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ABSTRACT
Quantitative reasoning (QR) is a key skill for undergraduate biology education. Despite
this, many students struggle with QR. Here, we use the theoretical framework of stu-
dent noticing to investigate why some students struggle with QR in introductory biology
labs. Under this framework, what students notice when given new information and data
influences how they process this information and connect it with other events to form
new conceptions. Students must mentally isolate given features, create mental records of
those features, and identify features or objects that they connect to existing knowledge.
Identifying these features or objects is thus critical since they form the foundation upon
which learning takes place. We conducted observations of groups in introductory biol-
ogy labs involving QR, which informed follow-up interviews to examine what students
notice, the level/relevance of their noticing, and factors that shape student noticing. We
find that some students are noticing more perceptual features, often focusing on less
relevant trends and features, with others noticing deeper, more relevant patterns that
facilitate conceptual sensemaking. In addition, we find multiple factors, including stu-
dents’ expectations and their attitude toward QR and biology, that shape student notic-
ing. We conclude with implications for instructors and the biology education research
community.
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INTRODUCTION
Quantitative reasoning (QR) represents a key skill for undergraduate biology ed-
ucation. For instance, QR is one of the six core competencies highlighted in the
2011 Vision & Change report (American Association for the Advancement of Science
(AAAS), 2011), and there have been numerous calls to promote students’ learning
of QR in biology courses given the importance of QR and mathematical skills for
the life sciences (e.g., National Research Council, 2003; Bialek and Botstein, 2004).
QR also represents the second most common core competency from Vision & Change
communicated in undergraduate biology program learning outcomes, again signify-
ing the importance of this skill in undergraduate biology education and suggesting
that many undergraduate biology programs likely include classes that aim to teach
students QR (Clark and Hsu, 2023).

Despite its importance, however, QR remains a challenge for many students
(Shavelson, 2008; Hester et al., 2014; Ryan and Gass, 2017), and there are lim-
ited empirical studies on how undergraduate students learn QR skills in the con-
text of biology and other life science courses. Previous work has focused on creat-
ing instruments that measure QR skills in the context of biology (Stanhope et al.,
2017) or on developing and assessing specific curriculum that promotes students’
QR skills in biology (e.g., Thompson et al., 2010; Hester et al., 2014; Hoffman et al.,
2016). In addition, there have been a number of recent studies examining students’
sensemaking—that is, how students conceptually organize and draw meaning from
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a given topic—when working with mathematical equations in
biological contexts (Zhao et al., 2021; Zhao and Schuchardt,
2021; Kaldaras and Wieman, 2023).

These studies demonstrate that targeted interventions in
biology classes can improve some QR skills and that students
employ different strategies when making sense of mathemati-
cal equations in biology. However, many students still struggle
with QR in biology courses, often having trouble connecting
mathematical skills with biological concepts (Schönborn and
Bögeholz, 2009; Kaminske et al., 2020; Kaldaras and Wieman,
2023). Here, we draw upon the conceptual framework of stu-
dent noticing to investigate why some students may struggle
working with QR skills in introductory biology labs. We ex-
pand on student noticing in our theoretical framework section
below, but in brief, this framework allows us to investigate
the patterns, irregularities, and trends that students attend to,
with noticing forming the leading edge of cognition (Lobato et
al., 2013; Hohensee, 2016). Thus, what students notice likely
influences their quantitative reasoning.

We explored the following research questions:

1. What are students noticing when working with and ana-
lyzing their own quantitative data in introductory biology
labs? How do students reflect on and characterize their
noticing?

2. Are there differences in students’ level/relevance of notic-
ing, including how much they notice, when working with
quantitative data?

3. What factors influence students’ relevance of noticing when
working with quantitative data in biology labs?

Theoretical Framework
We draw upon the theoretical framework of student notic-
ing, which has been used to understand how students ap-
ply skills from one context to another (Lobato et al., 2012;
Hohensee, 2014, 2016; Jones et al., 2023). One educational
domain in which a focus on student noticing has been ap-
plied is in K-12 math education. Some of those efforts have
aimed to investigate what students notice when given new
information and data and how what students notice influ-
ences how they process this information and connect it with
other events to form new conceptions (Lobato et al., 2013;
Dominguez, 2016; Hohensee, 2016; Wilkie, 2022). Student
noticing is distinct from the more commonly applied frame-
work of teacher noticing, which focuses on what instructors
notice in the classroom and how they connect stimuli from stu-
dents and respond accordingly (Mason, 2001; Es and Sherin,
2002; Amador et al., 2021). However, the two share similar-
ities in that both frameworks seek to understand what indi-
viduals notice and how they process such information. Under
the student noticing framework, students must mentally iso-
late part of a given complex perceptual display, create men-
tal records of the part that has been mentally isolated, and
then identify properties, features, trends, patterns, irregular-
ities, objects, etc. about or within the mentally isolated part
(Lobato et al., 2012; Hohensee, 2016). These features or ob-
jects are thus critical since they form the foundation upon
which thinking and learning take place, given that students
cannot make sense of a given phenomenon if they do not no-
tice relevant features, trends, patterns, irregularities, objects,

etc. that are needed for conceptual sensemaking (Hohensee,
2016). In addition, this framework of student noticing as the
foundation of cognition draws upon a similar framework of
student noticing when learning a second language, with mul-
tiple studies in language acquisition focusing on the patterns
that students notice when learning a new language to better
understand how students are learning and thinking about the
new language (Godfroid et al., 2010; Schmidt, 2012; Ünlü,
2015).

Thus, examining student noticing can provide key insights
into how students learn new concepts (Jones et al., 2023).
For instance, one study that applied this noticing framework
studied what students noticed when learning about linear re-
lationships in a middle-school math class (Lobato et al., 2013).
Some students focused their attention on trying to explain
what they perceived as independent patterns in the x- and y-
values but did not notice immediate patterns connecting the
x- and y-values, making it more challenging for them to build
a conceptual framework for linear relationships. In contrast,
other students noticed this pattern and relationship between
the x- and y-values, which influenced their way of thinking
about the linear relationship (Lobato et al., 2013).

In addition to capturing what students notice during the
process of learning, we also characterize the level/relevance
of student noticing. This idea originates from past studies uti-
lizing the instructor noticing framework (Sherin et al., 2011;
Karlsen and Helgevold, 2019; Bondurant et al., 2020). These
past works have classified the depth of noticing in instructors
ranging from a peripheral, surface, or narrow levels where in-
structors comment upon general impressions to deeper lev-
els where more salient features of student noticing are con-
sidered. These can include details such as students’ gestures,
facial expressions, and key themes in student responses, al-
lowing the instructor to better attend and respond to student
thinking (Kääntä, 2014; Bondurant et al., 2020). Similarly, a
recent work examining student noticing in the context of mul-
tivariable calculus provided a framework that distinguished
between shallow, perceptual noticing (where students high-
light an object or its characteristics but do not connect what
they notice to broader mental framework to make meaning) to
deeper, conceptual noticing where students connect what they
notice to a “meaningful conceptual idea” that allows them to
build conceptual understanding of the mathematical concepts
(Jones et al., 2023). Here, we draw upon these frameworks to
define the level/relevance of noticing as the level of noticing
features that are salient to the lab’s mathematical or biologi-
cal principles that can form a foundation for students to draw
meaningful biological or mathematical connections from what
they notice.

