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ABSTRACT Students with strong metacognitive skills are positioned to learn and 
achieve more than peers who are still developing their metacognition. Yet, many 
students come to college without well-developed metacognitive skills. As part of a 
longitudinal study on metacognitive development, we asked when, why, and how 
first-year life science majors use metacognitive skills of planning, monitoring, and 
evaluating. Guided by the metacognition framework, we collected data from 52 
undergraduates at three institutions using semi-structured interviews. We found that 
first-year students seek study recommendations from instructors, peers, and online 
resources when they plan their study strategies. First-year students struggle to accurately 
monitor their understanding and benefit when instructors help them confront what they 
do not yet know. First-year students evaluate the effectiveness of their study plans at two 
specific points: immediately after taking an exam and/or after receiving their grade on an 
exam. While first-year students may be particularly open to suggestions on how to learn, 
they may need help debunking myths about learning. First-year students acknowledge 
they are still learning to monitor and welcome formative assessments that help them 
improve the accuracy of their monitoring. First-year students may be primed to receive 
guidance on their metacognition at the points when they are most likely to evaluate 
the effectiveness of their study strategies and plans. Based on our results, we offer 
suggestions for instructors who want to support first-year students to further develop 
their metacognition.
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Metacognition in undergraduate life science majors

M etacognition is a strong but underused method for supporting student success in 
undergraduate life science courses. Metacognition is defined as the awareness and 

control of thinking (1). In a meta-analysis of 179 studies of influences on student learning, 
metacognition was one of the highest-ranking variables, above cognition, motivation, 
and affect (2). Metacognition improves student achievement in college (3) and promotes 
problem-solving ability (4, 5). Given its impact, metacognition should be used to help 
address the alarming number of students who do not pass introductory biology—as 
many as 50% at some institutions (6). Students with strong metacognitive skills can 
identify concepts they do not understand and select appropriate strategies for learning 
those concepts. They know how to implement selected strategies and carry out their 
overall study plans. They can evaluate their strategies and adjust their plans based on 
outcomes.

Metacognitive skills are critical for undergraduates when they learn on their own and 
in class. While many senior-level life science majors use metacognition when prompted 
to evaluate their learning (7, 8), introductory life science majors do not always use 
metacognitive skills in response to prompts (9). We know students need help using 
metacognition effectively early in their life science majors. Yet, less is known about the 
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progression of metacognitive development in college and why metacognition differs 
among undergraduates (10). To support student success in life science majors, we need a 
better understanding of how their metacognition develops over time.

This work is grounded in a theoretical framework that outlines two components 
of metacognition: metacognitive knowledge and metacognitive regulation (11, 12). 
Metacognitive knowledge includes what you know about your own thinking and what 
you know about strategies for learning (11–13). Metacognitive knowledge is important 
for learning, but this awareness will not result in learning if a student does not act on 
this information. Metacognitive regulation involves the actions you take to learn (14, 
15). In this study, we focused primarily on metacognitive regulation skills, while also 
considering the role of metacognitive knowledge in student learning.

Three key processes comprise metacognitive regulation skills: planning, monitoring, 
and evaluating (13, 16). Planning involves deciding what strategies to use for a future 
learning task and when to use them. Monitoring involves assessing your understanding 
of concepts and the effectiveness of your strategies while learning. Evaluating involves 
appraising your prior plan after a learning task and adjusting it for the future. These 
three metacognitive regulation skills are also essential parts of self-regulated learning 
(17, 18). We aim to uncover developmental milestones of undergraduate life science 
majors’ metacognitive regulation.

Present study

We are conducting a longitudinal study of life science undergraduates’ metacognitive 
development to enhance learning and promote success in science majors. The primary 
objective of this portion of our longitudinal study is to characterize first-year undergrad
uate life science majors’ use of metacognitive skills for learning. To meet this objective, 
we asked two research questions: (i) When and why do students use metacognitive skills 
of planning, monitoring, and evaluating, and (ii) How do students use these metacogni
tive skills? To help students develop metacognitive skills, we need to better understand 
their development in college. For example, we need to know when undergraduate life 
science majors are primed to receive guidance on their metacognition. The knowledge 
generated from this study will be used to create a curriculum that will accelerate 
metacognitive growth in first-year students.

