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ABSTRACT
Stereotype threat, a phenomenon in which learners feel at risk of confirming negative
stereotypes about their abilities, is often associated with spatial reasoning abilities in geoscience
and has a disproportionately negative effect on women. This study examines how students’
growth or fixed mindsets mediate or amplify the effects of stereotype threat regarding selfperception of their spatial skills and learning how Earth’s cyclical orbital geometry influences its
climate.
Undergraduate, introductory-level Geology students at Western Washington University
were given a Pre-Test and Post-Test, a spatial reasoning test, and an assessment of their spatial
reasoning abilities. Of the 154 participants, 41 had a Fixed Mindset, and 113 had a Growth
Mindset. Regression analyses were performed to examine if the message to the Treatment
Group: “The results of the Spatial Reasoning Task usually show a difference in performance by
gender. It is thought that men tend to outperform women on spatial reasoning tasks,” triggered
significant differences in students’ performance and perceptions of competency.
Students with higher scores on the Spatial Reasoning Task earned higher Milankovitch
Cycle Post-Test scores, and students with a Growth Mindset tended to have higher Post-Test
scores than those with a Fixed Mindset. Participants in the Control and Treatment groups had
similar scores on the Post-Test, though exposure to the stereotyped message (membership in the
Treatment Group) had a more negative influence on women’s scores than a positive one on
men’s scores. Of women in the Treatment Group, those with a Growth Mindset earned higher
Post-Test scores, suggesting a Growth Mindset can offer resiliency to stereotyped messages.
Stereotype lift was not evident in Post-Test scores, as men who received the stereotyped message
who had a Fixed Mindset did not earn significantly higher scores than those with a Growth
Mindset.
Gender was the weakest predictor of improvement in score from Pre-Test to Post-Test for
the Control group, supporting the idea that no inherent difference exists in students’ scientific
learning abilities based on gender. Given these results, instructors are encouraged to offer
students practice with spatial reasoning skills as high scores on spatial reasoning tasks strongly
predicted high scores on related climate science content. Furthermore, instructors should foster
students’ Growth Mindsets toward learning spatial reasoning skills productively, and equitably,
as stereotyped messages were shown to impact both students’ scores and self-perceptions.
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INTRODUCTION

While increasing numbers of female students are taking Science, Technology,
Engineering, and Math (STEM) classes and majoring in these fields, their experience in school
and beyond still differs from that of their male peers. The percentage of STEM degrees awarded
to women has increased over the last decade, but there is still a significant disparity in women
pursuing advanced degrees and careers within many STEM subdisciplines (National Science
Foundation, 2006). Gender stereotype threat, often associated with spatial reasoning in the
geosciences, could have a disproportionately negative affect on women in both academia and the
workforce (Good, Rattan, and Dweck, 2012. Aronson and Steele, 2005). This study investigates
this phenomenon by examining the effects of stereotype threat regarding how it affects students’
ability to understand Milankovitch Cycles. Students with an understanding of Milankovitch
Cycles, an orbital-scale control on global climate, will ultimately be more prepared to understand
and contribute to the field of climate science. A growth mindset toward learning, the belief that
one’s own abilities and understanding can be changed or improved, has been found to help
mitigate the negative effects of stereotype threat (Aronson, 2007. Aronson, Fried, and Good,
2002. Denton, Kahn, and Chan, 2008).
This study explores the ability of one’s mindset to mediate the effects of stereotype threat
and master the spatial reasoning aspects of Milankovitch Cycles, orbital-scale components of
Earth’s climate systems, visualized through the processes of mental rotation and perspective
taking. Western Washington University undergraduates enrolled in Geology 101 and 211 Labs
were administered the Milankovitch Cycle Pre-Test, the Spatial Reasoning Task, and the
Mindset Survey. The participants then took a Demographic Survey, through which
approximately half of the participants received the treatment to induce stereotype threat. The
control group consisted of the half of participants who did not receive the stereotype treatment
statement. All participants then took The Spatial Reasoning Self-Assessment, a short survey
about their perceptions of their own spatial reasoning skills. They then participated in instruction
on Milankovitch Cycles followed by the Milankovitch Cycle Post-Test to assess their gains in
content retention.

It was predicted that of the female students who are exposed to the stereotype threat,
those who have a Growth Mindset and view their spatial reasoning as a malleable skill would
show greater improvement in scores between the Milankovitch Cycle Pre-Test and Post-Test
than those who reported having a fixed mindset. It was also expected that Stereotype Lift would
lead to the greatest increase in scores for the men in the treatment group with a fixed mindset.
Total sample size was greater than expected, but the number of students who reported
having a fixed mindset regarding spatial reasoning skills was much lower than expected. Of the
162 students who completed the study, 41 had a fixed mindset. This meant that there were only
10 students in each Fixed-Mindset group (Treatment Fixed Men, Treatment Fixed Women,
Control Fixed Men, Control Fixed Women). While there was not a statistically significant
difference in scores by group, the end members were accurately predicted; men in the treatment
group with a fixed mindset showed the most improvement from Pre-Test to Post-Test, and
women in the treatment group with a fixed mindset showed the least improvement.
Regression analysis in Statistical Package for the Social Sciences (SPSS) accounted for
all reported variables on Post-Test Score. It calculated the magnitude to which each variable was
a predictor of Post-Test score and if those controls were statistically significant. The best
predictor of Post-Test score was Pre-Test score followed by the Spatial Reasoning Task score.
The worst predictor of Post-Test score was the students’ gender, supporting the prediction that
there are no inherent differences in spatial reasoning ability between male and female students,
specifically as applied to the Mental Rotation and Perspective Taking used for visualizing the
Milankovitch Cycles
In addition to differences in score, particularly for the predicted endmembers, differences
in self-perception of spatial reasoning skills were apparent between the control group and the
treatment group. These differences were measured by comparing students’ Spatial Reasoning
Task (SRT) score and Spatial Reasoning Self-Assessment (SRSA) score in both the treatment
group and control group. In the Treatment group, all subgroups had average SRSA scores
predicting higher SRT scores than were earned. In the Control group, men’s SRSA scores
predicted lower scores than they earned on the SRT while females’ SRSA scores predicted
slightly higher SRT scores than they earned. This is in alignment with predictions regarding
stereotype lift for men. However, women given a stereotyped message preceding a task up to a
2

certain level of difficulty performed better than those not given the message. It is theorized that
this unexpected boost in score may have occurred because of increased effort to prove that
message to be untrue (O’Brien and Crandall, 2003).
CONCEPTUAL FRAMEWORK
Stereotype Threat and Stereotype Lift
Stereotype threat is induced when a stereotype relevant to the identity of an individual is
activated, and that individual shows thoughts and behaviors consistent with the stereotype
(Steele 1997). Situations which draw attention to the importance of the identity of the
stereotyped group can increase vulnerability to the stereotype threat, and academic and
professional performance can be undermined because of concerns about confirming negative
stereotypes about one’s group. Steele and Aronson’s 1995 study was the first to use the term in
their collection of experiments surrounding race. Their results showed that Black college
students (first-years and sophomores) scored lower on standardized tests than White students
when race was drawn attention to. When race was not emphasized, though, both groups of
students performed equivalently (Steele and Aronson, 1995). In a later study, the treatment
population in a study of undergraduate students were given a written statement which primed
them to think of their gender identity before taking the Vandenberg and Kuse Mental Rotations
Test, and women scored lower on the test when primed to think about gender identity than when
they were not. Men scored higher when they were primed to think about gender identity and
lower when they were not (McGlone and Aronson, 2006).
A reinforcement of a positive stereotype, on the other hand, has been shown to boost
performance for members of the positively stereotyped group. This phenomenon, in which
performance is improved when comparisons are made with a lower-performing group of which
the participants are not members, is known as stereotype lift (Walton and Cohen, 2003;
Mendoza-Denton, Kahn, and Chan, 2008).
Spatial Reasoning and Milankovitch Cycles
The Spatial Reasoning skills required to understand Milankovitch Cycles are the focus of
this study as this gender-stereotyped skill is important in the geoscience field. Milankovitch
3

cycles are variations in Earth’s tilt and orbit which influence the initiation of changes in global
climate in long-term cycles of glacial and interglacial periods. Milankovitch’s theory was first
published in 1930 in Mathematical Climate Change and Astronomical Theory of Climate
Fluctuations and was based almost entirely on calculations of celestial positions (Milankovitch,
1930). These orbital cycles have since come to be understood as one component of Earth’s
climate systems and contribute to 100kyrs to 10kyrs-scale variations in solar insolation. These
fluctuations in insolation, along with shorter-timescale phenomena such as atmospheric and
ocean circulation and other greenhouse gas processes, in turn, influence Earth’s natural
variations in climate. With an understanding of Milankovitch cycles, students should be able to
differentiate changes in the Earth’s climate related to natural causes from recent, relatively rapid
changes linked to anthropogenic (human-induced) causes.
Milankovitch Cycles consist of three distinct but concurrent processes: eccentricity,
obliquity, and precession. Eccentricity, the elliptical cycle of variation in shape of Earth’s orbit
around the sun, is about a 100 thousand-year cycle. Obliquity is the cycle of axial tilt of the
Earth’s rotation axis toward or away from the sun and varies from about 22 to 24.5 degrees,
usually 23.5, about every 41 thousand years. Precession, or the wobble of Earth’s axis, is about a
26 thousand-year cycle. As eccentricity, obliquity, and precession change, so does the amount of
sunlight that hits different latitudes. These orbital-scale changes affect the seasonality at
different latitudes and therefore are a factor in the timing and duration of glacial cycles,
influencing ice ages and sea level changes. Geochemistry, sedimentology, stratigraphy,
paleobiology, and ice core proxies all provide evidence for the cyclicity of these changes and the
timescales on which they occur.

4

Figure 1: As Earth’s orbit around the sun becomes more oval-shaped, or eccentric, the difference between distance
from the Earth to the Sun at aphelion and perihelion increases. The image at left shows an eccentricity of 0, a perfect
circle. The image at right shows an eccentricity of 0.5 to illustrate a highly eccentric orbit, though Earth’s
eccentricity is not known to exceed 0.07; its current eccentricity is 0.017. Earth’s orbit changes from maximum to
minimum eccentricity on a cycle lasting about 100kyr. (NASA, Orbital Variations. Images: Robert Simmon, NASA
Goddard Space Flight Center.)

Figure 2: Variation in Earth’s Obliquity. Earth’s obliquity, or change in the tilt of its axis, also influences seasonality
depending on latitude. For example, at times of higher obliquity (higher degree of axial tilt), summers are hotter and
winters are cooler in the northern hemisphere. The image shows maximum and minimum axial tilt, and Earth’s
current axial tilt is 23.5° (NASA, Orbital Variation, Image: Robert Simmon, NASA Goddard Space Flight Center).
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Figure 3: An illustration of the change of the orientation of Earth’s rotational axis, or precession. This change the
orientation of the Earth during perihelion and aphelion. Earth’s axis varies between pointing toward stars Vega and
Polaris, thus influencing seasonal variations by hemisphere. Earth’s current north star is Polaris, so Earth currently
has summers in the northern hemisphere close to aphelion (NASA, Orbital Variation. Image: Robert Simmon,
NASA Goddard Space Flight Center).

An understanding of Milankovitch Cycles is significantly aided by two types of spatial
reasoning: Mental Rotation and Perspective Taking. Visual Perspective Taking skills are
valuable in the context of spatial problem solving and are used to define the location of objects in
relation to other objects and/ or to a “seeing” agent. It is the skill of interpreting the visual
experience of a different agent or from a perspective other than one’s own physical location and
includes two mental components: one which continually updates the viewer’s imagined
perspective and one which traces the “seeing” agent’s line of sight. (Michelon and Zacks, 2006.
Harle and Towns, 2001). Mental rotation is defined as the formation of a three-dimensional
mental image of an object and imagining rotating the entire object. (Shepard and Metzler 1971).
Using the mental rotation tests designed by Shepard and Metzler, another set of researchers
attempted to discern gender differences in abilities to master this skill. No differences between
genders were found in error rates on the tests. Even when given limited amounts of time on the
tests, males and females performed the tasks with equal efficiency (Jones and Azuna, 1982).

6

Figure 4: At left, examples of sets of line drawings from Shepard and Metzler’s Mental Rotation study. A represents
a “same” pair which differs by an 80-degree rotation in the picture plane. B represents a “same pair” which differs
by an 80-degree rotation in depth. C represents a “different” pair which would not be the same object with any type
of rotation. (From Shepard and Metzler, 1971). The image at right (from Harle and Towns 2011) demonstrates a
simple example of a Perspective Taking task, asking the student to imagine a physical orientation different from
their own.