MATERIALS AND METHODS
Institutional and Course Context
Our study was conducted at a private, comprehensive univer-
sity in Southern California. We studied student noticing in the
lab component of the second semester introductory biology
course, which focuses on evolution, ecology, and biodiversity.
The course is designed for science, technology, engineering,
and math (STEM) majors and is taken predominantly by first-
year students who are majoring in biology and environmental
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TABLE 1. Description of labs in the course where students use quantitative reasoning

Week in
semester Lab topics (as listed in syllabus) Description of lab activities

2 Intro to Experimental Design,
Data Collection, and Graphing

Students examine leaves of oak trees in two locations and make a measurement of
the leaves of the students’ choice (e.g., leaf width, surface area, etc.), then make
a graph using Excel and present their data

3 Biostatistics Students analyze compiled data from the whole class from the previous week,
make a histogram of their results, and run a t test to compare between the trees
in the two locations

6 Development and Experimental
Design

Students previously set up an experiment where they are asked to have two
groups of planaria and can choose what to feed the planaria; in this lab students
measure the growth of their planaria, compare between groups using a t test,
and present their results

10 Community Ecology: Data
Analysis

Students in the previous week went to tide pools and set up quadrats to measure
species diversity; this week, students calculate density and species richness and
compare between lower and upper intertidal

11 Microevolution Students first create a bar graph to compare the abundance of crabs between the
lower and upper intertidal and conduct a Chi-square test; then, students run a
population genetics simulation with graphs showing changes in allele frequency
in different conditions

14 Ecology: Plant Insect
Interactions

Students previously set up an experiment where they work with two groups of
bean beetles and are encouraged to provide different surfaces for them to
oviposit eggs on; this week, students collect and analyze whether there are
different number of eggs laid between the two groups, including creating a
graphical representation and conducting inferential statistics

science and policy. The lab course features different activities
each week, including some activities that are more “cookbook”
in nature, that is, a lab with a predetermined answer where
students are not engaging in many authentic scientific prac-
tices such as making hypotheses, analyzing data to evaluate
hypotheses, etc. (Auchincloss et al., 2014). Some labs, in con-
trast, are more inquiry-based, where students utilize some au-
thentic scientific practices to answer a broader question that
may not have a predetermined answer (Auchincloss et al.,
2014; Beck et al., 2014). These include some labs where stu-
dents can choose their independent variables and are asked
to generate and evaluate hypotheses (see Table 1). The lab is
taught by a mix of full-time and part-time faculty, with each
section typically limited to no more than 20 students. Stu-
dents are placed into groups of 3 or 4 and work with partners
to complete the lab each week, providing an ideal platform
to observe students’ reasoning and thinking about QR when
completing the labs.

Identifying Labs with Quantitative Reasoning
Our project centers around examining student noticing of
quantitative reasoning, and we acknowledge that there is wide
variation in what this term encompasses (Cleveland et al.,
2021). Rather than limit our study to a specific skill within QR,
we chose to identify all labs that involved any QR to capture
the range of what students noticed and their level/relevance
of noticing when working with QR in different contexts within
the introductory biology lab course. We applied a wide lens
given the scarcity of past work about the landscape of stu-
dent noticing in the context of QR in undergraduate biology
courses. We first asked the primary instructor of the lab, who
developed the curriculum and trained all the instructors, for a
list of all activities in the lab course that involved QR. Next, we

independently reviewed the syllabus and lab manual for the
course to confirm that all labs that involved QR were included
on our list. Our final list included six distinct labs through the
14-wk semester where students would be engaging in quanti-
tative reasoning (Table 1).

Observations
We conducted running record observations, a qualitative
method where the observer creates a written narrative of how
students process, analyze, and interpret their quantitative data
during the lab, thus forming an analytical memo that captures
relevant student quotes and actions during the lab (Poulsen
et al., 1995; Xu and Talanquer, 2013). We did observations
of 15 groups; each group was observed for one lab session,
and we observed at least two groups for each lab activity to
capture a wide breadth of student noticing. Each group con-
sisted of either 3 or 4 students, and at least one observer sat
next to the group for the duration of the 4-h lab. Observations
were facilitated with the use of a microphone placed in the
center of the group’s desk that transmitted live audio to the
observer, enabling the observer to hear the group’s conversa-
tion even when there were multiple conversations among the
different groups in the lab. The observations were also video-
and audio-recorded. The initial observations were done by two
observers, who compared their running records and memos
during (whenever possible) and after the lab to ensure greater
reliability of the observations. These two observers then con-
ducted the remaining observations independently but dis-
cussed the key themes with each other after each observation.

Interviews
In addition to the observations, we also conducted indi-
vidual interviews with the students to probe their noticing
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further, using observations to inform stimulated recall. Ques-
tions were designed following an iterative process, where we
first reviewed interview protocols from other studies that ex-
amined student noticing, as well as studies that examined in-
structor noticing (Lobato et al., 2013; Hohensee, 2016; Krupa
et al., 2017). We developed a list of questions about student
noticing from these studies and adjusted them to fit our learn-
ing context, and created questions tailored to each lab activ-
ity (see Supplemental Materials for the interview protocols).
We iteratively refined the questions to ensure their clarity. In
addition, we incorporated stimulated recall, a technique used
in other qualitative studies to elicit greater student reflection
(Bao et al., 2011; Andrews et al., 2019; Wiltbank et al., 2019),
in our interviews. In preparation for the stimulated recall por-
tion of the interview, the interviewer reviewed the analytical
memos with the running record observation for each interview
and identified up to three instances of conversation (ranging
from around 30 s to 3 min) where students were discussing
their data or were engaging in conversation related to quanti-
tative reasoning. Audio clips were then played back to the stu-
dents, who were prompted to describe the conversation and
clarify what they were thinking and noticing during those con-
versations. To ensure the validity and reliability of the ques-
tions, we reviewed the transcripts of the first four interviews,
which were conducted within the span of 2 d to identify if
there was any confusion about the meaning of the questions
and to examine how students interpreted each of the ques-
tions; no concerns were identified.

Thirty-three interviews were conducted by two of the au-
thors and lasted up to 1 h each, with each interview both
video- and audio-recorded. We asked students to sign up for
interviews within a week of their lab being observed to max-
imize students’ recall of the lab. Students were provided gift
cards as incentives for participating in the observations and in-
terviews. All research protocols (including both observations
and interviews) were reviewed and approved by the Chapman
University Institutional Review Board.

