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Abstract: Although improving racial equity in critical college courses such as introductory statistics is
a laudable goal, making research-based progress toward that aim in a scalable manner remains a chal-
lenge. To translate psychological insights to benefit racially marginalized students, we implemented
the “Better Book” approach, where instructors, researchers, and developers work together to improve
an online textbook used in introductory statistics. The “Better Book” approach to equity assumes
that racially marginalized students are a “canary in the coal mine”, alerting us to systemic issues that
can affect a broader array of students. We started by finding places in the textbook where racially
marginalized students reported higher perceptions of costs (the effort and time required to learn the
content) than non-marginalized students. Then we drew upon suggestions from users to redesign
the textbook where gaps in cost perceptions peaked. We then analyzed data from both the original
and redesigned versions of the textbook to evaluate the impact on students who were subsequently
enrolled in the course. Results showed that perceptions of cost were dramatically reduced in the
experience of racially marginalized students but also the redesign resulted in an improved experience
for all students.

Keywords: translational research; improvement science; introductory statistics; motivation; equity

1. Introduction

Statistics is a complex domain, hard to learn and teach, but required for advance-
ment in many fields. Learning statistics can empower people to make informed decisions,
critically evaluate research, and communicate findings effectively [1]. Moreover, in an in-
creasingly data-driven world, proficiency in statistics can enhance problem-solving abilities
and foster a deeper comprehension of complex phenomena. Introductory statistics is a re-
quired course for many popular STEM majors such as psychology [2,3], and student success
in introductory statistics is critical for fulfilling transfer or college math requirements [4].

While statistics is considered a challenging topic of study by a variety of students [5],
statistics courses may present unique challenges and barriers to students from racially
marginalized backgrounds [6]. These challenges may lead to disparities in course outcomes
such as performance [7] and future interest in statistics [8] and may also lead marginalized
students to have lower levels of motivation and higher perceptions of emotional cost or
cost related to effort [8].

Although performance and course grades are important outcomes, in this paper, we
seek to understand racial equity gaps in statistics from a motivational lens. Not only does
motivation predict a variety of student success and performance measures [9,10]), students’
motivation serves as an indicator of the quality of their learning experiences. As part of
a broader effort to improve racial equity in a variety of outcomes, motivational measures
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can be conceptualized as a “pulse check” of their learning experiences. Motivation can
also profoundly impact students’ college and career journeys, including their persistence
in pursuing a chosen field [9]. Students who leave their statistics course with negative
experiences or low perceptions of its value are unlikely to apply what they have learned in
their everyday lives [11]

To unpack the psychological construct of motivation, we turn to the situated expectancy-
value [9] and expectancy-value-cost models of motivation [10]. These motivational frame-
works suggest that student motivation comprises (1) expectancy for success (i.e., confidence
in their ability to successfully complete a task), (2) value beliefs including intrinsic value
(i.e., interest or enjoyment from engaging in a task), utility value (i.e., perceived usefulness
of the course), and attainment value (i.e., importance of doing well) and (3) perceptions
of cost (i.e., negative consequences of engaging in a task such as the time, energy, and
resources required for learning).

Studies that disaggregate motivational and performance outcomes in introductory
college-level statistics courses by race/ethnicity from an expectancy-value-cost perspective
are rare e.g., [7,8,11,12]. One of the earlier studies to do so focused primarily on expectancy
and value [13]. Researchers found that Black, Latine, and White students had largely
similar expectations for their performance in an introductory statistics course (i.e., expected
course grade prior to any assignments or examinations), and all three groups performed
lower than their expectations. The gap between expectation and performance was larger,
however, among Black and Latine students (both groups performing 0.82 semester GPA
units below expectation) than among White students (who performed 0.57 semester GPA
units below expectation). Asian students had higher expectations for their performance
than did Black, Latine, and White students, but their performance was not significantly
different from their expectations. Interestingly, researchers found no racial differences in
the perceived value of learning statistics across the four groups, which all groups rated as
high. This suggests that although students do not differ in how highly they value statistics
skills and knowledge, many students struggle to meet their own expectations for success.
Because this gap is largest among racially marginalized populations, understanding its
causes may have the strongest benefit for these populations, though such insights have the
potential to benefit other populations as well.

In a recent study that focused on cost (specifically effort cost and emotional cost), Sutter
and colleagues [8] found that students from racially marginalized backgrounds experienced
higher levels of cost in their introductory statistics course than did their non-marginalized
peers. Further, incoming course concerns (e.g., concern about lack of prior knowledge)
negatively predicted future interest in statistics, but only for racially marginalized students.
And, importantly, students’ perceptions of cost mediated this relationship (i.e., incoming
concerns about their statistics class positively predicted perceptions of cost, which then
negatively predicted future interest in statistics).

1.1. Why Are There Inequities in Intro Stats?

There are many possible reasons for why there are racial equity gaps in motivation (par-
ticularly in students’ perceptions of cost). For example, economic disparities (e.g., racially
marginalized students might also have less access to the internet or a computer at home),
time constraints (e.g., racially marginalized students experience higher demands on their
time due to responsibilities outside of school; [8,14]), and inequities in earlier educational
opportunities may contribute to racial disparities in motivational experiences. These
barriers might not only impede racially marginalized students’ ability to engage with
educational materials but also exacerbate feelings of disconnection and disengagement.

