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ABSTRACT

Triggered situational interest in introductory courses can encourage student engagement, motivation,
and value for the geosciences. In-person labs have traditionally played a unique role in triggering
situational interest compared to lectures, but the COVID transition online disrupted these dynamics.
We examine students’ self-reported situational interest from 6,463 responses to weekly surveys in
online introductory geoscience lab courses at five U.S. institutions during fall 2020 and spring 2021.
Approximately half of students reported that labs were equally (49.4%) or more interesting (4.3%)
online, compared to a hypothetical in-person option. Analysis showed a statistically-significant
interaction between student situational interest and the combined effect of 1) the course the
students were enrolled in and 2) the topic of the lab session (F (20, 6395) = 4.038, p<0.001).
However, topic and course together explain only about 4% of the variance in the dataset, indicating
that other factors have a large role in triggering interest. Students who indicated that labs were less
interesting online (46.3%) most often cited not being able to physically interact with instructional
materials (56.3%) and difficulty interacting with peers (30.6%). When asked what revisions would
increase their situational interest, additional hands-on interaction (22.8%) and increased relevance
to their life or future career (20.2%) were the answer choices students selected most frequently.
These findings identify modifications and enhancements grounded in students’ self-reported interest
that can inform the design of online introductory geology labs.
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Introduction

Like other STEM disciplines, introductory laboratorys (labs)
serve an important role in the geology curriculum at U.S.
higher education institutions. Traditionally, labs are where
students engage in hands-on activities that support their
learning. At larger universities where lectures may enroll
hundreds of students, labs provide a small-class context in
which to engage in group work and interact with the lab
instructor (Luft et al., 2004; Park, 2004; Sundberg et al., 2005).

Post-COVID, moving or keeping labs online may help
mitigate classroom maintenance costs in an era of declining
enrollments (Grawe, 2018). Instructors might prefer teaching
online classes to eliminate their commute (Badaru et al.,
2022), manage the “two-body” problem (Wolf-Wendel et al,,
2004), or attend conferences or conduct field work
mid-semester. Some students may also prefer flexible online
courses that minimize conflicts with work or family obliga-
tions (Beldarrain, 2006).

However, decisions related to course modality should also
be informed by a thorough analysis of the strengths and
weaknesses of different instructional modalities for facilitat-
ing different outcomes. Previous work has shown student
satisfaction ratings are comparable between in-person and

online labs (Faulconer & Gruss, 2018), but when asked,
most students preferred a combination of online and face-to-
face activities (Salter & Gardner, 2016). In one COVID-era
study, students said the lack of in-person interaction with
peers and faculty in online-only labs hindered their learning
(Colthorpe & Ainscough, 2021), while another showed that
students during COVID rated online courses more nega-
tively than in-person ones (Price Banks & Vergez, 2022).
Therefore, students’ preferences for lab course format may
be contextually dependent.

In terms of learning outcomes, a 2018 review determined
that online, remote, and distance science labs were all equally
as effective as in-person labs at helping students achieve
course learning objectives (Faulconer & Gruss, 2018). This
finding is consistent with analyses of content learning or
summative assessment performance (Ayega & Khan, 2020;
Colthorpe & Ainscough, 2021; Rowe et al.,, 2018; Thompson
& Henson, 2021). However, face-to-face labs may more
effectively support students’ growth in practical and proce-
dural skills (Faulconer & Gruss, 2018).

Affective outcomes such as attitudes and combined
cognitive-affective outcomes like interest have drawn
increased attention recently (McConnell & van Der Hoeven
Kraft, 2011; van der Hoeven Kraft, 2017; van Der Hoeven
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Kraft et al., 2011). Due to its role in motivational processes,
interest has been shown to enhance learning, increase
recruitment and retention, and promote non-majors value
for the geosciences (Gasiewski et al., 2012; Gilbert et al.,
2012; LaDue et al., 2022; Lukes & McConnell, 2014; van der
Hoeven Kraft, 2017). Therefore, developing students’ interest
should be considered an important goal of the introductory
geology lab curriculum, alongside fostering conceptual
learning.

A theoretical framework for interest

Interest is defined as cognitive and affective engagement
with an event, activity, or content (Hidi & Renninger, 2006;
Renninger & Su, 2019). Interest may develop through four
phases (Hidi & Renninger, 2006; Renninger & Hidi, 2016;
Renninger & Su, 2019). In the initial stage, triggered situa-
tional interest, a person’s interest is sparked (perhaps fleet-
ingly) by a stimulus, resulting in a primarily affective
response. If situational interest triggers are repeated or sus-
tained, a person moves into maintained situational interest,
which includes learning and valuing content. If that person
finds additional personal connections to the content or
experience and begins seeking to reengage with it, but still
requires some support to do so, interest moves to the emerg-
ing individual interest phase. Finally, well-developed individ-
ual interest is characterized by independent and persistent
reengagement with that content. Repeatedly triggering or
sustaining situational interest leads to increased individual
interest and further engagement in related activities (Palmer
et al., 2017; Rotgans & Schmidt, 2017).

As interest develops, students put more effort into learn-
ing, set their own goals, and apply increasingly sophisticated
self-regulation strategies (Hidi & Renninger, 2006; Renninger
& Hidi, 2016; Renninger & Su, 2019; van der Hoeven Kraft,
2017). These outcomes can enhance students’ academic suc-
cess, including enhancing students’ value for knowledge and
experience in the field (Hidi & Renninger, 2006), which may
translate to taking future courses, declaring a major or minor
(Harackiewicz et al., 2000, 2002, 2008; van der Hoeven Kraft,
2017), or seeking out related information when making per-
sonal decisions. Situational interest can be triggered for any-
one (Crouch et al, 2018; Durik & Harackiewicz, 2007;
Renninger & Su, 2019), but triggers may be most important
for learners at the initial stages of interest development
(Durik & Harackiewicz, 2007; Renninger & Su, 2019).

In our study, we examine whether and to what degree
online introductory geology labs trigger situational interest
(hereafter referred to as “interest”), and what features of the
lab activities acted as triggers.

How might labs trigger interest?

Each lab activity offers an opportunity to trigger interest,
and a wide range of design features or characteristics of
instructional activities might act as effective triggers. Interest
triggers are typically features in the environment, such as
people or situations (Hulleman et al,, 2008; Mitchell, 1993;

Palmer, 2009; Palmer et al., 2016). Instructional features that
are likely to trigger interest include active learning (van der
Hoeven Kraft, 2017; Yuretich et al., 2001), student freedom
and choice to shape the curriculum (Alexander et al., 1997;
Renninger et al., 2015; van der Hoeven Kraft, 2017); recog-
nition of the utility of academic content (Hulleman et al,
2017; Hulleman & Harackiewicz, 2009; Renninger & Su,
2019); societal relevance (Pelch & McConnell, 2017; Teasdale
et al,, 2018a, 2018b); novelty or discrepancy, such as when
students are surprised by the outcome of a demonstration
(Lin et al.,, 2013); topics associated with danger or that oth-
erwise activate an emotional response (Schank, 1979; Wade
et al., 1993); integration of art or aesthetics into science
learning, such as demonstrations or hands-on experiments
(Lin et al., 2013); well-scaffolded scientific inquiry (for nov-
ices, in particular); humor (Bergin, 1999; Machlev & Karlin,
2017); and social interaction (Bergin, 1999; Bertsch et al.,
2014; Lin et al.,, 2013; Maltese & Harsh, 2015; Palmer, 2009;
van der Hoeven Kraft, 2017). Additional features that may
trigger interest include hands-on interaction, food, modeling,
specific topics, biophilia, fantasy, and narrative (Bergin,
1999). If students perceive a lack of support in the learning
environment, lack opportunities to find personal connection
to the content or activity, or believe that their ideas are not
being heard and respected, interest may drop or disappear
(Bergin, 1999; Renninger & Hidi, 2019; Renninger &
Lipstein, 2006; Renninger & Su, 2019).

