti-
nation (Wolters, 2003b) and was associated with high
amounts of intrinsic motivation (Young, 2005). Unlike in prior
research that assessed metacognition unidimensionally (Wolt-
ers, 2003b; Young, 2005) or in terms of three underlying com-
ponents of planning, monitoring, and evaluating (Donker
et al., 2014), in the present study, this scale contained two
separate factors based on students’ metacognitive engage-
ment either before or during/after learning activities. A sam-
ple item for the planning factor (three items) was “Before I
begin to study, I plan out what I want to get done.” A sample
item for the monitoring and evaluating factor (seven items)
was ‘As I study, I frequently check to make sure I really under-
stand the material.”

Procrastination, derived from the original (Tuckman, 1991),
measured students’ tendencies to postpone academic work or
miss deadlines. In prior studies with college students, this scale
was predicted by low self-efficacy (Hensley, 2014) and nega-
tively associated with course grade (Hensley, 2014) and cumu-
lative GPA (Jackson et al., 2003). In the present study, this scale
contained two separate factors based on behavior patterns, on
the one hand, and the outcomes of procrastination, on the
other. A sample item for the postponement factor (seven items)
was “I postpone getting started on things I don’t like to do.” A
sample item for the missed deadlines factor (two items) was “I
often don’t get assignments done on time.”

Time management strategies, derived from the original
(Macan, 1994), measured students’ tendencies to prioritize and
schedule their time. In previous studies of college students, the
scale was negatively correlated with aspects of engaged learn-
ing, such as value for learning, metacognitive strategies, and
motivational strategies (Wolters et al., 2017). In the present
study, the time management items reflected two separate fac-
tors based on students’ general tendency to organize and prior-
itize their use of time, on the one hand, and use of tools to keep
track of their tasks and schedules, on the other. The intentional
time use factor (15 items) included items such as “I set priorities
to determine the order in which I will perform schoolwork each
day.” The time management tools factor (three items) included
items such as “I use a personal calendar to keep track of import-
ant events, obligations, or deadlines.”

Factor Analyses and Alphas. Seven exploratory factor analy-

ses (EFA) using principal axis factoring were examined in SPSS
to observe the underlying factor structure of all scales and
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assess for any suboptimal items. This data-driven approach
made no assumptions of the pattern of relationships in the data
and was used to explore the dimensionality of each scale
(Knekta et al., 2019). Moreover, this method allowed us to
explore the underlying dimensionality of these scales and assess
for low factor loadings and high cross-factor loadings when
administered to a sample of biology students, whereas previous
scale-validation efforts took place outside the STEM context.
Factors were retained based on Kaiser’s criterion, scree plot
analyses, and the use of rotation methods to achieve a simple,
theoretically meaningful factor solution (Worthington and
Whittaker, 2006). Based on the EFA models, one item was
deleted from the procrastination subscale and one item was
deleted from self-efficacy for self-regulated learning based on
low factor loadings and high cross-loadings. Confirmatory fac-
tor analyses (CFA) for the full sample were then examined
using Mplus (v. 8.4) to evaluate the validity of the scales and
test the factor solutions obtained from our EFAs (Worthington
and Whittaker, 2006). The CFAs were primarily used as an
assessment of our measurement model before we proceeded to
the main structural specification of our structural equation
models (SEM); thus we did not use a cross-validation proce-
dure, typically used in scale-validation studies (e.g., Vodanovich
et al., 2005), which would have split the sample in half for the
EFA and CFA.

For several of the scales, factor analyses corroborated the
presence of two distinct factors. Specifically, factor analyses
aligned with recent research that identified the two-factor struc-
ture of procrastination in a separate sample (Wolters et al.,
2020), as well as prior research that identified the distinctive-
ness of different elements of college commitments (Davidson
et al., 2009) and the two-factor structure of beliefs about intel-
ligence (Tempelaar et al., 2015). New to the current analyses
was the identification of the two-factor structures of metacogni-
tive strategies and time management strategies. These two-fac-
tor structures were retained based on the examination of the
scree plot, clearly patterned factor loadings, and conceptual
cohesion among the items making up each factor. Although fac-
tor analyses suggested some possibility of a two-factor structure
for self-efficacy for self-regulated learning, the high amount of
cross-loadings between multiple items and lack of distinct over-
arching constructs for separate factors supported keeping the
items as a single scale.

Alphas and fit indices for the scales and underlying fac-
tors appear in Table 2. Internal consistency estimates were
assessed using coefficient alpha, a commonly used statistic to
establish levels of internal consistency (Netemeyer et al.,
2003). Obtained alphas for all scales except for the pre-inter-
vention college commitment factors indicated good internal
consistency of above 0.70. The college commitment factors
displayed acceptable yet slightly low consistency values on
the pre-intervention survey, owing in part to the low number
of items and to the possibility that students had some vari-
ance at the beginning of the semester in their own views of
commitment to the institution and to earning a degree.
Because these scales’ reliability was not prohibitively low,
and because the scales had exhibited strong reliability and
validity with larger samples across multiple institutions in
prior research (Davidson et al., 2009), we retained them for
use in the present study.
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TABLE 2. Alphas and fit indices for the scales and underlying factors for both pre- and post-intervention surveys

Scale Alpha %2 (df) RMSEA CFI SRMR

Beliefs about Intelligence (pre) 0.86 (Incremental Beliefs), 46.892 (19) 0.077 0.976 0.033
0.89 (Entity Beliefs)