Other reasons include various features of instructional practices, policies, and content,
which can negatively and disproportionately impact the learning experiences of students
from racially marginalized groups and could cause these students to experience higher
perceived cost, a lack of belonging, or stereotype threat [6,15,16]. For example, a key
systemic factor contributing to racial inequities in introductory statistics and shaping
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students’ experiences is the representation—or lack thereof—in the course content, which
may lead students from racially marginalized backgrounds to struggle to see themselves
reflected in examples, applications, and datasets of statistics courses, perhaps making it
harder to grasp abstract statistical concepts or see the applicability or relevance of statistical
contexts to their lives and communities [17]. Format of a course may also play a crucial
role. For instance, the length of chapters and overall workload can differentially affect
marginalized students. Students with higher demands on their time might be less flexible
when needing to adapt to fluctuations in assignment length. Therefore, it is essential not
only to diversify the content but also to reconsider the course structure, ensuring that it
does not impose disproportionate barriers on racially marginalized students.

Given the importance of statistics as a gateway course and the sparse literature that
has disaggregated students’ motivational experiences in introductory college-level statistics
courses by race/ethnicity [7,8,12,13], understanding the current state of racially marginal-
ized students’ motivational experiences is a critical first step in our investigation. In trying
to document equity gaps in expectancy, value, and cost, it is important to note that these
motivational beliefs can be sensitive to context [9]. For example, within the learning con-
text, perceptions of cost might change within the same week depending on the learning
content, material, topic, task difficulty, or task type [18,19]. Thus, if we are to understand
the current state and paint a clear picture of equity gaps, we must commit to collecting
multiple motivation measures over the duration of a statistics course.

1.2. Approaches to Address Racial Equity Gaps in Motivation

There are many different approaches to reduce gaps in motivational experiences
between racially marginalized and non-marginalized groups. We want to contrast two
broad approaches: individual-change and systems-change (see Figure 1).
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Individual-change approaches may assign students to either receive an intervention or
not in order to ascertain whether a particular intervention improves students’ motivational
experiences. For example, utility-value interventions, which engage students in reflecting
on how the course content relates to their lives (e.g., an essay about the personal relevance of
biology; [20]), have increased students’ perceptions of the usefulness of the material, course
interest, and academic engagement. Although any student can benefit from utility-value
interventions, they are particularly effective for students from traditionally underrepre-
sented and racially marginalized backgrounds, including first-generation college students,
Black and Latine students, and students from lower socioeconomic backgrounds [20–23].
However, systems-change approaches target systems by dismantling structural barriers that
may generate educational disparities and inequities. In contrast to the individual-change



Educ. Sci. 2024, 14, 487 4 of 18

approach, there are no “interventions” given to students. Instead there is a re-design of
the system. The system-change approach focuses on making changes to the system, which
then leads to changes in the students’ experience. Because system-change is difficult to
accomplish, let alone conduct research on, these approaches are less common in teaching
and learning research.

In the project reported here, we focus on one aspect of “the system” in which learning
takes place: the textbook/curriculum. The textbook is a component that lies outside the
control of both students and instructors, yet it can be studied and redesigned to promote
equity. In the following section, we lay out the “Better Book” approach [24], which uses
improvement science to continuously improve complex systems—in this case to guide and
test changes in the textbook for the purpose of improving equity.

2. The “Better Book” Approach—A Quality Improvement Approach to Addressing
Racial Equity Gaps in Motivation

Although improving inclusivity and promoting racial equity in an educational system
are laudable goals, making research-based progress towards these and other aims in a
scalable manner remains a challenge for three reasons: complexity, implementation, and
silos. First, teaching and learning is a complex cultural system [24]. Thus, most research
findings from a highly controlled and simplified environment (e.g., a research lab) fail
to translate to improvements in the overall system. Second, improving an educational
system is difficult because systems, especially innovative and novel systems, need to
be implemented before they can be studied [25]. And third, the work of practitioners,
researchers, and designers/developers tends to take place in silos instead of in the context
of collaborative problem-based inquiry [24].

The “Better Book” approach [24], an innovative approach to doing research and de-
velopment in educational contexts, addresses each of these challenges to making systemic
change. The basic idea of the “Better Book” approach is that a community of design-
ers/developers, researchers, instructors, and students focus their combined efforts on
improving an online interactive textbook and its implementation. We consider the in-
teractive textbook and the instruction that surrounds it a small-scale system on which
all parties can focus their efforts. This approach also leverages the affordances of new
technologies, which make it possible to collect data from enrolled students directly from
within the textbook and over extended time frames (e.g., a semester or year). These data
represent students’ experiences and can not only point out problems in the system but also
guide improvement.

Beyond simply collecting surveys and learning data from students, the textbook
explicitly invites students to participate in the improvement process. For example, on one
of the first pages of the textbook, students read the following statement: “Help Us Improve
the Book. You can also create a ticket if you want to report a problem, or make a suggestion,
that could help us to improve the quality of CourseKata Statistics and Data Science. We
welcome your feedback! Please note that tickets are used for reporting technical issues
and for offering ideas and suggestions for improving the book”. Thus, students are aware
that their responses and input is being solicited as a means of continuously improving the
quality and effectiveness of the textbook and thus benefit future students.