Milankovitch Cycles are an integral component of understanding how Earth’s natural
climate history fits into our current understanding of climate change. Current climate data
indicate that Earth’s climate is undergoing changes on a decadal timescale outside of its usual
thousands-of-years temperature range. (NASA, “Current Warming”). Students with an
understanding of Milankovitch Cycles will be able to contextualize current climate findings in
relation to what Earth’s climate could look like without anthropogenic influence.
Mindset and Stereotype Threat
A student’s mindset influences their academic achievement, and those with a fixed
mindset tend to perform at a lower level than those with a growth mindset. For the purposes of
this study as with previous work on Mindset, Mindset is addressed as a binary; students either
7

had a Fixed Mindset or a Growth Mindset as opposed to falling somewhere on a spectrum. A
student with a fixed mindset would believe, broadly, that a person has a fixed level of ability and
that nothing can change it. One with a growth mindset, on the other hand, would agree that
people may vary in their current skill level but acknowledge that everyone can improve (Dweck,
1999). Regarding quantitative subjects, a fixed mindset can contribute to the relative
underachievement of women in the sciences (Dweck, 2008). However, students who are
encouraged to think of intelligence as malleable (growth mindset) tend to outperform those who
see it as static. For this reason, it is useful to understand the effects of a gendered stereotype
threat on students and the ways in which their mindsets may perpetuate or mitigate it.
If members of a negatively stereotyped group exhibit a fixed mindset, they are more
susceptible to suggestions regarding their ability. While stereotype threat can negatively affect
groups for which there is a negative stereotype, a belief that a skill can be actively changed or
improved can help to increase the performance of the negatively stereotyped group (Denton,
Kahn, and Chan, 2008). A growth mindset, however, allows them to be more resilient to
negative messages about their abilities (Aronson, 2007) and therefore more likely to see
themselves as a rightful member of the academic or professional group. This sense of belonging
is an important component to persisting within their chosen academic or professional field
(Good, Rattan, and Dweck, 2012). Previous research has found that a male-female discrepancy
in scores on standardized tests can be partially attributed to stereotypes that affect the ability of
females. The researchers confirmed that a growth mindset helped reduce the effects of the
stereotype threat; female students who were delivered growth-mindset messages before a
quantitative test earned significantly higher scores than those in the control group (Good,
Aronson, Inzlicht, 2003).
Based on the assumption that the effects of stereotype lift work in the expected way in
conjunction with a fixed mindset, men with a fixed mindset regarding their spatial reasoning
skills in the Treatment Group were expected to show the greatest improvement in learning.
Experimental support for this occurrence has been found in the field of college mathematics for
two favorably stereotyped groups: Asian students and male students (Mendoza-Denton, Kahn,
and Chan, 2008). Within a positively stereotyped group, a belief that spatial ability is fixed could
reinforce the immutability of the performance gaps between them and the negatively stereotyped
group (Walton and Cohen 2003).
8

RESEARCH QUESTIONS AND HYPOTHESES
This study investigates the effects of the mindsets of the students who are given the
Stereotype Threat Treatment. The female students who are given the Treatment and have a
Growth Mindset were predicted to show greater improvements in MC Pre-Test to MC Post-Test
than those who were given the Treatment but have a Fixed Mindset. In addition, previous
studies on stereotype lift suggested that the male participants with a fixed mindset, who were
given the Stereotype Treatment would show greater improvements in their scores than the female
participants who were also given the Stereotype Treatment. It was also expected that all students,
males and females, in the Control group would show similar improvements in scores. Of the
participants in the Control group, those who reported having a Growth Mindset were expected to
show larger improvements in scores than those who reported having a Fixed Mindset. Predicted
outcomes, as indicated in the flow chart are explained in detail below:

Figure 5: Predicted performance outcomes for students who identify as a man or a woman. Students report whether
they have a growth or a fixed mindset, then if they experience stereotype regarding spatial reasoning. The difference
between the participants’ SR Task score and their perception of their performance, reported in the SR SelfAssessment, are ranked from Least (no to very little difference) to Most (very different). The predicted outcomes of
their improvements in score between the Milankovitch Cycle Pre-Test and Post-Test are ranked, 1 as highest and 6
as the lowest. Boxed rankings in the “Predicted MC Test Score Improvement Ranking” represent students in the
Treatment.
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1. MEN who have a FIXED Mindset and are GIVEN THE STEREOTYPE
TREATEMENT. Students in this group were expected to have the highest improvement in
scores because of the effects of Stereotype Lift. Men, according to the stereotype regarding
spatial reasoning, are expected to perform at a higher level on a spatial reasoning task. If they
are aware of this and believe that their high levels of ability are unmalleable, their scores will
be the highest (Mendoza-Denton, Kahn, and Chan, 2008). It was predicted that the men in
this study would perform according to the Stereotype Lift effect, even slightly higher than
those who report a growth mindset. Stereotype lift is one of the only instances in which a
fixed mindset will outperform a growth mindset. (Walton and Cohen, 2003; Dweck, 2008,
2006).
2. MEN who have a GROWTH Mindset and are GIVEN THE STEREOTYPE
TREATMENT. This group was expected to score the second highest on the Milankovitch
Cycle Concept test because Stereotype Lift would act in combination with the usual positive
effects of a growth mindset. Students in this category were expected to be thinking “I am
already naturally good at this, and I am capable of learning even more” (Mendoza-Denton,
Kahn, and Chan, 2008; Walton and Cohen, 2003; Dweck 2008, 2006).
3. MEN who have a GROWTH Mindset and are NOT GIVEN THE STEREOTYPE
TREATMENT. And WOMEN who have a GROWTH Mindset and are NOT GIVEN
THE STEREOTYPE TREATMENT. Both men and women who do not experience
Stereotype Threat are only susceptible to the effects of their mindsets. With the lack of the
Stereotype Threat or lift, students are capable of learning in an ideal environment. This
group was predicted to score the third highest because of all the typical, positive effects that a
growth mindset offers. A growth mindset makes it more possible to master new content than
does a fixed mindset. Therefore, both men and women who have a growth mindset regarding
spatial reasoning without the influence of Stereotype Threat will show improvements in
scores close to the top on the Milankovitch Cycle Post-Test. (Dweck, 2008, 2006).
4. WOMEN who have a GROWTH Mindset and are GIVEN THE STEREOTYPE
TREATMENT. Women who do experience Stereotype Threat regarding their spatial
reasoning skills were predicted to not score as high as their female or male counterparts who
do not. Still, the positive effects of a Growth Mindset were predicted to help overcome the
effects of the Stereotype Threat. Women who believe that their spatial reasoning skills are
10

malleable, even if they believe that men are “predisposed” to have better spatial reasoning
skills, will have larger gains in understanding than those who do not believe that they can
improve their skills through effort. (Good, Aronson, and Inzlicht, 2003; Dweck, 2008, 2006;
Aronson, 2007)
5. MEN who have a FIXED Mindset and are NOT GIVEN THE STEREOTYPE
TREATMENT. And WOMEN who have a FIXED Mindset and are NOT GIVEN THE
STEREOTYPE TREATMENT. Both men and women who do not experience stereotype
threat but have a Fixed Mindset regarding learning involving spatial abilities will show
among the lowest gains in understanding on the Milankovitch Cycle Post-Test. Without the
effects of Stereotype Threat, the effects of the students’ Mindsets will determine their
performance. A student of any identity who holds a Fixed Mindset around learning would
not be expected to perform at a high level as they see their amount of knowledge or
competence as unchangeable, so their capacity to learn is inhibited. (Dweck, 2008).
6. WOMEN who have a FIXED Mindset and are GIVEN THE STEREOTYPE
TREATMENT. This group was predicted to show the lowest amount of improvement in
scores on the Milankovitch Cycle Post-Test because of the compounding effects of the
negative Stereotype Threat and Fixed Mindset. These students would be of the belief that
they innately lack spatial reasoning abilities, at least abilities on par with those of their male
counterparts, and that there is nothing they can do to change it (Steele, Spencer, and
Aronson, 2002). The combination of these two factors will result in students from this group
having the lowest amount of improvement in Milankovitch Cycle Post-Test Scores.
(Mendoza-Denton, Kahn, and Chan, 2008). (Aronson, Fried, and Good, 2002; Good,
Aronson, and Inzlicht, 2003; Dweck, 2008, 2006).

11

METHODOLOGY
Research Design
As with most experimental education research, efficient and unbiased causal inference is
the objective of this study. For this reason, this study employed an experimental pretest-posttest
research design with a stratified sample randomly assigned to treatment and control conditions.
Before treatment begins, groups are equal, and random assignment facilitates a causal
relationship between treatment and outcomes and makes alternative reasons for observed
outcomes less plausible. Stratifying the sample makes it more likely that treatment and control
conditions will show similar mean pretest scores and variances on the stratifying variable
(Keppel, 1991; Kirk 1982). Experiments which employ random assignment follow the logic of
causal inference; the timing of experimental procedures dictate that cause precedes effect.
Random assignment equates groups with the assumption that all variables are roughly equal
before treatment, whether those characteristics are observed or not (Shadish, Cook, and
Campbell, 2002). Random assignment also allows for the separation of variation caused by
treatment conditions and variation caused by any other factors. Random assignment of
conditions in a pretest-posttest setup gives an estimate of the average magnitude of the effects of
the treatment (Rosebaum, 1995a). In addition, the employment of a pretest-posttest structure
allows for the use of techniques which increase statistical power and can be used to examine the
effectiveness of the treatment on different aspects of the tests (Shadish, Cook, and Campbell,
2002).
Using random assignment, it is assumed that participants receiving the treatment will
tend to have about the same characteristics as those who are not receiving the treatment. The
only systematic difference between the treatment group and the control group is the treatment.
Consequently, random assignment allows the experimenter to make causal inference by ensuring
that sampled units are randomly like each other. Stratification is most beneficial prior to the
randomized assignment of treatment conditions (Fleiss, 1986), so in this study, assignment
occurred after the Milankovitch Cycle Pretest, the Spatial Reasoning Task, and the Mindset
Survey, via the Demographic Survey. Responses on the Mindset Survey determined students’
placement in either the treatment or control group. Treatment conditions were assigned to have
an equal proportion of, for example, female students with a Growth Mindset in the Treatment
group and in the Control group. Student responses to the Mindset Survey were collected via the
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webpage on Canvas, WWU’s online course management system, and participants were assigned
to the Treatment or Control groups immediately following the collection of all responses. This
assignment was reflected during the first portion of the In-Person activity, the Demographic
Survey, and it was recorded using only the students’ W-numbers they provided online.

Figure 6: Random assignment of participants to Treatment and Control conditions depending upon their responses
on the online Mindset Survey.

The participants were volunteer undergraduates in WWU Geology 101 labs as well as all
students in Geology 211 labs. Geology 101 (GEOL 101) is the introductory-level Geology
course for WWU undergraduates typically not planning to major in Geology or another science
field. Geology 211 is also an introductory-level course and lab but is intended for science majors,
211A is only the lab component of 211 without a lecture, and 211H is an accelerated honors
version of the course and lab. These populations are unlikely to have had in-depth, if any,
previous exposure to Milankovitch Cycles as both 101 and 211 are introductory-level geoscience
courses. While each participant was a part of the experiment only once, two iterations of the
experiment were run to give students options for participation and thus increase sample size.
There were two lecture professors and eight lab teaching assistants that these students could have
had the quarter that the experiment was conducted. These students also represented a mixture of

13

intended, declared, and undecided majors. Of the 162 participants, 84 responses were obtained
from the Control Group and 78 were obtained from the Treatment Group.

Figure 7: Predicted outcomes with the number of participants assigned to each subgroup.

Selection and Sample
Participants in the experiment were WWU Undergraduates enrolled in Geology 101, 211,
211A, or 212 during Spring Quarter 2016. Students in all iterations of 211 courses were required
to participate as part of their course grade. For 101 students, participation in the experiment was
optional.
Undergraduates in introductory-level science classes are at a critical time in their personal
development in terms of choosing a career. For many, the introductory science classes they take
as an undergraduate could be their last formal, academic exposure to learning science. It is
imperative that even those who choose a non-STEM major and career path have a scientific
knowledge base to pull from to become responsible consumers of information. Other students
within the sample population may be deciding upon a major and the career path to which it could
lead. This is a critical time for students in developing a sense of identity and belonging within
their chosen field. Persistence within a field depends upon feeling welcome, competent, and
important within it, and stereotype threat can undermine identity and sense of belonging
(Aronson and Steele, 2005; Dweck, 2008; Steele, Spencer, and Aronson, 2002).
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Subjects were also selected because of convenience and proximity. The study could take place
completely on-campus using Geology department and Science, Math, And Technology
Education (SMATE) resources and spaces. Regular and direct contact with the other TAs and
lecture professors made it simple to remind them to encourage participation from their students.
Lab sections of Geology 101 and 211 met once and twice a week, respectively, so it was possible
to encourage participation and answer questions regarding the study. Designing the study to
remain self-contained within WWU’s Geology department and SMATE likely yielded the
highest possible sample size and made recruitment and retention simplest for both the
participants and the researchers (see APPENDIX VIII for recruitment emails).
Geology 211 students were required to participate as part of their participation grade in the
course. Students enrolled in Geology 101 were offered extra credit in the lab portion of the
course. Pizza, beverages, and candy were offered during the experiment itself. These incentives
encouraged students to attend the In-Person portion. All students who participated were also
entered into a drawing for one of four $50 Visa gift cards. The gift card drawing, refreshments,
and extra credit were advertised to all Geology 101 and 211 students via verbal announcement in
lab as well as two Canvas messages sent about a week apart.