METHODS

Context and limitations

We collected data at three public institutions: University of Georgia (UGA), University of 
North Georgia (UNG), and Georgia Gwinnett College (GGC). These institutions represent 
three different academic environments, which is important because context can affect 
metacognition. The key differences for these institutions are provided in Table 1. The 
data we analyzed offer an array of perspectives from diverse students in three different 
institutional contexts, which extends the generalizability of our study. Yet, our results 
may not be generalizable to contexts that differ from these three public institutions, 
which is a limitation of the study. Another limitation is that our data are self-reported, 
which may be subject to recall bias (19) or social desirability bias (20). We tried to limit 
recall bias by asking students about recent learning events and to limit social desirability 
bias by having students or postdoctoral researchers conduct the interviews, rather than a 
faculty member.

Participant recruitment and selection

This project is the first part of a larger longitudinal study to examine life science majors’ 
metacognitive development from the start to the end of their college career. We are 
collecting qualitative and quantitative data from participants every year from their first 
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year in college until their graduation. In this paper, we focus on year 1 data from 
semi-structured interviews.

During the 2021–2022 academic year, we recruited participants from introductory 
science courses at each institution, which had all returned to in-person classes. We 
used the revised Metacognitive Awareness Inventory (21) to select participants with 
a range of initial metacognitive awareness. We also asked potential participants for 
self-reported demographic information to try to create cohorts that are representative of 
the student body at each institution. We recruited a group of 52 first-year undergraduate 
life science majors (23 from UGA, 21 from UNG, and 8 from GGC). This is a large cohort 
for a longitudinal study with multiple data streams. Students provided written consent 
to participate in this study, which was reviewed and granted exempt status by the 
University of Georgia Institutional Review Board (# STUDY00006457) and the University 
of North Georgia Institutional Review Board (2021-003).

Data collection: semi-structured interviews

We developed semi-structured interview protocols to examine students’ use of three 
major metacognitive skills. The interview questions probe when, why, and how students 
develop planning, monitoring, and evaluating skills in the context of the science courses 
students were taking at the time of the interview. Response process validity was tested 
by analyzing data from 13 preliminary interviews we conducted using our protocol (22). 
This process allowed us to cut questions that did not produce useful data and add 
questions related to emerging findings. Interviews were conducted on Zoom, video-
recorded, and professionally transcribed.

Data analysis: content and holistic analysis

We used content and holistic analysis to deeply examine the metacognitive regulation 
skills used by each participant in the context of that student’s data. Guided by our 
theoretical framework, we developed a profile template that prompted us to use content 
analysis to identify how, when, and why a student used each metacognitive regulation 
skill. The profile template also prompted us to label data from the transcript (e.g., phrases 
or sentences) that provided evidence of each skill. A profile approach was essential 
for summarizing the rich qualitative data for all 52 participants because of the sheer 
magnitude of the data.

Profile creation involved iterative rounds of initial coding (23), content analysis, 
profile creation, and group discussion of content analysis and created profiles. We then 
synthesized the profiles for each participant into one final profile for year 1 of our 

TABLE 1 Data collection sites

Georgia Gwinnett 
College

University of 
Georgia

University of North 
Georgia

Institution type Baccalaureate college Doctoral
R1

Master’s
university

Location Suburban City Suburban
Number of undergraduates 10,949 30,166 18,155
Students from racially minoritized 

groupsa
58.1% 14.6% 19.6%

Students who identify as women 58.7% 58.9% 57.8%
Students who identify as first-

generation
37% 9% 20.6%

Average high school GPA 3.0 4.1 3.5
Average SAT score 1065 1355 1135
aStudents from racially marginalized groups included those who self-reported as Black or African American, 
Hispanic or Latino, American Indian or Alaska Native, and Native Hawaiian or Other Pacific Islander. These possible 
categories were provided to students by the University System of Georgia.
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longitudinal study. Each participant’s data were analyzed by two or three members of our 
research team, and we analyzed to a consensus to ensure rigor (24, 25).

Data analysis: categorical analysis

We used categorical analysis to compare metacognitive regulation skills across all 
participants in the cohort. This process allowed us to identify commonalities in the 
data and propose potential themes. We focused on one skill at a time (e.g., monitoring) 
and compared how, when, and why participants used that skill. In addition to noting 
commonalities, we also tracked any notable exceptions, which could provide novel 
insights about metacognition.