The “Better Book” approach borrows quality improvement methodologies developed
outside of education (such as improvement science and open-source software development),
specifically designed to address problems of complex systems improvement. Because the
textbook is an authentic setting in which students are learning, rather than a laboratory
setting divorced from a broader course framework, any research-based insights gained
from examining data from textbook use can be directly translated into changes in the book.
Because all the data from the textbook interactions are collected in authentic settings by
real students taking courses, issues of implementation within a broader course framework
can be identified immediately. This model also gives designers/developers, researchers,
instructors, and students a concrete system on which to collaborate. Despite being very



Educ. Sci. 2024, 14, 487 5 of 18

early in the application of the “Better Book” approach, we believe much can be learned
from this novel method of doing research and development in education.

The focus of this paper will be CourseKata.org’s instantiation of the “Better Book”
approach, in which we engage a community in improving a statistics textbook [26] that
contains over 1400 formative assessment questions, coding exercises, and measures of
student motivation and engagement. The curriculum combines authentic data science
tools used by professionals (i.e., R and Jupyter notebooks) with a pedagogy designed to
help students connect problems in the world to core concepts and representations. The
book, called Introductory Statistics with R (formerly: Statistics and Data Science: A Modeling
Approach), is designed to present the content of introductory statistics under a unified
framework of DATA = MODEL + ERROR ([26]; the entire textbook is publicly available at
CourseKata.org accessed on 22 April 2024).

The “Better Book” approach has been used with CourseKata data to improve the teach-
ing of specific statistics content [27,28] and to study the implementation of the instructional
materials in a variety of institutional contexts. Researchers have only recently begun to
use the “Better Book” approach to understand the experiences of racially marginalized
students and implementation in minority-serving institutions [8]. In the next section, we
describe how the Better Book approach generally uses improvement kata (or routine) to
improve a textbook. Then, we describe the specific improvement kata directed to improve
the textbook experience for racially marginalized students and how it benefited students.

3. The Improvement Kata

To improve teaching and learning, we turn to improvement science, a field that
develops effective and replicable methods for translating research into the improvement of
complex systems [24,29,30]. Improvement science works by (1) setting a direction or goal
for the system; (2) understanding the current condition of the system; (3) establishing the
next target for the system; and then (4) systematically experimenting with small changes
designed to overcome barriers, studying results, and revising theories about how to reach a
desired end. Improvement science is often implemented with routines of scientific thinking
such as the Improvement Kata as described by Rother ([31,32], see Figure 2).
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The overarching goal of this study is to apply the “Better Book” approach to increase
racial equity within the context of an introductory statistics course. We began by examining
student response data to identify the sections and features of the textbook that posed
barriers to the motivational beliefs of racially marginalized students, threatening their
potential engagement and achievement. Given the dynamic and situational nature of
motivation, we measured students’ motivational beliefs 10 times over a 10-week term in
an introductory statistics course. Having identified a potential barrier to motivation, we
set the intermediate goal of making changes to the textbook that would ameliorate it and
benefit future students enrolled in the course. We then conducted an improvement cycle
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wherein we examined and addressed deficits in the textbook by centering the experiences
of racially marginalized students. Drawing on their voices (and those of their instructors),
we redesigned the textbook and then evaluated the impact on racially minoritized students
and their non-racially minoritized peers in the next cohort. The example demonstrates how
data from students can point out flaws in a textbook, point the way toward possible design
solutions, and help us evaluate whether the redesigned book is indeed better.

3.1. Get the Direction or Change

In the language of the Improvement Kata, the “direction” for the system is to promote
racial equity in representation and achievement in STEM broadly, and in a statistics course
that uses the CourseKata textbook, in particular. One can think of increasing equity as
broadening opportunity by removing systemic barriers and ensuring access to the resources
needed to thrive. An equitable learning environment is supportive of all students to develop
their full academic potential.

3.2. Grasp the Current Condition (Study 1)

Step 2 of the Improvement Kata cycle is to grasp the current condition. Learning
statistics is a complex task, and to begin to improve students’ learning, we first need to
understand students’ experiences as they navigate the system in which they are learning.
In our work, we will use student motivation (i.e., why individuals choose to engage in
learning as well as why they might not want to engage), which can fluctuate over the
course of a school term, as a key indicator of their experience. By tracking changes in
students’ motivation throughout the course, we can ascertain where changes to the system
are needed. We can also disaggregate motivational measures to prioritize the experiences
of racially marginalized students.

From situated expectancy-value theory and expectancy-value-cost theory, we have
identified success expectancy, intrinsic value, utility value, and cost as key indicators of
students’ motivation that may influence learning and performance over the course of a
full college term (i.e., 10 weeks during which students complete 12 textbook chapters).
Most educators want their students to feel confident in their ability to succeed in the
course, to perceive their learning as interesting and useful, and to have few barriers and
negative consequences for engaging in learning tasks. Finding out whether students
actually experience the course in these ways is the second step in our improvement cycle
(see Figure 1).

3.2.1. Research Questions

Within the context of the online introductory textbook, we tried to understand the
current condition by asking:

1. How are students experiencing the textbook? What trends and patterns are we
noticing in their motivation (i.e., expectancy, value, cost)?

2. Are there any “hot spot” chapters where students’ motivations are spiking or waning?
3. Do racially marginalized students show patterns of motivation that differ from their

non-marginalized peers?

To get at these questions, we analyzed students’ self-reported levels of motivation
longitudinally in one large introductory statistics class.