Gender Identity

Men, 80, 50%

Women, 74,
46%

Something Else or Did
Not State, 6, 4%
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Geology Courses
GEOL 211H, 5,
3%

GEOL 211A,
14, 9%

GEOL 211, 54,
34%

GEOL 101, 87,
54%

Majors

Non-STEM, 67,
39%

Undecided, 29,
17%
Undecided, perhaps
STEM, 3, 2%
Undecided,
perhaps nonSTEM, 7, 4%

STEM, 67, 38%

Figure 8: Participation totals, showing the number, followed by the percentage, of students who provided usable
responses to survey items regarding Gender Identity, current Geology Class, and Major, respectively. Students in
211A were only enrolled in the lab component of GEOL 211. Students in 211H were enrolled in the Honors version
of GEOL 211, a course and lab that took place at an accelerated pace with slightly more breadth and depth of
content.
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Instruments
Instrument
Milankovitch Cycle (MC)
Pre-Test

Purpose
Assess students’ baseline
knowledge of Milankovitch
Cycles before any instruction.
Spatial Reasoning Task
Assess students’ level of
(SRT)
spatial reasoning skills,
specifically those important
in understanding MCs.
Mindset Survey
Survey students’ selfperceptions of mindset about
spatial reasoning; categorize
participants as having a
growth or fixed mindset
Demographic Survey (and
Collect data about
Stereotype Intervention*)
participants’ academic
background and, for the
Treatment group, gender
identity, selected per
responses on MS Survey.
*Treatment to induce
stereotype threat for the
Treatment group.
Spatial Reasoning SelfQuantifies participants’ selfAssessment (SR SA)
perceptions regarding own
SR skills. For those who in
Treatment Group, Stereotype
Threat is expected to become
evident here.
Milankovitch Cycle Lesson
Provide content-specific
and Student Activity Packet
instruction on Milankovitch
Cycles and allow students to
practice with their peers.
Milankovitch Cycle Post-Test Assess learning gains
between baseline on MC PreTest and following
intervention and instruction.

Time Allowed
30 minutes, online
20 minutes, immediately
following MC Pre-Test,
online
5 minutes, immediately
following SR Task, online

2 minutes, first part of inperson activities which took
place (from 1 to) 7 days after
completion of online
activities, in-person

5 minutes, immediately
following Demographic
Survey, in-person

40 minutes, immediately
following SR SelfAssessment, in-person
30 minutes, immediately
following MC Lesson, inperson
Total time: about 1 hour
online and about 1.5 hours in
person.

Table 1: Description of Instruments used in the study including their function, sequence, and the amount of time
allotted for each step in the experiment. An estimated one-half of participants received the Stereotype Treatment as
part of the Demographic Survey. Students were asked to allow 2 hours and 30 minutes in total for their participation
in the experiment but were permitted to move on to each new task if they finished the previous one before the
allotted time ran out. However, students were not permitted to take more than the allotted time.
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Procedure and Administration of Instruments and Interventions
The initial tests and surveys took place online on the participants’ own time,
unsupervised, during the week preceding the In-Person session. There were written instructions
to not consult any other person or outside source while completing the Online portion, but the
only way to regulate this was to put time limits on each of the online modules. First, the
Milankovitch Cycle Concept Pre-Test was administered online via the Canvas software system
to establish a baseline of participants’ understanding of orbital cycles before any teaching or
intervention occurred (see APPENDIX I: Milankovitch Cycle Concept Pre-Test and Post-Test).
Immediately following the Pre-Test, the Spatial Reasoning Task was administered, also on
Canvas (see APPENDIX II: Spatial Reasoning Task). The Spatial Reasoning Task is a
computerized test developed by the psychometrics branch of the Alaska Research Group (Alaska
Research Group. "Spatial Ability Test." Alaska Research Group Psychometrics, 2007). It
includes aspects the Purdue Spatial Visualization Tests: Visualization of Rotations and the
Object Perspective/ Spatial Orientation (Perspective-Taking) Test which test mental rotation and
perspective-taking skills. The computerized test especially emphasizes items from the Shepard
and Metzler Mental Rotation Test. In this study, participants indicate whether the object in
picture A is the same but rotated version of the object in frame B (Shepard and Metzler 1971)
(see Figure 1).
Next, participants completed the Mindset Survey to determine if they had a fixed or
growth mindset toward tasks involving perspective taking and mental rotation (see APPENDIX
III: Mindset Survey). This immediately followed the spatial reasoning task and was the last step
of the students’ online participation. They responded to a series of questions regarding whether
their spatial reasoning skills can be changed or if they are an innate ability. Following Carol
Dweck’s model (Fig. 2), students’ mindsets were measured through having them agree or
disagree on a 6-point Likert scale with statements regarding the malleability of intelligence and
competence. Because this study examines beliefs specific to spatial reasoning, all questions
asked specifically about that type of skill. Students were predicted to divide into about 40% fixed
mindset and 40% growth mindset with the remaining 20% not consistently responding according
to either type (Dweck 2008). The results however, were much different than predicted regarding
mindset toward spatial reasoning with 73.5% of participants reporting a Growth Mindset and the
other 26.5% reporting a Fixed Mindset.
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Figure 9: Survey for assessing student’s mindsets from Carol Dweck’s newsletter for the Canadian Education
Association (2008).

Upon entering the Learning Resource Center in SMATE at WWU for the in-person
portion, students who completed the online portion were given the instruction via the Power
Point to set up either their own or a borrowed laptop with the Canvas page. The in-person
quizzes opened at the time that the experiment was scheduled to begin so that they could not be
accessed at all before then. The in-person portion did not occur until participants were seated
with working laptops and successfully logged in to the Canvas course. After a brief introduction
about the project, students who had completed the three initial measures (finished the online
portion, could stay for the entire in-person session, and had not already completed the in-person
portion), received verbal and visual (in the Power Point) instructions to begin the first task, the
Demographic Survey. Those who did not complete the initial measures were asked to leave, and
a handful of students did so each time. Students were invited to have pizza, soda, and other
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treats from the side of the room before the experiment and at the built-in break in the middle of
the experiment. Students chose to cut this break altogether during both iterations of the
experiment.
The Canvas surveys were available to students from one week before the in-person
portion until twenty-four hours before. All the instruments in the in-person session were
administered directly after each other with no time in between, other than to explain instructions.
To begin the in-person session, the students took the Demographic Survey. It is in this step that
the Treatment Group had the Stereotype Treatment written as part of the survey while the
Control group did not. Both the Control group and the Treatment group were asked about which
Geology classes they are in or have taken, but a brief statement to expose students to Stereotype
Threat and a question about gender identity were included for the Treatment group only (see
APPENDIX IV: Demographic Survey). Next, all participants were surveyed regarding their
personal perceptions of their own spatial reasoning skills using the Spatial Reasoning SelfAssessment Survey (see APPENDIX V: Spatial Reasoning Self-Assessment Survey).
Participants then received instruction on Milankovitch cycles using a Teaching Guide,
Student Activity Packet, and Power Point slides adapted from Activities for Conceptualizing
Climate and Climate Change developed by the National Science Foundation and Purdue
University, and the Indiana State Climate Office. The lesson component of the experiment
included a brief explanation of the material followed by individual working time. Students did
not work collaboratively so that the results reflect only their own learning. Finally, participants
were given the Milankovitch Cycle Post-Test to obtain a final measurement of their contentspecific learning. The Milankovitch Cycle Concept Post-Test contained content identical to that
on the Pre-Test to compare each student’s final level of understanding to that which with he or
she began.
Participants were periodically asked if they needed more time on each task. All parts of
the experiment took less time than planned, with many students wanting to move on well before
the allotted amount of time had expired. Between each task, verbal instructions were given on
what to do next, and the Power Point read with the same directions. Once students completed a
task, it was closed and could not be revisited after moving on to another part of the experiment.
The students were almost completely self-sufficient until the Milankovitch Cycle Lesson. I
delivered the lesson using Power Point Slides (see APPENDIX VI), verbal explanation, and a
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hamster ball with a stick through it. The hamster ball set up was to demonstrate the rotation of
the Earth in relation to its axis, the tilt of the axis in relation to indicator stars, and the Earth's
proximity and tilt in relation to the sun. Students were encouraged to take notes on paper or via
word document on their computer during the lesson. They also completed reading and question
prompts in their Student Activity Packets as the lesson went on. The Activity Packets were not
graded but were a tool for students to keep track of their own notes and understanding.
The final task was the Post-Test, and students could use their notes and Activity Packets
as they completed it. Once the test was completed, students returned their laptops, if they
borrowed one, and left. This marked the end of their responsibility with the experiment.
In the week following each run of the experiment, an email was sent to the Treatment
Group explaining that the Stereotype message they received was not true (See APPENDIX VII).
This email also explained to them the purpose of the statement and provided resources if the
statement in any way caused any harm or distress. No students responded that they had
experienced any harm or distress by participating in the experiment.
Changes from Run 1 to Run 2
Several items on the Pre-Test and Post-Test were eliminated after the first run of the
experiment because participants were consistently not understanding the questions, or the
questions did not assess content understanding within the scope of the experiment. Response
patterns made it clear that participants did not have a strong grasp of the content, with many
students writing in that they did not understand what the question or questions were asking. This
applied to mostly graph reading and interpretation skills. Most, but not all the graph reading
questions were eliminated because graphing skills were not the focus of this experiment. This
study focused on the spatial reasoning skills required to visualize the Milankovitch Cycles.
Students were asked to look at the climate patterns Milankovitch Cycles influence using simple
graphs because this is important for understanding their cyclical nature over geologic time.
However, asking them to take graph interpretation one step further was confusing for many of
them, so those questions were eliminated. The questions involving graphs that remained were
kept demonstrating measurable, observable evidence such as the amount of ice cover and the
timing of the ice ages, thus requiring students to demonstrate an understanding of the
Milankovitch Cycles, using spatial reasoning as opposed to graph-reading.
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ANALYSES
Various models were tested in SPSS to determine the variables that most influenced
participants’ MC Post-Test scores. This included a linear regression model with all variables:
Gender, Mindset, Pre-Test Score, Spatial Reasoning Task (SRT) score, Spatial Reasoning SelfAssessment, Major, and GPA. With a significance threshold of 0.05, the only two statistically
significant predictors of Post-Test score were Pre-Test Score and Spatial Reasoning Task score.
Therefore, all subsequent models controlled for these to isolate the effects of the independent
variables on Post-Test score.
1. To what extent are spatial reasoning skills needed to develop an understanding of
Milankovitch Cycles?
First, separate linear regressions were run for the Control Group and Treatment Group, and
no difference in SRT’s effect on MC Post-Test was found between the groups. Because the data
did not show a reason to compare the Control to the Treatment Group, a linear regression was
conducted to compare the relationship between SRT, Pre-Test, and Post-Test using the following
inputs:
Data set:
Dependent:
Independent:

All participants
MC Post-Test
Spatial Reasoning Task, MC Pre-Test

The analyses found that score on the SRT was a significant predictor of MC Post-Test
(MC POST) scores, while controlling for Pre-Test (MC PRE) scores (p=.000). These findings
confirm the hypothesis that spatial reasoning skills are useful for learning Milankovitch Cycles
as students with high SRT scores also had high Post-Test scores and those with low SRT scores
had lower Post-Test scores.
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Coefficients

Standardized
Unstandardized Coefficients
Model
1

B

Coefficients

Std. Error

(Constant)

7.581

.667

MC PRE

.292

.058

SRT

.191

.037

Beta

t

Sig.

11.366

.000

.349

5.020

.000*

.363

5.223

.000*

a. Dependent Variable: MC POST
Table 2: Results of linear regression for research question 1 in SPSS. MC Pre-Test (MC PRE) and the
Spatial Reasoning Task (SRT) had a statistically significant effect on participants’ Post-Test scores.
These results are for all participants who gave usable data: 74 women and 80 men, total n= 154.