Several factors have been investigated for their impact on
childrens interest in the geosciences. Trend (2005) found that
British 11-12-year-old children were interested in major geo-
logical events and change over time in the past, with boys
more interested in catastrophic events and girls more inter-
ested in societally-relevant environmental changes and things
they envisioned as aesthetically pleasing. In tracing the career
choice process for field geologists, LaDue and Pacheco (2013)
found that family trips and the geology of those locales played
a key role in developing their interest. Finally, stop-motion
animations of plate tectonic processes significantly increased
middle-school students’ interest in learning geology compared
to a traditional lecture (Mills et al., 2020).

Within the higher-education geoscience course context,
additional interest triggers have been identified. For example,
student interviews and surveys from a large oceanography
lecture course suggested that cooperative learning,
inquiry-based activities, and student projects or investigations
increased interest in science for most students (Yuretich
et al,, 2001). In another study, a place-based, active-learning
mini-unit resulted in small increases in science interest over-
all, but decreased science interest for community college stu-
dents identifying as Hispanic/Latinx, Black, or Asian (Davies
et al., 2023). A quantitative survey study of undergraduate
geology majors in South Africa showed that field trips fur-
ther enhanced their interest in geology (Hoyer & Hastie, 2022).

In the introductory geology lab context specifically,
Grissom (2014) measured interest in in-person lab activities
(segments of lab class sessions) at a large public university
in the US. At the end of the semester, students were asked
to identify the most and least interesting lab activities and
explain their rankings. Open-coding of student explanations



identified relevance to their lives or real-world application
(40.0% of responses), followed by hands-on activity (18.9%)
and that an activity was fun or like a game (18.9%).
Additional characteristics students noted included working
in groups, competitive activities, and high levels of scientific
inquiry (Grissom, 2014). When describing why an activity
was not interesting, students pointed to tedious or repetitive
tasks (40.2% of responses), hard or confusing activities
(38.6%), activities that they perceived to be irrelevant (18%),
and activities that were not hands-on (3.2%). Interest rat-
ings of individual lab activities were significantly correlated
with opportunities for students to engage in scientific
inquiry (Grissom, 2014). Grissom’s approach served as
inspiration for elements of this study.

Based on the studies reviewed in this section, situational
interest can be triggered by a wide array of features or
events that could be included in labs. Active learning, social
interaction and support among peers, near-peer support
from teaching assistants (TAs), hands-on manipulation of
rocks, minerals or models, and novelty in the form of field
trips fit well in lab sections of 20-25 students meeting for a
few hours at a time.

What might be unique about interest in online labs
during COVID?

The onset of COVID-19 led many spring 2020 introductory
geology labs to shift to online formats. Online and hybrid
instruction persisted for several subsequent semesters,
depending on gathering size restrictions, local COVID case-
loads, or other institutional policies. The broader context of
the pandemic may have impacted students’ interest in online
labs in several ways.

Self-efficacy theory (Bandura, 1997) suggests that the iso-
lation students experienced likely impacted their motiva-
tional state. Accessing peer-to-peer and TA support in online
courses may have felt as though it required additional effort
(unmuting oneself in a virtual class meeting to ask a ques-
tion, turning on one’s camera, or crafting an email to the
TA) over and above simply turning to a neighbor, overhear-
ing other students or the TA in class, or waving down a
passing TA in the classroom. Lack of social support and
loneliness are also associated with depression (Wang et al.,
2018), which by definition includes loss of interest (American
Psychiatric Association, 2013). College student mood and
mental health did, in fact, diminish during the pandemic
(Copeland et al,, 2021; Wang et al.,, 2020).

Students likely experienced a form of mental exhaustion
called “Zoom fatigue” in synchronous online class meetings
(Nesher Shoshan & Wehrt, 2022), potentially reducing their
susceptibility to interest triggers. Students likely engaged in
positive mental contrasting (Appel et al, 2016; Verduyn
et al., 2017) during the imposed limitations of the COVID
pandemic, imagining how their courses could have been bet-
ter under ideal circumstances.

During the emergency transition to online course formats
in spring 2020, STEM instructors may not have had time or
capacity to redesign labs for the online environment, and
many prioritized supporting student belonging and
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responding to emergent student needs (Manierre et al., 2022;
Thacker et al., 2022). Summer 2020 offered time for profes-
sional development, support, and guidance to help enhance
online teaching for the fall. For example, our project con-
vened geoscience faculty at the July 2020 virtual Earth
Educators’ Rendezvous conference to create 13 new guided
inquiry labs for introductory geology courses, many of which
were tailored to an online context (Teasdale et al., 2021a).
Labs in this collection have, on average, higher inquiry levels
than the average instructor-created lab (Teasdale et al.,
2021b). Once implemented, preliminary data suggests that
faculty did not alter online labs significantly over the follow-
ing 2-4 semesters of use (Piper et al., 2022).

Another COVID-specific factor that may have impacted
student interest is their lack of choice in course format.
Choice helps to trigger interest (Alexander et al, 1997;
Renninger et al, 2015; van der Hoeven Kraft, 2017) and
autonomy is crucial to support its further development
(Renninger & Su, 2019). However, government restrictions
on gathering sizes and university policies regarding instruc-
tional modality during the pandemic meant that many insti-
tutions did not offer in-person lab classes, and those that
did may have been forced to move online occasionally due
to temporarily high caseloads or TA illness. Therefore, stu-
dents could not choose their instructional modality, which
may have undermined their interest.

Study aims and research questions

After the pandemic, with so much online course content
already developed and ready for use, instructors may wonder
whether online lab courses are working and how to improve
them. The COVID emergency transition suddenly increased
the number of online labs, creating an opportunity to rapidly
collect a large dataset of student interest in this context. In
this study, we analyze weekly survey data from a five-institution
study of student self-reported situational interest in online
introductory geology labs during the fall 2020-spring 2021
semesters to address the following three research questions:

1. What are students’ average interest ratings for online
introductory geology labs on different topics? In dif-
ferent courses?

2. How does student interest in online labs compare to
a hypothetical in-person lab option, overall and for
each topic?

3. What design features do students indicate influence
their situational interest in online labs?

Our dataset offers insights that may help instructors refine
existing online labs and inform administrative decisions regard-
ing ongoing or expanded use of online labs in the future.

Methods
Study setting

Participants were students enrolled in introductory geology
laboratory courses that included online labs (completed
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without face-to-face instruction) at five public research uni-
versities (denoted as C, I, N, S, and T) from across the U.S.
in fall 2020 and spring 2021. The structure of the study is
illustrated in Figure 1. We define “lab course” as a set of
sections overseen by one instructor with primary
decision-making power (selecting or writing lab activities
and supervising teaching assistants). Each section enrolled
15-25 students and was taught by a graduate student teach-
ing assistant (TA). “Labs” include all instructional materials
and activities used in the lab period. Students in all sections
of a course completed the same weekly labs.

At one institution (Univ. I), two instructors taught sepa-
rate courses (courses I1 and I2) in physical geology and
environmental science (Figure 1). A second institution (Univ.
T) included lab sections associated with two separate courses
that were combined during analysis because they were taught
by the same instructor and more than half of the lab activ-
ities were shared. The other three institutions included one
course each, resulting in a total of six lab courses in our
study per semester.

In each semester, the lab course instructor selected two to
three guided-inquiry labs designed in the workshop described
above (modifications permitted), except for institution S
which was used as a comparison institution that adopted
none of the guided-inquiry labs (Figure 1). Beyond this detail,
there was no shared curriculum, and each course covered dif-
ferent topics (Table 1), likely in different ways. Similarly, TA
responsibilities and training varied by institution. Some
courses were conducted online for the entire semester, while
others met in-person for some labs or sections and online for
others as local conditions varied. Rather than seeking to
determine the impact of a single curriculum or instructional
approach, our analysis examines lab features that students
suggest influence their situational interest in online introduc-
tory geoscience labs in general. Only survey responses corre-
sponding to online labs were included in the analysis.

Instrument design and data collection

Interest has been measured in a variety of ways (see Methods
Supplement for more details). Grissom (2014) used a

single-item design in which students marked a spot on a
10cm line from “not at all interesting” to “very interesting”
for each lab activity. This design simplifies the construct of
interest but allows students to efficiently answer the item
immediately after completing each activity (Grissom, 2014;
Knogler et al., 2015; Little, 2023).