3.2.2. Participants

Participants were 219 students from an introductory statistics class (79.0% female,
19.6% male, and 1.4% non-binary) at a large public university. We disaggregated the data
to gain insight into the experiences and perspectives of students from diverse backgrounds,
including different racial/ethnic backgrounds [33]. Of the students who indicated their
race/ethnicity (n = 214), 39.3% identified as Asian or Asian American (n = 84), 22% as White
(n = 47), 18.7% as Hispanic or Latine (n = 40), 3.7% as Black or African American (n = 8), and
16.4% as mixed or other races/ethnicities (n = 35). For the purpose of exploring students’
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experiences by race/ethnicity, Black or African American, Hispanic or Latine, Native Amer-
ican, Native Hawaiian or Pacific Islander, and Greater Middle Eastern (e.g., Afghanistan,
Pakistan) students were considered as belonging to a racially marginalized group, whereas
White and Asian students were considered non-marginalized students. Students of mixed
race were included in the racially marginalized group unless their race was a mix of White
and Asian.

3.2.3. Measures

Students’ motivational beliefs were measured eleven times over the course of the ten-
week term (i.e., at the beginning of each of chapters 2–12). Students rated their perceptions
of success expectancy (“I am confident in what I have learned so far in this course”), utility
value (“I think what I have learned so far in this course is useful”), intrinsic value (“I think
this class is interesting”), and cost (“I am unable to put in the time needed to do well in
this course”) on a six-point Likert scale ranging from 1 (strongly disagree) to 6 (strongly
agree). This longitudinal data collection allowed us to identify particular pain points or
hotspots (i.e., chapters in which students experienced a decline in expectancy or value or
chapters that students perceived as particularly costly) at the chapter level in the textbook.
Because the measures are embedded at the beginning of each chapter, they reflect students’
(cumulative) experiences, particularly highlighting their beliefs about the prior chapter. For
example, students’ judgments of expectancy or cost at the beginning of chapter 8 reflect
their motivational experiences upon completing chapter 7.

3.2.4. Analysis Plan

To grasp current conditions, we analyzed how students’ levels of success expectancy,
intrinsic value, utility value, and perception of cost developed at the chapter level, account-
ing for experiences by race. We used a 2 × 11, racially marginalized status × chapter, mixed
repeated measures MANOVA (with racially marginalized status as the between-subjects
variable and chapter as the within-subjects variable). We followed the overall analysis with
post-hoc tests.

3.2.5. Results

Figure 3a–d depict the mean values of expectancy (Figure 3a), intrinsic value (Figure 3b),
utility value (Figure 3c), and cost (Figure 3d) at the beginning of chapters 2–12, disaggre-
gated by racially-marginalized status. The figures show that racially marginalized students
and non-racially marginalized students differed in their ratings of cost, but their ratings of
success expectancy, intrinsic value, and utility value were similar.

Mixed repeated measures MANOVA supports these observations. There was no
statistically significant effect of racial marginalized status for expectancy (F (1, 188) = 0.111,
p = 0.740), intrinsic value (F (1, 188) = 0.981, p = 0.323), and utility value (F (1, 188) = 0.226,
p = 0.635). However, there was a significant effect of racially marginalized status on
perceptions of cost (F (1, 188) = 8,783, p = 0.003). We also examined the effect sizes of racially
marginalized status on perceptions of cost across each of the chapters (see Supplemental
Table S1). The largest effect (Cohen’s d = 1.262) was on ratings at the beginning of chapter 8.
This helped us prioritize our investigation and redesign efforts on the contents of chapter 7,
with more minor changes made in other parts of the textbook.

To further grasp the current condition and better understand why the ratings diverged
at this point in the textbook, we started with a thorough review of comments and sugges-
tions provided by students, instructors, researchers, and curriculum designers that were
specifically relevant to chapter 7. One source of student and instructor comments was the
interactive textbook’s helpdesk ticketing process, where any user could submit issues, bugs,
questions, comments, and ideas while working through the textbook. The ticketing system
captures crucial information, such as the user’s role (student or instructor) and the specific
page on which the ticket was submitted. Most of the tickets students submitted while
in chapter 7 referred to specific content they found difficult or confusing in this chapter
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(e.g., General Linear Model notation, dummy coding). However, because helpdesk tickets
are not connected to students’ demographic information, we could not disaggregate them
by racially marginalized status.
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We also gathered insights and information from marginalized students using the
CourseKata materials and their instructors. We solicited and examined detailed notes from
students and instructors at Hispanic-Serving Institutions and from community colleges
with large numbers of marginalized students. In addition, students who completed the
textbook in a class taught by its co-authors provided chapter-by-chapter feedback. Latine
undergraduate student research assistants who were involved in data collection, or were
conducting studies about statistics education, also contributed their insights. Lab meetings
attended by predominantly marginalized students (but led by a non-marginalized faculty
member) served as a focus group.

One Latino research assistant pointed out that some pages were much longer than
others and suggested that could have an impact on student experiences. A Latina research
assistant noticed that when she had more time, she was more likely to make repeated
attempts to get the coding exercises correct instead of rushing to simply answer them.
Instructors who had participated in professional development opportunities and subse-
quently taught the course at various institutions with sizable marginalized populations
(from 40% up to 80%) also shared their suggestions. For example, we received valuable
emailed notes about Chapter 7 from an instructor at a community college who was an early
member of the CourseKata community.