Analysis
Each interviewer created an analytical memo after complet-
ing the interview, describing the main themes regarding what
students noticed as well as their level/relevance of noticing.
Next, two researchers independently reviewed each of these
analytical memos. These researchers then met to discuss and
identify 16 interviews that they hypothesized would best cap-
ture the breadth of student noticing; the decision was made to
analyze this subset of interviews initially for several reasons.
First, this represented approximately half of our total inter-
view dataset of 33 interviews. Based on the initial review of
the memos, we hypothesized that these 16 interviews would
capture nearly the full range of variation within the entire
dataset. If true this would suggest that we would reach the-
oretical saturation within this set of interviews, matching past
work that has found that this number is likely sufficient for
capturing nearly all variation and reaching saturation (Guest
et al., 2006; Hagaman and Wutich, 2017). In addition, by
choosing 16 interviews, we were also able to include at least
two interviews representing each of the six lab activities we
observed, allowing us to best capture a wide range of stu-
dent noticing. We tested this hypothesis that our sample had

reached theoretical saturation and represented the range of
variation within our broader interview pool in several ways.
First, during the coding process, we used a constant compar-
ative method to determine whether there were new themes
emerging as we coded additional interviews within this set
of 16; we did not identify new themes emerging in the last
several interviews, suggesting that we had reached theoretical
saturation (Glaser, 1965; Saunders et al., 2018). Second, fol-
lowing the coding of the initial 16 interviews, we randomly se-
lected three additional interviews that we had not yet coded,
each drawn from a different lab. Two researchers indepen-
dently read through and discussed these transcripts; they were
then asked to independently code these transcripts using the
codebook generated from the initial set of 16 interviews (see
below) and identify whether there were any emergent themes
not captured in the codebook. No new themes were identi-
fied by either coder, again suggesting that we had reached
theoretical saturation. We then incorporated these three inter-
views with the original 16, bringing our total up to 19 inter-
views that we coded. Finally, following the conclusion of the
coding process (see below), each coder then individually read
through the analytical memos and transcripts of the remain-
ing 14 interviews, and then met to discuss whether they saw
any new emergent themes based upon their reading. Again,
neither researcher identified any new themes, suggesting that
our set of interviews had reached saturation. Following iden-
tification of the interviews, we then transcribed and cleaned
each of these interviews, removing verbal fillers (e.g. “umms”
and “likes”) and providing a gender-neutral pseudonym for
each student. Following this, we conducted thematic analysis
(Braun and Clarke, 2012) to identify the range of what stu-
dents were noticing, their level of noticing, and the factors
that shaped student noticing. Three of the authors indepen-
dently read four of these interviews, and independently devel-
oped codebooks. The authors then met to discuss and come up
with a consensus codebook. Following this, two authors then
read another set of three randomly selected interviews, with
each interview representing a different lab, and modified the
codebook following discussion using a constant comparison
method (Glaser, 1965). Next, the two coders divided the re-
maining interview transcripts in two, with each coder reading
approximately half of the remaining transcripts with the goal
of identifying whether there were any themes not identified
in the initial codebook. The coders then met and modified the
codebook accordingly. Following this, the two coders then in-
dependently coded 30 randomly selected utterances that had
not been previously discussed using the final codebook; we
calculated Cohen’s kappa using ReCal (Freelon, 2013). kappa
was 0.73, indicating “substantial” agreement (Cohen, 1960).
Given this high interrater reliability, one coder then coded the
remaining interviews. During this process, the coder regularly
met with other members of the research team to share up-
dates, reflect on the coding process, and discuss any utter-
ances that were not clear, which were then coded to consen-
sus. Following coding our data based on our thematic anal-
yses, we held iterative discussions to identify broader axial
and selective themes by reviewing the codebook and reading
coded excerpts aligned with each code. Finally, we chose to
not further analyze the observations beyond using them to de-
velop the stimulated recall interview questions and to provide
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TABLE 2. Codebook used/summary of key themes identified

Code category Code name Code definition

What students
noticed

Features of an Activity Noticing aspects of the procedures, instruments, experimental subjects, or
instructional materials related to an activity

Features of Data Noticing aspects of the data values such as maximum and minimum values,
range, frequencies of certain numbers, potential patterns

Alignment between Expectations
and Data

Noticing alignment between expectations of the data and what actually
happens during data collection and/or data analysis

Mismatch between Expectations
and Data

Noticing mismatch between expectations of the data and what actually
happens during data collection and/or data analysis

Relationships between Variables Noticing that various variables in a context are related

Relevance of Not Noticing Student self-reported that they did not notice anything
noticing Perceptual Noticing Noticing aspects of the context for the activity and/or the data that are less

salient or relevant to the underlying mathematical or biological
principles of the lab

Conceptual Noticing Noticing salient (i.e., relevant) aspects in their data that directly connected
to the underlying mathematical or biological principles

Factors influencing
noticing

Expectations of Data Student self-reported links between expectations of the data, either
formalized in a hypothesis or informally expressed during the interview,
that shaped their own noticing

Instruction/Instructional
Materials

Student self-reported how specific instruction influenced their noticing
and/or links between the instructional materials and their own noticing

Perceptions of Quantitative
Reasoning, Math, and Biology

Student describes views of quantitative reasoning, mathematics, and/or
biology that influence their noticing

greater context for the student responses during the individ-
ual interviews (e.g., identify specific activities and actions that
students referred to during the interview), given that students
were able to provide far greater insight into their noticing dur-
ing the individual interviews.

RESULTS
We identified variation in what students noticed (research
question 1) and present these themes below. We similarly
identified variation in the level/relevance of students’ noticing
(research question 2), with some students not noticing any-
thing, others noticing features that were less relevant to the
underlying biological or mathematical principles, and some
who noticed more salient details that allowed them to con-
nect biological and/or mathematical principles to what they
noticed (Table 2). Given that we identified that what students
noticed potentially impacts their level/relevance of noticing,
we present the results for the level/relevance of noticing
within the same sections as that for research question 1. Fi-
nally, we then examined the factors that were likely shaping
students’ noticing (research question 3). Some of these factors
that shape students’ noticing are directly correlated with what
they noticed; thus, we also integrate these results, whenever
possible, in the results sections that present what students no-
tice and their level/relevance of noticing. The themes for each
of the three research questions are summarized in Table 2.

Research Questions 1 and 2: What Students Notice and
Their Level of Noticing
Not Noticing. We first identify that some students reported
not noticing any features of the data when asked to conduct
QR in introductory biology labs. For instance, Sandhu stated

“No, I didn’t really notice much,” when asked about what they
noticed when working with their data for their plant-insect
interactions lab. “[Our instructor has been] just running us
through what to do and how to do it.” Sandhu conveys that
they did not notice any themes or patterns, even when asked
to analyze the results of their experiment comparing rates of
bean beetle ovipositing in different beans. Instead, Sandhu’s
response suggests that they view their experiment and analysis
in a procedural manner that is driven by the instructor’s guid-
ance. Thus, they have not noticed any deeper, more meaning-
ful patterns when analyzing their data, or what they noticed
was not something that was meaningful enough for them to
verbalize during the lab or the interview.