RESULTS

We characterized first-year life science majors’ use of metacognitive regulation skills 
based on an in-depth analysis of semi-structured interview data (n = 52). In particular, 
we were interested in the ways current first-year students’ use of planning, monitoring, 
and evaluating may have changed in recent years compared to before the pandemic. We 
used our published results on first-year life science majors’ metacognition (8, 9) to make 
comparisons with the current data. All names are pseudonyms.

Planning: first-year life science majors are open to recommendations when 
they plan their studying

Planning involves deciding what approaches to use for a learning task and when to enact 
them. We found that nearly all the students in our study plan for high-stakes summative 
assessment such as exams, but very few plan for low-stakes formative assessment, such 
as homework. One participant, Reagan, talked about planning for online homework 
assignments to manage her time across her work and study schedules as a commuter 
student.

Similar to prior research on first-year students (8, 9), first-year life science majors in the 
current study often used study strategies that worked well for them in high school when 
planning for exams. For example, Ignacio said, “They worked in the past; they worked 
in high school,” when asked why he included certain strategies in his study plan. Some 
students planned to use their high school strategies even though they acknowledged 
that those approaches were not working in their current college science course.

In contrast to prior research, many first-year life science majors in our study expressed 
openness to recommendations from their instructors, peers, and online resources, 
including social media. Some students, like Viola, admitted that she “does not really 
know how to study” for college science courses, which contributed to her willingness 
to learn new strategies. Recognizing they are new to college learning, many students 
selected study strategies simply because they were recommended by their science 
instructors. Other students like Tiffani realized that her peers have valuable insights on 
how to learn. She explained, “I’ve learned very interesting ways to think about stuff 
from other (students).” Some students like Renee sought study advice from productivity 
videos on YouTube and TikTok:

“Sometimes I do go to TikTok for advice…sometimes there’s actually 
genuine people… talking about active recall, recommending active recall. 
And I was like, ‘Okay. Well I might as well try it, clearly what I’m doing is not 
working.’”—Renee

Interestingly, some first-year students talked about selecting study strategies based 
on their preferred learning styles. Although the idea that a student learns best in a visual, 
auditory, or kinesthetic style has been discredited (26), some participants asserted that 
they learn best when concepts are taught in their preferred learning style, and they used 
this belief to guide their planning decisions. For example, Astrid described herself as a 
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visual learner and attributed her past struggles in science to a lack of visual learning 
opportunities:

“Whenever I remember something, I have to see it in my head…I work very 
well with visual learning. If we had study guides, I would try to take the 
study guide and put pictures with everything. I learned over time that I'm a 
very visual learner…”—Astrid

The belief that a study strategy must align with the learning style misguided some 
students’ plans because some participants would not consider strategies unless they 
aligned with their preferred learning style.

Monitoring: first-year life science majors are willing to monitor their under
standing with guidance from their instructors

Monitoring involves identifying concepts you do and do not know. While studying on 
their own, first-year life science majors monitored in two main ways: (i) using self-testing 
and (ii) using self-explanation. While self-testing, students held themselves to a higher 
standard than self-explanation by making sure they could write or draw something from 
memory. Sibyll explained,

“I will go through [the study guide] without using my notes and fill in as 
much as I can by myself. And then the topics that I couldn't do or that took 
me an extended period of time to think through and process, those are 
what I would target.”—Sibyll

In contrast to self-testing, participants’ self-explanations were often constructed in 
their minds, sometimes out loud, and very rarely in writing. When monitoring through 
self-explanation students must be honest with themselves about their understanding, as 
explained by participant Martina:

“I’m rather honest with myself. I’m like, ‘Okay, do I know this? Do I actually 
know this? If you were to ask me a question, would I be able to answer it, or 
would I look at you blankly for two minutes?’”—Martina

Monitoring can be challenging for students to do on their own because it requires 
them to have enough knowledge to accurately appraise their understanding of 
concepts. In other words, there is no one to correct them if they think they know 
something, but they actually do not.