Self-Efficacy for Self-Regulated Learning (pre) 0.86 135.189 (32) 0.114 0.886 0.055

Self-Efficacy for Self-Regulated Learning (post) 0.87 144.112 (32) 0.119 0.895 0.057

Goal Commitment (pre) 0.66 (Institutional Commitment), 18.478 (11) 0.052 0.983 0.047
0.68 (Degree Commitment)

Goal Commitment (post) 0.70 (Institutional Commitment), 13.616 (11) 0.031 0.995 0.025
0.71 (Degree Commitment)

Motivational Regulation (pre) 0.81 22.414 (20) 0.022 0.995 0.029

Motivational Regulation (post) 0.84 47.634 (20) 0.074 0.959 0.041

Metacognitive Strategies (pre) 0.70 (Planning), 64.26 (33) 0.062 0.954 0.045
0.81 (Monitoring and Evaluating)

Metacognitive Strategies (post) 0.74 (Planning), 82.457 (33) 0.078 0.946 0.043
0.85 (Monitoring and Evaluating)

Procrastination (pre) 0.90 (Postponement), 73.909 (26) 0.071 0.972 0.041
0.78 (Missed Deadlines)

Procrastination (post) 0.90 (Postponement), 97.046 (26) 0.880 0.962 0.045
0.87 (Missed Deadlines)

Time Management Strategies (pre) 0.85 (Intentional Time Use), 189.54 (132) 0.042 0.955 0.048
0.84 (Time Management Tools)

Time Management Strategies (post) 0.85 (Intentional Time Use), 288.375(132) 0.069 0.900 0.058

0.81 (Time Management Tools)

Measurement Invariance. As a goal of this study was to
examine differences between students from majority and
minoritized backgrounds, we conducted tests of measure-
ment invariance to ensure that the questionnaire items mea-
sured the same theoretical constructs similarly in both groups.
Tests of measurement invariance are commonly used as a pre-
requisite for group comparison. If measurement invariance is
not tenable, analyses of our measures do not produce mean-
ingful results, as findings of differences between groups can-
not be unambiguously interpreted (Horn and McArdle,
1992). We considered three measurement invariance steps:
1) configural, equivalence of model form; 2) metric, equiva-
lence of factor loadings; and 3) scalar, equivalence of item
intercepts (Putnick and Bornstein, 2016; Wang and Wang,
2019).

Measurement invariance was tested using a multi-group
CFA. Measurement invariance was tenable for nearly all scales,
as all scales displayed scalar invariance, except metacognitive
strategies and time management. Notably, time management
originally displayed metric non-invariance; there was no signif-
icant difference between the configural model and metric
model, ¥* (16) = 10.78, p = 0.82; however, there was a signifi-
cant difference between the metric model and scalar model, 2
(16) = 27.8, p = 0.03. Additionally, metacognitive strategies
originally displayed metric non-invariance; there was a signifi-
cant difference between the configural model and metric model,
%% (8) =15.78, p = 0.045. In accordance with Putnick and Born-
stein (2016), we omitted items with noninvariant intercepts
and loadings and retested the configural, metric, and scalar
invariance models. Consequently, one item was dropped from
monitoring and evaluating and one item was dropped from
intentional time use to obtain adequate scalar invariance. Addi-
tional statistics concerning the scales can be found in Supple-
mental Table S2.
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Exams. Academic achievement was based on students’ grades
from three course exams. Exam 1 was administered before the
workshops and thus provided a baseline of student perfor-
mance. Exam 2 reflected students’ achievement for material
covered 1 month after the workshops, and exam 3 reflected
students’ achievement for the final third of the course. Each
exam covered approximately one-third of the course content
and was worth 11% of the final grade in the course. Exams
consisted of multiple-choice questions written to assess one or
more course learning outcomes and sub-outcomes at specific
levels of Bloom’s taxonomy. Though course concepts built on
one another as the term progressed, each exam focused on dif-
ferent concepts explored throughout the course. Two versions
of each exam were administered, both with the same questions,
but with the questions ordered differently. Cronbach’s alphas
were similar between forms at each time point and demon-
strated good internal consistency. For the two forms of each
exam, the following alphas were observed: exam 1a, o. = 0.88;
exam 1b, o= 0.86; exam 2a, o = 0.84; exam 2b, o= 0.85; exam
3a, o= 0.87, exam 3b, o = 0.89. For our analyses, we used per-
cent scores computed by dividing the number of items answered
correctly by the total items on each exam. For exam 1, the range
of scores earned by students was 23.15-96.30 (M = 70.95, SD
=15.13). For exam 2, the range was 34.00-100.00 (M = 79.37,
SD = 12.83). For exam 3, the range was 35.29-100.00 (M =
77.64, SD = 15.19).

Booster Assignments. Students were able to complete up to a
total of 10 planning assignments and 10 reflection assignments.
The instructor reviewed the online submissions weekly and
awarded extra credit at the end of semester. Each was worth 0.3
percentage points toward the final course grade, for a maxi-
mum of 6 percentage points (20 assignments) awarded at the
end of the semester. The total number of points gained by each
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student on the booster assignments was included to account for
intervention dosage (Lazowski and Hulleman, 2016) by means
of students’ ongoing engagement with the workshop concepts.
The range of scores was 0.00-6.00 (M = 4.26, SD = 1.81).

