€Y Routledge
g Taylor &Francis Group

GEOSCIENCE ] .
i OV Journal of Geoscience Education

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ujge20

Learning outcomes of the educational board game
“Taphonomy: Dead and Fossilized,” evaluated with
high school learners in a summertime program

Estefania Salgado-Jauregui, Rowan C. Martindale, Katherine Ellins, Enrique
Reyes & Anna Weiss

To cite this article: Estefania Salgado-Jauregui, Rowan C. Martindale, Katherine Ellins, Enrique
Reyes & Anna Weiss (2022) Learning outcomes of the educational board game “Taphonomy:
Dead and Fossilized,” evaluated with high school learners in a summertime program, Journal of
Geoscience Education, 70:2, 176-194, DOI: 10.1080/10899995.2021.1965828

To link to this article: https://doi.org/10.1080/10899995.2021.1965828

ﬁ Published online: 08 Sep 2021.

N
CJ/ Submit your article to this journal

||I| Article views: 291

A
& View related articles &'

® View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ujge20


https://www.tandfonline.com/action/journalInformation?journalCode=ujge20
https://www.tandfonline.com/loi/ujge20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10899995.2021.1965828
https://doi.org/10.1080/10899995.2021.1965828
https://www.tandfonline.com/action/authorSubmission?journalCode=ujge20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ujge20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10899995.2021.1965828
https://www.tandfonline.com/doi/mlt/10.1080/10899995.2021.1965828
http://crossmark.crossref.org/dialog/?doi=10.1080/10899995.2021.1965828&domain=pdf&date_stamp=2021-09-08
http://crossmark.crossref.org/dialog/?doi=10.1080/10899995.2021.1965828&domain=pdf&date_stamp=2021-09-08

JOURNAL OF GEOSCIENCE EDUCATION
2022, VOL. 70, NO. 2, 176-194
https://doi.org/10.1080/10899995.2021.1965828

£ Y Routledge
1Q Routledg

Taylor & Francis Group

‘ W) Check for updates‘

Learning outcomes of the educational board game “Taphonomy: Dead and
Fossilized,” evaluated with high school learners in a summertime program

Estefania Salgado-Jauregui® @, Rowan C. Martindale?

Weissd

, Katherine Ellins® (®, Enrique Reyes® and Anna

aDepartment of Geological Sciences, The University of Texas at Austin, Austin, Texas, USA;PJackson School of Geosciences, The University of
Texas at Austin, Austin, Texas; “Akins High School, Austin, Texas; “The Kimbell School of Geosciences, Midwestern State University, Wichita

Falls, Texas, USA

ABSTRACT

Although many have suggested the use of games to motivate active learning, studies that evaluate
the learning outcomes of games with high school students are scarce. Here, we present the
evaluation of the board game “Taphonomy: Dead and Fossilized” as an active learning tool to
teach fossilization and Earth systems thinking with rising 12" grade learners in GeoFORCE Texas,
a summertime outreach program of the Jackson School of Geosciences, The University of Texas
at Austin. The educational activity was evaluated with two groups (n1=22, n2=27). During the
activity, an observation protocol was implemented; prompts to evaluate learners’ behaviors and
instructor behaviors were included in a form that a trained observer filled out while the learners
played the game. Learning outcomes were assessed with a 2-page paper survey immediately
following gameplay; survey questions are aligned with the Next Generation Science Standards.
“Strategizing” was the most common learner behavior observed during the activity and the majority
of behaviors can be considered “active learning”. The results from the survey show that after
playing the game learners were able to apply paleontological knowledge to tasks that involved
establishing cause-effect relationships and Earth systems thinking. Our results provide evidence
that board games (as educational strategies) are effective active learning tools that foster student
development of scientific skills. Cooperative learning was observed, which we suggest is a key
benefit for diverse classrooms. Findings were used to guide the refinement of the high school-level
version of “Taphonomy: Dead and Fossilized”, as well as a scaffolded teaching module with formative
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and summative questions for use in a classroom setting.

Purpose and learning goals

Recent studies have emphasized the need to incorporate
educational strategies in high school classrooms that go
beyond memorization, toward understanding, applying con-
cepts, and developing scientific skills (St. John, 2018).
Teaching faculty consistently agree that active learning pro-
motes the development of higher-order thinking in high
school learners (Batzri et al., 2015; McConnell et al., 2003;
2005) and recently, serious games have been proposed as
active learning strategies to engage students in STEM fields
(e.g., Foster, 2008; Martindale & Weiss, 2020; Nadolski et al.,
2008). Games provide opportunities for students to partic-
ipate in a social, educational environment (Hequet, 1995;
Ramaley & Zia, 2005) as well as encouraging knowledge
retention and creative problem solving (e.g., Bergen, 2009;
Kumar & Lightner, 2007; Rieber, 1996; Wilson et al., 2009).
That said, there is a paucity of data about the way in which
the mechanics of serious games correlate with specific

desirable learning outcomes (Wilson et al., 2009). Here, we
present the evaluation of the board game “Taphonomy: Dead
and Fossilized” with rising 12" grade GeoFORCE learners
(i.e. students who have completed the 11th grade and not
started 12th grade) as an active learning strategy in a col-
laborative setting to teach fossilization, the history of life,
and Earth system thinking. Evaluation tools were designed
and implemented to assess the extent to which the game is
an effective active learning strategy for rising 12% grade
learners participating in the GeoFORCE program
(GeoFORCE Texas). We hypothesize that incorporating
games in teaching will engage participants in active learning,
facilitating not only an increase in content knowledge, but
the development of scientific skills. Our results provide
information about the efficacy of using board games with
high school learners, in a cooperative setting; these data
can be used to support the inclusion of games in instruction
in both informal settings and formal Earth Science diverse
classrooms.
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© 2021 National Association of Geoscience Teachers


http://orcid.org/0000-0001-7064-7852
http://orcid.org/0000-0003-2681-083X
http://orcid.org/0000-0003-4632-4003
http://orcid.org/0000-0003-0835-4906
mailto:esalgadoj@utexas.edu
https://doi.org/10.1080/10899995.2021.1965828
http://crossmark.crossref.org/dialog/?doi=﻿10.1080/09500782.2019.1622711&domain=pdf&date_stamp=2019-7-2

Geoscience education in Texas, and in the United States
in general, is mostly restricted to the college level, with the
exception of integration of concepts in other courses (e.g.,
volcanoes or earthquakes in general science classes).
“Taphonomy: Dead and Fossilized” is a board game designed
to teach University-aged players about the various factors
that influence the process of fossilization and taphonomy
(Martindale & Weiss, 2020). In this study, we modified the
game for high school students and piloted it with the 2019
12%h grade GeoFORCE Texas academy. We chose GeoFORCE
Texas as a test case because, as a summertime program, it
offers opportunities to implement innovative instructional
strategies and new material to extend the learning that
occurs in the academic year (National Academies of Sciences,
Engineering and Medicine (NASEM), 2019). The game is
described below in “Materials and Methods” and Figure 1
presents the materials used (e.g. game board, tokens and
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cards), as well as, a synopsis of the game’s rules. An instruc-
tional video is also available at https://www.youtube.com/
watch?v=MKcHnbbGtaQ. We posited that the game would
help high school learners apply their paleontological knowl-
edge, strengthen scientific skills, and be introduced to the
challenges that arise when analyzing an imperfect or incom-
plete fossil record.

Learning goals

The first version of “Taphonomy: Dead and Fossilized”
(hereafter, “the game”) was designed as an alternative to a
two-hour lab exercise to teach college undergraduate learners
about taphonomy (Martindale & Weiss, 2020). Taphonomy,
the modification of specimens as they transition from the
biosphere into the geosphere (including death, decay, burial,
and geological modification) (Efremov, 1940), is complex
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Figure 1. Summary of “Taphonomy: Dead and Fossilized” board game materials and phases of gameplay.
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and involves multiple different factors, from an organism’s
physiological characteristics, to larger-scale environmental
conditions (Briggs, 2014; Muscente et al., 2017; Seilacher,
1990), in other words, interconnected Earth systems.
Martindale and Weiss (2020) assessed the effectiveness of
the game as an educational tool in college-level classes at
20 institutions across the US showing that undergraduate
learners had good conceptual knowledge following game
play. Student answers on evaluation surveys demonstrated
a clear understanding of how multiple taphonomic factors
can influence the fossil record and the difficulty of preserv-
ing an organism as a fossil (Martindale & Weiss, 2020). In
order to adapt the game for high school classes, the game
mechanics were simplified. For example, the “Adoption
phase” was removed (players start with 10 organisms not
five); players also worked in two-person teams.

