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Abstract

We developed FossilSketch to enable instructors to teach undergraduate micropaleontology and
provide students with a scaffolded interactive learning experience to help them develop
microfossil identification skills. Here we report the results of FossilSketch testing, its
effectiveness, and its impact on student learning experiences and knowledge retention. Junior and
Senior undergraduate geoscience students at Texas A&M University learned microfossil
identification in Spring 2020 (Control Group) through traditional means, and in 2021-2022
students learned with the aid of FossilSketch (Test Group). Students in the Test Group reported
less confusion about the process of identifying the microfossils, and classroom assessment
measures revealed that using FossilSketch resulted in statistically significant learning
improvement. A qualitative analysis of open-ended student survey responses showed that students
in the Test group shared more positive experiences and attitudes toward micropaleontology than
those in the Control group.

Background and motivation

The microfossil remains preserved in sediments play key roles in determining the ages of
geologic records, reconstructing paleoenvironments, and monitoring modern ecosystems [1–3].
However, training undergraduates to identify these microfossils requires a lot of time, and most
students are not exposed to micropaleontology in their courses, which limits the number of future
specialists entering fields that use them [4].

We developed FossilSketch [5], an interactive software that introduces students to
micropaleontology through educational videos, mini-games, and exercises focused on their
applications in geosciences, to enable teaching and learning of undergraduates in the basics of
micropaleontology in undergraduate geoscience courses. FossilSketch allows students to sketch
on touchscreen devices and provides instantaneous feedback to users on their sketches and
microfossil identifications (Fig. 1). FossilSketch focuses on identifying benthic Foraminifera and
Ostracoda from high-resolution photomicrographs. Foraminifera and Ostracoda are commonly
used microfossils with industrial, environmental, and scientific applications. Foraminifera are
amoeboid protists with a calcareous shell that are often abundant in marine environments, and
Ostracoda are micro-crustaceans with a bivalved calcareous carapace that are found in all aquatic
environments [6, 7]. Interactive identification exercises guide students through the characteristic



Figure 1: The last screen in identification algorithm for Ostracoda, where user can all selected
features onthe left, and a list of genera in the database with these features matching

morphologic features and the principles of genus-level identification for Foraminifera and
Ostracoda and morphotype identification for Foraminifera. The software integrates mini-game
activities to help students practice identifying individual features before combining their skills to
fully identify common genera or morphotype. Integrating ecologically relevant morphotype
concepts allows inexperienced students to develop the skills necessary for making rapid
environmental assessments from fossil data. Exercises to interpret microfossil assemblages allow
students to apply their identification skills and have an insight into various applications of
micropaleontology in research and industry. FossilSketch environment allows students to practice
and receive feedback in real-time with little to no instructor supervision.

Study Goals and Research Questions

The main research goal of this project was to develop and evaluate the effectiveness of
FossilSketch and its impact on student learning experiences and knowledge retention.

The following research questions were assessed:

• RQ1: To what extent does student comprehension and retention of micropaleontology
knowledge increase (or decrease) after using FossilSketch?

• RQ2: To what extent does students’ interest in and perception of micropaleontology as
beneficial for them in the future improves after using FossilSketch?

Methods

We used qualitative and quantitative data analysis on student surveys and classroom assessments
to answer our research questions. Junior and Senior undergraduate geoscience students at Texas
A&M University, Paleontology and Geobiology class learned microfossil identification in Spring



2020 (Control Group, 51 students) through traditional means involving diagrams and specimens
viewed through a stereoscope. Students in 2021 and 2022 (Test Group, 61 students) learned
microfossil identification with the aid of FossilSketch. In Spring 2021, students had the option to
participate in class remotely or in-person, and all the activities were made available through
FossilSketch; and 2022 students could still participate remotely, but majority of the students were
back to in-person mode, and one of the classes had to be remote due to the snow storm.

Results

Classroom assessment measures revealed that using FossilSketch resulted in statistically
significant learning improvement, as evidenced by classroom assessment of performance scores
and motivation, with students reporting that they felt more successful at independent learning and
better prepared for a micropaleontology lab. A qualitative analysis of open-ended student survey
responses showed that students in the Test group shared more positive experiences and attitudes
towards micropaleontology than in the Control group. We recorded a significant improvement in
the number of students who found that micropaleontology knowledge would be beneficial for
them in the future from the control to test group. It is noteworthy that between the two Test years,
2021 and 2022, 2021 was more positive, possibly because students in 2021 had an option of
attending the class in a hybrid mode, while in 2022 they could still choose to be remote, but
majority of the students was back to be in-person mode.

Conclusions

FossilSketch is the first software that allows for remote teaching of a traditionally only lab-based
subject, micropaleontology, and, because of built-in feedback, it allows students to effectively
learn and practice micropaleontology. Statistically significant changes in the percentage of
students who became more aware of the usefulness of microfossils after using FossilSketch and
improvement in students’ scores on classroom assessments allow us to conclude that the use of
FossilSketch helped students to learn more efficiently.

Our goal was to evaluate its impact on student learning experiences and knowledge retention.
Based on the data we collected, including both qualitative and quantitative measures,
FossilSketch was a successful tool: (1) to increase student comprehension and retention of
micropaleontology knowledge, and, (2) to improve student interest and perception of
micropaleontology and its applications as useful for their future careers.

FossilSketch supports instructors, including non-experts, in teaching micropaleontology and
provides a useful tool for use in outreach activities and in industry. We will present the current
FossilSketch interface and the most recent data at ASEE 2023 NSF grantees poster session.
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