2. To what extent does gender stereotype regarding spatial reasoning skills affect
participants’ performance on related assessments?
To investigate this research question, data from women and from men were analyzed
separately to find stereotype threat’s influence on Post-Test score. Group, for this model, meant
membership in the Treatment Group who received the stereotyped message or the Control group
who did not. This model compared women in the Treatment Group to women in the Control
Group and men in the Treatment Group to men in the Control Group and so meant finding
Group’s effect on Post-Test score using the following inputs:
Data sets:
Dependent:
Random factor:
Covariates:

Men; Women
MC Post-Test
Group
MC Pre-Test, Spatial Reasoning Task

The analyses did not find membership in the Control or Treatment Group to be a
significant predictor of Post-Test score for men (p=0.627) or for women (0.202) These inputs to
the ANOVA address how much being in the Control or the Treatment Group influenced PostTest score, controlling for Pre-Test score and Spatial Reasoning Task Score. Group was more
influential over women’s Post-Test scores than men’s, as the output of the original model was
closer to approaching significance. Therefore, hypothetical models were run to demonstrate an
increased sample size and increased numbers of those with a Fixed Mindset. A modeled sample
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size of 222 women, 162 with a Growth Mindset and 60 with a Fixed Mindset produced a
significant p-value of 0.024 (see Table 10, APPENDIX XI). Modeling sample size to increase
to 324 women with 162 members of each Mindset Group, produced a significant p-value of
0.025 (see Table 11, APPENDIX XI). These results suggest that the delivery of the stereotyped
message to the Treatment Group had a larger influence on women’s Milankovitch Cycle
content learning than it did on the men’s learning.
MEN: Total n: 79. Growth Mindset: 58, Fixed Mindset: 21.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum of
Source
Intercept

Squares
Hypothesis
Error

MCPRE

Hypothesis
Error

SRT

Hypothesis
Error

GROUP

Hypothesis
Error

df

215.343

Mean Square

F

1

215.343

264.768

75.997

3.484

a

55.830

1

55.830

271.697

75

3.623b

48.248

1

48.248

271.697

75

b

.863

1

.863

271.697

75

3.623b

3.623

Sig.

61.810

.000

15.411

.000

13.319

.000

.238

.627

a. .050 MS(GROUP) + .950 MS(Error)
b. MS(Error)

Table 3: Results of the ANOVA for men to determine Group’s influence MC Post-Test score.
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WOMEN: Total n: 74. Growth Mindset: 54, Fixed Mindset: 20.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum of
Source

Squares

Intercept

Hypothesis
Error

SRT

Hypothesis
Error

MCPRE

Hypothesis
Error

GROUP

Hypothesis
Error

204.640

df

Mean Square

F

1

204.640

200.138

53.193

3.762

a

42.120

1

42.120

254.772

70

3.640b

40.502

1

40.502

254.772

70

b

6.036

1

6.036

70

b

254.772

3.640
3.640

Sig.

54.390

.000

11.573

.001

11.128

.001

1.658

.202

a. .051 MS(GROUP) + .949 MS(Error)
b. MS(Error)

Table 4: Results of the ANOVA for men to determine Group’s influence MC Post-Test score.

3. To what extent does mindset affect students’ ability to learn the Milankovitch Cycles?
Data set:
Control Group
Dependent:
MC Post-Test
Random factor:
Mindset
Covariates:
MC Pre-Test, Spatial Reasoning Task
Mindset was not found to be a statistically significant influence on Post-Test score for
members of the Control Group (p= 0.307). These inputs to the ANOVA examine the magnitude
of Mindset’s influence on MC Post-Test scores controlling for MC Pre-Test and Spatial
Reasoning Task scores for the Control Group only. Excluding data from the Treatment Group
ensures that only Mindset’s effect on learning MCs is being tested rather than the combined
effects of Mindset and stereotype threat. Data for both men and women from the Control Group
was run together also because without stereotype threat and/ or lift, gender was not a significant
predictor of Post-Test score and in fact the weakest predictor of Post-Test score out of all
variables tested.
Analyses show that, while not a statistically significant result, students with a Growth
Mindset tended to have higher Post-Test scores than those with a Fixed Mindset. Though the
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initial sample size did not yield a statistically significant correlation, models that increased
sample size (total n=269 with 184 Growth and 85 Fixed) and increased sample size with equal
membership with Growth and Fixed Mindsets (total n= 540 with 270 in each group) show
Mindset as a significant predictor of Post-Test score. The increased-sample-sized model
produced a significant p-value of 0.049 (see Table 12, APPENDIX XI), and the model with a
large sample size with equal Mindset groups produced a significant p-value of 0.031 (see Table
13, APPENDIX XI). This supports the hypothesis that a Growth Mindset is more helpful for
learning the Milankovitch Cycles than a Fixed Mindset.
CONTROL GROUP: Total n: 78. Growth Mindset: 54, Fixed Mindset: 24.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum of
Source
Intercept

Squares
Hypothesis
Error

MCPRE

Hypothesis
Error

SRT

Hypothesis
Error

MS

Hypothesis
Error

249.715

df

Mean Square

F

1

249.715

174.844

65.655

2.663

a

49.061

1

49.061

196.445

74

2.655b

21.489

1

21.489

196.445

74

b

2.812

1

2.812

196.445

74

2.655b

2.655

Sig.

93.769

.000

18.481

.000

8.095

.006

1.059

.307

a. .054 MS(MS) + .946 MS(Error)
b. MS(Error)

Table 5: Results of the ANOVA to determine Mindset’s influence MC Post-Test score for the Control Group.
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4. To what extent does mediation of stereotype threat lead to an improvement in scores?
Data sets:
Treatment Group Men; Treatment Group
Women
Dependent:
MC Post-Test
Random factor:
Mindset
Covariates:
MC Pre-Test, Spatial Reasoning Task
Analyses do not show Mindset as a statistically significant influence on Post-Test score
for men in the Treatment Group (p=0.969) or for women in the Treatment Group (p=0.397),
though results for the women are, again, closer to approaching significance. Data from women in
the Treatment Group and men in the Treatment Group was entered into two separate ANOVA
models to determine Mindset’s role in mediating stereotype threat or lift, respectively,
controlling for their scores on the MC Pre-Test and Spatial Reasoning Task. An important factor
to note is that women in the Treatment Group with a Fixed Mindset had the smallest overall
representation. For men in the Treatment Group, a Fixed Mindset coupled with a stereotyped
message was predicted to produce a stereotype lift effect and lead to higher MC Post-Test scores
for men. This, however, was not the case results did not show Mindset as a statistically
significant predictor of Post-Test score for men in the Treatment Group.
For women in the Treatment Group, on the other hand, Mindset was a stronger predictor
of Post-Test score. Because the results for the women were again closer to approaching
significance than those for the men, additional hypothetical models were created. When sample
size increased (total n= 190, 155 Growth and 35 Fixed) and when there were equal numbers with
Fixed and Growth Mindset and sample size was increased (total n=116, 58 in each Mindset
group), Mindset was found to be a significant predictor of Post-Test Scores with p-values of
0.048 and 0.033, respectively (see Table 14 and Table 15, APPENDIX XI). These results suggest
that women with a Fixed Mindset are more likely to be adversely affected by Fixed Mindset
messages than those with a Growth Mindset, supporting the hypothesis that a Growth Mindset
can mitigate stereotype threat. This simultaneously refutes the influence of a stereotype lift; men
in the Treatment Group with a Fixed Mindset did not have Post-Test scores that significantly
differed from those in the Treatment Group with a Growth Mindset.
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TREATMENT GROUP MEN: Total n: 40. Growth Mindset: 30, Fixed Mindset: 10.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
Source
of Squares
df
Mean Square
Intercept

Hypothesis
Error

MCPRE

Hypothesis
Error

SRT

Hypothesis
Error

MS

76.313

1

76.313

169.642

36.007

4.711a

34.032

1

34.032

181.094

36

5.030

b

39.002

1

39.002

181.094

36

5.030b

.008

1

.008

36

b

Hypothesis
Error

181.094

5.030

F

Sig.

16.198

.000

6.765

.013

7.753

.008

.002

.969

a. .064 MS(MS) + .936 MS(Error)
b. MS(Error)
Table 6: Results of the ANOVA for men in the Treatment Group to determine Mindset’s influence on MC Post-Test
score.

TREATMENT GROUP WOMEN: Total n: 36. Growth Mindset: 29, Fixed Mindset: 7.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum of
Source
Intercept

Squares
Hypothesis
Error

MCPRE

Hypothesis
Error

SRT

Hypothesis
Error

MS

Hypothesis
Error

94.894

df

Mean Square

F

1

94.894

132.674

31.325

4.235

a

7.524

1

7.524

138.915

32

4.341b

40.313

1

40.313

138.915

32

b

3.200

1

3.200

138.915

32

4.341b

4.341

Sig.

22.405

.000

1.733

.197

9.286

.005

.737

.397

a. .093 MS(MS) + .907 MS(Error)
b. MS(Error)