Other students shared Sandhu’s sentiment of not noticing
anything when conducting QR and instead viewed QR in a
more procedural manner. “I don’t really think so,” Ash com-
mented when asked what they noticed when doing their bio-
statistics lab. “The main thing was learning how to do the er-
ror bars, I guess…. Like, I knew about them [before], but I
never really paid attention to them, like those are extra lines
on the graph.” Like Sandhu, Ash reports not noticing any pat-
terns in their data but instead comments upon learning how to
make error bars. Even though the lab focused on making bio-
logical comparisons between two groups, Ash does not notice
any feature of their own data, instead commenting upon the
competencies learned in the lab. This lack of noticing is likely
related to Ash’s views of QR. Ash states that they view QR as
procedural in nature and describes how this leads to them not
noticing any salient details of their data: “I definitely think
like, when I go into like math mode, I just kind of, I don’t
know, I kind of go on auto pilot. I’m just like, okay, like you
put in the numbers here. And then you do that equation. Well,
there wasn’t an equation for this one [for making error bars].
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But my attention is kind of all narrowed down into (this) one
thing… at that point, I broke away from actually the real life
aspect of it. I was kind of into math mode, where I was just
putting in the numbers. And really, there wasn’t much that I
noticed.”

Noticing Features of the Lab Activity. In contrast, other stu-
dents reported noticing aspects from their lab data. Some,
for instance, noticed specific features of the lab experiment
or procedure that they were conducting, indicating how their
focus was initially drawn to characteristics of the lab protocol
rather than any specific patterns, trends, or irregularities that
may have been emerging in their own data. For instance, when
prompted to state what they noticed during the plant–insect
interactions lab, Dee stated: “The main thing that stood out to
me was how many beans there were to count. For my group’s
specific hypotheses, we did mung beans, and peas, which are
very small in size beans, which meant that we had to have
a lot of them in order to fill the bottom of the petri dish.”
Here, what Dee noticed was more superficial in nature, that
is, less salient to the underlying mathematical or biological
principles of the lab. What they noticed here, in other words,
did not provide any indication of deeper sensemaking of their
quantitative data. We follow the lead of past work in calling
this level of noticing “perceptual noticing,” signifying that stu-
dents perceived certain features, patterns, trends, or irregular-
ities, but that these features were either not directly pertinent
to the relevant mathematical or biological principles or did
not inform any deeper cognitive thinking about the relevant
concepts (Jones et al., 2023). Similarly, when prompted on
what they noticed when conducting the experimental design
lab, Ariel stated that “something I noticed [was] in the ImageJ
[program used for analysis of images] toolbar… something I
noticed was that it really should have been mentioned that
we should wait for [a given measurement] to lengthen out,
which we did.” Like Dee, Ariel here noticed more features of
the lab activity, focusing on procedural tasks and errors with-
out connecting what they noticed with any relevant biological
or mathematical principles.

Noticing Features of Their Data. Other students noticed cer-
tain patterns, features, trends, and irregularities of their data;
sometimes these patterns in their data were not as relevant
to the biological or mathematical principles of the lab. For ex-
ample, Emerson states “I just saw a lot of similar numbers;
it was all within like a 9 to 11 range, almost,” when asked
about what they noticed when calculating growth of planaria.
“I don’t think it ever really reached 11, if anything, 9 to 10
millimeters, okay, we want units. But other than that, I don’t
think I really noticed anything in the in the first initial mea-
surement. And in the final measurement. I would also say I
didn’t really notice - nothing really stood out to me necessar-
ily.” Here, Emerson notices that their initial measurements are
all within the same range and do not ever exceed a certain
value, but then does not notice anything about the final mea-
surement or the change in planaria length. In other words,
Emerson noticed some details about the range of their mea-
surements but did not notice any more salient trends or pat-
terns when calculating planaria growth that could help them
draw biological meaning from the experiment. Similarly, what

they noticed did not lead to any connection with the salient bi-
ological or mathematical principles from the lab. Thus, Emer-
son’s noticing at this moment in the lab is at the perceptual
level.

Other students noticed features, patterns, or trends of their
data that could have connected to more salient biological or
mathematical principles, but only noticed at the perceptual
level without drawing any deeper meaning from such observa-
tions. For instance, Jade was asked what they noticed during
their microevolution lab when students ran simulations show-
ing changes in allele frequency in a population of fish. They
noticed more surface-level changes in the simulation rather
than any particular trend or feature in the resulting graphs
that would allow them to connect changes in allele frequency
to evolutionary mechanisms. As a result, they struggled to
make meaning of what they noticed. “The one that popped
up most was like genetic drift. Or it was gene flow? I think…
Or was it?… I just remember, kois just turning orange,” Jade
stated when prompted about what they noticed. Here, the ob-
servation that the population of fish was becoming more or-
ange could have led to a deeper, more conceptual noticing of
the simultaneous changes in allele frequency and how the evo-
lutionary mechanisms were driving these changes. However,
Jade does not notice anything beyond a surface recognition of
their simulation result that the colors of the fish were chang-
ing. Indeed, they struggle to connect these results to the bio-
logical concepts that the lab was addressing, confusing differ-
ent evolutionary mechanisms and not comprehending that the
simulation was showing changes in the population’s pheno-
typic ratios driven by evolutionary mechanisms. Jade’s notic-
ing thus was at a more surface, perceptual level, since their
noticing of the kois changing colors did not trigger them to
notice any of the more salient features of the lab that could be
connected to this “change” of color, nor did what they notice
inform any attempt at making sense of the observed biological
phenomenon.

River—when prompted about what they noticed when
working with planaria—stated that “I was noticing that a lot
of our planaria, the differences in growth were negative.” Like
Emerson, River notices a given mathematical pattern in their
data, identifying that their data points consisted of many neg-
ative values. However, unlike Emerson, River attempts to con-
nect this mathematical observation about their data with a bi-
ological explanation to make sense of their data. “That would
obviously affect our average because we had both positive and
negative changes in length. While we cut the same end, for all
the planarias, we cut from the tail end. And we would con-
sider that positive, like any growth from the tail end would
be positive. The fact that we had a mix of positive and neg-
atives would give us a smaller magnitude of average growth.
So it’d be kind of saying, like, ‘oh, this planaria shrunk, but
these other ones grew’. That would contradict our whole ex-
periment, which I believe is what initially [led to me] arguing
in the sake of using the absolute value function to get the abso-
lute value of the growth and average that and use that as our
data.” Here, River notices something unexpected (the nega-
tive values of growth), proposes a conceptual explanation that
connects to biological principles to make sense of the observa-
tion, and then proceeds with a mathematical action (taking
the absolute value) that they think will allow them to analyze

24:ar14, 6 CBE—Life Sciences Education � 24:ar14, Spring 2025

Version of Record at: https://doi.org/10.1187/cbe.24-04-0124



Student Noticing in Intro Bio Labs

their data properly and draw biological meaning from their
results. Thus, they noticed more salient patterns in their data
that connected to the underlying mathematical or biological
principles, which we will call “conceptual noticing” (Jones et
al., 2023).