In our study, students were asked to complete weekly
interest surveys modeled after Grissom’s (2014) single item
but using a four-point Likert scale (as wused by
Sherman-Morris & McNeal, 2016; Table 2) from “not at all
interesting” to “very interesting” Students were also asked
their name and school ID, their TAs name, the lab format
(in-person, online as planned, online but originally planned
to be in person), how interesting they believed each online
lab activity was compared to a hypothetical in-person
option, and any comments about the lab. Based on initial
findings that many students thought labs were less interest-
ing online, we added two questions (Table 2) to five insti-
tutions’ surveys in spring 2021 (the sixth was not altered
due to logistics). First, we asked students who said the
online lab was less interesting than it would have been in
person, “why?” with answer choices based on student com-
ments from fall 2020: difficulty interacting with the instruc-
tor, difficulty interacting with peers, and an inability to
physically interact with instructional materials like rocks,
minerals, and maps (Table 2). We also asked which revi-
sions could make their interest go up by 1 point, with
answer choices derived primarily from Grissom’s (2014)
findings: increased relevance to their lives or future careers,
engagement in authentic scientific processes, local field trip
to see concepts in the real world, additional hands-on
engagement, decreased challenge/complexity, increased chal-
lenge/complexity, making a game out of the lab, and work-
ing collaboratively, as well as an open-ended “other” option
(Table 2). To keep surveys short and avoid priming stereo-
type threat (Steele & Aronson, 1995), no demographic data
was collected.

Depending on the supervising instructor’s preference,
surveys were administered electronically (n=six courses in
fall 2020 and five courses in spring 2021) or on paper
(n=one course in spring 2021). Electronic forms were
time-stamped for completion, and responses were removed

Key Data Collected
* (with what
Institutions C ' N S T Frequency)
a'n . Lab curriculum &
Lab courses Cc 1 12 N S T1&T2 topics (each term)
Sections ® o A ® S P
& AN D¢ oo PY tudent situational
(shapes and 0O AE®e O d | ek V6 Ry interest (daily)
colors
represent
variety in TAs)

Figure 1. Specific lab categories and topics taught in Fall 2020 and Spring 2021 for which survey results were obtained from five different research universities
(C I, N, S, and T). Not all topics were covered at all universities or by all classes; a numbered letter (11 and 12) indicates multiple courses offered at that university,
and the asterisk (e.g., S*) indicates the comparison institution, where no inquiry labs designed in the EER 2020 Inquiry Workshop were included. Courses I1 and
12 are separate courses taught by different instructors at Institution |, and are treated as separate courses in the dataset; T1&T2 are two very similar courses taught
by the same instructor that are therefore treated as one course from Institution T. The number of sections included in each course varied by semester, so shapes

representing sections are schematic only, and do not indicate a specific number.



Table 1. Letters denote each of the five participating institutions (S*=comparison
institution), and letters with a number indicate separate courses (as illustrated
in Figure 1). Specific lab categories and topics included in each course, along
with the courses that used each lab topic in Fall 2020 (F20) and Spring 2021
(S21). Course symbols in bold italics (e.g., IT for climate) indicate use of a lab
for that topic that was created in the EER 2020 Inquiry Workshop.

Lab topic Lab topics included in F20 topics S21 topics
category study taught taught
Atmosphere and  atmospheric dynamics T
climate weather T
climate 11,T,5% C I2 11,12, T
anthropogenic climate 12 12
change
paleoclimate (& 12 12
anthropogenic for 12)
ocean circulation T
Maps types of maps N N
topographic maps N, 12 N, G 12
exploration of landforms C C
Natural hazards  earthquakes T, S* C 1, T S*
volcanoes and volcanic CT 12,1 11,12, T
hazards
landslides 12 12
Rocks and minerals C I, T S n, T, s*
minerals all rocks N, 12, T
igneous rocks N, S* 11 N, 11, S*
sedimentary rocks N, C TSI N, §*
metamorphic rocks N, T, S*, I N, S$*
Scientific method introduction to scientific T, S* T, S*
(“science”) method
Solid earth Earth’s interior structure N, T N, T
plate tectonics N, N, C 11,12, N,C 1,12
T, T, S* S5 T, T
folds, faults, and geologic n,T n,T
structures
Geologic time geologic time N, I1, S*, 12 11, 12, $*
(“Time") relative dating N
Virtual field trips  video or virtual globe cnT cnT
explorations of
different locations
Water hydrosphere C
stream discharge S¥ S*
flood frequency S* S*
flooding C C
groundwater CI11,12T CI,I12T,S*
watersheds 12 G 12
surface water T T
water measurement T T
“Other” deserts & wind T T
soils 12

if they were completed more than 14 days after the corre-
sponding lab; completion date was not recorded for paper
forms, but surveys were collected contemporaneously with
the labs themselves. Duplicate responses were removed,
yielding 6,463 survey responses (2,535 in fall 2020 and
3,928 in spring 2021). Responses in which students
answered some but not all questions were retained if any
interest information was provided, with incomplete
responses removed during analysis for individual survey
questions. This data cleaning process resulted in different
sample sizes for different questions, ranging from 6,457 for
question 1 (impact of course and topic) to 1,315 for ques-
tion 3 (asking students who said online labs were less
interesting, “why?”).

Labs were grouped into 10 topical categories defined by
consensus among the three authors: atmosphere and climate,
natural hazards, maps, rocks and minerals, scientific method
(“science”), solid earth, geologic time (“time”), virtual field
trips, water, and “other” (Table 1). We grouped virtual field
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Table 2. Text of survey questions and answer choices used to ascertain stu-
dents’ perceptions of how interesting labs were online compared to in-person
and what design features influenced students’ interest in labs in the study. In
this table, * indicates questions added in spring 2021.

Question Answer choices

How interesting was this lab to
you overall?

How interesting was the online
version of this lab activity
compared to what you think
it would have been if you had
completed the lab in person?

*If you said this lab was less
interesting online, which of
the following reasons explain
why?

(Likert scale 1= not at all interesting to
4=very interesting)

More interesting online

Equally interesting online

Less interesting online

Difficulty interacting with the instructor

Difficulty interacting with peers

Not able to physically interact with
instructional materials (rocks, minerals,
maps, etc.)

Other (open-ended response)

Increased relevance or connection to my
life experience or future career

Additional opportunity to engage in
authentic scientific processes (e.g.,
forming and testing my own
hypotheses)

Additional local field trip to see these
geology concepts in the real world

Additional hands-on engagement
(handling rock samples, examining 3-D
models, etc.)

Decreased level of challenge/complexity

Increased level of challenge/complexity

Making a game out of the lab

Working collaboratively in groups (if not
already doing so)

Other (open-ended response)

*Which of the following revisions
could make your interest in
this lab overall go up by 1
point? (select all that apply)

trip labs together for two reasons: First, virtual field trips
typically explored different types of geologic features, mak-
ing it impossible to categorize the lab in another topical cat-
egory (e.g., water). Second, the format of the labs as a series
of observations and interpretations based on the virtual
globe imagery was the defining feature differentiating these
labs from those in other categories.

Statistical analysis

Data were compiled and descriptive statistics analyzed using
Microsoft Excel. Further analyses were conducted using IBM
SPSS 28, including Kolmogorov-Smirnov tests of normality,
Kruskal-Wallis tests to determine whether institutions were
significantly different from one another, a two-way ANOVA
to examine the effect of institution and topic on overall
interest, and chi-square tests to examine associations between
categorical variables. Chi-square tests reveal over- or
under-selection of an answer choice (why labs were less
interesting online, or what would make labs more interest-
ing) for a given topic (e.g., rocks and minerals) compared to
labs in all other topical categories.

Effect sizes for ANOVA were calculated using partial eta
squared (n?). Values between 0.01 and 0.06 are considered to
represent a small effect, between 0.06 and 0.14 a medium
effect, and above a 0.14 a large effect (Cohen, 2013; Fritz
et al., 2012). Effect sizes for chi-square tests were calculated
using phi (§). ¢ values between 0.1 and 0.3 are interpreted
as a small effect, 0.3 and 0.5 a medium effect, and above a
0.5 a large effect (Cohen, 2013).
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Study limitations

Due to the vast scope of this study, we did not systemati-
cally analyze the lab curricula or ask instructors to report
which labs or sections included synchronous online instruc-
tion or were completed asynchronously. Analysis of some
features such as lab inquiry level is ongoing and will be pub-
lished in the future.