Table 7: Results of the ANOVA for women in the Treatment Group to determine Group’s influence on MC PostTest score
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FINDINGS
Limitations of Study Design and Threats to Validity
A major threat to internal validity that randomization cannot prevent is academic and
personal history before and during the experiment. Some participants could already have some
background in climate science and/or spatial reasoning tasks. Participants could also be widely
varied in their academic and personal backgrounds, and this could manifest in their GPAs,
majors, and sense of belonging in STEM classes. Previous instructors or experiences could have
already induced Stereotype Threat or Lift in some of the participants. Students could have
current or previous instructors who taught related content, practice with similar skills, or have
already delivered fixed or growth mindset messages that could affect their self-efficacy in STEM
classes. The current instructors for all participating lab and lecture sections may have differences
in their content as well as their classroom culture. Also, because many of the students share lab
and lecture sections, it is possible that they could discuss the study or related content with each
other. They are also exposed to common influences outside of the treatment such as messages
from their instructor, wording on homework assignments, or even the campus culture of WWU.
These factors could potentially mean that the units are no longer operating independently of each
other, but random assignment of units to treatment conditions from within strata can mitigate
these effects.
While the number of total participants was higher than expected, the proportion of them
who reported a fixed mindset was much lower than expected based on Dweck’s previous work
with undergraduates. In these previous studies, about 40% of students had a Fixed Mindset while
in this study, only 25% of participants had a Fixed Mindset (Dweck 2008). This could have to
do with the reporting process as students were sorted into Fixed and Growth Mindset groups
based on an algorithm with their responses on the Mindset Survey. It is possible that this
algorithm was effective for those at the extreme ends of the mindset spectrum but provided a less
representative label for those closer to the middle. Those on the cusp were still sorted into fixed
or growth mindset. Perhaps a future version of this study could include more than two options
for mindset, or have a sample size large enough that students too close to the middle would not
have their data used and only those who fit clearly into the growth or fixed mindset category.
This small sample size could account for the seemingly small effect of the treatment; it is
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hypothesized that with more students with a fixed mindset, results would show a statistically
significant difference in Pre-Test and Post-Test scores according to mindset. Randomization to
Control and Treatment Groups is intended to alleviate the threat of something occurring outside
of the intervention, during the treatment period, to one group and not another. However,
randomization is most effective when applied to larger sample sizes, for example a minimum of
30 people in each group; the largest group in this study had 30 people, but several others of the
groups had as few as 10 people. The small sample size, especially of those with a Fixed Mindset,
is the primary threat to validity in this study.
It is possible that students looked up answers between the Pre-Test and the Post-Test.
This could have taken the form of looking online or in text books or consulting each other about
the material. Participants were not supervised during the Online portion and so plausibly could
have searched for information on Milankovitch Cycles, although they were given written
instructions not to do so. It was made clear that their scores did not at all affect their grade in the
class, but some students may have still been under the impression that this was the case. Since
students could take notes during the Power Point lecture, it is also possible that, to some extent,
their note-taking and test-taking skills were being tested rather than their spatial reasoning skills.
On the flip side, it is also possible that some students may have wanted to leave as soon as
possible with as little effort as possible. Thus, telling students that their class grade would not be
affected by their performance on the experiment could have resulted in some students putting in
as little effort as possible knowing that their presence alone was enough to earn them the credit
or extra credit in their course.
There were variables outside the scope of the study that could have affected the outcome
that were not evaluated at all. These include but are not limited to race, first generation status,
age, year in school, income, and previous academic experiences. Furthermore, variables in this
study are only able to be evaluated in an isolated fashion. The intersectional nature of students’
identities was not measurable in this study, and this is a very difficult effect to capture or
quantify without the use of personal interviews or anecdotes. Since only limited demographic
information was collected, combinations like gender and race or first generation status and
mindset, to give a few examples, were not examined. These factors help shape students’
identities and experiences but were beyond the scope of this study. It is also possible that
students could have received stereotyped messages from several sources before the study, and it
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is possible that they did or did not at all relate to spatial reasoning skills. Though the Mindset
Survey did focus specifically on spatial reasoning skills, it is possible that students’ responses
reflected their attitudes toward STEM, geology, quantitative tasks, the survey itself, or any other
factor outside of the scope of the study.
Random assignment reduces the likelihood that any threat is compounded when
administering treatment. Randomization assures that any compounding variables will not be
misinterpreted as resulting from the treatment. Therefore, it is inferred that any correlation
between a participant’s assignment to treatment conditions and any confounding variables should
be equal to or very close to zero. Randomization distributes threats to validity over all conditions
and thus reduces their plausibility. Whether the study measures or observes all the variable
factors of the participants, randomization makes groups equal at the point of the Pre-Test (S, S,
and C, 2002). Calculating the change in score from the MC Pre-Test to the Post-Test directly
measured student gains in understanding that occur only during the experiment. The background
data, the Pre-Test, served as the baseline to which experimental results are compared for both the
Treatment and Control groups. For example, the Treatment and Control Groups were randomly
assigned, but participants were asked to report their GPA and major on the Demographic Survey.
Recommendations for Future Experiments
A future iteration of this experiment would provide students with a better way to share
whether they need more time. On many of the activities, students used much less time than the
amount allotted and were left with nothing to do. Participants were reluctant to verbalize
whether they needed more time, even when directly verbally asked, making it difficult to gauge
whether to move on to the next task. During the second run, a representative from each table
was asked to raise their hand when the whole table was done, but this was not effective as
students did not communicate with each other when they were done. Perhaps this is because it
was made very clear that no talking as allowed once the test began. Students should be provided,
in any future iteration of this or a similar study, with a non-verbal, individual way of
communicating that they have completed a task and are ready to move on. Some sort of visual
signal about needing more time such as red and green cups or yes/ no cards could be provided.
Students’ notes and activity packets should also be collected in some way. This would give more
insight into what students’ thought processes were rather than just their raw scores. It is possible
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that the scores do not fully reflect their understanding and learning gains from Pre-Test to PostTest.
The email explaining the study to the Treatment Group should also be sent sooner
following the run of the experiment. This email explains that the stereotyped message delivered
to the Treatment Group is not a true statement and was placed there to trigger a stereotype threat.
There is a slight chance that in the few days that passed from the experiment run to when they
received the email, the stereotyped message affected their performance and/ or self-perception in
their classes. This message should be received directly following the Post-Test, before they even
leave the room. Ideally all students, whether in the Control or the Treatment Group, would leave
the experiment with a better understanding of what the purpose of their participation was. A
way to ensure this would be to have the same message delivered to the Control Group and the
Treatment Group explaining the difference between the two groups, that the Treatment
Statement is untrue, and that this experiment was to test the potential effects of the Treatment
Statement on both performance and self-perception. However, this presents a challenge with
having multiple runs of the experiment; half of the potential participant pool knowing this
information gives them the opportunity to pass it along to later participants, potentially changing
their responses and therefore results. Alternatively, the experiment could be run once but at
multiple institutions. This would increase sample size and decrease the likelihood of students
discussing the study, particularly the stereotype message, with each other.
This study could also potentially be improved by mitigating test fatigue. Students
completed the online portion within 24 hours of beginning the in-person portion of the
experiment. While this helped ensure that students had fewer outside factors influencing their
performance, it could have had the adverse effect of making students tire of the content and of
test and survey taking. This was interpreted to be the most likely reason that many students did
not do their best or take as much care when completing the in-person assignments, especially
those toward the end of the in-person session. Many did not completely answer or skipped
questions altogether, particularly in the instruments at the end of the run of each experiment.
While each of the tests and surveys were edited for length, it is quite possible that the cumulative
time they took was enough to make students fatigued, frustrated, or bored. The solution to this
could be the combination of some tests and surveys, editing the tests and surveys even further for
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length, or not allowing breaks in between sections so that students may continue at their own
pace.
A future iteration of this experiment could include solely written or recorded lessons
rather than having me give the lesson. This could solve two problems: any differences in
instruction between runs of the experiment, and the pacing problem. If students could hit “play”
when they were ready for the next part of the experiment, they could move through it at their
own pace and not have to wait for the group to be done before moving on. This could also
eliminate the need for an in-person portion of the experiment. Students could complete this on
their own time while all receiving the same instruction. This could lead to an increased sample
size as there would not be any conflicts with the in-person session. However, the offer of pizza
and root beer was enough to get some students to participate. It would be interesting to see what
the yield is like with all online versus a combination of in-person and online portions. It is
predicted that having all tests and surveys take place online with recorded instruction would
increase sample size as compared to what was done in this study so long as alternative enticing
incentives were offered.
CONCLUSIONS
A future iteration of this study would look at the intersectionality of identities and their
effects on STEM students’ self-efficacy and sense of belonging. Many pieces of research have
isolated factors such as gender or race. For example, Stereotype Threat for Black Students’
intellectual abilities plays a role in their relative underperformance in college courses. Students
in the experimental condition were encouraged to see intelligence, the object of the stereotype, as
malleable rather than fixed. This treatment made students’ performances less vulnerable to
stereotype threat and helped them maintain their psychological engagement with academics, both
of which, in the long run, can contribute to overall higher grades. Both Black students and White
students in the study’s treatment group reported that they experienced more efficient academic
progress, more academic engagement, and higher GPAs than their counterparts in control groups
(Aronson, Fried, and Good, 2002). Coupling data of this nature on race, mindset, and stereotype
threat with corresponding gender data could yield a more realistic picture of what influences
student performance in STEM fields. Perhaps a productively, effectively used growth mindset is
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the key to success in geoscience across demographics, or perhaps the effects of stereotype threats
are compounded in a way that requires addressing beyond the scope of mindset.
Future studies could examine how mindset and performance on spatial reasoning tasks
influence not only academic success but a sense of belonging in geoscience. A diminished sense
of belonging can cause individuals to opt out of a future in the field, even if they are achieving at
a high level, to instead pursue academic or professional goals in a discipline that better nurtures
their sense of belonging (Good, Rattan, and Dweck, 2012). The overarching goal that inspired
this study and that it ideally helps to achieve is that more women are autonomous decision
makers regarding their own studies, careers, and futures. In Good, et al.’s survey, even upon
acknowledging that negative stereotypes about females were prevalent in their environment,
women maintained a sense of belonging and intentions to continue in the field into the
foreseeable future (Good, Rattan, and Dweck 2012). This study aims to contribute a piece to this
sense of belonging; a Growth Mindset could be a valuable tool in persistence in the field.
A growth mindset was predicted to temper the effects of stereotype threat on women with
respect to spatial reasoning and learning about Milankovitch Cycles. Likewise, Stereotype Lift
was expected to widen the gap between male and female achievement by enhancing male
students’ confidence on spatial reasoning tasks and understanding of MCs. However, the results
of this study indicate that student performance was not strongly affected by the stereotyped
message, although mindset did play a role in performance. The effects of stereotype lift and
stereotype threat created a clear divide between women and men (Groups 1 and 6) even while
gender was the weakest predictor of performance. A significant increase in sample size (for
example, to 1000 total students), this sample including more students with a Fixed Mindset, and
having all work completed online and with the same instructor would very likely make these
differences more distinct.
As with prior research studies (Dweck, etc.), this study supports the rationale for
instructors to productively promote growth mindsets in their students. In addition, while a fixed
mindset has been portrayed negatively throughout this study, we as instructors and students
should acknowledge that we all hold fixed mindsets toward some things and growth mindsets
towards others. This recognition can, in turn, inform the ways in which we work with students to
address concept areas where they have fixed mindsets and help them to find ways in which they
can grow (Dweck, 2015). Instructors should be aware of, and take care not to invoke stereotype
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threat in their learning environments. Ideally, instructors will instead encourage learners to think
of their skills as malleable through focused effort. Rather than excluding students based on
preconceptions about spatial reasoning, instructors should send the message that anyone
interested and willing to practice productive persistence would succeed. This would lead to
greater success for all STEM students, and a strengthened sense of ownership and belonging by
women in the geoscience field.
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APPENDICES

APPENDIX I: Milankovitch Cycle Pre-Test and Post-Test
1. Generally speaking, what are the Milankovitch Cycles?
2. Why is it important to understand the three Milankovitch Cycles?1
3. What are some reasons that Earth’s temperature may have changed over the past 400,000
years?1
4. Do you think that climate can naturally change? Give at least one example to support your
answer.2
5. The Milankovitch theory proposes that climatic changes are partially caused by3
a. Variations in Earth’s orbit as it travels through space
b. Volcanic eruptions
c. Changing levels of CO2 in the atmosphere
d. Particles suspended in the Earth’s atmosphere
6. The Milankovitch cycles, in combination with other factors, explain how glaciers may
advance and retreat over periods of3
a. Hundreds of millions of years
b. Several million years
c. Hundreds of thousands of years
d. Ten thousand years to one hundred thousand years
e. Hundreds of years
7. What happens to the shape of the Earth’s orbit over a 10,000-year cycle, and what is this
phenomenon called?1
8. What would happen if the tilt (obliquity) of the Earth was to be 0 degrees, and why? 1
9. On what time scale does the Earth’s obliquity vary, and what is its approximate range? 1
10. Explain what the Earth’s precession is. On what timescale does it vary?1
11. Which of the following is not true about Milankovitch cycles?3
a. They explain glacial and interglacial intervals during the current Icehouse climate
period.
b. One part of the cycle is the change in the tilt of the Earth about every 40,000
years.
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c. One part of the cycle is the change in the shape of the Earth’s orbit over time
scales of 100,000 years.
d. The cycles have been supported by the trends of atmospheric CO2, CH4, and
temperature as recorded in the Antarctic ice core.
e. One part of the cycle is the wobbling of the spin axis about every 10,000 years.

GRAPH I: Changes in Earth’s temperature over the last 800,000 years. Note that the y-axis is change in
temperature, or deviation from the average temperature of the entire Earth over the last 800,000 years 4.

12. Based on the patterns you see in GRAPH I, describe how warm and cool periods are
distributed throughout geologic time. What are the durations of the warm and cool periods?1

GRAPH II: Changes in Earth’s temperature over the last 150,000 years as measured in proxies in four different
locations. Note that that the temperatures are reported in degrees Celsius different from today.2

13. According to GRAPH II, were there any times in the past 150,000 years in which
temperatures were warmer than today? Were there any times that were colder? When did
these take place?2
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14. Would you feel fairly confident predicting Earth’s climate for the next 10 years? 100 years?
1000 years? 10,000 years?2
15. Draw an example of the Earth’s orbit around the sun in a time of low eccentricity and a time
of high eccentricity.
16. Draw a diagram showing Earth at aphelion, when Earth is at the point in its orbit furthest
away from the sun. During which month(s) does this occur?
17. Draw a diagram showing Earth at perihelion, when Earth is at the point in its orbit closest to
the sun. During which month(s) does this occur?
18. During a period when the Earth’s axial tilt is at a minimum, which of the following would
probably not be true?3
a. There would be less seasonal variation between summer and winter
b. More snow would probably fall during the winter in polar regions
c. There would be a lesser likelihood of glaciers at high latitudes
d. There would be less seasonal variation at middle latitudes

GRAPH III: Magnitudes of Precession Obliquity, and Eccentricity over the last 1 million years matched with their
corresponding levels of solar insolation and stages of glaciation.6