Analyses

To compare the effectiveness of the two workshops, we exam-
ined changes in self-reported academic beliefs and strategies,
as well as students’ exam grades. The analyses included pre-
liminary analyses as well as SEM to examine both main
effects and interactions based on minoritized group status.
With the SEMs that examined the efficacy of the Metacogni-
tion and Metacognition+TM treatments, we used a residual-
ized change approach (e.g., Pittman and Richmond, 2008) to
determine whether intervention type was associated with
changes in any of the academic belief, strategy, or achieve-
ment outcomes, that is, to determine whether there were
group differences in the amount of change. Subsequently,
each post-intervention outcome was regressed on the inter-
vention condition (Metacognition or Metacognition+TM), its
pre-intervention score, and a set of relevant covariates
accounting for students’ demographic and academic back-
grounds. Our focal variable (intervention condition, Meta-
cognition+TM in tables) therefore expressed differences
between the Metacognition and Metacognition+TM groups at
post intervention while holding constant the pre-intervention
score and other included covariates. Given our limited sam-
ple size, we modeled each distinct factor in its own separate
SEM. An example model using the time management scale
can be found in Supplemental Figure S1. The advantages of
SEM as opposed to alternative methods included: estimates
of measurement error in all variables, incorporation of both
observed and latent variables, and estimation of indirect
effects (Bryne, 2006). Missing data were handled using a
maximum-likelihood estimation method. We adopted the
Benjamini-Hochberg correction (Benjamini and Hochberg,
1995) to control for the potential inflated type I error rate
due to the multiple comparisons in this study.

Covariates included gender, minoritized group status,
first-generation status, ACT score, GPA, and exam 1 score. The
analyses also controlled for incremental and entity beliefs about
intelligence measured on the pre-intervention survey, to account
for the degree to which students might expect their intelligence
to be able to change, as well as booster assignment completion,
to account for students’ level of ongoing engagement with
intervention content. In addition, all analyses of self-reported
academic strategies and beliefs controlled for the respective
pre-intervention score (e.g., motivational regulation at the end
of the semester controlled for students’ motivational regulation
beliefs measured before the intervention).

RESULTS

Preliminary Analyses

Associations among the Variables. The correlations between
the survey and exam measures are available in Supplemental
Table S3. Although the correlation between institutional com-
mitment on the pre- and post-intervention surveys was moder-
ate and significant, it was notably weaker than the other cor-
relations on the diagonal, suggesting that this construct may be
less stable or more amenable to change over the course of a
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semester as compared with the other constructs. The overall
pattern of associations between survey measures and exam
scores affirmed the academically adaptive nature of the aca-
demic beliefs and strategies examined in the study, as well as
the maladaptive nature of procrastination. In addition, the
extent to which students completed the optional booster assign-
ments over the second two-thirds of the course had positive
correlations with nearly all of the self-reported belief and strat-
egy variables and (not shown in the table) with exam 2 and 3
scores (r = 0.20, p < 0.01 for both exams).

Descriptive Statistics. Supplemental Table S4 presents the
means and standard deviations for survey measures and exam
scores for each intervention group. However, the raw differ-
ences did not account for important covariates related to stu-
dents’ prior academic achievement, background, and engage-
ment with booster assignments to support application of the
workshop content. The study’s main analyses, described in
the following section, tested for statistical significance in pre/
post changes while accounting for demographic and academic
covariates.

Differences between Metacognition and
Metacognition+TM Student Outcomes

We conducted structural equation modeling to examine the
main effects of the workshop type on students’ academic
belief, strategy, and achievement outcomes. Findings indi-
cated positive effects for the Metacognitive+TM workshop in
terms of students’ degree commitments and exam grades. As
students were administered the same items at both pre and
post intervention, it was substantively reasonable that these
responses would be associated with each other (i.e., the unex-
plained variances at both time points would be correlated).
Therefore, based on Sérbom’s (1989) recommendations to
improve model fit, we allowed for error covariances in confor-
mity. Consequently, error covariances were allowed between
the same items at pre and post intervention. After determin-
ing that model fit was acceptable, we examined the signifi-
cance of treatment effect. These aspects are described in turn
below.

Based on goodness-of-fit indices for the SEM analyses,
nearly all factors yielded numerical index values that exhib-
ited acceptable model fit, as seen in Table 3. Model perfor-
mance was evaluated on the basis of a variety of goodness-of-
fit indices: %, root-mean-square error of estimation (RMSEA),
comparative fit index (CFI), and standardized square-root
mean residual (SRMR). An acceptable model fit is indicated
by RSMEA values <0.08, SRMR values <0.10, and CFI values
between 0.90 and 0.95 (Hu and Bentler, 1999; Schermel-
leh-Engel and Moosbrugger, 2003). Generally, we found that
all models besides self-efficacy for self-regulated learning and
intentional time use, which were not interpreted in subse-
quent analyses, demonstrated acceptable model fit based on
these guidelines.

For the effect of treatment on each of the outcomes, SEM
results provided only some evidence that the Metacognition+TM
workshop improved students’ academic beliefs or strategies
(Table 4). Given that the primary interest is in the intervention
effect, all results are presented as partially standardized esti-
mates (using the STDY command in Mplus), which keeps the
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TABLE 3. Goodness of fit for separate SEMs based on 2, RMSEA, CFl, and SRMR?