During COVID, loss, illness, and fear negatively impacted
students’ mental health and wellness (Birmingham et al,
2023; Copeland et al, 2021; Lee et al, 2021), which may
have reduced their interest in online lab activities. Positive
mental contrasting (Appel et al., 2016; Verduyn et al., 2017),
“Zoom fatigue” (Nesher Shoshan & Wehrt, 2022), duration
of social distancing, familiarity (or lack thereof) with online
learning technologies, and other contextual features likely
also shaped students’ interest and may not be applicable to
future online lab experiences.

All five participating institutions were large research uni-
versities, so findings of similar studies may be different at
other institution types (see Gilbert et al., 2012). We are
unable to account for institutional, instructor, or TA influ-
ences, though instructor behaviors in online courses do
impact student outcomes (e.g., d'Alessio et al., 2019). We did
not ask students for demographic information, so we cannot
speak to potential equity gaps in student interest that are
likely due to prevailing instructional norms in STEM
(Dewsbury et al., 2022; Theobald et al., 2020) and differen-
tial impacts of COVID on different groups (e.g., Hammerstein
et al,, 2021).

Limitations exist based on the study methodology. Likert
scale questions only included text descriptors for end mem-
bers (1=not at all interesting, 4 =very interesting), so mid-
dle numbers may have been interpreted differently by
participants. Though we have no reason to suspect paper
surveys were regularly completed late, these were not
time-stamped and therefore could not be eliminated if com-
pleted outside the two-week window applied to the elec-
tronic surveys. Asking students whether an online lab was
less, equally, or more interesting than it would have been
in-person asked them to imagine an experience they had
not had. Answer choices to explain why a lab was less
interesting online were more limited than the answer
choices for what would make their interest go up, and nei-
ther set reflected all features previously found to trigger
interest (e.g., narrative). As the geoscience research commu-
nity further narrows the set of features that most impact
interest in introductory labs, different options might be
explored.

Renninger and Su (2019) indicate that observations are
preferred, since learners may not be aware that their interest
has been triggered at first. However, an observational
approach was not feasible for a study of this size. Other
researchers have approached this problem by instead asking
students how much they liked an activity (Renninger & Su,
2019). Our approach is similar: We did not define “interest-
ing” on the survey, but because triggered situational interest
is primarily an affective experience, “liking” and “interest-
ing” may be experienced similarly.

Results

Average interest ratings for online labs by topical
category and course (RQ1)

Descriptive statistics showed variation in interest scores
across courses and topics: Average interest scores by course
ranged from 2.47 to 3.05 on a 4-point scale, with standard
deviations ranging from 0.80 to 0.94 (Figure 2). Average
interest scores per topic ranged from 2.55 (maps) to 2.99
(science), with standard deviations from 0.75 (science) to
0.97 (other) (Figure 3).

A two-way ANOVA showed a statistically-significant inter-
action between the effects of course and topic on interest, F
(20, 6395) = 4.038, p<.001. Simple main effects analysis
showed that topic and course each had a statistically-significant
effect on interest (p<.001). Effect size values of n,* are —0.013
for the course, 0.012 for the topic, and 0.041 for the overall
model. This suggests that only about 1% of the variance in
the dataset comes from either the course or topic, but taken
together, these two factors explain about 4% of the variance
(reflecting differences in how interesting topics are to stu-
dents when taught in different courses).

Interest online vs. hypothetical in-person labs, overall
and by topic (RQ2)

Out of 6,354 responses, 46.3% of students said they thought
that labs were less interesting online than they thought the
labs would have been in-person; 49.4% perceived them as
being equally as interesting as they would have been
in-person; and only 4.2% perceived online labs as more
interesting than they would have been in-person (Table 3).
Natural hazards labs (earthquakes, volcanoes, landslides)
were most often rated as being equally interesting online
compared to what students believed they would have been
like in-person (60.5% of responses; Table 3). Rock and
mineral labs were most often rated as less interesting
online (54.8%; Table 3). Virtual field trips were most often
rated as more interesting online (12.7%; Table 3).

Average interest score (1-4)
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Figure 2. Average interest scores and standard deviations from course.
University | includes two courses, labeled 11 and 12. Vertical error bars show
standard deviation for each course.



JOURNAL OF GEOSCIENCE EDUCATION 7

4.00
S
T 350
2 2-99
o 2.94 T . T . 2.93
o 3.00 o [ 281 2.
-4 2.79 272 2.?7 254 2.78
.‘7’ 2.55
o 2.50 T T
—
[
-
£ 200
o
vo
g 1.50
I
1.00
2O S N S //\'\\ Ko) /(,gb\
F Pil Pe) i’ Fa ,\0 [0 4 O 4
¢ ¢ ¢ @ ¢S
@ S > & ) & &) L N
3 R RS ) & N & R o X
& N 2 @ & PN N > i o
& TS N & N
Qb \’b\ b@ O\\ >
2 & & % &
\?;60 > N B
QS

Figure 3. Average interest scores and standard deviations from each topical category. Vertical error bars show standard deviation for each topic. The highest
interest score topic is shown in dark gray (science), while the lowest interest score topic is shown in light gray (maps).

Table 3. Average percentages of students’ rankings for each topical category
when asked: “How interesting was the online version of this lab activity com-
pared to what you think it would have been if you had completed the lab in
person?”.

Less Equally More
Topic n interesting (%) interesting (%) interesting (%)
All topics 6354 46.3 49.4 4.2
Atmosphere and 543 413 519 6.8

climate

Maps 318 47.5 494 31
Natural hazards 583 36.0 60.5 34
Rocks and minerals 1991 54.8 41.8 34
Science 142 45.1 493 5.6
Solid earth 1075 44.5 51.0 4.6
Geologic time 540 41.5 54.8 37
Virtual field trips 71 38.0 493 12.7
Water 1033 42.5 533 4.2
Other 58 36.2 58.6 52

Design features influencing situational interest (RQ 3)

Why labs were less interesting online

If students reported perceiving a lab as less interesting online
than it would have been in-person, they were asked to select
from three possible reasons for that perception: a lack of
hands-on interaction with instructional materials, difficulty
interacting with peers, and difficulty interacting with the
instructor (or an open-ended “other” option). 1,315 students
answered the question, “If you said this lab was less inter-
esting online, which of the following reasons explain why?”
2.8% of respondents selected “other;” often in conjunction
with another response (e.g., a student who selected “diffi-
culty interacting with instructor” and “difficulty interacting
with peers” wrote “non synchronous means I do it by
myself”). This low percentage of “other” responses gave us
confidence that our three explicit answer choices were rep-
resentative, and we proceeded with analysis based on those
three answer choices. Of the three specified answers, the

most common answer was “Not able to physically interact
with instructional materials (rocks, minerals, maps, etc.)”
(56.3%; Figure 4), followed by “difficulty interacting with
peers” (30.6%; Figure 4), then “difficulty interacting with the
instructor” (13.2%; Figure 4). This trend holds true across
all lab topic areas.

To determine whether any of these reasons were more
common for particular lab topics than others, we used 2x2
chi-square tests of independence. The two comparisons
made for each test were 1) whether or not a reason (e.g.
difficulty interacting with peers) was selected, and 2) a sin-
gle lab category vs. labs in all other categories. Results are
presented in Table 4 with effect sizes ().