19. Look at GRAPH III and read where it says 100,000 years ago. Given what you see in terms
of Earth’s eccentricity, obliquity, and precession, what do you expect to see (warming/
interglacial versus cooling/ glacial) for the following 10,000 years.
a. Make a prediction starting at the point marked “Now”. What do you predict for
the next 1000, 100 thousand, and 1 million years?
20. Summarize how Milankovitch Cycles influence Earth’s climate. How could these relate to
the changes in Earth’s climate we have observed over the last few decades?
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*Students who did NOT receive the Stereotype Threat Treatment as part of the Demographic
Survey (one half of participants) will have the following question added to the very end of their
Milankovitch Cycle Post-Test.:
21. For the purposes of data collection and analysis, please state your sex/ gender identity:
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APPENDIX II: Spatial Reasoning Task
http://psychometrics.akresgr.org/spatialtest/
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APPENDIX III: Mindset Survey
Read each sentence below and then choose the one number that shows how much you agree with
it. (Strongly Agree-1, Agree-2, Mostly Agree-3, Mostly Disagree-4, Disagree-5, Strongly
Disagree-6) There are no right or wrong answers.
1. You have a certain amount of spatial reasoning ability, and you really can’t do much to
change it.
2. Your spatial reasoning ability is something about you that you can’t change very much.
3. You can learn new things, but you really can’t change your underlying spatial reasoning
ability.
4. You can do things differently, but your underlying abilities can’t really be changed.
5. No matter who you are, you can change your spatial reasoning skills a lot.
6. You can always greatly change how good at spatial reasoning tasks you are.
7. No matter how skilled in spatial reasoning tasks you are, you can always change those skills
quite a bit.
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APPENDIX IV: Demographic Survey
Version 1: Stereotype Treatment
1. I am currently in the following Geology class/ lab:
a. GEOL 101
b. GEOL 211
c. GEOL 211A
d. Other ______________.
2. I have in a past quarter taken the following Geology class/ lab:
a. GEOL 101
b. GEOL 211
c. GEOL 211A
d. Other _____________.
3. Please report your best estimate of your GPA:
4. What major have you declared or do you intend to declare? If undecided, please write that
in.
The results of the Spatial Reasoning Task usually show a difference in performance by gender. It
is thought that men tend to outperform women on spatial reasoning tasks.
Please state your sex/ gender identity:
Demographic Survey Version 2: NO Stereotype Treatment
1. I am currently in the following Geology class/ lab:
a. GEOL 101
b. GEOL 211
c. GEOL 211A
d. Other ______________.
2. I have in a past quarter taken the following Geology class/ lab:
a. GEOL 101
b. GEOL 211
c. GEOL 211A
d. Other _____________.
3. Please report your best estimate of your GPA:
4. What major have you declared or do you intend to declare? If undecided, please write that in.
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APPENDIX V: Spatial Reasoning Self-Assessment Survey
Answer each question with a ranking of 1, 2, 3, 4, 5, 6, or 7; examples of the endpoints 1 and 7
are given with each question. Adapted Eccles, O’Neil, and Wigfield 2003.
ABILITY/EXPECTANCY
1. Compared to other students, how well do you think you did on the Spatial Reasoning Task?
(1-much worse than others, 7-much better than others)
2. How well do you think you did on the Spatial Reasoning Task? (1-very poorly, 7-very well)
3. How good at spatial thinking are you? (1-not at all good, 7-very good)
PERCEIVED TASK DIFFICULTY
Task Difficulty
5. In general, how hard is spatial reasoning for you? (1-very easy, 7-very hard)
6. How hard is mental rotation for you? (1-very easy, 7-very hard)
7. How hard is perspective taking for you? (1-very easy, 7-very hard)
5. Compared to most other students in your class, how hard is spatial reasoning for you? (1-much
easier, 7-much harder)
Required Effort
6. How hard did you have to try on the Spatial Reasoning Task? (1-a little, 7-a lot)
7. To do well on activities involving spatial reasoning, I have to work (1-much harder in than on
other activities, 7-much less than on other activities).
PERCEIVED TASK VALUE
Intrinsic Interest Value
8. In general, I find working on activities involving spatial reasoning (1-very boring, 7-very
interesting).
9. How much do you like doing activities involving spatial thinking? (1-not very much, 7-very
much)
Attainment Value/ Importance
10. I feel that, to me, being good at solving problems which involve spatial reasoning is (1-not at
all important, 7-very important).
Extrinsic Utility Value
11. How useful is learning spatial reasoning skill for what you want to do after you
graduate and go to work? (1-not very useful, 7-very useful)
12. How useful are spatial thinking skills for your daily life outside school? (1-not at all useful,
2-very useful)
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APPENDIX VI: Milankovitch Cycle Concept Lesson Plan
Adapted from Activities for Conceptualizing Climate and Climate Change- National Science
Foundation and Purdue University Department of Curriculum and Instruction, Department of
Agronomy, Indiana State Climate Office, Department of Earth, Atmospheric, and Planetary
Science
Overview
The Activities for Conceptualizing Climate and Climate Change (ACCC) provides students and
instructors with information and activities to build up understanding from climate, to climate
variability, to climate change. The instruction is sequenced to help students progress toward
scientific conceptualization. My study utilizes the Milankovitch Cycle portion of the project,
one of 18 lessons on climate, climate change, and climate policy.
The Milankovitch Cycles and Their Effect on Climate Change Case Study will teach students
about natural cycles which cause variations in the distribution of solar radiation hitting the Earth.
Students will analyze how these cycles contribute to changes in climate over Earth’s geologic
history and how that differs from current, shorter-timescale changes.
Major Concepts and Objectives
In addition to anthropogenic forcings, natural orbital cycles are occurring between the Sun and
the Earth which also contribute to Earth’s climate. The Milankovitch Cycles cause changes in the
heat budget of Earth’s atmosphere on a seasonal scale to a hundreds-of-thousands-of-years scale.
These cycles also govern the periods of glaciation on Earth.
Upon completion of this activity, students will be able to recognize how Milankovitch Cycles
cause changes in the Earth’s orbit and orientation. They will also be able to recognize that the
Milankovitch Cycles are not a valid explanation for Earth’s recent warming trend.
Materials and Preparation
•

Have one copy of the Activity Packet per student or have each student at a computer with
access to the Activity Packet.
• Project Power Point Images and/ or have color printed version available for students.
Procedures
1. Students will receive activity packet in a physical copy or look at it on a computer screen.
They will read the introductory paragraph in the Activity Packet.
2. I will provide brief instruction on the basic principles of the Milankovitch Cycles while
the Power Point Presentation is displayed.
3. The students will work individually on the Activity Packet. These will not be graded,
only used as a learning tool.
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4. Throughout the instruction and the independent working time, I will repeat and answer
questions in front of the entire class so that all students receive equivalent instruction.
5. Student Activity Packets will be collected, and the final assessment (Milankovitch Cycle
Post-Test) will be administered.
Power Point Images
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Student Activity Packet
The Activity Packet can be accessed at: http://iclimate.org/ccc/Files/milan.pdf
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APPENDIX VII: Treatment Group Email
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APPENDIX VIII: Recruitment Emails to Participants and Instructors
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APPENDIX IX: Pre-and Post- Test Patterns and Common Misconceptions
Pre-Test Patterns
•
•
•
•
•

•
•
•
•

•
•
•
•
•
•
•
•
•
•

Defensive phrasing on write-in questions to which answers were not known (For
example: “I have literally never heard of this in my life.” “No clue at all”.
Difficulty with graph reading (especially Q 13)
Women tended to give wordier, more formal-sounding answers
Trouble reading graph axes (especially Q 12)
Can’t answer Q 3 with any examples of what global climate change in last 400 kyr, but
many mention Ice Age in Q 4
o Any examples in Q 3 consistently recent events
o Many cite THE Ice Age, as if there has only ever been the one
Many did not attempt write-in questions at all
Earth’s proximity or distance from sun is the only reason for changes in Earth’s climate
Cite “I heard somewhere” and similar phrases as evidence
o Some say they remember things from previous classes, particularly astronomy
“Before humans came and messed it all up”- many students see humans as the cause of
all changes on planet Earth and see these changes as all negative
o Similarly, students mention pollution and garbage as mechanism for climate
change
After humans, the second most common answer for a mechanism for climate change was
volcanoes
Many people’s understanding did not demonstrate an understanding that the Earth is
rotating
Surprise and enjoyment of real data. For example: “I didn’t know salt could be looked at
as well for climate data, cool!” (from Real Climate Data)
Students struggled with the distinction between climate and weather. Many cited seasons
as natural climate change, or even rainy days versus sunny days.
Several mention species of plants, animals, etc. and their adaptations or habitat as
evidence that climate can change without human influence
Many seem to have confused MCs with magnetic pole reversals
Pre-Test Patterns that were corrected/ changed on Post-Test
Many dropped the misconception that there was only ever one ice age
Many maintained that distance from the sun is a reason for climate change
Some got the important point about timescale, others did not at all
Some seemed to be left thinking that Milankovitch Cycles and anthropogenic forcings are
the only controls on climate
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•

•

•
•
•

•

•

•

•

•
•

•

Students made errors in basic fact recall even though they could take notes during the
MC Lesson and use them on the Post-Test. They were also encouraged to fill out the MC
activity packet and use their responses on that to answer questions on the post-test.
Graph reading remained an issue throughout, even after questions that focused too
heavily on that skill were eliminated. For example, many could not interpret the axes and
had responses that included, for example, Chile being a time.
Far fewer people put joke answers in for write-in questions.
Question 12 presented many issues in graph reading. Many students put in wrong times.
Many students wrote the phrase “climate increases”. This is interpreted as meaning that
the students thought that temperature increased, but it does not demonstrate
understanding.
Many students noted their interest in the data and its source. For example, one student
wrote in “actually backed up with data from ice cores which is pretty cool!” This made it
clear that it was a good decision to include the “Real Paleoclimate Data” graph even if it
was challenging for many students to read the graph.
The question “how confident would you be in predicting climate for the next 100, 1000, 1
million years” - many students reported no confidence whatsoever in answering this
question.
o Students said that they would not be confident predicting future climate change
because there are too many factors that should be considered. This could mean
that not as many students as at first predicted thought that Milankovitch Cycles
were the only reason that climate could ever change outside of humans.
Many students did not understand that changes in climate are cyclical or gradual. For
example, many specifically thought that the two end members presented for eccentricity
were the only two options. They did not seem to understand that eccentricity gradually
changes from the maximum to the minimum and back every 400,000 years, but instead
seemed to think it flipped suddenly every 400,000 years.
Students still regularly cited volcanoes as a reason climate could change without human
influence and on a very long timescale. Volcanoes were not mentioned at all in the verbal
presentation, Power Point, or activity packet. Many students still wanted to say that a
reason climate could change is volcanoes, which is not incorrect, but not the point of the
lesson.
A few students wrote in that they were running out of time.
The distinction between climate and weather seemed clearer for most students on the Post
Test. This is good because much effort was made in the presentation, Power Point, and
activity packet to make that distinction clear.
Precession was the most commonly misunderstood Cycle. Perhaps this is because it is
difficult to visualize, especially in concert with the other two. This could also have to do
with the vocabulary involved.
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•

•
•

Students had varied interpretations of the phrasing of the “can climate change naturally”
questions. It perhaps should have read “without human influence” because many
participants noted that humans are “natural”.
Many students still mentioned the distance between the sun and the Earth as a reason that
climate could change.
At least one student could not load the images during the Post Test. Many reported
having a slow or spotty internet connection.
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APPENDIX X: Analysis of Individual Items
Table 8: Summary of Control Group Results
Item

Growth MS
Fixed MS Men
Men Avg. Score Avg. Score
8.41

Growth MS
Women Avg.
Score
7.72

Fixed MS
Women Avg.
Score
7.77

Pre-Test (out of
18)
Spatial
Reasoning Task
(out of 24)
Spatial
Reasoning SelfAssessment (out
of 24)
Post Test (out of
18)

7.86
15.31

15.00

12.20

11.25

14.98

14.21

12.31

13.67

13.07

12.77

12.56

12.08

Table 9: Summary of Treatment Group Results
Item

Growth MS
Fixed MS Men
Men Avg. Score Avg. Score
7.45

Growth MS
Women Avg.
Score
8.34

Fixed MS
Women Avg.
Score
9.00

Pre-Test (out of
18)
Spatial
Reasoning Task
(out of 24)
Spatial
Reasoning SelfAssessment (out
of 24)
Post Test (out of
18)

7.82
13.50

14.70

13.00

12.00

14.29

15.59

13.35

12.35

12.33

12.75

12.07

12.64
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PRE-TEST
1. Generally speaking, what are the Milankovitch Cycles?
222/ 227 attempted
Number of Responses

Top 27%
96

Middle 46%
131

2. Why is it important to understand the Milankovitch Cycles?
222/227 attempted
Number of Responses

Top 27%
103

Middle 46%
124

3. What are some reasons that Earth’s temperature may have changed over the past 400,000 years?
224/227 attempted
Number of Responses

Top 27%
200

Bottom 27%
27

4. Do you think that climate can naturally change? Give at least one example to support your answer.
224/227 attempted
Number of Responses

Top 27%
152

Middle 46%
52

Bottom 27%
23

5. Why is it important to understand the Milankovitch Cycles?
223/227 attempted

Number of
Responses

Variations in
Earth’s orbit as
it travels
through space

Volcanic
eruptions

124

9

Changing
levels of
carbon
dioxide in the
atmosphere
87

Particles
suspended in
Earth’s
atmosphere

No
answer

3

4
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6. The Milankovitch cycles, in combination with other factors, explain how glaciers may advance and
retreat over periods of:
224/227 attempted

Number of
Responses

Hundreds of
millions of
years

Several
million years

Hundreds of
thousands
of years

45

43

66

Ten
thousand
years to one
hundred
thousand
years
46

Hundreds No
of years
answer

24

3

7. What happens to the shape of the Earth’s orbit over a 10,000-year cycle, and what is this phenomenon
called?
217/227 attempted
Number of
Responses

Correct
73

Incorrect
154

8. What would happen if the tilt (obliquity of the Earth was to be 0 degrees, and why?
219/227 attempted
Number of
Responses

Correct
83

Incorrect
144

9. On what timescale does the Earth’s axial tilt vary, and what is its approximate range?
214/227 attempted
Number of
Responses

Correct
227

Incorrect
0

10. Explain what the Earth’s precession is? On what timescale does it vary?
209/227 attempted
Number of
Responses

Correct
227

Incorrect
0
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11. Which of the following is not true about Milankovitch Cycles?
217/227 attempted

Number of
Responses

They explain
glacial and
interglacial
intervals
during the
current
Icehouse
climate
period.