Noticing Relationships Between Different Variables in Their
Data. Other students noticed a given mathematical relation-
ship between variables when examining their experimental
data. For instance, Alex stated “I think the first thing I no-
ticed, was like, ‘Oh, I thought maybe as the surface area goes
up, frequency goes up,’” commenting upon their biostatistics
lab where they were asked to measure leaf surface area in dif-
ferent trees and draw inferences about variation in the popu-
lation and factors that could influence leaf surface area. “But
then I like looked at it a little bit deeper. And I’m like, that
doesn’t make sense for some parts. So, I think it just depends
on which oak tree leaves we’re comparing and stuff, like, for
[trees from location one] we can say, [as] the surface area
increases, the frequency is higher. Or wait, no, sorry, as the
surface area is smaller the frequency is higher. And then for
[location two] is kind of like the opposite of [location one].
So, big surface area, but lower frequency than [location one].”
Here, Alex highlights how they notice a trend in their data, a
putative mathematical relationship between leaf surface area
and the frequency of leaves within a given surface area range.
Unlike the previous examples, what Alex has noticed allows
them to draw deeper meaning of the data, relating to the lab’s
goal of having students explore biological variation in nature.
What they notice thus provides them with the opportunity to
make sense of the quantitative data and potentially infer bio-
logical meaning as well from this relationship. Their noticing
of this correlation sparks them to examine the data more and
recognize that their initial conclusion was not supported by
all the data, leading Alex to re-examine the quantitative rela-
tionship between leaf surface area and frequency and revise
their conclusion. Alex’s noticing is thus conceptual in nature,
given that they noticed a salient mathematical pattern that
has sparked their sensemaking. What Alex notices thus could
drive them to examine the biological principles that could ex-
plain the quantitative relationship that they noticed.

Noticing Alignments and/or Mismatches Between Their
Data and Their Expectations. Multiple students indicated
that they noticed when their data either aligned or were incon-
gruent with their expectations of what they would find in their
data, often driven by noticing particular features of data or
relationships between variables. Thus, we highlight students’
expectations of their data as a factor that may shape students’
noticing. For instance, when comparing planaria grown in dif-
ferent conditions, Ariel commented that “we noticed [a value
in our data] was too high. I automatically had the assumption
[that] there’s no difference [between the two groups we were
comparing]. I didn’t even try to look for an outlier, but one of
the group members noticed and actually said that it probably
is skewing our data too much.” Here, Ariel notices both a fea-
ture of their data (the outlier) and a misalignment between
their expectations that the two groups they were comparing
had no differences in growth and what they see in the data.
Ariel admits that they did not initially notice an outlier value,

instead viewing the groups as equal due to their assumptions,
until one of their partners pointed out the unexpected value.
Even after making a bar graph, Ariel indicates that what they
noticed is still heavily influenced by their expectations. “I just
remember doing the bar graph with the averages and then
noticing [that] the error bars weren’t right… both of [the er-
ror bars] were very, very high to the point where you wouldn’t
want it like that,” they commented. “I think it’s just like, they
were very noticeably high… that’s all I noticed.” Again, what
Ariel notices is grounded against their expectations, and their
expectations of lower error bars lead Ariel to notice the un-
expectedly high error bars when analyzing their data. Ariel
also shares how their partners influenced what they noticed
by highlighting a specific irregularity in their data.

Just like Ariel, Avery notices both a feature of their data
and a subsequent mismatch between their data and expecta-
tions, remarking on the large variation in their data. “There
was for our data, a pretty large variation in range… we were
looking at it, there was a large variation, somewhere you
found like one and others were in the 40s, for the same tree,”
they commented when discussing measuring and analyzing
the surface area of leaves. “And it’s, obviously, that is a very
large spread of the sizes of your leaves. So I think, probably
looking at the extremes in the range is probably the first thing
that I would notice. Those are the things that are really going
to pop [out to me] because, obviously, they’re the ones that
don’t look the same as others.” Avery here highlights how they
noticed the variation in range (a feature of the data), and the
lack of alignment between this feature of their data and their
expectations, given the extreme values in their data.

While Avery and Ariel noticed mismatches between their
data and their expectations, other students noticed patterns
when the data matched their expectations. In these cases, the
students’ expectations still influenced what they noticed. For
example, Jesse comments on how their noticing is shaped by
their expectations when discussing their population genetics
simulation with random genetic drift as the only evolution-
ary force at play. “Since we set certain numbers in place, for
example, like the [allele frequency] that was supposed to stay
there, so it would stay around 60% or something like that, like
0.6 of this certain population. So the alleles wouldn’t change
that much, even if a certain number of generations passed by.
So I guess that was something that, like I noticed,” they com-
mented, discussing how they expected the allele frequency to
remain roughly constant over time in their simulations and
how this guided their noticing of their data supporting their
expectations. “And then we had to change the variables later
on. I kind of expected it to be generally about the same if
the generation time was pretty high… then later on, when we
dropped it to 50 [a lower population size], it made more sense
for [allele frequency] to be more variable because you have a
smaller sample size, and it’s more prone to deviation.” Here,
Jesse notices how the variation in allele frequency changes
with the size of the population (i.e., they notice that the im-
pact of random genetic drift changes with population size),
and makes sense of their data by connecting it to their expec-
tations that smaller sample sizes have more variability. Jesse
indicates how what they notice, and how they respond and at-
tend to what they notice, is influenced heavily by the context
of what they expect to happen.
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Research Question 3: Influences on Student Noticing
We identify that students’ noticing can be influenced by their
expectations of their data, leading to them noticing whether
their data aligned or differed with their expectations (see sec-
tion above). In addition, we also find that students’ noticing
can be influenced by instruction and by their perceptions and
attitudes toward quantitative reasoning and biology.

Students Report that What They Notice is Influenced by In-
struction. First, we identify that what students notice can be
influenced by what the instructor and/or instructional mate-
rials emphasize in the lab. These results suggest that instruc-
tional moves can help direct students’ noticing. Avery, for ex-
ample, notices a more procedural mathematical component of
their lab, driven by instruction. “[My instructor] is putting an
emphasis on the p-value, so I definitely noticed that more than
what our t-value was”, they stated when asked what they no-
ticed in the lab. Avery’s response highlights how their instruc-
tor’s guidance made them focus more on the p-value rather
than the t-value when performing a t test.

Other students also report how their noticing is influenced
by instruction. For instance, when prompted to state what
they noticed during their population genetics lab, Arbor dis-
cussed how instruction during their lab’s corresponding lec-
ture shaped both their expectations of what would happen as
well as their noticing of an alignment between their data and
expectations:

So I had already realized, when I started to do the simula-
tions, what it would be for. Because in [our class’s] lecture,
we already had been tested on the subject of what drives
evolution, or what drives differences in species. So going
into [the simulation], I realized that this is just going to be
a little simulation to show that in real time. So when we did
[the lab], based on what we changed, I’m like, okay, based
on what we saw in lecture, I expect this to happen, and I’d
be looking at it. And I’d be like, Okay, that’s what I kind of
expected to happen. And I’d see the data especially when
we had to run it multiple times to just get multiple numbers
to compare them. I’d be like, Okay, so those are interest-
ing. Each of them are a little bit different. And, but it’s kind
of like the trend, I would have expected with this variable
change.

Here, Arbor demonstrates how explicit instruction in rele-
vant biological concepts (here, evolutionary forces and speci-
ation) influenced their expectations of the lab, allowing them
to better recognize and connect the lab simulations with these
previously learned biological concepts. This, in turn, appears
to facilitate their noticing of trends and patterns in the data
after changing certain variables (e.g., population size); Arbor
recognizes that the patterns from their data match their ex-
pectations. In contrast, Ash—who earlier had indicated that
they went into “math mode”—cites how they felt like their
instruction presented a barrier to connecting math and biol-
ogy, inhibiting their noticing of more salient patterns and their
ability to draw connections between disciplines: “Probably the
main thing [that would help is] having a direction in where
[the instructor] was going [during our labs]; she was kind of

just saying numbers and being like, ‘Oh, this is what a t test
is’. And it was hard to understand how it applied to the [lab
with] leaves… it was a little bit up in the air without a thread
through it.” These examples thus illustrate the role that in-
struction can play in influencing what students notice.