3.3. Establish the Next Target Condition

Based on the initial step of grasping the current conditions in the Improvement Kata cy-
cle, which revealed that all students experienced particularly high levels of cost in chapter 7
and students from racially marginalized backgrounds experienced significantly higher
perceptions of cost throughout the textbook, the next target conditions could be established:
(1) reducing perceptions of cost for all students and (2) reducing the gap in perceptions of
cost between racially marginalized students and non-racially-marginalized students.
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3.4. Conduct Quasi-Experiment on Redesigned Chapter 7 (Study 2)

After synthesizing the various observations and suggestions, the curriculum develop-
ers planned a revision to the textbook, applying the Plan-Do-Study-Act cycle (or PDSA;
also called the Deming or Shewhart cycle) with the next target condition in mind.

When we established the current condition, the textbook was already in version 4.0,
but for simplicity we will refer to it as original. The redesigned textbook was version 5.0.
In the original version, chapter 7 began with the General Linear Model (GLM) notation for
two-group models (in many introductory statistics courses, this would be presented as a
t-test) and then presented the same model visually on a graph of data (as summarized in
Table 1). Students and instructors both found the GLM notation highly abstract and difficult
to follow but appreciated the graphs that came a few pages later. Some suggested flipping
the order. Thus, in the revision, the idea of a two-group model was first presented visually
and then the GLM notation was connected to those visual representations. This flow, called
the “visualization-first” pedagogy (in contrast to the “algebra-first” pedagogy employed
in the original), is also supported by research in the cognitive sciences that suggests that
highly abstract symbols might be better understood if first given meaning in a visuospatial
representation [34,35], making the material more intuitive for learners.

The revisions also led us to simplify the R code we used to teach students how to
put models on their visualizations and to select a simpler visualization (scatter plots) as
shown in the last row of Table 1. Statistics education research has documented the many
misconceptions students have about histograms [36,37]; so to focus students’ attentional
resources on learning about the models rather than learning about interpreting difficult
visualizations, we used scatter plots (also called jitter plots). This “visualization-first”
approach and the simplified R code were first worked out for two-group models in chapter
7 but then implemented for the empty model (models with no explanatory variable) in
chapters 5 and 6 as well as regression models in chapter 8.

Additionally, we followed up on the suggestion of the research assistant who won-
dered whether the variation in page lengths had an effect on students’ flagging motivation.
We conducted word counts of all pages in chapter 7 as well as the surrounding chapters. We
found that chapter 7 was almost twice as long and its pages were much longer than those
in other chapters. Thus, we split the content of Chapter 7 into two separate chapters (now
Chapters 7 and 8). Splitting the chapter into two likely had implications for implementation,
because college instructors tend to spend about one week covering each chapter of content.
We hypothesized that these structural changes to the chapters and page lengths might
induce instructors to slow down through this particular stretch of more dense content.

We also went through other parts of the textbook to bring other chapters (e.g., chapters 5
and 6) in parallel with the approach taken in chapter 7 and to reduce the variability in
page lengths where possible. In the original version (4.0), the textbook had an average
of 1341 words per page with a standard deviation of 627. The redesigned chapters (of
version 5.0) had fewer words per page (M = 1095) and also a lower standard deviation
(SD = 331), suggesting greater consistency of lengths across the redesigned pages. Note
that word count is only a rough measure of how long students spend on a page because
our method of counting words includes some non-content “words” (e.g., LaTeX tags) and
does not include words from the interactive questions on a page. Complexity of the content
also impacts the length of time spent on a page.

Overall, the redesign process incorporated a wide range of perspectives and inputs
from various stakeholders, including students, instructors, researchers, and curriculum
designers. Soliciting the insights of textbook users at Hispanic-Serving Institutions as well
as Latine student and researcher perspectives led the way to major design changes. The
resulting redesign was not the idea of one author or one instructor; it was the incorporation
of many different viewpoints that all led to re-ordered and re-structured content. After
making these changes, we were ready to ask: Are these changes an improvement?
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Table 1. Summary of chapter 7 layout comparing original and redesigned versions.

Pages Original Chapter 7 (Version 4.0)
“Algebra-First” Pedagogy

Redesigned Chapter 7 (Version 5.0)
“Visualization-First” Pedagogy

7.1
Introduced the context: modeling the variation in the
thumb lengths of students with the explanatory
variable sex (female versus male)

Introduced the context: modeling the variation in the
thumb lengths of students with the explanatory
variable sex (female versus male) with visual
representations of the data (i.e., scatter plots)

7.2
Introduced the algebraic notation for the best-fitting
General Linear Model for two groups
(Yi = b0 + b1Xi + ei)

Introduced how to make a visual representation of the
two-group model (as mean lines on a scatter plot) now
presented before algebraic notation which moved to
7.3 Focused on interpreting the parameter estimates
from R code in context of the visualization

7.3 Focused on interpreting parameter estimates from R
code in context of the equation

Introduced algebraic notation of the two-group model
(Yi = b0 + b1Xi + ei) and how it connects to the visual
representation

7.4 Focused on using the algebraic equation to
generate predictions

Focused on using the algebraic equation to
generate predictions

7.5

Focused on calculating residuals from the predictions
produced by the equation.
At the end of the page, introduced how to make a
visual representation of the two-group model (as mean
lines on faceted histograms)

Focused on calculating residuals from the predictions
produced by the equation.