The game and the associated high school-level activities
are aligned with the Next Generation Science Standards
(NGSS), a set of research-based, K-12 science standards
that capture the expectations for what students should know
and be able to do for basic proficiency and continuing study
in science (NGSS Lead States, 2013). Table 1 presents the
expected learning outcomes of the game (first column);
Student Learning Objectives one to four (SLO#1-SLO#4) are
taken from Martindale and Weiss (2020), Student Learning
Objectives five to nine (SLO#5-SLO#9) were added for this
study. This educational board game provides opportunities
to apply and develop science practices and crosscutting
concepts, such as systems and systems models and differ-
entiating between cause and effect (NGSS Lead States, 2013)
(Table 1). Moreover, the learning goals align with the Texas
Essential Knowledge and Skills (TEKS) for teaching high
school science (Table 1). The Knowledge Skill [8] in section
112.36 Earth and Space Science in Texas education code
(2014) states that learners are expected to analyze and eval-
uate a variety of fossil types and explain how the process
of fossilization affects the degree of completeness of the
fossil record. After playing the game, participants are
expected to be able to identify physiological characteristics
that make an organism more or less likely to become a
fossil, recognize taphonomic factors that could enhance or
diminish the preservation potential, identify environmental
events that impact the fossilization process, and understand
how chance and sampling biases affect fossil collections
(Martindale & Weiss, 2020).

Literature context

Evidence-based research in different disciplines, such as
learning sciences, cognitive science, and educational psy-
chology, support active learning and student-centered edu-
cation over traditional, passive lectures (Michael, 2006).
Active learning is often defined as any instructional method
where students are involved in more than listening; they
are doing meaningful learning activities and thinking about
what they are doing (Bonwell & Eison, 1991; Prince, 2004).
Emphasis is given in developing students’ skills over trans-
mitting information, as well as engaging students in higher

order thinking activities (Bonwell & Eison, 1991; Prince,
2004). Games have the potential to engage learners in active
learning and all three domains of Bloom’s taxonomy: cog-
nitive, affective, and psychomotor (Weigel & Bonica, 2014,
and Martindale & Weiss, 2020). For example, a passion for
winning (affective) engages learners at the cognitive level,
or a collaborative setting engages participants socially as
they discuss and strategize moves.

GeoFORCE learners are predominantly Hispanic (~62%)
or from underrepresented groups and under-resourced
schools in Texas. Multicontext theory seeks to address con-
flicts that may occur between a student’s cultural back-
ground and the educational environment in which learning
takes place, shifting attention onto a more inclusive aca-
demic culture (Ibarra, 1999, 2001). Educational approaches
inherited from Germanic and Northern European cultural
roots (i.e., low context, sensu Weissmann et al., 2019) still
prevail in the academic culture of the U.S. (Ibarra, 1999,
2001; Weissmann et al., 2019). Examples of these approaches
include activities that value individualism, emphasize pre-
dominantly faculty-oriented perspectives, and promote lineal
cause-effect thinking. The incompatibility between tradi-
tional science cultures and the cultures of underrepresented
groups has been largely acknowledged (Aikenhead, 1996,
1997; Riggs, 1998; Riggs & Semken, 2001; Wolfe & Riggs,
2017, as cited in Pfeifer et al.,, 2021). Multicontext inter-
ventions recognize that learning styles can vary depending
on students’ cultural backgrounds, which are instilled in
them during childhood by family and community (Hall,
1977; Pfeifer et al., 2021). Such interventions have shown
high levels of student achievement, independent of a person’s
race, gender, or socio-economic backgrounds (Weissmann
et al, 2019). Research suggests that students from high
context cultures can be expected to be especially engaged
in cooperative learning and systems thinking (Kagan, 1986;
Pfeifer et al., 2021; Slavin, 1983; Weissmann et al., 2019).
The board game “Taphonomy: Dead and Fossilized” was
implemented with GeoFORCE Texas learners as a multi-
context educational activity (sensu Weissmann et al., 2019),
to encourage them to work cooperatively (high context),
apply systems thinking (high context), and understand
cause-effect relations (low context).

In this study, the board game was played in teams. Two
students played collaboratively, competing with other teams
around the table to win. Numerous studies dating back to
the late 1800s validate cooperative learning (Johnson &
Johnson, 2008). Cooperative learning exists when students
work together to achieve a shared set of learning goals
(Johnson et al., 1992). A meta-analysis examining over 600
research studies by Johnson and Johnson (1986) shows that
when students work cooperatively, they enjoy the subject
matter more, have higher levels of self-esteem, and are more
inclusive and accepting of diversity. “Taphonomy: Dead and
Fossilized” provides learners with opportunities to analyze
and synthesize ideas cooperatively around the common goal
of having the largest and most pristine collection of fossils
at the end of the game. Social interdependence theory estab-
lished that for cooperation to exist, an individual’s actions
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Table 1. Cross-comparison of students learning outcomes (SLO) with performance expectations for High School Earth and Space Sciences in the NGSS and

expectations from the Texas Essential Knowledge and Skills (TEKS).

Learning outcomes

Texas Essential
Knowledge and Skills (TEKS)

Next Generation
Science Standards (NGSS)

Knowledge

1 SLO#1: Identify physiological characteristics that make an HS-ESS2-2 Analyze geoscience data (Knowledge skill [8A] in section
organism more or less likely to become fossilized to make the claim that one change 112.36 Earth and Space

to Earth’s surface can create Science) Analyze and evaluate a

feedbacks that cause changes to variety of fossil types such as

other Earth systems transitional fossils, proposed
transitional fossils, fossil lineages,
and significant fossil deposits
with regard to their appearance,
completeness, and alignment
with scientific explanations in
light of this fossil data.

2 SLO#2: Identify the climate, oceanographic, and geological HS-ESS2-2 Same as above (Knowledge skill [8B] in section
events that occur in different marine environments and 112.36 Earth and Space
describe the effect they have on the preservation Science) explain how
potential of fossils in that setting sedimentation, fossilization, and

speciation affect the degree of
completeness of the fossil record.

3 SLO#3: Describe multiple taphonomic factors that would HS-ESS2-2 Same as above (Knowledge skill [8B] in section
impact an organism as it fossilizes in a marine setting 112.36 Earth and Space
and determine if they would enhance or diminish the Science).
preservation potential

4 SLO#4: Describe how chance and sampling biases affect HS-ESS2-2 Same as above None
fossil collections

Skills

1 Make basic calculation to determine original and final Scientific and Analyze and None
diversity based on number of taxa. engineering interpret

practice geoscience data

2 Identify the effects of taphonomic factors and Crosscutting Cause and effect: None
environmental events in fossil preservation. concepts Mechanisms and

explanation

3 Identify the boundaries, components and interactions in Crosscutting Systems and system None
time and space among components of the system concepts models
presented in the game

4 **Thinking temporally: retrospection and prediction. Infer
past events that can explain current fossil conditions

5 **|dentify short and long-term effects of environmental

disturbances on other Earth systems

** Not incorporated in the implementation/evaluation of the game with GeoFORCE, but included in the new HS version of the game

must be affected by the actions of other individuals in a
bidirectional sense (Johnson & Johnson, 2002). Collaboration
creates positive interactions (Johnson & Johnson, 2002); in
the game, these interactions manifest as the two-person
team promoting each other’s learning to win the game.
Competition creates negative interactions (Johnson &
Johnson, 2002); in the game, negative interactions manifest
as teams playing against each other since only one team
can win the game.