Students’ Attitudes Toward Math and QR Likely Influence
Their Level/Relevance of Noticing
Finally, we find that students’ attitudes toward math and QR,
and their perceptions of these disciplines and biology, are
likely influencing their level/relevance of noticing. For exam-
ple, students who express negative attitudes toward QR may
be less likely to notice at a conceptual level in their data. For
instance, Cameron expresses a major dislike of QR and statis-
tics:

Every time statistics comes up in the lab, I just like, uggh
(exasperated sigh)… another statistics question. I’ll read it
[but] when I do, I’ll forget it. I’ll get my teammates to do
it… I’m just not a big math guy. It doesn’t draw me at all.
Everything I learned in bio that’s not anything to do with
math or statistics, I’ll actually memorize and learn for my
benefit. But if it ties with math or statistics, I guess [that] I
just don’t really try. It’s not feeling appealing to me at all;
there’s no appeal to it at all. Like while I’m reading it, and
it’s purely just an organism in biology, I can keep reading
and it’s fascinating to me. But once statistics comes, I just,
I see numbers… ughh (exasperated sigh)…. statistics… So
when it comes to quantitative data and bio, I mean, yeah,
it’s very easy. Like I know, it’s easy stuff. I know it’s nothing
challenging. It’s just time consuming. And it makes it harder
because I’m not interested in it and there’s nothing appeal-
ing to it in my opinion…. I love science when it doesn’t have
to deal with numbers. Once numbers come in and quantita-
tive data, I just don’t like quantitative data.

Cameron expresses a dislike for quantitative skills and com-
municates that they do not notice anything in their experi-
ments when analyzing the data or performing QR. Cameron’s
dislike for QR likely inhibits their ability to notice salient
features or deeper patterns within the data. Interestingly,
Cameron believes that QR is “easy stuff” and “nothing chal-
lenging” yet still indicates that they’ll “forget” those skills and
thus get their lab partners to do most of the analyses.

Similarly, Ash highlighted how they did not notice anything
when examining the range of their data and that it was asso-
ciated with their attitude toward QR. “Whenever I think of the
range, I always think it’s quite childish,” they stated. “I learned
[it] when I was eight, about how to do the range. So whenever
it’s applied to something in college, I just think it’s a little bit
too simple to be added to such technically important data.”
Like Cameron, Ash’s attitudes toward a given QR skill influ-
ence what they notice, and Ash consequently does not report
noticing any relevant patterns in their data.

Other students perceived QR or math and biology as dis-
tinct with little overlap. These students tended to see little
utility for QR and noticed at a more perceptual level, while
students who saw greater connections and utility between QR
and biology were more likely to notice at a conceptual level.
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For instance, Cameron—who indicated that they did not no-
tice anything in their data—expresses that they see little utility
between QR and biology. They also share how they view QR
as a procedural, heuristic task and biology as a collection of
static, unchanging facts:

There’s now [in this intro bio course] memorizing statis-
tics… when I think of bio, [I] think of organisms, life, evo-
lution, cells, I don’t ever really consider statistics with it,
ever. So statistics, I don’t see as a big part of bio, or also
look at my career path. Like, again, being a doctor. I know
there is some calculus involved, but it’s not heavy on statis-
tics and when something is not heavy, I usually don’t attend
to it.

Statistics is a step-by-step process. So I think it’s just an easy
topic in general, like, they tell you how to do it step by step,
but just an equation, you have to learn [how to] plug it
in, that’s what makes it easy. There’s nothing hard about it.
Again, just like the whole, ‘I gotta take this, go plug this [in]
and get, find this is my data, correct?’ vs. just biology. It’s all
just memorization of facts. I’m big on that. For example,
you know, we were learning about asymmetrical symmetry
versus the other symmetry. It’s just facts, nothing changes,
nothing changes. This [organism] will always have bilateral
symmetry, this [other organism] will always be asymmet-
ric…

So the data [in our lab] is always changing, which I think
a little bit harder for me. vs. something that’s always set in
stone, for example, evolution, biology, it’s been one way for
a long time, I’ll see change at a very slow pace… so facts of
the past, this organism came to be 15 million years ago,
learn that it’s not going to change until the next million
years… but stats, data is always changing. There’s always
changes you keep doing the same trial, keep getting differ-
ent numbers… statistics is not my thing.

Cameron’s response illustrates that their perceptions of QR
and biology may be coloring what they notice when working
with their quantitative data. They state that they believe biol-
ogy is unchanging, and that learning the discipline is centered
on rote memorization of facts. Indeed, they characterize QR as
an “easy topic” that can be accomplished through a heuristic
“plug and chug” approach. Interestingly, Cameron is not able
to notice any deeper trends or patterns in their data, suggest-
ing that their views of QR and biology may be impacting their
ability to identify salient themes.

Other students also highlighted how their view of QR and
biology shaped their noticing but viewed a closer relationship
between these disciplines. Arbor, for example, discussed how
they came to realize the utility of quantitative reasoning in
biology and how this shapes their thinking and noticing in
biology:

“My sophomore year of high school, I took AP Biology. And
that’s when I started to look at the quantitative data that
way… and I start to realize, like, oh, so these graphs, look-
ing like this will mean something; looking like this will

mean something. And then my senior year of high school,
I took AP Statistics…. and I realized, I can look at these
graphs I have in science in the scope of statistics, which will
help me better understand the science behind these graphs.
So just based on that, each time now I see a graph, it’s
like, Okay, here’s the graph of this. Is it what, just based
on these two variables? And based on my previous scientific
knowledge, how do I expect this graph to look? …[if] the
graph looks different [than what I expect], I’ll be like, Okay,
what’s the reasoning behind this?… So it’s just based on all
this knowledge of graphs from previous classes that dealt
with math, dealt with science, I’m better able to understand
when a graph, how a graph should look… [if I hear about
doing QR in biology], I’m going to be seeing graphs, I’m go-
ing to be seeing tables, so it puts my mind more in that, look
at these and find a pattern.”

Here, Arbor describes how they got exposure to QR
through making or interpreting graphs in their high school bi-
ology class, and then how a subsequent statistics course made
them see the connection between statistics, QR, and biology.
Arbor then describes how seeing these connections between
disciplines influences their thinking, citing how they are now
more likely to notice patterns and relationships between two
variables, likely noticing at a more conceptual level. This re-
sult aligns with past work that has identified that STEM stu-
dents who are able to use disciplinary knowledge when ex-
amining relationships between two variables are able to think
through such relationships more deeply (Glazer, 2011; Atit et
al., 2020; Altindis et al., 2024).