Measure x> (df) RMSEA CFI SRMR
Self-efficacy for self-regulated learning 978.68 (550) 0.063 0.856 0.074
Institutional commitment 348.37 (213) 0.057 0.903 0.073
Degree commitment 277.222 (172) 0.056 0.899 0.075
Motivational regulation 626.12 (422) 0.049 0.909 0.071
Planning 258.56 (172) 0.050 0.936 0.071
Monitoring and evaluating 445.17 (310) 0.047 0.928 0.07
Postponement 559.62 (364) 0.052 0.929 0.075
Missed deadlines 255.943 (134) 0.068 0.915 0.084
Intentional time use 1319.492 (854) 0.052 0.842 0.072
Time management tools 309.20 (175) 0.063 0.914 0.083
Exam 2 158.076 (89) 0.063 0.944 0.078
Exam 3 165.755 (89) 0.066 0.937 0.079

All models besides self-efficacy for self-regulated learning and intentional time use, which were not interpreted in subsequent analyses, demonstrated acceptable model

fit based on guidelines.

original unit for the predictor variables (e.g., 0 for Metacogni-
tion and 1 for Metacognition+TM) while standardizing the
outcome variable. These estimates can be interpreted similarly
to effect sizes (Kelley and Preacher, 2012).

The most notable shift for academic beliefs occurred in
terms of degree commitment. When controlling for students’
pre-intervention beliefs about earning a degree and other
covariates, Metacognition+TM students rated their commit-
ment to earning a degree 0.36 SDs higher than Metacognition
students on the post-intervention survey (p = 0.006). Students
who participated in the Metacognition workshop remained
fairly stable in their degree commitment, whereas those in the
Metacognition+TM workshop became more committed to
obtaining a degree. This outcome was statistically significant
even after applying the Benjamini-Hochberg correction. There
were no statistically significant differences between the Meta-
cognition and Metacognition+TM groups on the other aca-
demic beliefs or strategies. We did, however, observe a signifi-
cant and positive relationship of minoritized group status to
degree commitment. When we controlled for the intervention
they participated in as well as pre-intervention degree commit-
ment scores and other covariates, students from minoritized
groups were predicted to rate their commitment to earning a
degree 0.70 SDs higher on the post-intervention survey than
majority status students (p = <0.001).

Differences between the two workshop interventions were
apparent in terms of academic achievement. Students who par-
ticipated in the Metacognition+TM workshop improved signifi-
cantly on their biology test scores for both exam 2 and exam 3
compared with the Metacognition group. For students similar
on pre-intervention scores and other covariates, a student who
participated in the Metacognition+TM workshop was predicted
to score 0.22 SDs higher on exam 2 (p = 0.006) and 0.28 SDs
higher on exam 3 (p = 0.001) compared with a student who
only attended the Metacognition workshop.

Differences in Outcomes for Minoritized and Majority
Students

As the engagement of students from historically underserved
racial and ethnic backgrounds is a salient concern for educators
and researchers (Museus et al., 2011; Estrada et al., 2016), we
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investigated minoritized group status as a potential moderator
of the workshop treatment effect on all of our academic belief,
strategy, and achievement outcomes. This interaction quanti-
fied the differential effect of treatment on the academic out-
comes, depending on whether the student was a member of a
minoritized group. These moderation models were conducted
similarly to the previous analyses, but with the addition of an
interaction term consisting of the treatment and group status
interaction. The Benjamini-Hochberg correction was once again
used to control for the type I error rate. A summary of these
results can be found in Table 5.

We observed a significant treatment by minoritized group
status interaction (p = 0.002) on self-reported use of time man-
agement tools measured at the end of the semester when
accounting for pre-intervention time management and other
covariates (Figure 1 and Supplemental Figure S2). When con-
sidering majority students, there was little difference between
the Metacognition and Metacognition+TM interventions (0.10
SDs). When considering students from minoritized groups,
however, we observed a much larger difference between the
Metacognition and Metacognition+TM students (1.01 SDs).
Specifically, there was a slight increase in self-reported use of
time management tools from pre intervention to post interven-
tion for the majority group status students across both the
Metacognition workshop (Mpre-intervention = 3.78 [SD = 1.08],

ot intervention 3.89 [SD = 0.95]) and the Metacognition+TM
workshopM__ .~ =3.84[SD=0.94], Mpmintervemion =3.91
[SD = 0.83]). There was a decrease in self-reported use of time
management tools for students from minoritized groups who
participated in the Metacognition workshop alone (M __,
=3.67 [SD = 1.06], M]m_imervention =3.40 [SD = 1.10]), whereas
there was an increase for students from minoritized groups who
participated in the Metacognition+TM workshop (M, ;. venion =
3.65 [SD=0.801, M____, .crenion = 3-97 [SD = 0.95]). Model fit for
this interaction model was adequate; 2 (185) = 313.835,
RMSEA = 0.059, CFI = 0.919, SRMR = 0.082. We did observe a
significant positive relationship between minoritized group sta-
tus and degree commitment in the main effects analysis; how-
ever, there was not a significant interaction between minori-
tized group status and workshop type or any of the other
academic belief, strategy, or achievement outcomes.
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FIGURE 1. Race/ethnicity by treatment interaction on time
management tools. Compared with students from minoritized
groups in the Metacognition-only intervention, students from
minoritized groups in the Metacognition+TM intervention had
greater self-reported use of time management tools at the end of
the semester when accounting for pre-intervention time manage-
ment and other covariates.