Earth systems thinking is another important high context
component of “Taphonomy: Dead and Fossilized”
(Weissmann et al.,, 2019). The game itself represents the
system in which fossilization takes place. It has clear bound-
aries established in time (i.e., First, Second and Final Era)
and space (i.e., deep, intermediate, and shallow ocean basin)
where components interact (see Figure 1). Systems thinking
has been recognized as a desirable scientific skill for high

school learners (NGSS Lead States, 2013) and a high context
cultural value (sensu Pfeifer et al., 2021) with great potential
to engage learners from underrepresented groups in sciences
(Pfeifer et al., 2021; Weissmann et al., 2019). The game
provides learners with opportunities for high
context-orientated students to study dynamic relations
between components, a very important and usually over-
looked characteristic of systems (Assaraf & Orion, 2005).
To advance our understanding on how to incorporate and
evaluate Earth Systems thinking in geosciences education,
we use sketches as an evaluation instrument. Evidence sug-
gests that drawings provide valuable information on the
level of the student’s understanding of natural phenomena
(Dove, Everett, & Preece, 1999). Assaraf and Orion (2005)
provide an example of how sketches are useful to evaluate
Earth systems thinking, (1) identifying the system’s com-
ponents and processes; (2) the dynamic relationships within
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Table 2. Roles and academic background of the educational and evaluation team for group 1 and group 2.

Educational and evaluation team Role Group 1 Group 2

Geosciences graduate student at the
University of Texas at Austin

Instructor Lead the activity Psychologist with extensive experience

in elementary education
Educational coaches Support instructor and students in

learning process

Individual recently graduated from college, or currently enrolled at a four-year
college or university.

Observers Report behaviors of students and

instructor in observation protocol

Graduate student in geosciences

A. Earth sciences high school teacher
B. Person with a Ph.D. in Geosciences

the system; and (3) the existence of the human aspect. A
discussion on how the sketches were used in this study is
provided on the “Evaluation” section of the paper.

Finally, beyond student evaluation surveys, we incorpo-
rated an evaluation instrument (i.e., the observation protocol
based on Smith et al. (2013)) to measure learning effective-
ness as recommended by the Association of American
Universities (2011). In this study we focused the observation
on identifying students’ behaviors that reflect active learning.
We selected a structured observation protocol, because it
provides standardized results that can be compared among
classrooms and observers (e.g., Sawada et al., 2002; Smith
et al., 2013; Weiss et al., 2003).

Study population and setting

We implemented the board game and associated materials
with rising 12" grade GeoFORCE Texas learners.
GeoFORCE Texas (https://www.jsg.utexas.edu/geoforce/) is
a summertime science outreach program administered by
the Jackson School of Geosciences at The University of
Texas at Austin; it offers enriched learning experiences to
about 320 learners from high schools that serve
under-resourced communities from Southwest Texas and
Houston. Participants enter the program at the end of 8t
grade and are encouraged to remain in GeoFORCE Texas
for four years. The students participating are predomi-
nantly from underrepresented groups with 62% identifying
as Hispanic, 16% White, 13% African American, 7% Asian,
and 2% Other (GeoFORCE, 2020). These statistics are a
good representation of the 12" grade academy demograph-
ics. The 12" grade GeoFORCE academy take place once
a year, every summer for nine days. Instruction follows
a challenge-based learning model, the STAR Legacy Cycle
(Ellins et al., 2018) and supports active learning in out-
door field, indoor laboratory, and classroom settings.
Challenges with accompanying goals and specific learning
activities that support these goals drive student learning
that align with the Next Generation Science Standards
(NGSS Lead States, 2013).

Learning in GeoFORCE academies is facilitated by a
team of instructors who function as mentors and coaches
(Ellins et al., 2018). Table 2 presents the roles and edu-
cational background of the team who lead the implemen-
tation and evaluation of “Taphonomy: Dead and Fossilized”
A session aimed to introduce the game to members of the
GeoFORCE Texas educational team took place three
months before the activity was implemented with learners.

During this session, the instructors, the coordinator of
group 1, and two of the observers played the game and
familiarized themselves with game mechanics and materi-
als. Observer A from group 2 played the game in a pre-
vious opportunity. The protocol for the lecture with a
detailed description of the activities to follow, the obser-
vation protocol, as well as the lab procedure summarizing
the most important rules of the game were shared with
instructors and observers one week prior to the 12" grade
experience.

The board game was included as one of the in-classroom
educational activities of the GeoFORCE Texas 12 grade
academy. Forty-nine learners participated in the activity;
they were divided in two groups (nl=22, n2=27), and
each group played the game in a different session. The
session started with the educational team setting up the
board games at tables, including booklets with instructions,
cheat sheets, tokens, cards, dices, and score sheets.
GeoFORCE Texas learners played in self-selected teams of
two with four teams per table. Group 1 was organized in
three tables (two “four-team” tables, and one “three-team”
table); group 2 was organized in four “four-teams” tables.
Three teams in group 2 had three participants. The instruc-
tor guided the participants through each round, following
the lab procedure provided; the observers registered the
learners’ and instructors’ behaviors following the observa-
tion protocol discussed below. In group 1, the activity lasted
one hour and forty minutes; in group 2, one hour and five
minutes. As soon as the learners finished playing the game,
they answered the evaluation survey provided.

Materials and methods

General game overview (see Martindale & Weiss, 2020,
for further details)

This study was conducted under IRB approval from the
Office of Research Support & Compliance at The University
of Texas at Austin. All the materials used to evaluate the
modified game with GeoFORCE Texas learners can be found
at DOI: https://doi.org/10.18738/T8/R2KSCY. The board
represents a marine environment (ramp) where different
organisms lived and died during the Jurassic Period. The
game is played through geological time and the participants
are time travelers. They start the game with 10 different
organisms (represented by tokens), which they track with
GPS tokens (Figure 1). Their mission is to protect their
organisms and advance through the game with the best
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collection possible. The modified version of the game played
with GeoFORCE Texas rising 12" grade learners consist of
three Eras. In the First Era, the organisms die; there are
different ways and places to die, and this has a direct impact
on the preservation of the organisms in the fossil record.
The players roll a dice to determine how each of the organ-
isms die, and then they place them in the board (A and B
in Figure 1). In the Second Era, participants have a hand
of five randomly drawn taphonomy cards and two burial
tokens (C in Figure 1). Players take turns to use the tapho-
nomy cards and burial tokens to protect their specimens or
attack and damage the specimens of their opponents (D
and E in Figure 1). After one round of taphonomy events,
one environmental card is drawn from the deck. This card
impacts all the organisms in the board (F in Figure 1). In
the Final Era the participants discover the fossils (again,
with a randomly drawn hand of cards), learning about how
human bias and chance impact fossil collection (G in Figure
1). The winner is the participant that ends with the largest,
most diverse, and pristine fossil collection. There are bonuses
for different collection achievements, for example, having
five or more specimens of one fossil taxa. The materials
associated with the game included a 10-minute instructional
video to guide the participants through gameplay (available
at https://www.youtube.com/watch?v=MKcHnbbGtaQ), the
game booklet with all the information needed to play, a
cheat sheet with the point value assigned to each fossil and
the different ways in which a participant can win or lose
points, and a score card.

Why certain modifications were selected for GeoFORCE
Texas

Martindale and Weiss (2020) report that the game typically
takes one to two hours in a college-level setting but present
several options for a shorter game. Given that only two
hours were available to implement the game and answer
the educational survey in GeoFORCE Texas 12% grade acad-
emy, a shorter version of the game was played. We decided
to follow the third alternative to shorten the game: omitting
the organism’s adoption phase (Martindale & Weiss, 2020).
In the original version of the game, participants have the
opportunity to adopt untagged organisms from the board;
this phase of the game allows players to learn from past
mistakes or successes and use their new knowledge to adopt
the fossils that will make their collection the best. The
Fourth Era is essentially the same as the Second Era (par-
ticipants protect both their original and adopted fossils). In
the modified version of the game, played with GeoFORCE
Texas, the learners started the game with 10 organisms, and
they did not adopt additional organisms during the game-
play. The rest of the Eras were not modified (Eras 2/4 were
played as one Era with four rounds total), so that in the
Final Era the players could still discover fossils. Although
this modification does not allow the players to revise their
strategy by adopting new fossils, it does include all the
learning outcomes (Martindale & Weiss, 2020). Furthermore,
there are still opportunities for learners to apply their
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knowledge; for example, attacking the most valuable organ-
isms of their opponents or collaborating with other partic-
ipants to excavate the best-preserved specimens.