While some first-year life science majors in our study monitored on their own, most 
participants monitored in response to in-class formative assessments provided by their 
instructors. For example, participants described being confronted with gaps in their 
knowledge when their instructors and peers revealed correct answers to clicker-style 
questions while in class. This result contrasts with prior research in which senior-level 
life science majors rarely mentioned formative assessment as being important for their 
monitoring (7). Kathleen explained the value of in-class formative assessment:

“We do [clicker] questions in class…usually we have like five to six of those 
every class and they usually cover everything we learned that day. And so if 
I get the question wrong or I didn’t understand why the answer was correct, 
that’s how I [know] maybe I needed some more practice studying this than I 
did on one I got right and understood why.”—Kathleen

Some students in our study also used out-of-class formative assessments to monitor 
their understanding. Shiloh described online quizzes as a way to “get a reality check” 
so that you know “you have to work on this topic.” Thus, instructor-provided formative 
assessments continued to help students monitor outside of the classroom.

Research Article Journal of Microbiology and Biology Education

December 2024  Volume 25  Issue 3 10.1128/jmbe.00053-24 5

https://doi.org/10.1128/jmbe.00053-24


Evaluating: first-year life science majors evaluate primarily based on grades 
and feelings of confidence

Evaluating involves appraising the effectiveness of learning strategies and study plans 
after a learning task is completed (15). First-year life science majors described two major 
time points when they tend to evaluate: (i) after taking an exam and (ii) after receiving 
their grade on an exam. When participants evaluated after taking an exam, they primarily 
used their feelings to appraise their overall plan for studying. Students described using 
feelings of confidence, fluency, and comfort to predict how well they performed. For 
example, Paige explained that she knew her study plan was effective because “when I 
took the exam, I was really comfortable with everything that was being asked.”

When participants evaluated after receiving their grade on an exam, they would 
characterize their approaches to learning as effective if they were satisfied with their 
grade and ineffective if they were not satisfied with their grade. Nearly every student 
in our study used grades to evaluate their individual approaches to learning and their 
overall study plans. Some participants realized that their evaluations at these two time 
points did not align. Morgan described the mismatch between her recognition of the 
material and the surprise of earning a lower grade than she predicted:

“While I was taking the exam everything seemed familiar to me, I didn't 
feel completely clueless about it, so I just expected a higher grade because 
the content just looked easy…and when I got the exam back, I was like, 
‘Wow.’”—Morgan

When using grades to evaluate, some participants focused on comparing themselves 
to their peers. When asked to evaluate the effectiveness of his study plan for an exam, 
Erwin responded, “I got like a 75, which was compared to the class average…that was 
like right in the middle.” Comparisons like this may be especially relevant when a class 
uses a curve for grading. Only a few participants were prompted by an instructor to 
evaluate, and they used grades as the basis for their evaluations. Tabitha explained that 
her introductory biology instructor asks the class to determine the effectiveness of their 
study strategies after exams, which allows her to evaluate “all the factors that went 
into studying for that exam.” Beyond using grades to evaluate, some students consid
ered whether their strategies helped them remember concepts. Philip explained how 
interleaving his study of biology, math, and English was more effective than spending 
hours on biology alone because it allowed him to recall the material.

DISCUSSION

Planning: first-year life science majors are more open to recommendations 
when they plan their studying

Our data suggest that current first-year life science majors may be particularly open 
to advice on how to study compared to first-year students studied in the past (8, 9). 
We hypothesize that because the majority of our participants experienced online high 
school classes when the pandemic started, they may be aware that different studying 
methods are needed for their in-person college courses. Additionally, current college 
students are accustomed to seeking online advice on how to do a variety of things in 
their everyday lives, from gaming to cooking, which may make it easier for them to 
seek help on how to study (27). Instructors can capitalize on this openness by providing 
students with instruction and practice on effective learning approaches. It is important 
that instructors explain when and why a learning approach is useful to help students 
develop a type of metacognition called conditional knowledge (15). For example, a 
concept map can be helpful for understanding the connections between ideas, but it 
is not as useful for memorizing terminology. Seeing an instructor or a peer model new 
learning approaches while thinking out loud can be especially beneficial for students 
(16).
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To help first-year life science majors plan their studying, instructors may also need 
to debunk myths about learning such as preferred learning styles. A belief in learning 
styles can be discouraging to students when their preferred style does not match the 
instruction in their classes (28). In this study, participants used their learning style as 
a reason to discard possible study strategies without trying them, which we did not 
find in our past studies (8, 9). Instructors may need to explicitly explain that learning 
styles are just preferences (26). While the opportunity to learn in a preferred method 
may increase a student’s motivation (29), a student who prefers visuals may benefit from 
understanding that they can still learn from resources that are not visual.