Code used to
visually
represent a
model on
a graph

Emphasis on faceted histograms with slightly more
complex code
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3.4.1. Research Questions

To assess the effectiveness of the redesign, we first compared students’ responses to
the motivation measures between the redesigned (version 5.0) textbook and the original
(version 4.0) textbook. We were interested in the following questions:

1. Are there differences in perceptions of cost for students who completed the origi-
nal textbook (version 4.0) versus students who completed the redesigned textbook
(version 5.0)?

2. Is there an interaction between cost perceptions of the two textbook versions and
students’ racial background?

3.4.2. Participants

To make the comparison more meaningful, we analyzed student responses to the
redesigned textbook in a statistics course taught by the same instructor at the same univer-
sity as taught the materials in the original study. The sample of students who completed
version 5.0 consisted of 235 students. Of those who indicated their gender (n = 231), 78.4%
identified as female, 19% as male, and 2.6% as non-binary). Of the students who indicated
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their race/ethnicity (n = 210), 39.5% identified as Asian or Asian American (n = 83), 27.1%
as White (n = 57), 23.3% as Hispanic or Latine (n = 49), 4.8% as Black or African American
(n = 10), and 5.2% as mixed or other races/ethnicities (n = 11). As in the original study,
students who identified as a race other than White or Asian or a combination of those two
races were considered racially marginalized (n = 70; 33.3%) and White or Asian students
(n = 140; 66.7%) were considered non-racially marginalized.

3.4.3. Measures

The same measures that were embedded in the original version of the textbook were
also embedded in the redesigned version at the same time points (i.e., at the beginning of
chapters 2–12): success expectancy (“I am confident in what I have learned so far in this
course”), utility value (“I think what I have learned so far in this course is useful”), intrinsic
value (“I think this class is interesting”), and cost (“I am unable to put in the time needed
to do well in this course”).

3.4.4. Results

Figure 4a–d depict the mean values of expectancy (Figure 4a), intrinsic value (Figure 4b),
utility value (Figure 4c), and cost (Figure 4d) at each chapter, disaggregated by racially
marginalized status in Version 5.0 of the textbook. These figures are similar to Figure 2a–d
but are for the redesigned textbook. Notably, in the redesigned textbook, the gap between
perceptions of cost by racially marginalized and non-racially marginalized students seems
to have shrunk.
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(version 5.0).

To compare the two versions of the textbook directly against one another, we ran a
2 × 2 × 11, version × racially marginalized status × chapter, mixed repeated measures
ANOVA on the perceptions of cost, the main motivational measure hypothesized to change
across the two versions. This analysis revealed three main effects. There was a significant
effect of chapter, (F (10, 3680) = 11.583, p ≤ 0.001), indicating that perceptions of cost
varied at the chapter level. There was also a significant effect of version (F (1, 368) = 15.798,
p <= 0.001) with the average perception of cost being significantly lower for the redesigned
textbook compared to the original textbook (see Figure 5). Further, there was a significant
effect of racially marginalized background (F (1, 368) = 4.145, p = 0.042), suggesting that
although perceptions of cost decreased overall, students from racially marginalized back-
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grounds still experienced higher levels of cost (see Figure 5). The main effect of racially
marginalized background can be best understood as an artifact of collapsing versions 4.0
(where nearly every chapter had racial differences in perceived cost) and 5.0 (where only a
few chapters exhibited such differences). There were no significant interactions, p > 0.05.
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We also conducted an analysis of the redesigned version (5.0) alone. Like the orig-
inal study, the mixed repeated measures MANOVA revealed no significant effect of
racially marginalized status for expectancy (F (1, 98) = 0.605, p = 0.439), intrinsic value
(F (1, 98) = 0.067, p = 0.797), or utility value (F (1, 98) = 0.057, p = 0.811). Unlike the original
study, this time there was no statistically significant effect of racially marginalized status
on perceptions of cost (F (1, 98) = 0.926, p = 0.338). There was a statistically significant
interaction between chapter and racially marginalized status (F (40, 3920) = 1.412, p = 0.045).

Independent sample t-tests confirmed that the only remaining significant differences in
perceptions of cost between racially marginalized students and non-racially marginalized
students were at the beginning of chapters 2 and 4. There, racially marginalized students
experienced significantly higher levels of cost than students from non-marginalized back-
grounds (see Supplemental Table S2). This stands in contrast to the original textbook
in which almost every chapter was perceived to be significantly more costly for racially
marginalized students. In the comparison between versions 4.0 and 5.0, this manifested as
a significant main effect of racially marginalized status on cost rather than an interaction
between racially marginalized status and chapter.

The analysis of the redesigned results and the comparative data analysis revealed
two encouraging findings. First, most of the disparate experiences related to perceptions
of cost between racially marginalized and non-racially marginalized students, previously
found in almost all of the chapters, were reduced in the redesigned textbook. Second,
there were overall decreases in students’ perceptions of cost, indicating that the changes
made during the redesign process had a positive impact on students’ perceptions of the
textbook’s workload, generally.