DISCUSSION

Introductory course work provides a context in which students
can develop not only knowledge of core subject matter but also
adaptive academic beliefs and strategies (Tinto, 2017). Still,
too many students who complete introductory science courses
fail to acquire foundational knowledge or the skills that support
academic success and persistence. In response, researchers and
practitioners alike have worked to design and administer aca-
demic interventions that equitably enhance students’ perfor-
mance in STEM (White et al., 2008; Findley-Van Nostrand and
Pollenz, 2017). Building on this work, our primary goal was to
compare the effectiveness of two workshops designed to sup-
port students’ learning and achievement in introductory biol-
ogy. Recognizing the importance of expanding educational
opportunities for students typically underrepresented or sys-
tematically excluded from STEM fields due to race or ethnicity
(Chang et al., 2014), we also examined whether the two work-
shop interventions impacted students from minoritized and
majority groups in similar or distinct ways.

Our results suggest three main conclusions. One, students
who participated in the Metacognition+TM workshop reported
greater commitment to earning a college degree, but overall the
two workshops were not associated with a pervasive pattern of
differences in students’ later motivation and strategic engage-
ment. Two, students’ participation in the Metacognition+TM
workshop was linked to greater performance on both subse-
quent course exams compared with those who participated in
only the Metacognition workshop. Three, there was some indi-
cation that students from minoritized groups may have bene-
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fited to a greater extent from the workshop that included mate-
rial designed to improve their time management and reduce
their procrastination. In the following sections, we discuss these
three major findings, identify avenues for additional research,
and consider implications for practice.

Workshop Content and Students’ Motivational Beliefs and
Strategy Use

With just one exception (i.e., degree commitment), students
who completed the Metacognition and the Metacognition+TM
workshops tended to report similar motivational beliefs and
strategic behaviors at the end of the semester when accounting
for a rigorous set of covariates. Because the covariates included
the analogous construct assessed just before the workshop
along with demographic and academic variables, this pattern of
findings suggests that the two groups evidenced similar
amounts of change in their motivational beliefs and strategic
behaviors. A notable exception to the overall pattern of similar-
ities between the two groups concerned students’ self-reported
degree commitment, or their beliefs about whether they would
persevere and earn a college degree. Accounting for covariates
that included their initial degree commitment, students in the
Metacognition+TM group tended to express a stronger inten-
tion or greater commitment to earning a college degree at the
end of the semester when compared with those in the Metacog-
nition group.

Students’ commitment to their graduation goals is a key pre-
dictor of persistence (Allen et al., 2008). Moreover, prior
research has found that degree commitment is strongly associ-
ated with motivation toward academic goals (Robbins et al.,
2004). Though most of the academic beliefs and strategies
assessed on the surveys did not change notably as a result of
either intervention, it may be that degree commitment captured
some other aspect that is triggered by learning about productive
and effective learning. The link between the Metacognition+TM
workshop and improved degree commitment is intriguing and
should be explored further in future research. In terms of prac-
tical implications, Kuh and colleagues found in their review of
the college student success literature that “the extent to which
a campus has an enacted mission that makes an explicit com-
mitment to the success of all students appears to be related to
graduation rates, persistence, and student engagement” (Kuh
et al., 2006, p. 55). Although it is just one possible approach,
facilitating workshops about strategies for effective learning
and time management is a concrete example of enacting the
mission of student success.

The question arises as to why the additional content designed
to improve students’ time management and reduce their pro-
crastination would have produced an effect on students’ degree
commitment. Sense of self-efficacy and agency have well-estab-
lished and likely reciprocal ties to metacognition (Louis et al.,
2011) and time management (Wolters and Brady, 2020).
Behavioral change theory suggests that students who believe
they are capable of learning biology and view themselves as in
control of their learning behaviors are more likely to try new
strategies to exert agency over their learning and achieve
desired learning outcomes (Dye and Stanton, 2017). Because
time management skills help students to engage in behavioral
regulation, these skills may provide a concrete way of allocating
time toward other self-regulatory efforts (Kim et al., 2020),
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such as metacognitive regulation. Combined with a foundation
of metacognition, the additional curriculum on time manage-
ment may have further enhanced students’ sense of confidence
and agency in their ability to reach long-term goals (Svinicki,
2010). That is, learning about how to learn paired with learning
how to use time effectively and to avoid self-sabotaging behav-
iors (i.e., procrastination) may have provided students with an
increased sense that they were capable of accomplishing their
goals, and this increased confidence promoted a greater sense
of commitment to academics. In line with this view, researchers
have found that self-efficacy and sense of control are associated
positively with degree commitment (Robbins et al., 2004;
Dewitz et al., 2009).

Although the broader conclusion seems to be that the two
workshops did not have substantially different impacts on stu-
dents’ other academic beliefs and behaviors, it must be under-
stood in light of two important caveats. First, our a priori belief
that both workshops would benefit students prevented us from
including a comparison group of students who did not com-
plete either workshop. As a result, it is unclear whether both
workshops benefited students in ways that would not have
occurred otherwise. It is conceivable that, without the work-
shop, students in both groups may have exhibited more mal-
adaptive change during the semester, as opposed to the stabil-
ity or slight increases seen in the raw scores. In fact, there is
some reason to suspect that college students may show declines
in their motivation and use of effective learning strategies
during a typical semester. Prior research has suggested that,
without intervention, college students’ academic beliefs and
strategies may actually decrease over the course of a semester
(Zusho et al., 2003). For example, DiBenedetto and Bembe-
nutty (2013) found that, for students in an intermediate biol-
ogy course, self-reported self-efficacy, homework self-regula-
tion, and use of help-seeking strategies decreased between the
beginning and end of the semester. Thus, the relative consis-
tency of academic beliefs and strategies for students in the pres-
ent study may be interpreted as demonstrating that the content
within both workshops has a potential buffering effect against
this decline. To test this possibility, future studies need to incor-
porate a design that allows additional comparisons between
students who receive specific supplemental material and those
who do not.