DISCUSSION
Our work provides the first investigation of student noticing
in an undergraduate biology course, with our results generat-
ing new insight into what students notice, the level/relevance
of their noticing, as well as the factors that may shape stu-
dent noticing. Our work extends current literature examining
student noticing in the K-12 math context by providing a first
look at what factors may shape student noticing when con-
ducting QR in introductory undergraduate biology labs. In-
terestingly, we identify both similar and different factors that
may shape student noticing when compared with past work
on student noticing, which has been predominantly conducted
in the context of middle school math courses. For example,
multiple studies have identified a range of focusing interac-
tions that shape student noticing, including social interactions
(i.e., conversations with peers that can direct students’ atten-
tion to particular features), instructional discourse, as well
as features of the classroom task (Lobato et al., 2012, 2013;
Hohensee, 2016). Our work similarly found that instructors
can directly influence what students notice, and that the spe-
cific instructions provided, combined with students’ expecta-
tions of the experimental results, can influence what students
notice. We note that these factors are potentially linked; in-
structors, the structure of the lab, and the instructional ma-
terial can all likely play a role in shaping students’ expecta-
tions, thus also indirectly influencing what students notice. For
instance, past work has identified that specific instructional
techniques (e.g., the amount of lecturing and call and re-
sponse by the instructor), features of a lab (e.g., the amount of
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time students and instructors spend waiting), and type of lab
(e.g., course-based undergraduate research experiences vs.
more cookbook labs) influence the frequency and likelihood of
students generating predictions when completing a lab, which
in turn likely influences whether or not students hold strong
expectations and what those expectations are (Esparza et al.,
2020). Similarly, other work has found that students often
hold strong, sometimes incorrect expectations prior to instruc-
tion in labs designed to demonstrate or confirm a scientific
phenomenon, and that these expectations could be potentially
shifted through specific curricular interventions or by adding
in additional structure to a lab, for example, having students
make and justify decisions throughout the lab (Holmes et al.,
2020; Smith et al., 2020).

Taken together, our results and these past works suggest
that instructors and the structure of a lab can both directly
and indirectly impact students’ noticing. We speculate that the
relationship between what students notice and the influence
of instruction is complex, since instruction is not the only fac-
tor that influences student noticing and different students may
be influenced differently by the same instruction. Thus, future
work is needed to further examine the influence of specific
lab curriculum or pedagogical strategies on students’ expec-
tations and how this in turn impacts their level/relevance of
noticing and what they notice. We also highlight how past
work has identified that results that do not match expecta-
tions can cause students to encounter uncertainty, and that
groups can leverage this uncertainty and the unexpected re-
sults to spark collaborative sensemaking (Bolger et al., 2021).
Our results indicated that students who noticed mismatches
with expectations could notice at either perceptual or concep-
tual level. Thus, more work is needed to examine the factors
that drive students’ sensemaking when they notice misalign-
ments between their results and expectations and to explore
how this noticing informs their sensemaking. In addition, we
also recognize a large body of literature that has examined
factors that shape students’ covariational reasoning, or their
ability to think through the relationship between two or more
variables as they vary together (Thompson and Carlson, 2017;
Altindis et al., 2024; Yu, 2024). Our results suggest that what
students notice can also influence students’ covariational rea-
soning when working with QR in biological contexts, and we
hypothesize that students who notice at a more conceptual
level are more likely to exhibit greater and more developed
covariational reasoning.

In contrast, however, we did not identify major evidence of
social interactions shaping student noticing through our ob-
servations or interviews, other than lab partners highlighting
data that did not match expectations (e.g., when Ariel’s part-
ners highlighted an outlier to them). We speculate that this dif-
ference in the role of social interactions stems from the vastly
different contexts of these studies. For instance, students in the
middle school math classes were largely given a singular, spe-
cific, focused task (e.g., graphing a quadratic function) with
greater emphasis on working together to come up with group
solutions, while students in our introductory biology labs were
given a broader, more general set of instructions for conduct-
ing the lab with a focus on completing the experiments and
likely less emphasis on completing analyses during the lab.
Students in our introductory biology labs were also permitted

to leave the lab once they were finished with the experiment
(though, depending on instructor, may have also needed to
answer a series of questions prior to leaving). These factors
may lead to students in our introductory biology labs to have
less discourse with each other about their results and patterns
in their data, thus reducing the influence of social interactions
on student noticing or limiting its influence to discourse shap-
ing students’ expectations during the lab.

In addition, our results demonstrate that students’ attitudes
and perceptions of QR and math can shape the level/relevance
of student noticing, a theme not found in past studies of stu-
dent noticing. Our results show that students who either per-
ceive QR in a procedural, heuristic manner that relies on rote
memorization or those who express dislike for math, while
seeing low utility for QR, are more likely to notice at a percep-
tual level and not notice deeper, more salient themes. Thus,
while it is unclear whether the attitudes about QR and math
are a cause or effect on noticing, it is likely that students who
view the importance and integration between QR and biol-
ogy are more likely to notice at a deeper, more conceptual
level. While there has been limited past work examining the
level/relevance of student noticing (Jones et al., 2023), we
are not aware of any study that examines the broader fac-
tors that shape the level/relevance of student noticing. We
find that students’ attitudes are potentially influencing the
level/relevance of noticing, and speculate this difference is
again due to the different contexts of our study from past
work, which have been done solely in the context of math
and have not examined student learning in the context of
interdisciplinary concepts that require mathematical and QR
skills in order to address biological questions. In addition, we
are only aware of one study of instructor noticing (conducted
with preservice elementary teachers) that investigated how
instructors’ attitudes may influence their noticing. This study
found that while a professional development intervention fo-
cused on improving the preservice teachers’ professional notic-
ing in the classroom led to both a shift in preservice instruc-
tors’ level/relevance of noticing as well as their attitudes,
there was no general correlation between these shifts, calling
into question whether there is a relationship between preser-
vice teachers’ attitudes and their level/relevance of noticing
(Fisher et al., 2014). Our results, however, align with past
work that has found that student attitudes and utility value
beliefs about a given topic can influence students’ motivation
and performance in that area (Perez et al., 2019; Curry et
al., 2020). Given that undergraduate biology students report
mixed utility and attitudes toward math (Andrews et al., 2017;
Wachsmuth et al., 2017; Andrews and Aikens, 2018), we call
on more work in the future to investigate to what extent un-
dergraduate students’ attitudes and conceptions of different
fields may impact their noticing. Similarly, future work can de-
velop and test interventions that promote students’ math util-
ity value and their ability to notice at a more conceptual level.