When compared with labs in all other categories, a lack
of hands-on interaction was selected significantly more often
for labs in the rocks and minerals (p=<.001, $=.148) and
science (p=.003, ¢=.077) categories, and less often for
atmosphere and climate (p=<.001, ¢$=-0.119), maps
(p=.024, $=-0.065), natural hazards (p=.035, $=-0.058),
and solid earth labs (p=<.001, ¢ =-0.147; Table 4). Difficulty
interacting with peers was selected significantly more often
for maps (p=<.001, $=.096) and solid earth labs (p=.003,
$=.082), and less often for rocks and minerals labs (p=<.001,
$=-0.106; Table 4). Difficulty interacting with the instructor
was selected significantly more often for maps (p=.015,
$=.070) and solid earth (p=.003, $=.088), and less often for
rocks and mineral labs (p=<.001, $=-0.111; Table 4). The
effect size of these relationships was small (¢=.1-.3; Cohen,
2013) in four of the 12 statistically-significant relationships:
under-selection of lack of hands-on interaction for atmo-
sphere and climate and solid earth labs, over-selection of
lack of hands-on interaction for rock and mineral labs, and
under-selection of difficulty interacting with the instructor
for rock and mineral labs (Table 4). No medium or large
effect sizes were observed (Table 4).
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Table 4. Results of chi-square analyses for reasons selected to explain why labs in each topic were less interesting online, related to research question 3. Virtual
field trip labs were omitted from the analysis due to small sample size (n=4). For all analyses, df = 1 and n=1315. * denotes p<.05; ** denotes p<.001, where
statistically-significant p-values indicate students were more likely to select that choice for labs in that category as compared to labs in other categories. Effect
size () of these relationships were small (¢=0.1-0.3) for lack of hands-on interaction for atmosphere and climate and solid earth labs, and for all three reasons
for rock and mineral labs; all others were below the lower end threshold for a small effect size (<0.1).

Lack of hands-on interaction

Difficulty interacting with peers

Difficulty interacting with instructor

Topic X? p ¢ X2 p ¢ X2 p ¢
Atmosphere and 18.650 **<.001 -0.119 236 667 -0.013 .090 713 .008
climate

Maps 5.577 *.024 —0.065 12.076 **<.,001 .096 6.363 *015 .070
Natural hazards 4.465 *035 —-0.058 017 .900 .004 1.640 .195 .035
Rocks and minerals 28.790 **<.,001 .148 14.767 **<.,001 —0.106 16.240 **<.001 —-0.111
Science 7.800 *,003 .077 .003 1.000 .001 151 .859 —-0.011
Solid earth 28.576 **<,001 —0.147 8.793 *,003 .082 10.100 *.003 .088
Geol. time 1.381 277 .032 1.285 272 .031 2353 157 —0.042
Water .008 1.000 .003 238 653 —0.013 2.326 147 .042

Difficulty
accessing
instructor
support
(13.2%)

Difficulty
interacting
with peers
(30.6%

Lack of hands-on
interaction (56.3%

Figure 4. Percentages of each reason selected for why lab was less interesting
online across all topics. Each student was limited to one answer selection for
this question. This question was asked only in spring 2021.

What revisions would make labs more interesting

For the question “Which of the following revisions could
make your interest in this lab overall go up by 1 point?
(select all that apply),” students could select multiple answers
(Table 2), resulting in 4,325 responses. The most selected
revision was additional hands-on engagement (22.8%; Figure
5), followed closely by increased relevance (20.2%; Figure 5),
then making a game out of the lab (16.9%), a local field trip
(13.4%; Figure 5), and decreased challenge or complexity of
the lab (11.8%; Figure 5).

Additional hands-on interaction and increased relevance
are the top two revisions selected for most topics. Hands-on
ranked first on maps, rocks and minerals, and geologic time
labs, and increased relevance ranked first on atmosphere and
climate, natural hazards, science, solid earth, and water labs
(Table 5). A local field trip was the most-often selected
option for labs in the virtual field trips category (Table 5).
Increased relevance was the second-most selected option for
maps, followed closely by decreased challenge (Table 5).
Making a game out of the lab was the second-most-selected
option for solid earth labs (Table 5). In the open-ended

“other” field, 73 individual responses were provided. Many
of the open-ended comments indicated a need for clearer or
more detailed instructions (24 responses), more robust or
effective pre-lab instruction (12 responses), and more effec-
tive collaboration (6 responses).

We used 2x2 chi-square tests of independence to statis-
tically assess whether any of these reasons were more fre-
quently selected for particular lab topics. The two
comparisons made for each test parallel those described
above: 1) whether or not a reason (e.g. decreased challenge)
was selected, and 2) a single lab category vs. labs in all other
categories. Results are presented in Table 6 with effect
sizes ().

When compared with labs in all other categories, hands-on
interaction was selected significantly more often for rocks
and minerals labs (p=<.001, ¢=.112) and less often for solid
earth (p=.048, $=-0.039) and water labs (p=.001, ¢ =-0.063;
Table 6). Increased relevance was selected more often for
labs in the science category (p=<.001, ¢=.0.68; Table 6).
Making the lab a game was selected significantly more often
for labs in the following categories: science (p=<.001,
$=.069), solid earth (p=.013, $=.049), and geologic time
(p=.019, $=.047; Table 6). Making the lab a game was
selected significantly less often for atmosphere and climate
(p=<.001, $=-0.066) and water labs (p=<.001, $=-0.69;
Table 6). Providing a local field trip was selected signifi-
cantly more often for science (p=.021, ¢$=.046) and water
labs (p=<.001, $=.066) and significantly less often for rock
and mineral labs (p=.021, $=-0.046; Table 6). Decreasing
the challenge level was selected more often for maps
(p=<.001, $=.105) and solid earth labs (p=.008, $=.053),
and less often for rocks and mineral labs (p=<.001,
¢ =-0.083; Table 6). Inquiry was selected more often for labs
in the science «category (p=.042, ¢=.041; Table 6).
Collaboration was selected significantly more often for maps
(p=<.001, $=.083) and science (p=.032, ¢$=.043) labs and
less often for rocks and minerals labs (p=.013, ¢=-0.049;
Table 6). Finally, increased challenge was selected more often
for labs in the science category (p=.021, ¢=.046; Table 6).
There was a small effect size ($=.1-.3; Cohen, 2013) for the
positive association between hands-on interaction and rocks
and minerals labs, and decreased challenge for labs in the
maps category (Table 6). All other effect sizes fell below the
threshold for small effects (< 0.1; Cohen, 2013; Table 6).
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Table 5. Percentage of each option selected for what revision would make the lab more interesting, by topical category (no responses were provided for labs in

the “other” category), related to research question 3.

Hands-on Relevance Game Field trip Decreased More Collaboration Increased

Topic n (%) (%) (%) (%) challenge (%) inquiry (%) (%) challenge (%)
Atmosphere and climate 178 19.7 22.5 11.2 124 14.0 10.1 8.4 1.7
Maps 406 18.7 17.2 158 143 17.0 5.4 9.6 2.0
Natural hazards 275 204 20.7 178 14.6 10.2 6.2 73 2.9
Rocks and minerals 1476 28.0 19.7 16.8 123 9.4 6.4 52 2.2
Science 256 19.5 219 19.1 14.1 7.0 7.4 74 3.5
Solid earth 503 19.3 213 20.1 10.5 14.9 7.6 4.6 1.8
Geologic time 491 236 214 20.8 1.4 11.0 5.7 45 16

Virtual field trips 9 22.2 0 0 77.8 0 0 0 0

Water 731 193 204 13.1 17.4 138 55 7.7 2.9

Increased student individual interest (Hidi & Renninger, 2006;

Collaboration challenge (2.3%) Renninger & Hidi, 2016; Renninger & Su, 2019), and rela-

(6.3%) ‘ tively consistent factors like the fact that students in the U.S.

Increased are often required to take at least one lab science course to

'("Gq:;‘)’ meet general education requirements (e.g., Warner &

Additional hands-on
interaction (22.8%)

Decreased
challenge
(11.8%)

Increased relevance
(20.2%)

Local field trip
(13.4%)

Making a game
out of the lab
(16.9%)

Figure 5. Percentages of each option selected for what revisions would make
a lab more interesting (all topics). Each student was allowed to select as many
answer options as they wanted to for this question. This question was asked
only in spring 2021.

Discussion

Triggered situational interest is a primarily affective response
to something in the environment (Hidi & Renninger; 2006;
Renninger & Hidi, 2016). Viewed within this framework,
online lab activities may trigger interest, enhancing motiva-
tion and learning as a result. Below we discuss which online
lab activity design features students report as influencing
their interest in light of prior research.