The second caveat is that the similarities between the effects
of the two workshops may have resulted from the timing of the
post-intervention survey. Any greater use of time management
strategies or reduced procrastination by the Metacognition+TM
students after exposure to the workshop materials may have
dissipated by the time students completed the second survey at
the end of the semester. One reason for this diminishing effect
is that, in the 10-week span between the workshop and the
second survey, students may have returned to their old habits.
Future research could administer surveys at multiple points
during the semester to assess change over time.

Although the booster assignments were intended to promote
ongoing use of workshop content through regular planning and
reflection on study strategies, they were graded based on com-
pletion rather than the specific content students included. Still,
the correlations of booster assignment completion with exam
grades suggest that the assignments were related to students’
academic outcomes and could be considered a valuable compo-
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nent of the interventions. Indeed, prior research suggests that
planning, self-monitoring, and reflecting on study strategies
support academic engagement and reduce procrastination
(Scheithauer and Kelley, 2017; Hensley and Munn, 2020).
While we would suggest that booster assignments might be an
effective way to promote study strategies in college biology,
future research is needed to understand their role in learning.
This work could include conducting content analyses of stu-
dents’ responses on the booster assignments to identify the
nuance of students’ study strategies and alignment with inter-
vention content.

Workshop Content and Students’ Course Achievement
Our results indicate that students who participated in the Meta-
cognition+TM workshop tended to earn higher scores on each
of the two subsequent course exams. Accounting for all covari-
ates, including the exam 1 score, the SEM indicated that stu-
dents who completed the Metacognition+TM workshop would
have exam 2 and exam 3 scores that were 2.9 and 4.2 percent-
age points higher, respectively, than students who had com-
pleted the Metacognition workshop. Although perhaps not an
overwhelming advantage, these findings do suggest that the
supplemental curriculum covered by the Metacognition+TM
workshop provided an additional benefit to students’ later
learning of course material. These changes can be interpreted
in a few different ways.

On the one hand, the group differences in exam perfor-
mance are consistent with studies linking increased time man-
agement and decreased procrastination with improved aca-
demic functioning (Landrum et al., 2006; Steel, 2007; Credé
and Kuncel, 2008; Credé and Phillips, 2011; Krumrei-Mancuso
et al., 2013; Basila, 2014). From this perspective, the Metacog-
nition+TM curriculum may have served to improve students’
time management and reduce procrastination in a way that
increased their learning of course material, studying, and sub-
sequent exam performance. On the other hand, we did not find
clear evidence that the Metacognition+TM students’ use of time
management strategies increased or that their levels of procras-
tination decreased any more or less than for the Metacognition
students.

Still, there are some possibilities to explore before dismissing
improvements in skills as a possible causal pathway for
improved exam performance. First, it could be that the Meta-
cognition+TM workshop improved students’ engagement, time
management, and procrastination in ways not directly assessed
with items on the survey. For example, students may have used
time more productively over the course of a given day or
become more accurate in estimating the amount of time needed
to prepare for an exam. Future studies that involve behavioral
indicators—such as time-tracking diaries (Nonis et al., 2006)—
could provide further insight into how students use their time
before and after an intervention. Second, it is possible that the
workshop provided benefits to students that manifested in bet-
ter learning and exam performance in the intervening weeks
but, in terms of measurably different behaviors, diminished by
the time the second survey was administered. Additional
research is needed to confirm the impact of the Metacogni-
tion+TM workshop on later academic performance and to
uncover the most viable reason for the apparent positive associ-
ation with later achievement.
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A number of prior studies have demonstrated the value of
teaching students how to learn (Cook et al., 2013; Zhao et al.,
2014; Stanton et al., 2015; van Vliet et al., 2015; Dye and Stan-
ton, 2017; Sabel et al., 2017; Sebesta and Speth, 2017). The
improvements in exam scores for students who participated in
the Metacognition+TM workshop provide additional evidence
for the value of teaching biology students how to take a self-
aware and planful approach to learning. Our study suggests a
specific way to implement this: providing workshop content
during lab time soon after an exam, in partnership with other
university resources and with the support of booster assign-
ments. Instructors are experts in their subject matter but may
not always have specialized knowledge in topics such as man-
aging a college schedule or addressing the psychological roots
of procrastination. Although we recommend that instructors
deepen their knowledge of these topics, it can be valuable to
work with the university learning center as a partner in student
success (McGuire, 2015). This approach can be beneficial,
because “leveraging the assets of competent staff from learning
centers to help faculty members integrate these best practices
conserves scarce institutional resources” (Arendale, 2010, p.
12).