We also highlight how our work contrasts with past studies
of student noticing by studying the level/relevance of student
noticing. While past work has identified “productive” and
“unproductive” instances of student noticing (Hohensee,
2016), these past studies have viewed such instances at the
same depth of noticing. Our work, in contrast, extends this
prior literature by explicitly characterizing the variation in
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how much students notice (and how relevant it is), in addition
to what they notice. We speculate that those students who
notice at a more perceptual level will have a more difficult
time with both mathematical and biological sensemaking
(including blended sensemaking), while those who notice at
a more conceptual level for a given lab will likely be able to
engage in deeper, more blended sensemaking. For instance,
the students who noticed numerical features of their data
but did not make any connections to the biological concepts
may have trouble with deeper sensemaking. In contrast,
others noticed a relationship between variables, exemplifying
conceptual noticing; this noticing likely provides a foundation
for subsequent deeper sensemaking of what they noticed. We
also caution that students’ level of noticing is likely fluid and
dependent upon a range of contextual factors, given that we
observed variation in the level/relevance of noticing in some
students within the same lab. For example, some students
had initially indicated that they did not notice anything when
examining their initial leaf size data but demonstrated more
conceptual noticing upon further analysis, and our work
also suggests that specific cues (e.g., from instruction) may
influence students to notice at different levels. Future work
is needed to investigate these factors and how what students
notice influences their sensemaking and mathematical rea-
soning. Similarly, more work is needed to examine whether
there are demographic differences in which students are
noticing more perceptual or conceptual features and to study
how the level/relevance of student noticing influences their
performance with specific QR skills.

We also situate our results in the context of instructor notic-
ing, which often integrates a three-stage framework of in-
structors attending to a given verbal, visual, or written cue
in the classroom, interpreting the cue, and then respond-
ing accordingly (Es and Sherin, 2002; Jacobs et al., 2010;
Barnhart and van Es, 2015; Amador et al., 2021; Barnhart
et al., 2024). We argue that our work on student noticing,
and the framework we draw upon, best aligns with instructors
attending to a given cue, and that students, like instructors,
must then interpret and respond to these cues once they no-
tice something. However, for students we view the steps of in-
terpreting and responding to a cue as part of sensemaking, or
the process of extracting mathematical and biological mean-
ing from the data (Zhao et al., 2021; Zhao and Schuchardt,
2021; Kaldaras and Wieman, 2023). Thus, we view student
noticing here as the leading edge of conceptual sensemak-
ing, given that students must notice a given pattern, irreg-
ularity, trend, or cue before they are able to make mean-
ing from the cue. In this light, then, our work aligns with
past work on instructor noticing, which has found that novice
teachers often notice at a shallower level than more experi-
enced teachers (Huang and Li, 2012; Scholten and Sprenger,
2020; Bastian et al., 2022) and that specific professional de-
velopment interventions can shift the depth of teacher notic-
ing (Stockero, 2014; Simpson et al., 2018; González and Var-
gas, 2020). Thus, in a similar way it is possible that students’
level of noticing may develop to become more in depth and
more relevant over time as they become more familiar with
the biological content and specific QR skills being used in bi-
ology labs, and that targeted interventions that are scaffolded
in a way that encourages students to draw explicit connec-

tions between QR and biology may shift the level of student
noticing.

Finally, we highlight how our work complements exist-
ing literature that has utilized eye tracking to gain insight
into students’ patterns of thinking in undergraduate STEM
(Topczewski et al., 2017; Harsh et al., 2019; Atkins et al.,
2020; Strohmaier et al., 2020). These studies have provided
insight into what patterns students are initially focused on
when engaging in math or QR (Strohmaier et al., 2020). For
instance, one study used eye tracking to investigate what parts
of a graph different undergraduate biology students focused
on when interpreting a graph showing biological data, show-
ing different areas of focus for novice versus advanced stu-
dents (Harsh et al., 2019). Such work illuminates what fea-
tures may initially capture students’ visual focus of attention
for a given equation, graph, or model, though what students
initially visually orient to may not be consistent with the pat-
terns and features that they mentally isolate and attend to
(i.e., what they ultimately notice) (Hohensee, 2016; Schindler
and Lilienthal, 2019). Future work that combines eye tracking
technology with interviews may provide greater insight into
student noticing and the factors that shape such noticing.

Limitations and Future Directions
We acknowledge that our work has several limitations. First,
this study was done at one institution, and the results may
not be generalizable to other institutions given specific insti-
tutional attributes that may be biasing the student population,
and future work should expand the study population to char-
acterize student noticing across institutions. In addition, we
recognize the inherent limitations of relying on students’ ver-
balizations of what they notice, and the possibility that stu-
dents may not be fully characterizing (or be able to character-
ize) what patterns, trends, or irregularities they are noticing
during the lab or the interview. Future work that utilizes sim-
ulated settings where the interviewer can interrupt students
and directly probe their noticing and gather classroom arti-
facts may allow for more insight. However, past work on stu-
dent noticing have also utilized interviews and observations
to study what students are focusing on and to provide win-
dows into their mathematical thinking (Lobato et al., 2013;
Hohensee, 2016; Wilkie, 2022) and we followed similar pro-
cedures to generate insight into student noticing, especially
when the topic thus far has been little researched in the con-
text of undergraduate biology courses.

We also acknowledge that the use of many different labs
at different weeks throughout the semester, across multiple
lab sections with different instructors, may influence what
students notice. For instance, we recognize that the labs all
had different levels of structure. For instance, in some labs
(e.g., the population genetics simulation in the microevolution
lab) students were responding to questions that had predeter-
mined answers (e.g., determining that the size of the popu-
lation impacts the influence of genetic drift). In contrast, in
other labs students utilized more authentic scientific practices
to answer questions that may not have a known answer, for
example, in the development and experimental design lab,
students were choosing their independent variables, generat-
ing hypotheses, and then evaluating those hypotheses. Future
work will need to examine how different types of labs (e.g.,
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cookbook labs, inquiry-based labs, or course-based undergrad-
uate research experiences) may influence student noticing.
Similarly, we also acknowledge the lab sections were taught by
different instructors with likely varying levels of experience,
and that how an instructor approaches the material may also
influence student noticing. Despite these constraints, we high-
light how our goal was to characterize the breadth of what
students notice and their level of noticing during real-world
lab courses across a diverse set of introductory biology lab ac-
tivities. Thus, we view our sampling scheme that included rep-
resentation of each introductory biology lab in the semester
that involved any quantitative reasoning as a key strength in
our study.

Potential Mechanisms to Promote More Conceptual
Student Noticing
We provide several mechanisms that may promote more con-
ceptual student noticing in biology classes. We caution that
these recommendations should be interpreted in the context
of our work and its limitations (see above). For example, our
work may not be generalizable to other contexts, and while
these recommendations may inform instruction, future work
is needed to directly test how different instructional strategies
may influence student noticing.

First, our work demonstrates that some of the students in
our population are viewing QR in a procedural, heuristic na-
ture, which may limit what they notice. We thus speculate
that integrating case studies and examples of QR being used
authentically in biology will encourage students to see the
utility of QR and lead to students being more likely to en-
gage more deeply with the data, rather than view the QR in a
procedural, heuristic nature. Second, our data demonstrated
that some of our students’ noticing were influenced by their
expectations when comparing their data to their hypotheses.
Thus, instructors who provide opportunities for students to en-
gage in more authentic scientific practices, such as generating
and testing hypotheses, making predictions, etc. may encour-
age more conceptual noticing in students. Finally, we high-
light past work that has examined how instructors can pro-
mote blended sensemaking (i.e., opportunities for students to
draw upon both math and science knowledge to make sense
of data) (Zhao et al., 2021; Kaldaras and Wieman, 2023). We
echo such calls for instructors to integrate math and science
sensemaking opportunities in both instruction and assessment
and speculate that such integration will also promote the de-
velopment of students’ conceptual noticing.
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