Interest for online labs by topical category and course
(RQ1)

The topical category of a lab and the course in which stu-
dents are enrolled each explains about 1% of the variance in
student interest scores. The interaction between them
explains only about 4% of the variance in interest scores,
leaving 96% of the variance to other factors, or combinations
of factors. Such factors may include the design features listed
as answer choices for the second and third questions in
Table 2, highly-individualized factors like previously-developed

Koeppel, 2009).

Topical category

Consistent with prior work suggesting that interest may be
triggered by specific topics (Bergin, 1999; Pelch & McConnell,
2017; Schank, 1979; Teasdale et al, 2018a; Trend, 2005;
Wade et al,, 1993), the topical category in our dataset has a
small but significant impact on student interest. Average stu-
dent interest scores were highest for labs in the science and
natural hazards categories, and lowest for labs in the maps
and geologic time categories (Figure 3).

Labs in the science category in our dataset came at the
beginning of the semester, and we infer that they may have
served to introduce students to the scientific method by
walking students step-by-step through the inquiry process.
Therefore, high interest ratings for these labs (Figure 3) are
consistent with prior work indicating that well-scaffolded
inquiry can trigger interest, especially for novices (Maltese &
Harsh, 2015; Palmer, 2009; Plenge et al, 2022; van der
Hoeven Kraft, 2017). Student choice and autonomy are both
defining features of higher levels of inquiry (Buck et al,
2008) and linked to interest (Alexander et al, 1997;
Renninger et al., 2015; Renninger & Su, 2019; van der
Hoeven Kraft, 2017). To fully leverage the potential for
inquiry to enhance interest, instructors might use inquiry in
labs later in the semester as well, or increase the level of
inquiry as the semester progresses (e.g., Wildan et al., 2019).

High interest ratings on natural hazards labs (Figure 3)
align with prior findings that danger or otherwise emotionally
charged topics may be inherently interesting (Schank, 1979;
Wade et al., 1993). Since hazards like earthquakes and land-
slides directly impact society, high interest ratings may also be
partly explained by prior findings that socioscientific issues
interest students (Pelch & McConnell, 2017; Teasdale et al.,
2018a). Not all courses in our study included labs on natural
hazards (Table 1). Including natural hazard labs that highlight
the societal relevance of those phenomena may help to trigger
student interest in introductory geology lab curricula.

Maps and geologic time categories received the lowest
interest ratings in the study. A deeper assessment of the



10 K.S.BITTING ET AL.

Table 6. Results of chi square analyses for revisions that would increase students’ interest in labs in each topic, related to research question 3. Virtual field trip
labs were omitted from the analysis due to small sample size (n=8). For all analyses, df = 1 and n=2527. * denotes p<.05; ** denotes p<.001. There was a small
effect size (¢=0.1-0.3) for the difference in selecting hands-on interaction as a revision that would make rocks and minerals labs more interesting, and decreased
challenge as a revision that would make maps labs more interesting; all others were below the lower end threshold for a small effect size (<0.1).

Hands-on interaction

Increased relevance

Making the lab a game Local field trip

Topic X p ¢ X p ¢ X p ¢ X p ¢

Atmosphere and climate 7.042 *.009 -.053 486 503 -.014 10.877  **<.001 —.066 2.26 157 -.030
Maps .095 821 —-.006 013 938 .002 1.051 329 .020 4.492 *.043 .042
Natural hazards 3.030 .088 -.035 135 740 -.007 .003 1.000 —-.001 .020 925 .003
Rocks and minerals 31498  **<.001 12 2.259 133 -.030 647 421 -.016 5313 *021 —.046
Science 1.359 244 .023 11.651 **<.001 .068 12141 **<.001 .069 5.306 *.021 .046
Solid earth 3.893 *048  —.039 917 338 .019 6.129 *.013 .049 3.804 .051 -.039
Geol. Time .027 .870 .003 174 677 .008 5538 *.019 .047 2.868 .090 —-.034
Water 10.127 *.001 —-.063 .066 798  —.005 12.186  **<.001  —.069 11.153  **<,001 .066

Decreased Challenge Inquiry Collaboration Increased challenge

Topic X P ¢ X p ¢ X P ¢ X p ¢

Atmosphere and climate .007 1.00 —-.002 1.501 240 .024 193 657 .009 797 483 -.018
Maps 27.834  **<.001 105 .000 1.000 .000 17.471 **<.001 .083 .009 .849 .002
Natural hazards 1.619 236 —-.025 .196 .800 —-.009 181 .700 .008 315 537 0
Rocks and minerals 17485  **<.001 -.083 116 733 -.007 6.164 *.013 —-.049 294 587 -01
Science 1.305 253 -.023 4.151 *042 041 4.582 *.032 043 5299  *.021 046
Solid earth 7.032 *.008 .053 1.660 198 .026 2.545 A -.032 495 482 -.014
Geol. Time 652 419 -.016 705 401 -.017 3.651 .056 —-.038 1.195 274 -.022
Water 2.897 .089 .034 1.770 183 -.026 2412 120 .031 1.219 270 .022

curriculum of labs in these categories may be necessary to
determine why. However, problem-solving in both areas
requires students to remember, understand, and apply mul-
tiple rules or principles (rule of v’s, contour intervals; prin-
ciple of superposition, cross-cutting relationships, etc.),
resulting in substantial use of working memory and high
cognitive load (Sweller, 1988). Visualizing a three-dimensional
landscape from a two-dimensional map also requires spatial
thinking skills that may not be well developed for many
introductory geology students (Liben & Titus, 2012; Rapp
et al., 2007). Visualizing the development of geologic struc-
tures over time similarly requires spatial and temporal rea-
soning skills with which novices may struggle (Dodick &
Orion, 2003; Kali & Orion, 1996). High cognitive load may
also result when students must first conceptualize deep time,
then read and understand scientific notation or large num-
bers, and finally apply that knowledge to answer a question
(Cheek, 2012; Cheek et al., 2017).

When cognitive load is high, students may want more
support (ranging from explicit instruction or peer collabo-
ration to animations, resources, or hints built into the
learning management system). Previous work has shown
that interest may wane if students perceive that they do not
have sufficient support for a task given their existing skills
and knowledge (Bergin, 1999; Renninger & Hidi, 2016;
Renninger & Lipstein, 2006; Renninger & Su, 2019). High
cognitive load, coupled with contextual factors making sup-
port feel less accessible online than in-person, may explain
the low ratings for maps and geologic time topics. Therefore,
to maintain student interest in online labs on these topics,
it may be especially important to reduce cognitive load. To
do so, activities should provide clear instructions and ample
practice applying a single rule or principle at a time before
asking students to integrate them (Allan et al, 2019).
Student interest may also benefit disproportionately from
synchronous learning sessions with breakout groups or

automated hints embedded within the lab or learning man-
agement system.

Course

Similar to topic, the course students were enrolled in has a
small but statistically-significant impact on average interest
ratings in our dataset. Course attributes (Donham et al.,
2022b) include features for which we did not collect system-
atic data in this study, such as the amount of TA training
and experience, pedagogical practices (Huffmyer & Lemus,
2019), TA behaviors to create a positive learning environ-
ment (O'Neal et al, 2007) or encourage help-seeking or
interaction with other students, whether and how technology
was used (e.g., small group breakout room sessions, avail-
ability and duration of synchronous lab meetings), and stu-
dent and TA familiarity with the technology used (Donham
et al,, 2022a; Lark et al, 2020). All of these features and
many others are subsumed by our course variable.

Interest online vs. hypothetical in-person labs (RQ2)

On our weekly surveys, we asked students how interesting the
online version of the lab was compared to a hypothetical
in-person version (wording in Table 2). Here, we discuss results
for the overall dataset, followed by a breakdown by topic.

Overall interest in online vs. hypothetical labs

Most students thought labs were equally as interesting online
as they would be in person, and a few thought labs were
more interesting online (Table 3). These numbers are consis-
tent with pre-pandemic literature indicating a significant stu-
dent demand for online courses, which has been attributed
to the greater flexibility online courses offer in terms of
where and (with asynchronous models) when students com-
plete coursework (Allen & Seaman, 2010; Beldarrain, 2006).