There are other aspects of the design that may require fur-
ther research before the direct implications for instruction are
known. In our study, the instructor presented content about
metacognition, and the learning center representative pre-
sented content about using time management. Having the
course instructor present workshop content was likely effective,
because it leveraged an existing relationship (Pianta et al.,
2012), but bringing in an outside expert may have had a differ-
ent benefit: piquing students’ interest or curiosity (Rotgans and
Schmidt, 2014). As positive academic emotions are known to
facilitate learning (Tanaka and Murayama, 2014), a change in
instructor may modify the impact of academic workshops based
on student perceptions of trust and preferences for novelty.
Although these potential impacts on student engagement were
not measured in this study, it is worthwhile to consider them in
future intervention work. Another aspect that was not accounted
for directly was the differing length of the two interventions.
We designed two interventions that would be authentic to the
classroom context and could be implemented as is by other
educators, as our purpose was to investigate the relative bene-
fits of teaching about metacognition alone or teaching about
metacognition plus time management. Adding an additional
hour of metacognition content in order to have equivalent time
on task would not be a classroom use that would exist outside
the study. As a consequence of this design, however, we are
unable to definitely eliminate time on task (i.e., time spent
learning about learning) as a competing explanation for stu-
dents’ outcomes. As instructors implement these efforts, we rec-
ommend ongoing research and assessment to better understand
what design elements best support students’ success and com-
plement the curriculum.

Workshop Content and Outcomes for Students from
Minoritized Groups

Both minoritized and majority status students in science can
experience struggles adjusting to the rigor and time demands of
college-level learning (Yazedjian et al., 2008). As a systematic
issue, however, students from minoritized groups are often dis-
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proportionately disadvantaged due to facing unjustified low-
ered expectations or having less access to early educational
resources and college preparatory strategies (Chang et al.,
2014; Tsui, 2016). In light of the shared interest among STEM
educators and researchers to support minoritized students’
equitable access to resources and opportunities, we made a par-
ticular effort to understand whether Black/African-American
and Hispanic/Latinx students responded to the two workshops
in ways that were similar to their White or Asian classmates. In
most respects, our findings indicate that minoritized and major-
ity students were impacted by the workshops in ways that were
quite similar. However, one main effect and one interaction
effect suggest that participating in workshops about effective
learning may be a valuable form of academic support for stu-
dents from minoritized groups.

When accounting for the rigorous set of covariates in our
main analysis, there was one main effect associated with stu-
dents’ minoritized group status: Across both workshop groups,
students from minoritized groups had higher self-reported
degree commitment at the end of the semester than their major-
ity status classmates. This finding demonstrates the malleability
of degree commitment. Scholars (e.g., Lewis, 2003; Harper,
2010) rightly criticize the notion that STEM achievement gaps
or college-to-career pipeline leaks are due to deficits in minori-
tized students’ aptitude or attitudes. As scholars such as Yosso
(2005) and Denton et al. (2020) address in their work on com-
munity cultural wealth, our study supports the idea that minori-
tized students’ commitment to earning a college degree can
even exceed that of majority students and may be an important
motivational asset that educators can further encourage. These
commitments reflect aspirational capital, a form of resilience
seen in students’ “ability to maintain hopes and dreams for the
future, even in the face of real and perceived barriers” (Yosso,
2005, p. 77). Although additional research is needed to explore
the connection, it seems likely that exposure to academic strat-
egy workshops as part of their course experience may support
the already strong academic commitments held by students
from minoritized groups. Because we did not compare students
who experienced either workshop with students who experi-
enced no workshop, the changes in degree commitment for stu-
dents from minoritized backgrounds cannot be attributed to the
workshop experience alone. It is also possible that the growth in
degree commitment for students from minoritized groups
stemmed from a different aspect of their experience during the
semester, such as peer mentoring or undergraduate research,
which are known to support retention in STEM (Wilson et al.,
2012), or networks in the community and at home (i.e., social
capital) that encourage students to persevere toward a degree
(Yosso, 2005).

The interaction effect identified in the study also suggests
the additional benefits of learning about managing time and
overcoming procrastination. As shown in Figure 1, the impact
of the workshops on the self-reported use of time management
tools was different for minoritized and majority students. Stu-
dents from minoritized groups who completed the Metacogni-
tion+TM workshop tended to report increased use of time man-
agement tools to a greater extent than students from minoritized
groups in the Metacognition workshop. Thus, particularly for
students who have historically been underrepresented in or
excluded from STEM educational opportunities (Asai, 2020a,b),
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the additional workshop content seems to have an important
impact on self-reported behaviors measured by the time man-
agement tools scale, such as creating reminders for oneself,
making lists of daily tasks, and keeping track of deadlines using
a calendar. To better understand the nature of changes in stu-
dents’ time management tools beyond the content and limited
time points of the self-report scales, it would be valuable to
examine students’ booster assignments using qualitative or
mixed-methods inquiry with rigorous coding processes. In the
present study, however, the booster assignments were intro-
duced following students’ participation in the workshops, and it
was not possible to draw comparisons in booster assignment
content before and after the intervention. We recommend
future research designs that prioritize examining the details of
students’ written plans and reflections to better understand
ongoing changes in how students think about and implement
various academic strategies.

Prior literature suggests at least two possible reasons why
the additional time management material may have been par-
ticularly impactful for students from minoritized groups. How-
ever, it is important to consider the following explanations as
only speculative and not based on any specific characteristics
observed among the students in our study. To honor student
diversity, educators and researchers must consider concepts
such as self-regulation in the broader context of students’ social,
cultural, and historical perspectives and experiences, a process
known as race-reimaging (Helms et al., 2005; Matthews and
Lépez, 2020). Beyond the initial exploration below, additional
research is necessary to work against stereotypes and portray a
fuller picture of how students from minoritized groups engage
with academic strategies and contexts.