Monitoring: first-year life science majors are more willing to monitor their 
understanding with guidance from their instructors

In this study, first-year life science majors explained the value of formative assessment for 
identifying concepts they do and do not understand when asked how they monitor. This 
is in contrast to our past research on metacognition, where students rarely reported 
using formative assessment for monitoring (7). Based on this result, we encourage 
instructors to continue discussing the value of formative assessment for monitoring with 
their students. Providing this “activity messaging” is important for student buy-in and 
should be done well beyond the first day of class (30).

First-year life science majors in our study realized that their monitoring was not 
always accurate. Developing monitoring skills such as calibration, or the ability to align 
predicted exam scores with actual exam scores, is challenging for learners (31). Students 
who overestimate their knowledge tend to perform lower on exams, and students 
who underestimate their knowledge tend to perform higher on exams (32). Monitoring 
through in-class formative assessment may be especially effective for first-year students 
because it will allow them to increase their monitoring accuracy in the moment despite 
their nascent monitoring skills. For example, answering a clicker question and then 
having the correct answer revealed in class helped first-year life science majors confront 
what they did not yet know instead of thinking they knew the correct answer when 
they were actually wrong. We encourage instructors to continue explaining the correct 
answers to in-class formative assessments so that students can benefit from their expert 
thinking and continue to improve their monitoring skills (33). In addition, instructors can 
promote metacognition by asking students to answer in-class monitoring questions such 
as “What are you realizing about your knowledge as you answer these clicker questions?” 
(34).

Evaluating: first-year life science majors evaluate primarily based on grades 
and feelings of confidence

Our data suggest that first-year life science majors may be primed to evaluate the 
effectiveness of their approaches to learning at two time points: (i) after taking an exam 
and (ii) when they receive a grade on an exam. Instructors could focus their guidance 
on these time points to better help students develop their evaluation skills. For example, 
instructors can invite students to complete written reflections on the effectiveness of 
their study strategies immediately after completing an exam and seeing the grade they 
earned on the exam (7, 35).

Similar to our prior work on student metacognition, first-year life science majors 
in this study relied on their performance to evaluate their individual study strategies 
and overall study plans for an exam (8, 9). If participants were satisfied with the grade 
they earned, they deemed their studying as effective. When exam grades were not 
available, participants used their feelings of confidence, fluency, or comfort during the 
exam to assess their approaches to learning. Yet, researchers caution against the “fluency 
fallacy,” which happens when learners experience ease in remembering a concept so 
they believe they understand the concept (36). Instead of using feelings, which can 
be misleading, instructors can encourage students to consider whether their exam 
preparation allowed them to do specific things. For example, instructors can ask students 
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to consider whether their study plans allowed them to make connections between 
concepts or apply concepts to new situations.

Conclusion

By understanding how, when, and why first-year students use metacognition, we have 
gained insights into what can support them to be more metacognitive. We have 
summarized specific suggestions for instructors in Table 2. We hope these recommen
dations will help foster student metacognition in the life sciences.
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TABLE 2 Implications for instructors for supporting student metacognition

Metacognitive 
skill

Key findings Possible implications for instructors

Planning First-year life science majors seek suggestions 
from others when they plan their studying.a

Some students use “learning styles” as a reason 
not to use a strategy or resource.a

Current first-year life science majors may be particularly open to advice on how 
to study. Instructors can capitalize on this openness by providing students with 
step-by-step instruction and practice on effective learning approaches. For more 
information, see the instructor checklist from this free student metacognition guide: 
https://lse.ascb.org/evidence-based-teaching-guides/student-metacognition/.

Instructors may need to debunk myths such as learning styles to help first-year 
students make better planning decisions.