We developed a one-page lab procedure synthesizing the
goals, materials, setting up, and gameplay. We also provided
the GeoFORCE Texas educational team with a protocol
describing what 12 grade learners, instructor and observers
were expected to be doing before, during, and after playing
the game. These, and other materials developed based on
the lessons learned from the implementation of the activity
with GeoFORCE, are now included in the high school ver-
sion of the game, which can be found at DOI: https://doi.
org/10.18738/T8/USRIGL

Evaluation

The learning outcomes of the game were evaluated following
an observation protocol modified from Smith et al. (2013)
and an evaluation survey completed by the GeoFORCE
Texas learners after playing the game. The observation pro-
tocol aims to document learner and instructor engagement
during the activity, while the survey includes questions to
evaluate the ability of learners to apply paleontological
knowledge to recognizing cause-effect relationships and
Earth systems thinking.

The original observation instrument (Smith et al., 2013)
was selected from the instruments and surveys compiled in
the Geoscience Education Researcher Toolbox and adapted
to the specific needs of this research. The observation pro-
tocol implemented includes 10 prompts describing learners’
behaviors and seven prompts describing instructor behaviors
(Figure 2). The prompts “asking questions about the rules”
and “asking questions about the content” were not originally
included in the protocol presented in Smith et al. (2013).
They are included here as two separate prompts for three
reasons: (1) to evaluate when learners had difficulty under-
standing the rules, (2) to determine student engagement in
their own learning process, and (3) to assess when learners
required help understanding the geoscientific concepts that
underpin the game (i.e., in which Era of the game). We
also added the prompt “learners are distracted by non-related
activities”, to have an option in the protocol to track learners
who were not engaged in their learning process; the only
prompt that achieves this goal in Smith et al. (2013) is
“learners waiting”, which is also included in our observation
protocol. Several prompts from Smith et al. (2013) were not
included because those behaviors are not expected in the
implementation of this activity (e.g., “thinking or discussing
clicker questions”). The modified observation protocol, pre-
sented here, focuses on the students’ experience, including
10 prompts to track students’ behaviors, and only seven
prompts for instructors’ behaviors.

An observer registered the behaviors of the learners and
instructor in the protocol provided (Figure 2) while the
game was played by GeoFORCE Texas learners. At
five-minute intervals throughout the activity, the observer
selected the students’ predominant behaviors, as well as the
instructor’s behavior in the form provided (Figure 2).


https://www.youtube.com/watch?v=MKcHnbbGtaQ
https://doi.org/10.18738/T8/USRIGL
https://doi.org/10.18738/T8/USRIGL
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Students doing Instructor doing Round P ER—
Ly L |AnQ| QR| QC|WC| Pd| TQ| W D (o] L SM PQ AQ | 1ot Adm (0]
0-5
5-10
10-15
15-30
12 grade rising learners are doing
L Listening to instructor
AnQ | Answering a question posed by the instructor with rest of class listening
QR Asking questions about the rules of the game
QC Asking questions about the content of the game
WC | Engaged in whole class discussion by offering explanations, opinion, judgment.
Prd | Making a prediction about the outcome of the game or planning strategies.
TQ Test or quiz
\ Waiting (instructor late, working on fixing AV problems, instructor otherwise occupied, etc.)
D Distracted in non-related activities (Looking at the phone, talking about not related topics)
O Other (explained in comments)
Instructor is Doing
L Lecturing (e.g., explaining the rules of the game)
SM | Using supporting material (videos, board, projector)
PQ Posing a guiding question to learners
AQ Answering student questions with other learners listening
lol | One—on—one extended discussion with one or two individuals, not paying attention to the rest
of the class
Adm | Administration (e.g., assigning a test)
0) Other (explain in comments)

Figure 2. Sample of the observation protocol used to evaluate “Taphonomy: Dead and Fossilized” and definition of the codes to describe learner and instructor

behaviors.

Additionally, the observer was instructed to use the com-
ments section if they noted some relevant behavior that was
not included in the form. This form provided valuable quan-
titative information of what was happening during gameplay.

The evaluation tools used to assess the learning outcomes
of the game also included a survey that was completed by
the learners immediately after playing the game. The ques-
tions included in this survey align with the scientific practices
that are expected from high school learners (NGSS Lead
States, 2013). We included questions to evaluate the ability
of learners to (1) make cause-effect predictions and (2)
engage in Earth systems thinking, making explicit a model
of a system, specifying its boundaries, components and inter-
actions among these components (NGSS Lead States, 2013).

Martindale and Weiss (2020) implemented an online survey
to assess undergraduate students and instructors self-reported
opinions about the game. The authors included 15 questions
to assess content knowledge. These questions inform the
development of the learners’ evaluation survey used on this
study (Table 3). We adapted the questionnaire to assess learn-
er’s scientific skills, along with content knowledge.

Question #1 evaluates students’ ability to analyze simu-
lated geological data. Students are asked to determine if the

final diversity of their fossils collection was representative
of the original diversity, comparing the number of taxa (i.e.,
types of organism tokens) at the beginning of the game and
the number of taxa in their collection at the end of the
game. We did not include this question in our results or
analyses because it was clear from the learners’ responses
that they misinterpreted the question. For example, some
learners compared their final diversity to the original diver-
sity of their 10 organisms, not the entire board, and others
counted the total number of organisms that they had in
their collection at the end of the game, as opposed to the
number of different types of organisms. Therefore, this ques-
tion was not used to evaluate learning.

The Geosciences Concept Inventory (GCI) presents 69
multiple-choice validated questions for use in college
entry-level geoscience courses (Libarkin & Anderson,
2006). Each GCI question has gone through rigorous reli-
ability and validation studies, including scale development
theory, grounded theory, and item response theory
(Libarkin & Anderson, 2006). We included question [38]
from the GCI in our evaluation survey (question #2 in
Table 3) to assess learners’ understanding about the incom-
pleteness of the fossil record. In question #2 learners are
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Table 3. Questions from the survey implemented by Martindale and Weiss (2020) used as reference for the questions of the survey used in this study.

Martindale and Weiss (2020)

This study

[C12] The diversity of the fossil record reflects the original
diversity of the community

© > =

. Is the diversity of your collection representative of the original diversity?
. Original diversity-OD (Number of taxa at the beginning of the game): 9
. Collection diversity -CD (Number of taxa that you collected)

Percentage (%) (CD*100/0D)

[C11] The fossil record is complete (i.e., there is no loss of 2.
information during fossilization) contains

[C9] It is easy for an organism to become a fossil /l;

C

D.

E

[C7] Fossils that are protected from scavengers are more 3.
likely to fossilize

[C10] When an organism is fossilized it is often perfectly A. Tsunami
preserved E D
[C4] Random events influence whether an organism is o DEEY
- D. Scavenge
fossilized

C2] Burial influences whether an organism is fossilized

C6] Fossils that are buried faster are more likely to fossilize

C5] How an organism dies influences whether it is fossilized

C8] Organism soft parts have a high chance of being
fossilized

oNn®mE A

. Fast sedimentation

A scientist collects all of the fossils ever discovered into one room. This room now

. Fossils of a few plants and animals that ever lived

. Fossils of most of the plants and animals that ever lived

. Fossils of most of the types of plants and animals that ever lived
. Fossils of all of the plants and animals that ever lived

. Fossils of all the types of plants and animals that ever lived

Match the environmental event with the effects that it produces on the system (Note
that each event produces several effects. Select all that apply)

__ Specimens protected from erosion

__ Specimens moved to a deeper environment
__ Specimens disarticulated

__ Lost of soft tissue

. Select all the statements that are true

How an organism dies does not influence whether is fossilized
Fossils that are protected from scavengers are more likely to fossilize
. Organisms soft parts have a high chance of being fossilized

. Fossils that are buried faster are more likely to fossilize.

expected to infer that if a scientist had all the fossils ever
discovered in one room, this collection will only contain
(A) fossils of few of the plants and animals that ever
lived. In the game players learn how difficult it is for an
organism to be preserved as a fossil by protecting their
fossils from different taphonomic and environmental fac-
tors and human biases.