3.4.5. Discussion of Redesign

The final stage of our Plan-Do-Study-Act cycle included a thorough reflection on the
prior cycle components and included discussions among the research team (the authors)
and presentations of the findings to other developers, researchers, instructors, and students
who work with CourseKata data. Although the data in this improvement cycle were
collected in a quasi-experimental design, these findings provide promising evidence of
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the potential benefits to subsequent generations of students who will use this textbook.
Consequently, the decision was made to adopt the proposed changes (rather than to adapt
or abandon them) and proceed with implementing them with all users of the textbook.
We have plans to follow up and validate these results in the broader population of stu-
dents using our textbook in other institutions with other instructors. (A summary of
our implementation of the PDSA cycle, embedded in the Improvement Kata, is shown
in Figure 6).

Educ. Sci. 2024, 14, x FOR PEER REVIEW 14 of 19 
 

3.4.5. Discussion of Redesign 
The final stage of our Plan-Do-Study-Act cycle included a thorough reflection on the 

prior cycle components and included discussions among the research team (the authors) 
and presentations of the findings to other developers, researchers, instructors, and 
students who work with CourseKata data. Although the data in this improvement cycle 
were collected in a quasi-experimental design, these findings provide promising evidence 
of the potential benefits to subsequent generations of students who will use this textbook. 
Consequently, the decision was made to adopt the proposed changes (rather than to adapt 
or abandon them) and proceed with implementing them with all users of the textbook. 
We have plans to follow up and validate these results in the broader population of 
students using our textbook in other institutions with other instructors. (A summary of 
our implementation of the PDSA cycle, embedded in the Improvement Kata, is shown in 
Figure 6). 

 
Figure 6. The Improvement Kata as described by Rother (2009, 2018), with a description of how each 
step was instantiated in the current studies. 

A driving question during the ‘act’ process was: “What did we learn from doing 
this?” [32]. Engaging in this reflective exercise across a variety of stakeholders allowed us 
to recognize that certain textbook characteristics might have more substantial effects on 
students’ perceptions of cost than previously anticipated. For instance, the length of the 
pages was almost invisible to the textbook authors who were concerned with coherence 
of the content on the page, but students expected pages to take a certain amount of time 
and may have found it discouraging when homework costs exceeded their expectations. 

This realization led us to reconsider aspects of the textbook beyond the content itself, 
emphasizing the importance of how the material is experienced by students. The process 
of reflection triggered a cascade of new ideas. For example, because word counts are only 
a rough measure of the cost of a page, CourseKata’s technology team developed new ways 
of measuring how long students spend on pages. In the future, this kind of metric will 
allow designers to adjust the combination of difficulty, word count, number of interactive 

Figure 6. The Improvement Kata as described by Rother (2009, 2018), with a description of how each
step was instantiated in the current studies.

A driving question during the ‘act’ process was: “What did we learn from doing
this?” [32]. Engaging in this reflective exercise across a variety of stakeholders allowed us
to recognize that certain textbook characteristics might have more substantial effects on
students’ perceptions of cost than previously anticipated. For instance, the length of the
pages was almost invisible to the textbook authors who were concerned with coherence of
the content on the page, but students expected pages to take a certain amount of time and
may have found it discouraging when homework costs exceeded their expectations.

This realization led us to reconsider aspects of the textbook beyond the content itself,
emphasizing the importance of how the material is experienced by students. The process
of reflection triggered a cascade of new ideas. For example, because word counts are only a
rough measure of the cost of a page, CourseKata’s technology team developed new ways
of measuring how long students spend on pages. In the future, this kind of metric will
allow designers to adjust the combination of difficulty, word count, number of interactive
components, and other design features. This may lead to a more consistent experience for
students across the pages.

4. General Discussion

For decades, efforts to address disparities in students’ experiences and outcomes in
science related domains including statistics focused on trying to “fix students” through
interventions targeted towards the individual student [38]. Such interventions—while
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often well intended—assume deficits in students’ preparation and aim to better align
students with the existing higher education system. Through the collaborative efforts of
the Better Book community (which includes students, instructors, researchers, curriculum
designers, and technology developers), we engaged in a continuous improvement cycle. In
this particular instance, we used this Plan-Do-Study-Act methodology towards improving
equity in one component of a system that produces students’ experiences, motivation, and
learning—the textbook of an introductory statistics course. The research reported here is an
attempt to apply the practices of improvement science toward the goal of equity through a
motivational lens.

4.1. Original Version

The thorough examination of students’ motivational beliefs allowed us to pinpoint
potential hot spots or areas for improvement within the curriculum. One particularly note-
worthy revelation from our exploration was the identification of a “hot-spot” in chapter 7.
Upon closer examination, we found that it was the longest chapter in the textbook. By
identifying where students perceived the content as particularly challenging and costly, we
were able to zone in on critical aspects of the curriculum that required attention and refine-
ment. Further, we were also able to identify who was experiencing the course and certain
chapters as particularly challenging. The finding that students from racially marginal-
ized backgrounds experienced higher levels of cost is in line with prior research [8]. This
student-centered and data-driven approach ensured that our efforts for improvement were
targeted and focused on addressing the specific needs of our diverse student population.
Uncovering individual differences in students’ experiences—particularly their perceptions
of cost—resulted in research insights that led researchers and designers to further engage
with teachers and students towards potential design solutions.