Monitoring In class, first-year life science majors monitor 
their understanding through formative 
assessment.a

Out of class, students monitor by explaining 
concepts to themselves.

Current first-year students understand the benefit of formative assessment for 
monitoring. Instructors should continue to provide opportunities for students to 
answer questions in class.

Instructors should continue to explain the answers to in-class questions because 
current first-year students need help developing their monitoring accuracy. When 
instructors provide out of class questions, sharing an answer key can help students 
assess their knowledge more accurately.

Evaluating First-year life science majors evaluate their 
study plans based on the grades they earn.

Before receiving a grade, students use their 
feelings to evaluate.

Current first-year students may need help to evaluate their study plans in a way that 
is not based on grades.

Instructors can provide other mechanisms of evaluation, such as asking students to 
consider how well a study plan prepared them to gain an in-depth understanding, 
apply their knowledge, or make connections between concepts.

aIndicates findings that differ from our published results on student metacognition before the pandemic (8, 9).

Research Article Journal of Microbiology and Biology Education

December 2024  Volume 25  Issue 3 10.1128/jmbe.00053-24 8

https://lse.ascb.org/evidence-based-teaching-guides/student-metacognition/
https://doi.org/10.1128/jmbe.00053-24


REFERENCES

1. Cross DR, Paris SG. 1988. Developmental and instructional analyses of 
children's metacognition and reading comprehension. J Educ Psychol 
80:131–142. https://doi.org/10.1037//0022-0663.80.2.131

2. Wang MC, Haertel GD, Walberg HJ. 1990. What influences learning? A 
content analysis of review literature. J Educ Res 84:30–43. https://doi.
org/10.1080/00220671.1990.10885988

3. Vukman KB, Licardo M. 2009. How cognitive, metacognitive, motiva
tional and emotional self‐regulation influence school performance in 
adolescence and early adulthood. Educ Stud 36:259–268. https://doi.
org/10.1080/03055690903180376

4. Sandi-Urena S, Cooper M, Stevens R. 2012. Effect of cooperative 
problem-based lab instruction on metacognition and problem-solving 
skills. J Chem Educ 89:700–706. https://doi.org/10.1021/ed1011844

5. Halmo SM, Bremers EK, Fuller S, Stanton JD. 2022. “Oh, that makes 
sense”: social metacognition in small-group problem solving. CBE Life 
Sci Educ 21:ar58. https://doi.org/10.1187/cbe.22-01-0009

6. Ueckert C, Adams A, Lock J. 2011. Redesigning a large-enrollment 
introductory biology course. CBE Life Sci Educ 10:164–174. https://doi.
org/10.1187/cbe.10-10-0129

7. Dye KM, Stanton JD. 2017. Metacognition in upper-division biology 
students: awareness does not always lead to control. CBE Life Sci Educ 
16:ar31. https://doi.org/10.1187/cbe.16-09-0286

8. Stanton JD, Dye KM, Johnson MS. 2019. Knowledge of learning makes a 
difference: a comparison of metacognition in introductory and senior-
level biology students. CBE Life Sci Educ 18:ar24. https://doi.org/10.
1187/cbe.18-12-0239

9. Stanton JD, Neider XN, Gallegos IJ, Clark NC. 2015. Differences in 
metacognitive regulation in introductory biology students: when 
prompts are not enough. CBE Life Sci Educ 14:ar15. https://doi.org/10.
1187/cbe.14-08-0135

10. Zohar A, Barzilai S. 2013. A review of research on metacognition in 
science education: current and future directions. Stud Sci Educ 49:121–
169. https://doi.org/10.1080/03057267.2013.847261

11. Brown AL. 1978. Knowing when, where, and how to remember: a 
problem of metacognition, p 77–165. In Glaser R (ed), Advances in 
intructional psychology. Vol. 1. Erlbaum, NJ, Hillsdale.