Question #3 was posed to evaluate the ability of learners
to establish cause-effect relationships from the game; learn-
ers were asked to match the impact that different tapho-
nomic factors and environmental events may have on the
specimens through the fossilization process. This question
is based on three taphonomic cards: fast sedimentation,
decay, and scavenge, as well as one environmental event
card: tsunami. Each card contains a detailed description of
the impacts it will have on the organisms on the board.
For example, the tsunami card states: “The Earth quakes
and there is a massive tsunami! All organisms in the
Shallow Ramp and Intermediate Depth are moved one envi-
ronment deeper and disarticulated...If an organism is not
buried and already disarticulated, they are lost to the fossil
record”. In question #3, the learners are expected to match
the event tsunami with the impact that it causes on the
organisms, the specimens are moved to a deeper environ-
ment and disarticulated.

In question #4, the learners are expected to infer
cause-effect relations based on their experience during game-
play. They are presented with four statements written in a
cause-effect format and asked to identify the true statements
(question #4 in Table 3). The demonstrated knowledge
includes: (1) different ways to die impact the fossilization
process, (2) burial protect organisms and (3) hard tissues
(skeleton or shell) are more likely to be preserved than soft
parts (skin or muscle).

While “Taphonomy: Dead and Fossilized” teaches learners
about cause-effect relationships in the fossilization process,

the game goes beyond these lineal relations to be a model
of a system where complex processes occur in time and
space. Question #5 assesses learners’ Earth systems thinking,
asking them to draw a diagram of the system presented in
the game, including the parts of the system, connections
among these parts, and labels or annotations to explain how
different parts of the game’s scenario work together. The
rubric designed to grade this question (Table 4) and sample
drawings were discussed, evaluated, and agreed upon by
three of the authors. The rubric incorporates systems think-
ing characteristics [1], [2], and [8] (sensu Assaraf & Orion,
2005, p. 523). We evaluated learners’ abilities to (1) identify
the main components of the system (e.g., boundaries and
organisms); (2) identify dynamic relations among compo-
nents (e.g., modification of organisms and environmental
events), and (3) think temporally (e.g., basic understanding
of change over time and geological time) (Table 4).

Results

Observation protocol of learner and instructor
behaviors

Figure 3 displays learner behavior as a percentage of ‘total
time, calculated with the Equation [Total time = 5 * (number
of 5min slots checked by the observer in the protocol)]. The
percentages in the charts (Figures 3, 4, and 5) represents how
frequently each observer marked the behaviors in their form.
On average the observers reported three students’ behaviors
and two instructors behaviors in a 5minutes slot. Behaviors
that reflect active learning (i.e., making strategy, asking ques-
tions about the rules, asking questions about the content,
engaged in whole class discussion and answering questions)
were predominant in both groups (colored red) when compared
with behaviors that reflect passive learning, such as listening
to instructions, distracted and waiting (grey colors in Figure
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Table 4. Rubric proposed to evaluate learners Earth systems thinking in question #5.

Identify the components Categories: Basic Diagram includes components from one of the categories
of the system 1. Boundaries (ocean basin, Good Diagram includes components from two of the categories

deep, intermediate, shallow) Excellent Diagram includes components from three categories
2. Organisms (labeled?)

3. Other physical components

(sediments, water)

Ability to identify Categories: Basic Diagram includes dynamic relationships from one of the categories
dynamic Relationships 1. Different ways to die Good Diagram includes dynamic relationships from two of the categories
among Components 2. Modification of organism Very Good Diagram includes dynamic relationships from three or more categories

(e.g., movement, burial, or learners identify one or two dynamic relations and they locate

dissolution) them in the space

3. Environmental events (e.q. Excellent Diagram includes dynamic relationships from three categories and locate

Tsunami, Anoxia) them in space (e.g., Tsunami moving organisms from shallow to
deeper water)

Thinking temporally (retrospection and prediction) Basic The diagram includes processes evidencing temporal thinking

Good The diagram includes processes evidencing temporal thinking and a
basic understanding of geological time
Group 2 Group 2
Group 1 Observer A Observer B
D L
W 5%  18% wiaz D12%

Qv R

L5%
AQ 2%

AQ4%

Passive learning

L- listening

D- distracted

W- waifing

Figure 3. Learners’ behaviors while playing the board game observed in two groups of GeoFORCE Texas participants (group 1 n=22, group 2 n=27). The
figures displayed the results provided by one observer in group 1 and two observers in group 2. One hundred percent is the ‘total time’ learners were engaged
in the behaviors reported by the observers in the form (as opposed to the total time that the activity lasted); when the observer reported more than one

behavior in a five-minute slot, these were counted independently.

3). In group 1, learners were engaged in behaviors reflecting
active learning 65% of the “total time”, whereas in group 2,
Observer A reported that learners were engaged in active learn-
ing behaviors 73% of the “total time”, while Observer B reported
these behaviors 69% of the “total time”. In group 1 the most
reported behavior was making predictions about the outcome
of the game, or strategizing (Figure 3). Observer A in group
2 also reported strategizing as the most observed behavior, but
Observer B reported it as the second most common behavior,
after learners asking questions about the rules of the game.
In both groups observers reported that instructors spent
less than half of the “total time” lecturing (L in Figure 5).
In group 1 the instructor lectured for 43% of the “total
time”, in group 2, Observers A and B reported that instruc-
tors were lecturing for 28% and 33% of the “total time’,
respectively (Figure 5). In group 1 the observer marked the
behavior “lecturing” with the same frequency as the activities

that reflect active learning, such as interacting with learners
in one-on-one discussions or answering and posing ques-
tions. In group 2, both observers reported predominance of
behaviors reflecting active learning over lecturing. Differences
were observed in the instructor behaviors reported by
Observers A and B in group 2. With the exception of lec-
turing and one-on-one discussion, Observers A and B did
not agree on the percentage of total time that the instructor
spent in each of the other behaviors. Some of these obser-
vations represent substantial differences.

To provide a quantitative estimate on the similarity of
observations made by Observers A and B, we calculated
Jaccard similarity scores for each code, using Equation [2].
The results are presented in Table 5. Jaccard score values
close to one indicate the greatest similarity between observ-
ers, while low scores indicate discrepancy among observers
(Smith et al., 2013). Our observation protocol closely
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Figure 4. Behaviors observed in each of the three Eras of the game, in two groups of GeoFORCE learners (group 1 n=22, group 2 n=27). The figures show
the percentage of time that each behavior was observed with respect to the total duration of the game in the First, Second, and Third or Final Era. A) Learners
were listening to instructor; B) learners were making a prediction about the outcome of the game or planning strategies; C) learners were asking questions
about the rules of the game; D) learners were asking questions about the content of the game.

Group 1

To1
19%

14%
Sm

Group 2 Group 2
Ob§§wer A Obggrver B

> b

11%
Sm

Active learning

101 - one-on-one discussion, Aq — answering questions,
Pg— posing questions

Passive learning

L — lecturing , SM — Supplementary material

Figure 5. Instructors’ behaviors observed in two groups of GeoFORCE Texas learners while playing the board game. The figures displayed the results provided
by one observer in group 1 and two observers in group 2. One hundred percent is the total time learners were engaged in the behaviors reported by the
observers in the form (as opposed to the total time that the activity lasted); when the observer reported more than one behavior in a five-minute slot, these

were counted independently.
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Table 5. Jaccard similarity scores (T) for each code of the observation protocol
across the two observers reporting for Group 2.

Students behaviors T

L Listening to instructor 0.5

AnQ Answering a question posed by the instructor 0.8
with rest of class listening

QR Asking questions about the rules of the game 0.7

QcC Asking questions about the content of the game 0.4

WC Engaged in whole class discussion by offering 0.5
explanations, opinion, judgment.

Prd Making a prediction about the outcome of the 0.6
game or planning strategies.

TQ Test or quiz 1
w Waiting (instructor late, working on fixing AV 0.7
problems, instructor otherwise occupied, etc.)