However, nearly half of students said that labs were less
interesting online than they would have been in-person
(Table 3). The fact that students are nearly equally divided
on whether labs were equally or less interesting online may
suggest value in offering students a choice regarding course
format, which may also encourage interest development
(Alexander et al, 1997; Renninger et al, 2015; van der
Hoeven Kraft, 2017). COVID conditions during this study
meant that many students were forced to take labs online,
which may have prompted mental contrasting in which they
imagined an in-person lab might have been better (Appel
et al., 2016; Verduyn et al., 2017). During COVID, students
also experienced isolation and negative impacts on their
mental health (Copeland et al., 2021; Wang et al., 2020).
Therefore, the percentage of students in this study who said
that labs were less interesting online may be larger than it
would have been without those additional stressors.

Interest in online vs. hypothetical labs for different topical
categories

To understand how topical category influenced student
interest, we discuss topics with the greatest number of
responses indicating that labs were more, equally, and less
interesting online (Table 2).

Labs in the natural hazards topical category had the
greatest percentage of students who selected “equally inter-
esting online” (60.5%; Table 3). As noted in the discussion
of research question one, the societal relevance and emo-
tional draw of danger related to natural hazards may hold
inherent interest for students (Pelch & McConnell, 2017;
Schank, 1979; Teasdale et al.,, 2018b; Wade et al., 1993),
allowing these labs to translate relatively well across
contexts.

Labs in the virtual field trips category were most fre-
quently cited as being more interesting online (12.7%; Table
3). Virtual field trips are increasingly used in the geosci-
ences (e.g., Caliskan, 2011; Dolphin et al., 2019; Hurst,
1998), and have been associated with enhanced conceptual
learning and content knowledge (Bitting et al., 2018; Mead
et al, 2019) as well as interest (Bursztyn et al., 2017). The
varied colors and textures of virtual globe imagery may
trigger interest by appealing to students’ sense of aesthetics
(Lin et al., 2013; Trend, 2005). The ability to visit multiple,
sometimes far-away, locations, navigate around the world,
and explore geologic features at different scales may also
result in an experience of novelty, another documented
interest trigger (Lin et al., 2013). Only half the courses in
our study included virtual field trips (Table 1). Especially
for online labs, taking advantage of virtual field trips cre-
ated by the geoscience community (for example, see Lenkeit
Meezan & Cuffey, 2012; Teach the Earth, n.d.) may help
spark students’ interest.

Labs in the rock and minerals category received the high-
est percentage of “less interesting online” responses (54.8%;
Table 3). While we have not systematically analyzed the cur-
riculum of labs in our dataset, online rock and mineral labs
often follow a traditional classification model using photos
or videos of rocks and minerals accompanied by
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hypothetical test results (Piper et al., 2024), as did the online
mineral lab created during the Earth Educators’ Rendezvous
(Teasdale et al., 2021a) that was used by two institutions in
the study (Table 1). This format eliminates any hands-on
experience that might enhance interest (Bergin, 1999).
Online labs that incorporate rock and mineral identification
may find student interest is higher if students can use kits
of hand samples and testing materials, potentially alongside
support such as a synchronous virtual class meeting.

Design features influencing situational interest (RQ3)

The two questions on the survey that speak to the design
features students believe influenced their situational inter-
est are displayed in Table 2. First, we address overall
results for the two questions. We then address results by
topic, focused on findings that are both statistically-
significant and reach the threshold for a small effect size.

Why labs were less interesting online, and what would
make them more interesting

Inability to physically interact with materials was by far the
most commonly cited reason why labs were less interesting
online (56.3%; Figure 4) and was also the most commonly
recommended revision to make labs more interesting (22.8%,
Figure 5). This result is consistent with prior literature sug-
gesting that hands-on experiences may trigger situational
interest (Bergin, 1999; Grissom, 2014). Online lab designers
might explore a variety of ways to incorporate hands-on
activities, from rock and mineral kits to using common
household items to illustrate geological phenomena (e.g.,
modeling rock deformation with spaghetti, LaDue &
Schwartz, n.d.).

Between the two other answer choices offered for what
made labs less interesting online, students selected difficulty
interacting with peers more than twice as often as they
selected difficulty accessing instructor support (30.6% vs.
13.2% of responses, respectively; Figure 4). Many competing
explanations might explain these results. For example, the
desire for peer interaction might reflect the isolation stu-
dents experienced during COVID (Donham et al, 2022a;
Leal Filho et al., 2021), their perception that collaboration is
interesting in general (Yuretich et al., 2001), that students
generally prefer to ask a peer for help rather than asking an
instructor (Qayyum, 2018), or some combination thereof.
Alternatively, this pattern of responses might indicate that
students were relatively comfortable contacting their TAs for
help (as reported by Kitsantas & Chow, 2007) and therefore
did not feel this type of support was lacking. Future inter-
views or focus groups might explore these or other potential
explanations.

Of the answer choices offered for what would make labs
more interesting, students’ frequent overall selection of addi-
tional hands-on engagement, relevance, and making a game
of the lab (Figure 5, 22.8%, 20.2%, 16.9%, respectively)
aligns well with Grissom’s (2014) findings regarding how
students explained why in-person lab activities were interest-
ing. This consistency suggests that similar design features
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may drive interest in both online and in-person contexts,
though future work should test this hypothesis directly.

Though it did not stand out in statistical comparisons
(Table 6), additional relevance to students’ life experience or
future career was the most-frequently chosen revision for
atmosphere and climate, natural hazards, solid earth, science,
and water labs (Table 5), and the second-most-frequently
selected revision overall (Figure 5). As instructors, we view
many of these topics (e.g., climate, hazards, water) as inher-
ently relevant to living in the twenty-first century, but stu-
dent responses suggest that more explicit connections need
to be made with students lived experiences, and how poten-
tial future impacts could affect them directly. Existing mod-
els using this approach include the InTeGrate project
materials (Gosselin et al., 2019; Teasdale et al., 2018b), mate-
rials using real-time data to engage students in hazard mon-
itoring (Teasdale et al, 2015), citizen science projects
(Jenkins, 2011), place-based courses and activities (Gosselin
et al., 2016; Semken et al., 2017), and other local project-based
learning models (e.g., Eick et al, 2008; St. John &
Callahan, 2003).

Making a game out of the lab represented more than 20%
of the selections for how to make labs in the solid earth and
geologic time labs more interesting (Table 5) and was also
selected more frequently for labs in the atmosphere and cli-
mate, science, and water categories (Table 6). Game-based
learning has expanded rapidly in recent decades (Brown
et al, 2018; Marafti et al., 2017), and has been directly
linked to increased interest, engagement, motivation, and
enthusiasm, as well as reduced learning anxiety (Chen et al,,
2021; Gates & Kalczynski, 2016; Robertson, 2022).
Game-based learning has also been associated with enhanced
overall learning in science and improvements in problem
solving, collaboration, and critical thinking (Chen et al,
2021; Lei et al, 2022). From cookie-mining for “ore”
(Grissom, 2014) and competitions around what to do during
an earthquake (Musacchio et al., 2015) to “Taphonomy:
Dead and Fossilized” (Martindale & Weiss, 2020), many
geoscience-specific examples of game-based learning are
available for adoption or adaptation. Future research might
further explore the geoscience topics for which game-based
learning is most effective at generating interest.

The fourth-most-selected feature (Figure 5) was an “addi-
tional local field trip to see these geology concepts in the
real world” Students might imagine that field trips would
allow them to interact with geologic features, triggering
interest via hands-on experiences or novelty. Especially
during COVID, they may also believe field trips provide
opportunities to interact with peers who might support
their learning and enjoyment thereof. This result aligns with
prior findings indicating that field experiences trigger and
develop interest for geoscience majors (Hoyer & Hastie,
2022; LaDue & Pacheco, 2013). Although we do not know
how many participants were geology majors, introductory
geoscience courses like those in our study frequently enroll
many non-majors (Gilbert et al., 2012). Therefore, future
work might investigate whether and how field trips help to
increase geoscience interest for non-majors.

Situational interest in online vs. hypothetical labs for
different topical categories

Statistical analyses of students’ selections for what made labs
less interesting online and what would make them more
interesting, according to topic, are shown in Tables 4 and 6.
Table 5 shows students’ recommended revisions for each
topic as a percentage of responses, providing additional
insights for categories in which no statistically-significant
results were found. Instructors might leverage the results
displayed in these three tables to guide lab revisions to
enhance student interest in each category.