12. Jacobs JE, Paris SG. 1987. Children’s metacognition about reading: issues 
in definition, measurement, and instruction. Educ Psychol 22:255–278. 
https://doi.org/10.1080/00461520.1987.9653052

13. Schraw G, Moshman D. 1995. Metacognitive theories. Educ Psychol Rev 
7:351–371. https://doi.org/10.1007/BF02212307

14. Sandi‐Urena S, Cooper MM, Stevens RH. 2011. Enhancement of 
metacognition use and awareness by means of a collaborative 
intervention. Int J Sci Educ 33:323–340. https://doi.org/10.1080/
09500690903452922

15. Stanton JD, Sebesta AJ, Dunlosky J. 2021. Fostering metacognition to 
support student learning and performance. CBE Life Sci Educ 20:fe3. 
https://doi.org/10.1187/cbe.20-12-0289

16. Schraw G. 1998. Promoting general metacognitive awareness. Instr Sci 
26:113–125. https://doi.org/10.1023/A:1003044231033

17. Schraw G, Crippen KJ, Hartley K. 2006. Promoting self-regulation in 
science education: metacognition as part of a broader perspective on 
learning. Res Sci Educ 36:111–139. https://doi.org/10.1007/s11165-005-
3917-8

18. Zimmerman BJ. 1986. Becoming a self-regulated learner: which are the 
key subprocesses? Contemp Educ Psychol 11:307–313. https://doi.org/
10.1016/0361-476X(86)90027-5

19. Schellings GLM, van Hout-Wolters B, Veenman MVJ, Meijer J. 2013. 
Assessing metacognitive activities: the in-depth comparison of a task-
specific questionnaire with think-aloud protocols. Eur J Psychol Educ 
28:963–990. https://doi.org/10.1007/s10212-012-0149-y

20. Gonyea RM. 2005. Self-reported data in institutional research: review 
and recommendations. New Direct Inst Res 2005:73–89. https://doi.org/
10.1002/ir.156

21. Harrison GM, Vallin LM. 2018. Evaluating the metacognitive awareness 
inventory using empirical factor-structure evidence. Metacogn Learn 
13:15–38. https://doi.org/10.1007/s11409-017-9176-z

22. Reeves TD, Marbach-Ad G. 2016. Contemporary test validity in theory 
and practice: a primer for discipline-based education researchers. CBE 
Life Sci Educ 15:rm1. https://doi.org/10.1187/cbe.15-08-0183

23. Saldaña J. 2013. The coding manual for qualitative researchers. 2nd ed. 
SAGE, Los Angeles.

24. Richards KAR, Hemphill MA. 2018. A practical guide to collaborative 
qualitative data analysis. J Teach Phys Educ 37:225–231. https://doi.org/
10.1123/jtpe.2017-0084

25. Pfeifer MA, Dolan EL. 2023. Venturing into qualitative research: a 
practical guide to getting started. Scholarship Pract Undergrad Res 7:10–
20. https://doi.org/10.18833/spur/7/1/2

26. Pashler H, McDaniel M, Rohrer D, Bjork R. 2008. Learning styles: concepts 
and evidence. Psychol Sci Public Interest 9:105–119. https://doi.org/10.
1111/j.1539-6053.2009.01038.x

27. Lorenz T. 2021. TikTok, the fastest way on earth to become a food star. 
New York Times. https://www.nytimes.com/2021/05/24/dining/tiktok-
food.html.

28. Newton PM, Salvi A. 2020. How common is belief in the learning styles 
neuromyth, and does it matter? a pragmatic systematic review. Front 
Educ 5:602451. https://doi.org/10.3389/feduc.2020.602451

29. Coffield F, Moseley D, Hall E, Ecclestone K. 2004. Should we be using 
learning styles? What research has to say to practice. Learning & Skills 
Research Centre, London.

30. Brazeal KR, Brown TL, Couch BA. 2021. Connecting activity implementa
tion characteristics to student buy-in toward and utilization of formative 
assessments within undergraduate biology courses. J STEM Educ Res 
4:329–362. https://doi.org/10.1007/s41979-021-00054-2

31. Osterhage JL. 2021. Persistent miscalibration for low and high achievers 
despite practice test feedback in an introductory biology course. J 
Microbiol Biol Educ 22:e00139-21. https://doi.org/10.1128/jmbe.00139-
21

32. Dang NV, Chiang JC, Brown HM, McDonald KK. 2018. Curricular activities 
that promote metacognitive skills impact lower-performing students in 
an introductory biology course. J Microbiol Biol Educ 19:1324. https://
doi.org/10.1128/jmbe.v19i1.1324