D Distracted in non-related activities (Looking at 0.6

the phone, talking about not related topics)

Instructor is Doing T

L Lecturing (e.g., explaining the rules of the game) 0.4

SM Using supporting material (videos, board, 0.7
projector)

PQ Posing a guiding question to learners 0.7

AQ Answering student questions with other learners 0.5
listening

101 One-on-one extended discussion with one or two 0.3
individuals, not paying attention to the rest of
the class

Adm Administration (e.g., assigning a test) 1

resembles the Classroom Observation Protocol for
Undergraduate STEM (COPUS), presented in Smith et al.
(2013). The COPUS was designed with the intention of not
requiring multiday training periods for observers to achieve
valid results (Smith et al., 2013). Our results show an
important level of agreement (i.e. average Jaccard score of
0.6 for the students’ behaviors and instructor’s behaviors),
even though the observers did not participate in a training
period. Moreover, for increasing the level of agreement we
recommend a training period for observers.

(P —
n,+n, +n, @)

Q#2 A scientist collects all of the fossils ever

discovered into one room. This room now contains
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Where T =Jaccard score, nc=number of 5min slot boxes
marked the same by observer A and B, na=nc+number of
5min slot boxes marked by observer A, not marked by
observer B, nb=nc+number of 5min slot boxes marked by
observer B, not marked by observer A.

Survey answered by GeoFORCE learners

Figure 6 illustrates the rising 12 grade learners’ answers
to question #2: “A scientist collects all of the fossils ever
discovered into one room. This room now contains:” (from
the GCI; Libarkin & Anderson, 2006, 2008). Most of the
learners in group 1 selected the correct answer, A: Fossils
of a few of the plants and animals that ever lived. Most of
the learners in group 2 selected answer C (Fossils of most
of the types of plants and animals that ever lived), with A
being the second most selected answer. These results show
that learners have misconceptions regarding the total num-
ber of organisms that ever lived and the percentage of these
organisms that fossilized.

Questions #3 and #4 assess the ability of the GeoFORCE
Texas learners to apply paleontological knowledge to estab-
lish cause-effect relationships. In both groups, learners
showed good performance on these questions (Figure 7)
with more than 50% answering the four components of
question #3 correctly in both groups (more than 59% in
group 2). Establishing that a tsunami or the action of scav-
engers were causes of having a fossil disarticulated was the
most challenging concept for learners in both groups (Figure
7). In question #4 the majority of the learners (95% in
group 1, 85% in group 2) were correct when selecting the
statements that were true: A. Fossils that are protected from
scavengers are more likely to fossilize and fossils that are
buried faster are more likely to fossilize.

To evaluate question #5, we used the rubric presented in
Table 4. The learners were better at identifying the compo-
nents of the system than establishing relationships among
the components or showing evidence of temporal thinking

Possible answers

Fossils of all of the types of plants and animals
that ever lived

B. Fossils of a few of the plants and animals that ever
lived

C. Fossils of most of the plants and animals that ever
lived

D. Fossils of most of the types of plants and animals
that ever lived

Fossils of all of the plants and animals that ever
lived

Figure 6. Summary of answers to survey question #2 by GeoFORCE learners. (group 1 n=22, group 2 n=27).
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Q#3 Match the environmental event with the effects that it produces

Group 1
;g Group 2

20
18
16
14
12
10

8

Number of learners

oON B O

3a 3b
Answers to Q#3

3a. Tsunami [A]
3b. Fast sedimentation [B]
3c. Decay [C]

3d. Scavenge [D]

24
22
20
18
16
14
12

Number of learners
[y
0 o

ON B O

43 4b

3c 3d

B specimens protected from erosion
A specimens moved to a deeper environment
A/D specimens disarticulated

C/D Lost of soft tissue

Q#4 Select all the statements that are true

Group 1
Group 2

4c 4d
Answers to Q#4

4a. How an organism dies does not influence whether it is fossilized (False)

4b. Fossils that are protected from scavengers are more likely to fossilize (True)

4c. Organism soft parts have a high chance of being fossilized (False)

4d. Fossils that are buried faster are more likely to fossilize (True)

Figure 7. Number of learners who correctly answered A) survey question #3, and B) survey question #4. (group 1 n=22, group 2 n=27).

on their diagrams. Figure 8 presents two examples of
sketches from the GeoFORCE learners. The sketch from
Group 2 (Figure 8A) does a good job identifying the com-
ponents and borders of the system (e.g., organisms and
sediments), and identifying dynamic relationships between
them (e.g., organisms dying, modification of

organisms-microbes attack, environmental events-tsunami).
That said, this sketch is basic in displaying an understanding
of time. In contrast, the sketch from Group 1 (Figure 8B)
incorporates elements that imply deep time thinking (ie.,
sequence of events that take place during fossilization), but
the student does not identify the boundaries of the system.
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Figure 8. Example of the sketches drawn by GeoFORCE learners to illustrate the system presented in the game. A. A learner from group 2 who identifies the
components of the system and dynamic relationships but who also has a basic understanding of time. B. A learner from group 2 who identifies some com-
ponents of the system but does not establish boundaries; they identify dynamic relationships and incorporate elements that indicate deep time thinking.

Therefore, we do not know where the processes are taking
place in their sketch.

In group 1, 95% of the learners identified the compo-
nents of the system, but most only identified one (Figure
9A). In group 2, 88% of the learners identified the com-
ponents and most of them identified two or more com-
ponents (Figure 9B). Fewer learners, only 45% in group 1
and 51% in group 2, identified dynamic relationships
among components (Figure 9), but the results from group
2 were more heterogeneous. Most of the learners identified
only one dynamic relationship; however, there were some
who identified two or three dynamic relationships, even
locating them in space (Figure 9B). Finally, only 31% and
26% of learners in groups 1 and 2, respectively, demon-
strated temporal thinking on their diagrams, including
processes that occur on geological timescales in some cases
(Figure 9).

Interpretations and discussion

Student and instructor behaviors

Our results from the observation protocol data show that
“Taphonomy: Dead and Fossilized” is effective as an edu-
cational strategy that engages players in active learning;
active learning behaviors were predominant in the two
groups observed (Figure 3). Our results highlight that during
the game, GeoFORCE Texas learners were engaged in mak-
ing strategy, asking questions, and answering questions; in
fact, most of the time during the gameplay they were

engaged in making strategy. This is an important outcome
since it reflects the ability of learners to use the knowledge
gained and go beyond memorizing concepts to generate
their own conjectures based on learned concepts. The
observers reported that learners spent more time making
strategy in the Second and Third Eras (Taphonomy and
Discovery Eras), when there are numerous possibilities for
strategizing. In the Second Era, for example, one possible
strategy is protecting the most valuable organisms with
burial tokens, while disarticulating an opponent’s organisms.
It is important to note that the GeoFORCE Texas learners
were playing in teams of two (unlike the learners assessed
in Martindale & Weiss, 2020), which allowed them to dis-
cuss strategy with their partner and thus engage in coop-
erative learning. Additionally, learners were playing against
other teams to win the game, which still allowed them to
engage in competitive learning.

While competition increases a student’s engagement in
the activity (Burguillo, 2010; Martindale & Weiss, 2020),
the need for collaborative group work has been emphasized
in much of the higher education literature (e.g., Gokhale,
1995). In the game, students spent an important period of
time strategizing with their partner. Strategizing included
positive interactions expected in cooperative learning, such
as group members exchanging resources and information,
teaching one’s knowledge to others, finding help from a
peer, challenging each other’s reasoning, and encouraging
others to achieve (Johnson & Johnson, 2002). Based on
the implementation of the activity with GeoFORCE, we
highly recommend having students play in teams to enhance
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Figure 9. Summary of answers to survey question #5 by GeoFORCE learners; diagrams were graded with rubric presented in Table 4. Note, two students did

not complete this question.

cooperative learning. Instructors could enhance cooperation
by planning team structure so that groups are heterogenous
(bring different perspectives and skills) and/or assigning
specific tasks to each group member (e.g., each member
needs to play one action per round) so that students cannot
accomplish the goal of having the most pristine collection
by themselves. Another option would be to have the entire
table play as a team and then compete with other tables.
This would keep the competition aspect of the game as a
whole (although competition would be downplayed in indi-
vidual interactions or Eras), while focusing on collaboration
for the majority of interactions during the game.