For example, students ranked labs in the science topical
category as most interesting (Figure 3), but the lack of
hands-on engagement was most often selected to explain
why these labs were less interesting online (compared to labs
in other topical categories; Table 4). Additional hands-on
interaction was selected for what would improve student
interest in labs in the science category (Table 6). The next
most common student selections for this category suggest
increasing relevance and making a game out of the lab
(Table 5). Therefore, an instructor might combine several of
these design elements to create even more interesting labs in
the science category.

Relatively few chi-square analyses had effect sizes that
reached the threshold for even a small effect (¢=.1-.3;
Cohen, 2013). This indicates that the reasons students chose
to explain why labs are less interesting and the revisions
they selected to make labs more interesting rarely differ sub-
stantially across topics, even when those differences are
statistically-significant. Below, we address the few topical cat-
egories for which small effect sizes were found and discuss
them in light of other statistically-significant results for that
category and prior literature that might help explain these
findings.

Rocks and minerals. Students selected a lack of interaction
with instructional materials more often for rock and mineral
labs to explain why they were less interesting online (Table
4) and selected additional hands-on interaction more often
to explain what would make them more interesting (both
had small effect sizes). Perhaps as a result of students’ strong
emphasis on hands-on learning, they selected several other
answer choices on both questions significantly less often
than for labs in other categories.

As described in the discussion for research question 1
above, online rock and mineral labs frequently rely on pho-
tos or videos of samples accompanied by values students
would traditionally have determined by direct testing of the
sample. For mineral labs, perhaps remembering the results
of acid and scratch tests they did not complete themselves
increased the cognitive load for students compared to direct
multisensory (hands-on) experiences with those tests that
would have better encoded the features of a sample in stu-
dents’ working memories (Quak et al.,, 2015). Incorporating
rock and mineral sample kits may therefore increase interest
by hands-on engagement alone (Bergin, 1999; Grissom,
2014) as noted above, and also reduce cognitive load to bet-
ter support students’ learning and interest development



(Renninger & Hidi, 2019; Renninger & Lipstein, 2006;
Renninger & Su, 2019).

Although we infer that cognitive load issues likely
impacted student interest in rock and mineral labs, few
responses indicated that a decreased level of challenge would
increase students’ interest (9.4%; Table 5). This discrepancy
might be explained by a lack of metacognitive awareness:
Just as learners may not be aware that their interest has
been triggered at first (Renninger & Su, 2019), it is possible
that novices may not be clear on what they need to do and
therefore unaware that the degree of difficulty of a task is
too high (as described by Sprague & Stuart, 2000 and illus-
trated on p. 97 of Ambrose et al., 2010). Future interview
studies or “think-alouds” with novice geoscience learners
might investigate this hypothesis.

Maps. For labs in the maps category, a high degree of
difficulty and corresponding need for more learning support
is consistent across student responses. For what made the
lab less interesting online, students selected difficulty
interacting with peers and difficulty interacting with the
instructor more often than for labs in other categories
(Table 4). For what would make the labs more interesting,
they more often selected a decreased level of challenge
(with a small effect size) and working collaboratively in
groups (Table 6). The high level of challenge and need for
additional support may help to explain why labs in the
maps category had some of the lowest interest scores
overall (Figure 3).

As described under research question 1, visualizing
three-dimensional landforms requires spatial thinking abili-
ties that introductory students may not yet have mastered
(Liben & Titus, 2012; Rapp et al., 2007), while integrating
multiple rules or principles may result in a high level of
cognitive load (Sweller, 1988). Recommendations described
under research question 1 therefore also apply here: scaffold
map interpretation (Allan et al., 2019), automate guidance in
the learning management system, and ensure that students
can access instructor or peer help easily. As discussed for
rock and mineral labs, these additional learning supports are
likely to increase interest (Renninger & Hidi, 2019; Renninger
& Lipstein, 2006; Renninger & Su, 2019) and enhance learn-
ing overall.

Solid earth. Similar to labs in the maps category, difficulty
and adequate support seem to be the primary factors
underlying statistically-significant results in the solid earth
category. To explain why labs in the solid earth category
were less interesting online, students selected a lack of
physical interaction with instructional materials less often
than for other categories (small effect size), but this may be
primarily because they selected difficulty interacting with
peers and difficulty interacting with the instructor more
often (Table 4). For what would make solid earth labs more
interesting, students selected a decreased level of challenge
and making a game out of the lab (Table 6).

The solid earth category includes plate tectonics and
crustal deformation, which in face-to-face labs frequently

JOURNAL OF GEOSCIENCE EDUCATION 13

leverage physical models of structures and processes
(e.g., Bair, 2019; earthScope ANGLE, n.d; Kastens &
Ishikawa, n.d.) that students manipulate and rotate to
understand the processes at play over time and in three
dimensions. However, students rarely selected “inability to
physically interact with materials” to explain what made
solid earth labs less interesting online (Table 4). We
hypothesize that intro students who have not interacted
with such models before, may not have been able to envi-
sion physical materials that would support their learning
of these topics.

However, students’ lived experience of these labs being
too difficult and their desire for additional support from
peers and the instructor may still be, in part, a function of
the lack of hands-on materials. Physical models may help to
alleviate the cognitive load and level of difficulty introduc-
tory students experience with spatial thinking and visualiza-
tion processes (Kali & Orion, 1996; Liben & Titus, 2012).
Therefore, providing physical models, scaffolding student
practice of skills one at a time, offering synchronous classes,
and incorporating additional learning supports such as ani-
mations (Cohen & Hegarty, 2014; Mills et al., 2020) are revi-
sions that are likely to enhance interest in solid earth
labs online.

Students’ statistically-significant over-selection of “making
a game out of the labs” for solid earth labs is a finding we
struggle to explain, though we acknowledge that the effect
size of this finding is below the “small” threshold. Perhaps
when experiencing a high degree of difficulty, they imagined
that fun would increase their interest. Future work should
better examine this possibility.

Conclusions

In instructional settings like online labs, situational interest
plays a key role in student engagement and motivation (Hidi
& Renninger, 2006; Renninger & Su, 2019; van der Hoeven
Kraft, 2017). Therefore, investigating student self-reports of
the experience of interest and what triggers or undermines
it can allow us to tailor our courses and instructional activ-
ities to better foster this outcome. What triggers interest for
any given individual is highly personal, but a few predomi-
nant approaches to enhancing online labs come from the
results of this study:

« Ensure that students in online labs have access to
low-cost hands-on learning materials, such as rock
and mineral testing kits and structural models for
visualizing three-dimensional structures and pro-
cesses (perhaps via a library loan program or open
classroom with these materials that students can
visit).

«  Emphasize the explicit relevance of course content to
society, and to students’ lived realities or career goals,
in more explicit ways and with greater frequency.

o Explore the potential to incorporate game-based
activities and supplement the online lab curriculum
with local in-person field trips, if logistics allow.
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Note that for a few topics (science, solid earth, and
maps), students often selected multiple design features that
would have increased their interest more often than for
other topics, so combinations of the design features listed
here may be appropriate. In addition, based on our analysis
of student response patterns related to the types of tasks and
content students were working on, it may be helpful to
modify labs to reduce the cognitive load and increase the
level of peer, instructor, or other support for learning diffi-
cult topics—especially those that ask students to visualize
two-dimensional representations in three dimensions (e.g.,
maps, structures).

These findings are likely applicable to online labs gener-
ally, though the degree to which student interest was
impacted by the unique conditions of COVID should be
further explored. Additional work directly analyzing the cur-
riculum of online labs relative to student-reported design
features would provide a more comprehensive understanding
of situational interest triggers. Finally, future geoscience edu-
cation research should draw upon these findings and explore
their applicability to the design of in-person labs as well:
Are students inherently more interested in science and nat-
ural hazards labs, as compared to those on maps and time,
overall or just in online contexts? Do increased hands-on
interaction, greater relevance, and game-based labs increase
students’ situational interest equally across instructional con-
texts? Future work is necessary to address these important
questions, allowing the geoscience community to better fos-
ter student interest in our field.
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