4.2. Redesigned Version

Because all students—but particularly students from racially marginalized backgrounds—
experienced chapter 7 as a barrier to their course success, chapter 7 was redesigned and
split into two more-manageable chapters. This revision and other design changes aimed
to improve the learning experience and ensure that students could grasp the content
effectively without feeling overwhelmed. When we returned to perceptions of cost post-
redesign, we found that the differences between racially marginalized and non-racially
marginalized students were reduced. Beyond reducing equity gaps, there were overall
decreases in students’ perception of cost, indicating that the changes made by focusing
on marginalized students’ experiences during the redesign process had a broader positive
impact. In fact, mean levels of perceptions of cost for racially marginalized and non-racially
marginalized students in the redesigned version of the textbook (v5.0) were both below
the mean levels of perceptions of cost for the non-racially marginalized students in the pre-
redesigned version (v4.0). Together, these results suggest that although the redesign did not
reduce all the differences in motivational experiences between racially marginalized and
non-racially marginalized students (i.e., students from racially marginalized backgrounds
still experienced higher levels of costs initially and in one other chapter), the redesign may
have contributed to a more equitable learning experience.

This study considers the potential role that textbook design plays in students’ moti-
vational experiences with a particular focus on the experiences of racially marginalized
students. This exploration sheds light on potential structural barriers, such as page length,
that can shape students’ experiences, particularly their perceptions of cost. Whereas many
may limit their conceptualization of structural barriers to societal-level challenges outside
an individual’s control, we argue that educators and institutions should consider their
curricular choices and other small design decisions as having the power either to create
new structural barriers or to mitigate the effects of existing ones. Addressing potential
challenges in design and presentation of the textbook materials and how they impact
students’ motivation is crucial for identifying instructional improvements in the context of
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teaching and learning. These improvements were made possible through collaborative ef-
forts of diverse students, instructors, researchers, and curriculum designers in a continuous
improvement process. Importantly, this work offers insights into how improvement science
and translational research on motivation can be leveraged to guide us towards improving
equity in a small system (i.e., the textbook of an introductory statistics course) and guiding
the efforts of institutions of higher education in the pursuit of inclusive excellence.

Overall, creating spaces for racially marginalized students to describe their experiences
and connecting those experiences to disaggregated data was vital to our improvement
cycle. Even seemingly neutral expressions of their experience (noting that the pages took
different amounts of time) eventually became design hypotheses. Because we knew from
disaggregated data that perceptions of cost were a significant barrier, we took note when
students mentioned page lengths and how they went through the textbook differently when
they had more time. Also, what racially marginalized students say about their experiences
may not, on the surface, seem like it has anything to do with race, ethnicity, or cultural
background. Page lengths and chapter sequencing may seem far removed from a students’
ethnic identity or socioeconomic status. However, we knew from other data collected via
the textbook (in version 1.0) that students who attend institutions with higher proportions
of racially marginalized students also report working more hours per week. Being able to
have consistent homework experience (e.g., homework that takes roughly the same amount
of time each week) might be particularly important to students who have other demands
on their time, such as work or family commitments. Returning to our notion that racially
marginalized students might serve as a canary in the coal mine, it is understandable how
all students might benefit from more consistent expectations about the time it takes to
complete their assignments, but those whose time is a more precious commodity would be
the first ones to alert us of the problem.

5. Limitations and Future Directions

It is important to acknowledge that this study includes participants from two class
sections taught by the same instructor at a single institution, limiting generalizability. We
also do not suggest that adjusting textbook chapter and section lengths is the needed
upgrade to improve equity in every classroom situation. Rather, methodologies such as
the improvement kata may be generalizable to other educational settings. The process
should be tailored to each setting [39], and its outcomes studied carefully for their broader
applicability. Despite limits on generalizability, the current study provides evidence that
redesigning systems to address the concerns of marginalized students may improve equity
and reduce barriers for both marginalized students and their non-marginalized peers.

Following an approach consistent with the aims of improvement science, we hope in a
future cycle to address the variability found in perceptions of cost found among racially
marginalized students in the redesigned textbook. To reduce mean levels of perceived
cost and to close the gap between subgroups of students is a start. But the long-term
work of improvement science and translational research is to further reduce the variability
in negative experiences (such as cost) for all students. Additional work will include an
investigation of balancing measures to confirm that an improvement in perceived cost does
not come at the sacrifice of performance in later chapters, for instance. We need to ensure
that removing one barrier does not throw up new ones.

6. Conclusions

This study combines improvement science methodologies and research on motiva-
tion to nudge an educational system toward promoting equity. Our intensive exploration
of students’ motivational beliefs and experiences, comparing original and redesigned
versions of a textbook, brought about valuable insights that led to targeted curriculum
improvements. The identification of a cost-intensive chapter prompted a complete redesign,
demonstrating our commitment to refining our learning materials based on data-driven
hypotheses. The “Better Book” approach [24] guided by input from students, instructors,
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researchers, curriculum designers, and technology developers is integral to our contin-
uous improvement efforts. This collaborative approach and the underlying technology
infrastructure ensures that changes to the textbook are evidence-based. It empowers us
to see students’ experiences through realistic time spans, respond to their evolving needs,
and adjust the curriculum based on the latest research in educational psychology and
pedagogy. By proactively adapting the instructional materials based on comprehensive
feedback and data analysis, we create a more responsive and student-centered learning
environment. Although the book is not ideal, there is a process for the book to get “better”
and move towards providing a more equitable learning experience, where all students
have the opportunity to thrive and develop their full academic potential.
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