Do learners understand that the fossil record is an
imperfect representation of biodiversity?

Geosciences Concept Inventory Question [38] (Libarkin &
Anderson, 2006, 2008) was included in our evaluation
survey as question #2. This question was very useful in
revealing the potential for students to develop the miscon-
ception that fossil diversity is an accurate representation

of original diversity. This finding led us to suggest that
instructors who implement the activity emphasize the con-
cept that only few fossils of the plants and animals that
ever live are preserved in the fossil record (answer A to
the question [38] of the concept inventory; question #1 in
Table 3) and to clarify misconceptions about fossil diversity
that could arise during gameplay. Participants’ responses
to this question show that they are able to make inferences
about biases in the fossil record; however, there were vari-
able responses, which could be the result of GeoFORCE
learners focusing on their outcomes of the game, without
discussing the different outcomes of other tables. The play-
ers are expected to understand the difference among the
initial and final diversity when playing the game (scaf-
folded by question #1); however, if the student finished
with a collection that closely resembled the original diver-
sity at the start of the game, they may have instead thought
that answer C was correct: “if they had all of the fossils
ever discovered into one room, this collection would be
representative of most of the types of plants and animals
that ever lived”. Martindale and Weiss (2020) recommend
having a following up discussion or activity to share the
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final outcomes of the game among multiple boards, where
the learners could see that final diversity will vary from
game to game and an activity where participants take pic-
tures of the board once all the pieces have been placed
and before they begin the Discovery Era, and that they
compare the composition of live versus fossil assemblages.
We did not incorporate this activity with GeoFORCE Texas
learners due to time limitations. However, this kind of
supplementary activity would be ideal for taking full
advantage of the game as a learning tool and emphasizing
the (possible) incompleteness of the fossil record in a high
school classroom setting where instructors could dedicate
two or three class sessions to teaching about fossilization,
the history of life, and Earth system thinking.

While the Geosciences Concept Inventory is probably the
most complete source of validated questions to evaluate geo-
science understanding, we only found two questions related
to the fossilization process. Three more questions relate to
fossils; however, they evaluate the student’s understanding
of dating techniques used in geosciences, not the process of
fossilization. We believe that an update of the inventory
would benefit by incorporating questions related to tapho-
nomy, a complex process that, as suggested by our results
and discussed below, provides opportunities for learners to
develop important scientific skills aligned with the Next
Generation Science Standards such as Earth systems thinking.

Earth systems thinking

A key component in our evaluation of the game was assess-
ing how effectively it promoted Earth systems thinking in
high school learners. The sketches provided important infor-
mation about how students identify relationships among the
components of the system in time and space, important
evidence of systems thinking (Assaraf & Orion, 2005). On
the other hand, drawing is integral to scientific thinking; it
is an important learning strategy that helps students organize
their knowledge and communicate understanding (Ainsworth
et al., 2011). The board game is played through the geo-
logical time and includes processes and events that impact
fossilization. Student sketches varied from literal represen-
tations of the board game (i.e., drawing the tokens and
cards) to actual representations of an ocean basin (e.g.,
cross-sectional view), with organisms being impacted by
natural events such as tsunamis. As recognized by Assaraf
and Orion (2005), one of the limitations of using sketches
as evaluation tools is that the drawing aptitude of the stu-
dents can interfere with their ability to represent their
understanding of the natural phenomena. Asking the stu-
dents to label and annotate their drawings is critical to
address this limitation. GeoFORCE Texas students had
20 minutes to complete the five questions survey. Although
some of the drawings were very detailed, many did not have
annotations and two students did not complete this question;
drawing ability could explain these differences. For research-
ers interested in using the evaluation survey presented in
this study, we recommend giving students at least 10 minutes
to complete this question as well as having a follow up

interview or open question in the survey where the students
have the opportunity to explain their diagrams.

The impact of multicontext learning environments
within different student demographics

In high context culture, learning is characterized as com-
munity focused, subscribed to a holistic worldview, and
thinking in terms of systems and connections is encouraged
(Weissmann et al., 2019). GeoFORCE participants were
mostly Hispanic students, who tend to find high context
approaches to learning more salient to their academic expe-
rience (sensu Weissmann et al., 2019). In contrast, low con-
text cultures (predominant in the USA) are characterized
by valuing individual success, categorizing tasks and con-
cepts, and applying a linear logical thought process
(Weissmann et al., 2019). “Taphonomy: Dead and Fossilized”
provides a learning setting that promotes student interaction,
which is favorable to high context students. In the game,
isolating the components to understand the system (low
context) is as important as understanding the complex inter-
actions among the components (high context). Similarly,
understanding linear cause-effect relationships (low context)
is as important as Earth systems thinking (high context).
The game has the potential to serve as a multicontext edu-
cational strategy to engage students from different cultural
backgrounds in high school classrooms.

Martindale and Weiss (2020) reported than Latinx stu-
dents who participated in the evaluation of the game were
less likely than white or non-Hispanic students to agree
that the game was fun. The authors concluded that there
may be a correlation among these results and the socio-
economic status of the students that would impact whether
students were familiar with board games. Students who
were familiar with, or had grown up playing board games,
were more likely to enjoy the game than those who had
not (Martindale & Weiss, 2020). This explanation aligns
with anecdotical experience shared with us by a high school
teacher (co-author ER) who implemented the game in his
high school classroom. He observed that students from
high socioeconomic status, including several Hispanic stu-
dents, enjoyed the game more than those from low income
backgrounds, regardless of ethnicity. Finally, Martindale and
Weiss (2020) reported that Hispanic students and nonwhite
students were less likely than white students to agree that
the game was fun. In contrast, GeoFORCE Texas students
were highly engaged and enjoyed the game. The data col-
lected does not allow us to determine if the Hispanic stu-
dents were more or less engaged than white students, but
everyone was actively participating in the activity. One
possible explanation for this divergence is that in GeoFORCE
Texas, Hispanic students are not in the minority but make
up the majority of student participants. Most of the students
are Hispanic and the activity provides an opportunity for
them to learn in a high context setting. A setting where
Hispanic students are minorities could jeopardize the pre-
dominance of high context behaviors (e.g., more collabo-
rative learning style, holistic view of the system) or favor
low context behaviors (e.g., more individual, less interactive



learning style, more linear thinking). The incorporation of
“Taphonomy: Dead and Fossilized” in high school class-
rooms should consider the demographics of their student
population to take full advantage of the activity as a mul-
ticontext educational tool.

In the student populations studied both in this paper and
in Martindale and Weiss (2020), female students outnum-
bered male students; GeoFORCE students were 57-60%
female between 2016-2018 (GeoFORCE Texas Annual
Report, 2016, 2017, 2018), and 53% of students surveyed by
Martindale and Weiss (2020) were female compared to 44%
male. These numbers are not representative of the number
of women in geosciences in USA college institutions (approx-
imately 40% women enrolled in undergraduate degrees in
2015) (American Geosciences Institute (AGI), 2018). Since
female students may see greater gains than male students
from cooperative learning (when compared to individual or
competitive learning tools) (Petersen et al.,1991), this could
be a possible explanation of why the use of teams led to
students overall feeling more engaged than they were when
they played individually in Martindale and Weiss (2020).
While male students may be motivated by competition
(Dalton, 1990), both male and female students reported being
more motivated to learn science when learning in teams or
cooperative environments (Dalton, 1990; Lord, 1997;
Mergendoller & Packer, 1989; Petersen et al., 1991). Female
students in cooperative learning settings also report higher
self-esteem following collaborative learning exercises
(Johnson, Johnson, & Smith, 1998). Including cooperative
and competitive aspects to the game (through "team play")
may benefit all learners (Ke, 2020), but it is thought to
benefit Hispanic and female students in particular (Petersen
et al., 1991).