33. Pfeifer MA, Cordero JJ, Stanton JD. 2023. What I wish my instructor 
knew: how active learning influences the classroom experiences and 
self-advocacy of stem majors with ADHD and specific learning 
disabilities. CBE Life Sci Educ 22:ar2. https://doi.org/10.1187/cbe.21-12-
0329

34. Tanner KD. 2012. Promoting student metacognition. CBE Life Sci Educ 
11:113–120. https://doi.org/10.1187/cbe.12-03-0033

35. Sabel JL, Dauer JT, Forbes CT. 2017. Introductory biology students’ use 
of enhanced answer keys and reflection questions to engage in 
metacognition and enhance understanding. CBE Life Sci Educ 16:ar40. 
https://doi.org/10.1187/cbe.16-10-0298

36. Reber R, Greifeneder RJEP. 2017. Processing fluency in education: how 
metacognitive feelings shape learning, belief formation, and affect. Educ 
Psychol 52:84–103. https://doi.org/10.1080/00461520.2016.1258173

37. Stanton JD, Halmo SM, Carter RJ, A.Yamini K, Ososanya D. 2024. 
Opportunities for guiding development: insights from first-year life 
science majors’ post-pandemic use of metacognition. 18th International 
Conference of the Learning Sciences. https://doi.org/10.22318/icls2024.
354960

Research Article Journal of Microbiology and Biology Education

December 2024  Volume 25  Issue 3 10.1128/jmbe.00053-24 9

https://doi.org/10.1037//0022-0663.80.2.131
https://doi.org/10.1080/00220671.1990.10885988
https://doi.org/10.1080/03055690903180376
https://doi.org/10.1021/ed1011844
https://doi.org/10.1187/cbe.22-01-0009
https://doi.org/10.1187/cbe.10-10-0129
https://doi.org/10.1187/cbe.16-09-0286
https://doi.org/10.1187/cbe.18-12-0239
https://doi.org/10.1187/cbe.14-08-0135
https://doi.org/10.1080/03057267.2013.847261
https://doi.org/10.1080/00461520.1987.9653052
https://doi.org/10.1007/BF02212307
https://doi.org/10.1080/09500690903452922
https://doi.org/10.1187/cbe.20-12-0289
https://doi.org/10.1023/A:1003044231033
https://doi.org/10.1007/s11165-005-3917-8
https://doi.org/10.1016/0361-476X(86)90027-5
https://doi.org/10.1007/s10212-012-0149-y
https://doi.org/10.1002/ir.156
https://doi.org/10.1007/s11409-017-9176-z
https://doi.org/10.1187/cbe.15-08-0183
https://doi.org/10.1123/jtpe.2017-0084
https://doi.org/10.18833/spur/7/1/2
https://doi.org/10.1111/j.1539-6053.2009.01038.x
https://www.nytimes.com/2021/05/24/dining/tiktok-food.html
https://doi.org/10.3389/feduc.2020.602451
https://doi.org/10.1007/s41979-021-00054-2
https://doi.org/10.1128/jmbe.00139-21
https://doi.org/10.1128/jmbe.v19i1.1324
https://doi.org/10.1187/cbe.21-12-0329
https://doi.org/10.1187/cbe.12-03-0033
https://doi.org/10.1187/cbe.16-10-0298
https://doi.org/10.1080/00461520.2016.1258173
https://doi.org/10.22318/icls2024.354960
https://doi.org/10.1128/jmbe.00053-24

	Opportunities for guiding development: insights from first-year life science majors’ use of metacognition
	METHODS
	Context and limitations
	Participant recruitment and selection
	Data collection: semi-structured interviews
	Data analysis: content and holistic analysis
	Data analysis: categorical analysis

	RESULTS
	Planning: first-year life science majors are open to recommendations when they plan their studying
	Monitoring: first-year life science majors are willing to monitor their understanding with guidance from their instructors
	Evaluating: first-year life science majors evaluate primarily based on grades and feelings of confidence

	DISCUSSION
	Planning: first-year life science majors are more open to recommendations when they plan their studying
	Monitoring: first-year life science majors are more willing to monitor their understanding with guidance from their instructors
	Evaluating: first-year life science majors evaluate primarily based on grades and feelings of confidence
	Conclusion