One part of
the cycle is
the change
in the tilt of
the Earth
about every
40, 000
years.

One part of
the cycle is
the change
in the shape
of the
Earth’s
orbit over
time scales
of 100, 000
years

38

41

37

The cycles
have been
supported
by the
trends of
atmospheric
carbon
dioxide,
methane,
and
temperature
as recorded
in the
Antarctic
ice core.
44

One part
of the
cycle is
the
wobbling
of the
spin axis
about
every 10,
000 years

No
answer

57

20

12. Based on the patterns you see in GRAPH 1, describe how warm and cool periods are distributed
throughout geologic time. What is the duration of each warm and cool period?
216/227 attempted

Number of
Responses

Top 27%

Middle 46%

109

86

Bottom
27%
32

13. According to GRAPH II, were there any times in the past 150,000 years in which temperatures were
warmer than today? Were there any times that were colder? When did these take place?
215/227 attempted

Number of
Responses

Top 27%

Middle 46%

85

98

Bottom
27%
44

14. This drawing shows Earth’s orbit around the Sun in a time of _____ eccentricity.
219/227 attempted
Number of
Responses

High
165

Low
54

No answer
8

15. This drawing shows Earth’s orbit around the Sun in a time of _____ eccentricity.
219/227 attempted
64

Number of
Responses

High
59

Low
159

No answer
9

16. This diagram shows Earth at aphelion, when Earth is at the point in its orbit furthest away from the
sun and at perihelion, when Earth is at the point in its orbit closest to the sun. Choose the best answer
below for when perihelion and aphelion occur.
219/227 attempted

Number of
Responses

Perihelion
occurs in
January, and
aphelion
occurs in
June.

Perihelion
occurs in
June, and
aphelion
occurs in
January.

48

125

Perihelion
and
aphelion
occur
during the
same month
but during
alternating
years.
24

Perihelion
and
aphelion do
not occur
according
to a
predictable
schedule.

No
answer

22

8

17. During a period when the Earth’s axial tilt is at a minimum, which of the following would probably
not be true?
218/227 attempted

Number of
Responses

There would
be less
seasonal
variation
between
summer and
winter.
67

More snow
would
probably fall
during the
winter in
polar
regions.
62

There
would be a
lesser
likelihood of
glaciers at
high
latitudes.
39

There
would be
less
seasonal
variation at
middle
latitudes.
50

No
answer

9
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18. Summarize how Milankovitch Cycles influence Earth’s climate. How could these relate to the
changes in Earth’s climate we have observed over the last few decades?
213/227 attempted
Number of
Responses

Top 27%
123

Middle 46%
104

19. Would you feel fairly confident predicting Earth’s climate for the next 10 years? 100 years? 1000
years? 10,000 years?
86/86 attempted
Number of
Responses

Top 27%
27

Middle 46%
59

20. Look at Graph III and read where it says 100, 000 years ago. Given what you see in terms of Earth’s
eccentricity, obliquity, and precession, what do you expect to see (warming/ interglacial versus
cooling/ glacial) for the following 10,000 years?
83/86 attempted
Top 27%
Number of
Responses

68

Bottom
27%
18

21. Using Graph III (the same graph as in the previous question), make a prediction starting at the point
marked “Now”. What do you predict for the next 1000, 100 thousand, and 1 million years?
83/86 attempted
Top 27%
Number of
Responses

63

Bottom
27%
23

66

SPATIAL REASONING TASK
Prompt for all items 1 through 8: “Choose from A, B, C, or D which is the same object as below
seen from a different perspective.”
1. 212/213 attempted
A
Number of
0
Responses

B
4

C
0

D
208

No Answer
1

B
65

C
105

D
12

No Answer
1

B
9

C
3

D
31

No Answer
1

A
38

B
16

C
129

D
29

No Answer
1

5. 212/213 attempted
A
Number of
26
Responses

B
30

C
153

D
3

No Answer
1

B
33

C
55

D
116

No Answer
1

2. 212/213 attempted

Number of
Responses

A
30

3. 212/213 attempted
A
Number of
169
Responses
4. 212/213 attempted

Number of
Responses

6. 212/213 attempted

Number of
Responses

A
8

67

7. 212/213 attempted
A
Number of
37
Responses

B
123

C
45

D
7

No Answer
1

B
39

C
14

D
127

No Answer
3

8. 210/213 attempted

Number of
Responses

A
30

Prompt for all items 9-16: “Choose the option (A, B, C, or D) that can be placed so that it matches
all three profiles below at the same time.”
9. 210/ 213 attempted
A
Number of
193
Responses

B
16

C
1

D
0

No Answer
3

10. 210/ 213 attempted
A
Number of
13
Responses

B
33

C
6

D
158

No Answer
3

11. 209/213 attempted
A
Number of
17
Responses

B
40

C
85

D
67

No Answer
4

12. 209/ 213 attempted
A
Number of
89
Responses

B
41

C
44

D
35

No Answer
4

13. 208/213 attempted
A
Number of
99
Responses

B
65

C
6

D
38

No Answer
5

14. 208/213 attempted
A
Number of
55
Responses

B
12

C
69

D
72

No Answer
5

68

15. 207/213 attempted
A
Number of
29
Responses

B
55

C
55

D
68

No Answer
6

16. 207/213 attempted
A
Number of
35
Responses

B
61

C
78

D
33

No Answer
6

Prompt for all items 17 to 24: “Choose the option (A, B, C, or D) that is the shadow that could
possibly be produced by the object below on a flat surface.”
17. 206/213 attempted
A
Number of
1
Responses

B
0

C
0

D
205

No Answer
7

18. 206/ 213 attempted
A
Number of
45
Responses

B
128

C
26

D
7

No Answer
7

19. 206/ 213 attempted
A
Number of
91
Responses

B
30

C
20

D
65

No Answer
7

20. 205/213 attempted
A
Number of
32
Responses

B
44

C
54

D
75

No Answer
8

A
55

B
98

C
25

D
24

No Answer
7

22. 205/213 attempted
A
Number of
31
Responses

B
41

C
101

D
32

No Answer
8

21. 206/ 213
Number of
Responses

69

23. 204/ 213 attempted
A
Number of
97
Responses

B
28

C
34

D
45

No Answer
9

24. 205/ 213 attempted
A
Number of
61
Responses

B
57

C
30

D
57

No Answer
8
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LEARNING SURVEY (MINDSET SURVEY)
Italics indicate growth-mindset responses.
1.

You have a certain amount of spatial reasoning ability, and you really can’t do much to change it
(212/ 212 attempted).
1-Strongly
2-Agree
3-Mostly
4- Mostly
5- Disagree 6agree
agree
Disagree
Strongly
disagree
Number of
2
21
77
67
50
12
Responses

2. Your spatial reasoning ability is something about you that you can’t change very much (212/212
attempted).
1-Strongly
2-Agree
3-Mostly
4- Mostly
5- Disagree 6agree
agree
Disagree
Strongly
disagree
Number of
2
14
53
79
62
12
Responses
3. You can learn new things, but you really can’t change your underlying spatial reasoning ability
(212/212 attempted).
1-Strongly
2-Agree
3-Mostly
4- Mostly
5- Disagree 6agree
agree
Disagree
Strongly
disagree
Number of
1
24
52
80
54
10
Responses
4. You can do things differently, but your underlying abilities can’t really be changed (211/ 211
attempted)
1-Strongly 2-Agree
3-Mostly 4- Mostly
56No
agree
agree
Disagree
Disagree
Strongly answer
disagree
Number of
3
17
29
80
70
21
1
Responses
5. No matter who you are, you can change your spatial reasoning skills a lot (212/ 212 attempted).
1-Strongly
2-Agree
3-Mostly
4- Mostly
5- Disagree 6agree
agree
Disagree
Strongly
disagree
Number of
12
50
96
45
18
2
Responses
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6. You can always greatly change how good at spatial reasoning tasks you are (212/ 212 attempted).
1-Strongly
2-Agree
3-Mostly
4- Mostly
5- Disagree 6agree
agree
Disagree
Strongly
disagree
Number of
10
52
102
43
13
0
Responses
7. No matter how skilled in spatial reasoning tasks you are, you can always change those skills quite a
bit (212/ 212 attempted).
1-Strongly
2-Agree
3-Mostly
4- Mostly
5- Disagree 6agree
agree
Disagree
Strongly
disagree
Number of
13
52
106
38
11
0
Responses
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SPATIAL REASONING SELF-ASSESSMENT
An asterisk (*) indicates items that were reverse-graded.
1. Compared to other students, how well do you think you did on the Spatial Reasoning Task?
(178/179 attempted)
1-Much
2
3
4
5
6
7No
worse
Much Answer
than
better
others
than
others
Number of
1
18
41
65
41
11
1
1
Responses
2. How well do you think you did on the Spatial Reasoning Task?
(178/179 attempted)

Number of
Responses

1-Very
poorly

2

3

4

5

6

8

16

46

56

36

14

7Very
well
2

No
Answer

7Very
good
2

No
Answer

7Very
hard
3

No
Answer

1

3. How good at spatial thinking are you?
(178/179 attempted)

Number of
Responses

1-Not at
all good

2

3

4

5

6

6

11

38

53

49

19

1

4. In general, how hard is spatial reasoning for you? *
(178/179 attempted)

Number of
Responses

1-Very
easy

2

3

4

5

6

1

24

47

47

43

13

1

73

5. How hard is mental rotation for you? (Mental rotation: the ability to visualize the turning of
representations of three-dimensional objects in your mind. Example: “visualized Earth’s axial plane
rotated 45 degrees to the left”). *
(178/ 179 attempted)

Number of
Responses

1-Very
easy

2

3

4

5

6

7

32

44

38

4

12

7Very
hard
4

No
Answer
1

6. How hard is perspective taking for you? (Perspective taking: the ability to visualize a threedimensional object from an alternate point-of-view. Example; “visualize what Earth’s orbit would
look like if you were standing on the Moon”). *
(178/179 attempted)

Number of
Responses

1-Very
easy

2

3

4

5

6

9

26

52

43

37

8

7Very
hard
3

No
Answer
1

7. Compared to most other students in your class and lab, how hard is spatial reasoning for you? *
(178/ 179 attempted)

Number of
Responses

1-Much
easier

2

3

4

5

6

1

16

46

78

32

4

7No
Much Answer
harder
1
1

8. How hard did you have to try on the Spatial Reasoning Task? *
(178/179 attempted)

Number of
Responses

1-Not at
all

2

3

4

5

6

3

7

22

38

70

24

7Quite
a lot
14

No
Answer
1
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9. To do well on any activities involving spatial reasoning I have to work:
(178/179 attempted)

Number of
Responses

1-Much
harder
than on
other
types of
activities
11

2

3

4

5

6

7- Much No
less than Answer
on other
types of
activities

19

60

59

21

5

3

1

10. In general, I find working on activities involving spatial reasoning:
(178/179 attempted)

Number of
Responses

1-Very
boring
7

2

3

4

5

6

21

31

43

41

17

7- Very
No
interesting Answer
18
1

11. How much do you like doing activities involving spatial thinking?
(178/ 179 attempted)

Number of
Responses

1-Not at
all

2

3

4

5

6

7

21

49

34

42

14

7Very
much
11

No
Answer
1

12. I feel that, for me, being good at solving problems which involve spatial reasoning is:
(178/ 179 attempted)

Number of
Responses

1- Not at
all
important
5

2

3

4

5

6

7- Very
No
important Answer

9

24

42

58

23

17

1
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13. How useful is learning spatial reasoning skills for what you want to do after you graduate?
(178/179 attempted)

Number of
Responses

1-Not at
all useful

2

3

4

5

6

13

31

25

34

41

14

7Very
useful
20

No
Answer
1
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POST-TEST
1. Generally speaking, what are the Milankovitch Cycles?
178/179 attempted
Number of Responses

Top 27%
75

Middle 46%
99

Bottom 27%
5

2. Why is it important to understand the Milankovitch Cycles?
178/179 attempted
Number of Responses

Top 27%
172

Bottom 27%
7

3. What are some reasons that Earth’s temperature may have changed over the past 400,000 years?
177/179 attempted
Number of Responses

Top 27%
146

Bottom 27%
33

4. Do you think that climate can naturally change? Give at least one example to support your answer.
178/179 attempted
Number of Responses

Top 27%
152

Bottom 27%
27

5. The Milankovitch theory proposes that climatic changes are partially caused by:
177/179 attempted

Number of
Responses

Variations in
Earth’s orbit as
it travels
through space

Volcanic
eruptions

166

0

Changing
levels of
carbon
dioxide in the
atmosphere
11

Particles
suspended in
Earth’s
atmosphere

No
answer

0

2
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6. The Milankovitch cycles, in combination with other factors, explain how glaciers may advance and
retreat over periods of
178/179 attempted

Number of
Responses

Hundreds of
millions of
years

Several
million years

Hundreds of
thousands
of years

8

2

107

Ten
thousand
years to one
hundred
thousand
years
61

Hundreds No
of years
answer

0

1

7. What happens to the shape of the Earth’s orbit over a 10,000-year cycle, and what is this phenomenon
called?
177/179 attempted
Number of
Responses

Top 27%
96

Middle 46%
49

Bottom 27%
34

8. What would happen if the tilt (obliquity of the Earth was to be 0 degrees, and why?
177/179 attempted
Number of
Responses

Top 27%
118

Middle 46%
41

Bottom 27%
20

9. On what timescale does the Earth’s axial tilt vary, and what is its approximate range?
178/179 attempted
Number of
Responses

Top 27%
96

Middle 46%
63

Bottom 27%
20

10. Explain what the Earth’s precession is? On what timescale does it vary?
178/179 attempted
Number of
Responses

Top 27%
81

Middle 46%
57

Bottom 27%
41
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11. Which of the following is not true about Milankovitch Cycles?
178/179 attempted

Number of
Responses

They explain
glacial and
interglacial
intervals
during the
current
Icehouse
climate
period.