One reason that the time management material could have
an impact is if students did not previously have sufficient oppor-
tunity to learn or master these skills. This explanation might
make sense if students were more likely to have been systemat-
ically excluded from earlier schooling environments that taught
these strategies (Kendi, 2019). In a number of U.S. states, for
example, schools with a high proportion of Black students have
resource disparities with schools with a high proportion of
White students, leading to disparities in learning opportunities
(Kendi, 2019). Even in schools that offer college preparatory
curriculum, students from minoritized backgrounds may be dis-
couraged from these opportunities (Murphy and Zirkel, 2015).
Thus, it is possible that the minoritized students in our study
were not previously encouraged to learn about time manage-
ment as a pathway to greater learning. In Yosso’s community
cultural wealth framework, resistant capital includes the
“knowledge and skills fostered through oppositional behavior
that challenges inequality” (Yosso, 2005, p. 13). From this per-
spective, students’ actions to apply workshop content could be
seen as a reflection of resistant capital in which they challenged
misconceptions about what they could accomplish as students.
Specifically, students may have enacted resistant capital by
asserting themselves as worthy and capable students (Yosso,
2005), particularly after having experienced systems that may
have limited opportunities or provided devaluing messages
about their academic capabilities (Kendi, 2019).

A second reason the time management material may have
been particularly impactful would be if students experienced
high demands or pressure on their time. For instance, if stu-
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dents were more likely to be employed, have family-based time
demands, or be taking more courses, then learning about new
effective time management strategies might have a greater pos-
itive impact on their academic functioning. Prior research sug-
gests that students from minoritized groups tend to work full-
or part-time jobs while in college to a greater extent than White
or Asian students (Hurtado et al., 2010). In addition to the time
demands of employment, college students from minoritized
groups tend to devote more hours to family obligations than
majority status students (Tovar and Simon, 2006). Students
who experience these situations and related time pressures may
be especially responsive to strategies that help them to bring
added efficiency and structure to their schedules. As we did not
collect information about participants’ time demands and the
number of students from minoritized backgrounds was small,
we cannot say with certainty whether these conditions explain
the additional impact of the time management content.
Additional research is needed to uncover which of these
explanations (or others) might best explain why students from
minoritized groups changed their time management strategies
as a result of the Metacognition+TM workshop. In particular,
researchers could evaluate the extent to which minoritized stu-
dents in STEM face greater demands on their time, where these
increased demands originate, and which specific time manage-
ment strategies are most valuable in this context. Because
minority status has historically been created due to exclusion, it
is important for both research efforts and related instructional
practices to approach time management from the perspective of
creating equity and fostering inclusion (Asai, 2020a,b). Inclu-
sive pedagogy concerns not only the subject matter but also the
environment and strategies for learning (Kenyon, 2011). When
working to support student success, it is essential that instruc-
tors convey the belief that all students are capable of learning
and use classroom pedagogy to demonstrate an investment in
students’ growth and ability to meet high expectations (Ramirez,
2020). Classroom workshops like those investigated in the pres-
ent study provide one such pathway forward. Accompanying
these efforts, future studies must investigate the cultural
nuances of students’ academic development in the biology class-
room to avoid oversimplifying or making assumptions based on
racial or ethnic background (Matthews and Lopez, 2020).

Limitations

In addition to those limitations already mentioned, findings
from the present study should be considered within the context
of a few additional limitations. All survey items focused on stu-
dents’ general academic beliefs and strategies; the instructions
did not require students to think only of biology class when
responding. Because both interventions were embedded in the
biology context and provided specific examples of the ways
strategies could be applied to biology, the interventions might
have had a greater impact on students’ biology beliefs and strat-
egies than was assessed by the survey items. Moreover, details
about students’ beliefs and strategies were subject to the limita-
tions of self-report data. Due to social desirability bias, students
may have chosen responses to present themselves in a positive
light, rather than being self-critical (Bowman and Hill, 2011).
The self-report data also may not have included the full
range and complexity of students’ actual beliefs and strategies
(Perry, 2002). Future research should aim to provide a more
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fine-grained assessment of discipline-specific learning through
the use of methods that extend beyond traditional survey-based
methods.

It is important to recognize the possibility of multiple expla-
nations for the academic changes reported by students from
minoritized backgrounds, particularly in terms of time manage-
ment and degree commitment. The number of total participants
from minoritized backgrounds was small (n = 30), there was
not an additional comparison group of students who did not
participate in either workshop, and the analyses used students’
racial and ethnic backgrounds as a categorical variable. Due to
these aspects, the investigation of race and ethnicity was unable
to account for the diversity of experiences and perspectives
salient to students from minoritized backgrounds (Matthews
and Lépez, 2020). This limitation underscores the need for fur-
ther research that assesses the cultural, social, and historical
aspects of motivation and learning (Schutz, 2020).

CONCLUSION

This research suggests that implementing a workshop interven-
tion within the bounds of an academic course can be a useful
practice, particularly in college courses that can be challenging
for students. Addressing metacognitive strategies as well as
other types of self-regulated learning strategies, such as time
management, may benefit students. Gaining a better under-
standing of the specific types of interventions that are most
effective, as well as how to enact them as part of inclusive ped-
agogy, is essential. Future research that considers novel
approaches to design and measurement can provide additional
clarity regarding how students’ beliefs, strategies, and achieve-
ment may develop as a result of learning the how and when of
effective studying.
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