Limitations

The main limitation of the game evaluation was the time
constraints associated with the GeoFORCE Academy, which
impeded our ability to incorporate more evaluation proto-
cols. For example, we were unable to conduct a pretest of
the learners’ prior knowledge; therefore, it is difficult to
assess the amount of knowledge gained through playing the
game. Our results show that GeoFORCE Texas learners
achieved the expected learning outcomes of the game (Table
1); following the activity, participants successfully applied
paleontological knowledge about organism physiology, envi-
ronmental setting, physical and chemical changes during
exposure, burial, and decomposition when asked questions
that required establishing cause-effect relationships and
Earth systems thinking. Although, we do not have a
pre-game assessment, paleontology is not emphasized in the
student’s schools, or the previous GeoFORCE academies,
and therefore, learning outcomes are more likely related to
gameplay. Nevertheless, without a pretest we cannot differ-
entiate between students who acquire this knowledge by
playing the game versus those who had some prior knowl-
edge. Moreover, there was no control group with a different
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intervention around the same content. Although our results
provide evidence of the effectiveness of this activity as an
active learning strategy, we were not able to compare the
learning outcomes of this activity with those of a traditional
lecture. In general, there is evidence showing that active
learning works better than passive approaches for allowing
students to assess their own degree of understanding of
concepts and retain knowledge through participation
(Michael, 2006). We expect the game to be more effective
than teaching by lecturing. Future studies comparing the
learning outcomes of games, such as “Taphonomy: Dead
and Fossilized”, to those of a traditional lecture are recom-
mended to further validate the effectiveness of game-based
education.

One of the goals of evaluating “Taphonomy: Dead and
Fossilized” with rising 12" grade learners was to provide
evidence to support the incorporation of games in high
school classrooms. Although our results show that the game
is effective in engaging high school participants in active
learning about taphonomy, the game was evaluated in a
summertime program (i.e., GeoFORCE Texas), which is
different from a high school classroom setting. Transferability
studies should accumulate empirical evidence about contex-
tual similarity (Lincoln & Guba, 1985), paying special atten-
tion to the differences among the sending and receiving
contexts. To make transferability possible, we provided a
detailed description of the setting in which the activity was
evaluated in this study (i.e., sending context). The evaluation
of the educational intervention in new settings will require
validation of contextual similarities (Lincoln & Guba, 1985).
Some considerations when evaluating the game in a high
school classroom are: (1) In GeoFORCE Texas, the activity
was led by an instructor with the support of an educational
team (4 educational coaches). In a high school classroom,
the activity is more likely to be led by a single instructor.
In the modified high school version of the game, we have
incorporated activities for students to familiarize themselves
with the materials of the game prior to playing it (i.e.,
formative activities and assessments), which will facilitate
gameplay in a scenario with only one instructor. (2) Most
of the GeoFORCE participants are from underrepresented
groups in the geosciences (e.g., Hispanic) with high perfor-
mance in science and a demonstrated interest in geosciences.
By the time they played this game as rising 12 graders,
many of them have had exposure to geology in past summer
academies. This can explain why their learning outcomes
are more aligned with the overall positive opinions of
STEM- and Geoscience-majors in Martindale and Weiss
(2020). A traditional high school classroom will be more
heterogeneous. Instructors could use the differences in skills
among students to enhance cooperative learning, planning
the groups beforehand (e.g assigning specific tasks to group
members, encouraging cooperation). (3) GeoFORCE Texas
instructors only interact with the students during the sum-
mer academies, whereas high school teachers are engaged
in teaching science to their students throughout the aca-
demic year, which offers opportunities for follow up on
concepts, correct misconceptions and extend learning. (4)
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Efforts started to assess the game and evaluation instruments
in high school classrooms were interrupted by COVID 2019
after only one trial. Our preliminary results with 9th grade
students show that even though they were familiar with
paleontology (i.e., the class where the activity was imple-
mented has emphasis in paleontology), students found the
game challenging, especially the First Era. We recommend
that instructors interested in incorporating the activity in
high school classrooms dedicate at least two sessions. We
have developed supporting material to help students famil-
iarize with the mechanics of the game, and instructors to
support the learning process and prepare students to get
the best learning gains from playing the game.

The observation protocol is an important evaluation tool
to analyze students and instructors’ behaviors during game-
play. Nevertheless, one issue with this study was that two
observers reported different results while observing the same
group (group 2). Observers were not focused on specific
tables, they were tracking all the board games in the class-
room. It is likely that in some cases observers were coding
behaviors differently; for example, one observer may have
selected “engage in one-to-one discussion”, while the other
selected “answering a question” for the same observed
behavior. Similarly, if a team of learners was strategizing
and then asked for clarification about a game rule, depend-
ing on what part of the conversation an observer witnessed,
the activity could be coded differently. Considering that
students are expected to engage actively in this activity,
having more than one evaluator to report what is happening
in the classroom is desirable. In addition, both a training
period and post-implementation debrief is recommended to
help ensure that the observations are closely aligned. For
example, evaluators could watch a video of an activity, fill
in the proposed form, code observed behaviors every five
minutes and discuss rankings to align observations among
the group (Smith et al.,, 2013).

Implications

“Taphonomy: Dead and Fossilized” is an effective educa-
tional strategy to engage rising 12" grade students in active
learning. GeoFORCE Texas participants were able to apply
their paleontological knowledge to questions that required
them to establish cause-effect relationships and engage in
Earth systems thinking. Having learners play in teams (two
people) and collaborate to achieve the common goal of
having the most pristine collection (thus winning the game),
engaged students in discussion, sharing knowledge gained
while playing the game, and applying this knowledge to
design strategies to win.

The results of this study informed the modified version
of the game “Taphonomy: Dead and Fossilized” for high
school learners. The new version of the game includes dis-
covery options with which the students can better relate.
For example, “A high school group wants to learn about
fossils, so you take them fossil hunting. Great news, they
are really good at finding fossils! Collect two untagged

fossils” New environmental events and taphonomic factors
are also included to reinforce some geological concepts, such
as remineralization.

To support the incorporation of the game in high school
settings, we designed a two to three-day lesson plan
(depending on class duration). The lesson plan follows the
5E model (Engage, Explore, Explain, Elaborate, and Evaluate;
Bybee & Landes, 1990), including learning goals that are
aligned with the Next Generation Science Standards (NGSS)
and Texas Essential Knowledge and Skills (TEKS), as well
as documents that outline student and instructor expecta-
tions for each of the activities proposed. We recommend
that the students play the game in groups of two to enhance
cooperative learning, and teachers are advised to plan the
play groups beforehand to take full advantage of the game
as a multicontext educational tool. Additional materials, not
used with GeoFORCE, but available in the modified high
school version of the game (DOI: https://doi.org/10.18738/
T8/USRIGL), include a student handout (essentially a game
booklet that students are allowed to keep so they can con-
tinue learning outside the classroom setting) and teacher
notes to guide the instructor through the activity. The latter
materials highlight learning goals and suggest different strat-
egies to increase learning gains in each part of the game.
We designed a worksheet with activities and formative
assessments to help students familiarize themselves with the
materials and rules of the game (before and during game-
play), which will scaffold their learning of the scientific
concepts and game rules. For example, activity #2 asks stu-
dents to explain the three taphonomy cards they could use
to protect their collection and explain their strategy. In day
one, students create a strategy for the First and Second Eras
by exploring organism physiology, environments, and pos-
sible taphonomic or environmental problems they may
encounter. In day two the game allows students to engage,
explore, explain, and elaborate on their knowledge. A sum-
mative assessment was also created to help students reflect
on and galvanize their newly acquired knowledge following
gameplay. The results of the GeoFORCE Texas study show
that asking the students to draw a diagram is an effective
strategy to evaluate whether they are understanding the
connections and structure of the Earth system. Therefore,
we provided the option for students to sketch their answers
for some of the questions in the summative assessment. We
also included a number of other questions that challenge
the students to synthesize multiple geological concepts and
make predictions or model the system.

Our results show that GeoFORCE participants who played
the game engaged in active and cooperative learning but
also demonstrated an ability to apply their newly gained
geological knowledge to tasks that involved synthesis of sci-
entific topics (i.e., establishing cause-effect relations and
Earth systems thinking). The GeoFORCE results informed
a modified high school version of the game and instructional
material, a multicontext activity especially recommended for
diverse classrooms, that teacher can download and integrate
into a curriculum. All materials, including the game itself,
can be found at: https://doi.org/10.18738/T8/USRIGL.
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