One part of
the cycle is
the change
in the tilt of
the Earth
about every
40, 000
years.

One part of
the cycle is
the change
in the shape
of the
Earth’s
orbit over
time scales
of 100, 000
years

38

14

10

The cycles
have been
supported
by the
trends of
atmospheric
carbon
dioxide,
methane,
and
temperature
as recorded
in the
Antarctic
ice core.
62

One part
of the
cycle is
the
wobbling
of the
spin axis
about
every 10,
000 years

No
answer

54

1

12. Based on the patterns you see in GRAPH 1, describe how warm and cool periods are distributed
throughout geologic time. What is the duration of each warm and cool period?
177/179

Number of
Responses

Top 27%

Middle 46%

104

63

Bottom
27%
12

13. According to GRAPH II, were there any times in the past 150,000 years in which temperatures were
warmer than today? Were there any times that were colder? When did these take place?
176/179 attempted
Top 27%
Number of
Responses

154

Bottom
27%
25

14. This drawing shows Earth’s orbit around the Sun in a time of _____ eccentricity.
178/179 attempted
High
Low
No answer
Number of
167
11
1
Responses
15. This drawing shows Earth’s orbit around the Sun in a time of _____ eccentricity.
178/179 attempted
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Number of
Responses

High
11

Low
167

No answer
1

16. This diagram shows Earth at aphelion, when Earth is at the point in its orbit furthest away from the
sun and at perihelion, when Earth is at the point in its orbit closest to the sun. Choose the best answer
below for when perihelion and aphelion occur.
178/179 attempted

Number of
Responses

Perihelion
occurs in
January, and
aphelion
occurs in
June.

Perihelion
occurs in
June, and
aphelion
occurs in
January.

145

24

Perihelion
and
aphelion
occur
during the
same month
but during
alternating
years.
3

Perihelion
and
aphelion do
not occur
according
to a
predictable
schedule.

No
answer

6

1

17. During a period when the Earth’s axial tilt is at a minimum, which of the following would probably
not be true?
177/179 attempted

Number of
Responses

There would
be less
seasonal
variation
between
summer and
winter.
58

More snow
would
probably fall
during the
winter in
polar
regions.
41

There
would be a
lesser
likelihood of
glaciers at
high
latitudes.
53

There
would be
less
seasonal
variation at
middle
latitudes.
25

No
answer

2

18. Summarize how Milankovitch Cycles influence Earth’s climate. How could these relate to the
changes in Earth’s climate we have observed over the last few decades?
177/179 attempted
Number of
Responses

Top 27%
49

Middle 46%
117

Bottom 27%
13

19. Would you feel fairly confident predicting Earth’s climate for the next 10 years? 100 years? 1000
years? 10,000 years?
71/71 attempted

80

Number of
Responses

Top 27%
71

20. Look at Graph III and read where it says 100, 000 years ago. Given what you see in terms of Earth’s
eccentricity, obliquity, and precession, what do you expect to see (warming/ interglacial versus
cooling/ glacial) for the following 10,000 years?
71/71 attempted
Number of
Responses

Top 27%
71

21. Using Graph III (the same graph as in the previous question), make a prediction starting at the point
marked “Now”. What do you predict for the next 1000, 100 thousand, and 1 million years?
71/71 attempted
Number of
Responses

Top 27%
71

81

APPENDIX XI: Modeled Data Tables

RESEARCH QUESTION 2, MODELED WOMEN ANOVA 1: Total n: 222. Growth
Mindset: 162, Fixed Mindset: 60.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
Mean
Source
of Squares
df
Square
Intercept Hypothesis
613.921
1
613.921
Error
84.369
19.829
4.255a
MCPRE Hypothesis
121.506
1
121.506
Error
764.317
218
3.506b
SRT
Hypothesis
126.359
1
126.359
Error
764.317
218
3.506b
GROUP Hypothesis
18.107
1
18.107
Error
764.317
218
3.506b
a. .051 MS(GROUP) + .949 MS(Error)
b. MS(Error)

F
144.289

Sig.
.000

34.656

.000

36.040

.000

5.165

.024*

Table 10: Results of the ANOVA for Women to determine Group’s influence MC Post-Test score with data
replicated and total sample size modeled to have greatly increased.

82

RESEARCH QUESTION 2, MODELED WOMEN ANOVA 2: Total n: 324. Growth
Mindset: 162, Fixed Mindset: 162.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
Source
of Squares
Intercept

Hypothesis
Error

MCPRE

Hypothesis
Error

SRT

Hypothesis
Error

GROUP Hypothesis
Error

814.354

df

Mean Square
1

814.354

81.857

21.552

3.798

a

206.065

1

206.065

1009.536

320

b

193.458

1

193.458

1009.536

320

3.155b

16.038

1

16.038

1009.536

320

3.155b

3.155

F

Sig.

214.414

.000

65.318

.000

61.322

.000

5.084

.025*

a. .050 MS(GROUP) + .950 MS(Error)
b. MS(Error)
Table 11: Results of the ANOVA for women to determine Group’s influence MC Post-Test score with data
replicated and total sample size modeled to have greatly increased and to have equal numbers with each type of
mindset.
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RESEARCH QUESTION 3, MODELED CONTROL GROUP 1: Total n: 269. Growth
Mindset: 184, Fixed Mindset: 85.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
Mean
Source
of Squares
df
Square
Intercept Hypothesis
871.434
1
871.434
Error
85.077
28.211
3.016a
MCPRE Hypothesis
171.803
1
171.803
Error
691.128
265
2.608b
SRT
Hypothesis
74.835
1
74.835
Error
691.128
265
2.608b
MS
Hypothesis
10.234
1
10.234
Error
691.128
265
2.608b
a. .053 MS(MS) + .947 MS(Error)
b. MS(Error)

F
288.961

Sig.
.000

65.875

.000

28.694

.000

3.924

.049*

Table 12: Results of the ANOVA to determine Mindset’s influence MC Post-Test score for the Control Group with
data replicated and total sample size modeled to have greatly increased.
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RESEARCH QUESTION 3, MODELED CONTROL GROUP 2: Total n: 540. Growth
Mindset: 270, Fixed Mindset: 270.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
Mean
Source
of Squares
df
Square
Intercept Hypothesis
1685.577
1
1685.577
Error
89.187
27.413
3.253a
MCPRE Hypothesis
304.174
1
304.174
Error
1486.648
536
2.774b
SRT
Hypothesis
231.093
1
231.093
Error
1486.648
536
2.774b
MS
Hypothesis
12.935
1
12.935
Error
1486.648
536
2.774b
a. .047 MS(MS) + .953 MS(Error)
b. MS(Error)

F
518.091

Sig.
.000

109.668

.000

83.319

.000

4.664

.031*

Table 13: Results of the ANOVA to determine Group’s influence on MC Post-Test score for the Control Group with
data replicated and total sample size modeled to have greatly increased and to have equal numbers with each type of
mindset.
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RESEARCH QUESTION 4, MODELED TREATMENT GROUP WOMEN 1: Total n: 190.
Growth Mindset: 155, Fixed Mindset: 35.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
of Squares
df
Mean Square
Source
511.050
1
511.050
Intercept
Hypothesis
53.859
10.882
4.949a
Error
43.010
1
43.010
MCPRE
Hypothesis
714.827
186
3.843b
Error
203.649
1
203.649
SRT
Hypothesis
714.827
186
3.843b
Error
15.255
1
15.255
MS
Hypothesis
714.827
186
3.843b
Error
a. .097 MS(MS) + .903 MS(Error)
b. MS(Error)

F

Sig.

103.258

.000

11.191

.001

52.990

.000

3.969

.048*

Table 14: Results of the ANOVA for women in the Treatment Group to determine Group’s influence on MC PostTest score with data replicated and total sample size modeled to have greatly increased.
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RESEARCH QUESTION 4, MODELED TREATMENT GROUP WOMEN 2: Total n: 116.
Growth Mindset: 58, Fixed Mindset: 58.
Tests of Between-Subjects Effects
Dependent Variable: MCPOST
Type III Sum
Mean
Source
of Squares
df
Square
Intercept Hypothesis
244.341
1
244.341
Error
80.787
22.868
3.533a
MCPRE Hypothesis
43.071
1
43.071
Error
335.111
112
2.992b
SRT
Hypothesis
70.505
1
70.505
Error
335.111
112
2.992b
MS
Hypothesis
13.967
1
13.967
Error
335.111
112
2.992b
a. .049 MS(MS) + .951 MS(Error)
b. MS(Error)

F
69.164

Sig.
.000

14.395

.000

23.564

.000

4.668

.033*

Table 15: Results of the ANOVA for women in the Treatment Group to determine Group’s influence on MC PostTest score with data replicated and total sample size modeled to have greatly increased and to have equal numbers
with each type of mindset.
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APPENDIX XII: Informed Consent Form
Spatial Reasoning in the Context of Milankovitch Cycles
INFORMED CONSENT FORM
Purpose of research: The goal of this study is to examine the relationship between mindset, spatial reasoning, and
understanding of Milankovitch Cycles. Results from the study will be published in a Master’s Thesis in the
Department of Geology.
Benefits and risks: There are no known physical or psychological risks associated with participation in this study
nor are there any financial costs associated with participation. By participating, you will be contributing valuable
information to our knowledge of students’ mindsets and challenges to their learning. The results from this study may
be used to improve the instruction of geology courses here at WWU and at other universities. Upon completion of
all assigned tasks, participants will receive credit in the lab portion of their Geology 211, 211A, or 101 course. You
will also learn about Milankovitch Cycles, one key component of climate science and Earth’s geologic history. In
addition, all participants are entered to win a drawing for a $30 gift card to Trader Joe’s or Target.
Procedure: By signing this form, you agree to participate in the duration of the study. Upon joining, you will be
asked to complete a series of short assessments and surveys. Assigned tasks will include answering assessment
questions, viewing projected images, spatial problem solving, and reading text. Completing your participation in the
study should take about 1 hour of your time on your own and about 1 hour at a designated meeting time.
Confidentiality: All information collected in this study will remain confidential. Data for this project will be
gathered both electronically and on paper. The only document on which your name will appear is this form. All
other documents you submit will be anonymous and will be matched to each other using only the last 4 digits of
your Western ID number. All documents, whether electronic or hard copy, that contain your name or information
will be stored securely and will only be accessible by the researcher and a faculty advisor. Your signed informed
consent form will be stored separately from your responses. No names or any information that could be used to
identify you will appear in any final research documents.
Contact Information: This research is being conducted by Kristina Gustovich, through the Department of Geology
at Western Washington University and is being supervised by Dr. Edward Geary. If you have any questions about
the study, please contact Kristina Gustovich by email at gustovk@students.wwu.edu. Edward Geary may be
contacted at by email at edward.geary@wwu.edu. You may also contact Janai Symons, Research Compliance
Officer at WWU at janai.symons@wwu.edu with any questions.
Consent to participate: If you agree to participate in this study, please read all instructions carefully and give your
thoughtful and honest responses to all questions. Your effort and intentional participation is vital in obtaining
reliable and useable data. Your participation in this study is entirely voluntary, and you are free to withdraw at any
time without penalty to your course grade.
Please sign below if you are 18 years of age or older, have read the above information, and agree to participate in
this study. (If you are not yet 18, please do not sign as participating in this study would require parental permission.)
_____________________________________________________________________________________
Signature

Date

_____________________________________________________________________________________
Printed Name

WWU email address
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APPENDIX XIII: Human Subjects Research Exemption Approval Letter

89

90

