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Game-Based Learning Platform to Enhance Student Science Outcomes

Impact Florida, Legends of Learning, and WestEd propose a mid-phase EIR project to
enhance, scale, and perform a randomized controlled trial (RCT) of Legends of Learning, a
game-based learning platform designed to improve science outcomes, particularly for high-need
students. These students include historically marginalized groups in STEM (e.g., Black students),
students in the lowest achievement quartile, and students from low-income backgrounds.

Impact Florida is a non-profit organization that partners with districts across Florida to
connect practitioners, advocates, and leaders with experts, resources, and data, in order to
contribute to a more knowledgeable, collaborative, and innovative field of educators who are
supported in focusing on the right things for students. Impact Florida believes it can use its
established network and experience in Florida to bring this project to life. Particularly with the
support of Miami-Dade County Public Schools (see Appendix C), Impact Florida will have a
strong network to begin scaling and support of the execution of the RCT.

This project addresses Absolute Priority 1, Absolute Priority 3 (STEM, Science), and
Competitive Preference Priority 1 (Promoting Equity with Partners). To address the Competitive
Preference Priority, Legends of Learning and WestEd will each support 3 years of internships
from the minority-serving institutions with whom Impact Florida has partnered. The internships
will allow students to get valuable experience with education and research organizations, which
can lead to important connections and interest in related fields for their career.

The study will engage 280 teachers and 6,800 students in at least 80 elementary schools
in Florida during the formative studies and the RCT. It will support the improvement and
implementation of Legends of Learning, which will increase students' engagement in and

attitudes towards science, opportunities to learn, and ultimately end-of-year assessment scores.
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Section A: Significance

Despite heroic efforts by educators during the pandemic, many teachers struggled to hold
their students’ attention in remote and hybrid learning settings. This led to dramatic decreases in
NAEP scores for both math and reading (NAEP 2022). With districts focusing on math and ELA
to address COVID-related learning loss, subjects not yet tested by NAEP post-pandemic, such as
science, were also hit hard. For example, post-pandemic scores for Florida fifth grade science
dropped from 55% of students reaching proficiency in 2018 to 47% in 2021 (Florida Department
of Education, 2018 and 2021). Fifth grade is an especially critical time for science education as
adolescence frequently brings a drop in science interest (Bathgate & Schunn 2016, Bryan et al.
2011; Gottfried et al. 2001; Hawkey and Clay 1998; Osborne et al. 2003; Simpson and Oliver
1990). Student engagement with the subject material is one of the keys to increasing test scores
(Christenson et al 2012).

Instead of schoolwork, students shifted their focus to other activities during the
pandemic, specifically additional screen time. Between 2019 and 2021, the total amount of daily
screen time went from 4 hours and 44 minutes to 5 hours and 33 minutes among 8—12 year olds,
and from 7 hours and 22 minutes to 8 hours and 39 minutes among 13—18 year olds (Robb,
2022). Much of that screen time was spent on video games targeted to school-aged children such
as Roblox, Minecraft, and Fortnite. For example, Roblox daily active users in the US and Canada
jumped from 6.3 million in Q4 2019 to 11.4 million in Q2 2020 (Roblox, 2023). This has not
abated since the pandemic, with Roblox daily active users reaching 13.3 million in Q4 2022.

Teachers recognize that engaging students is a problem as the “competition” for student
attention from video games increases (Papadakis, 2018), and teachers are proactively choosing

materials that are gamified or use games to teach, often without the knowledge or support of
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their district administration (Turkay et al., 2014). Using their proprietary access to school district
internet traffic data, Learn Platform found that 6 out of the top 10 content sites accessed most by
teachers and students in the 2021-22 school year were gamified or used games to teach (the four
others were YouTube, Wikipedia, Encyclopedia Britannica, and Nearpod) (Instructure 2022).

Investigation into the use of games for learning has grown from a small niche area to a
major focus of research over the past 15 years (Gee, 2007; Tobias & Fletcher, 2011). Studies
have demonstrated the potential of digital games to support learning in terms of conceptual
understanding (Barab et al., 2007; Klopfer et al., 2009); process skills and practices (Kafai et al.,
2010; Steinkuehler & Duncan, 2008); epistemological understanding (Squire & Jan, 2007,
Squire & Klopfer, 2007); 21st century skills (Qian & Clark, 2016); and attitudes, identity, and
engagement (Barab et al., 2009; Dieterle, 2009; Ketelhut, 2007). Reports by the National
Research Council (NRC) and others (Martinez-Garza et al., 2013; NRC, 2011; Young et al.,
2012) have also acknowledged this potential.

The same interactivity and hand-crafted engaging designs that confer the benefits of
game-based learning (GBL) also lead to high development costs. Such high costs associated with
developing games means covering large portions of the curriculum remains cost-prohibitive, and
the academic literature has focused on small-scale studies of individual games in controlled
environments. In a highly cited meta-analysis of 69 high-quality GBL studies from 2000-2012,
while overall results from media comparisons indicated that digital games significantly enhanced
student learning relative to non-game conditions (g = 0.33, 95% confidence interval [0.19, 0.48],
k=57, n=209), each study had an average of only 100 participants (Clark et al., 2016). These
small-scale studies demonstrate the potential for game-based learning, but they have not yet

convinced district administrators to widely adopt GBL as a reliable supplement to textbook or
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lecture-based instruction. Furthermore, uncertainty around how well GBL can align with specific
curricula and instructional materials have inhibited widespread administrator buy-in, creating a
barrier to scaled implementation (Vu and Feinstein 2017).

Given the extraordinary focus of teachers on GBL as evidenced by their usage of GBL
tools, and the remarkable desire by students for games as evidenced by their own screen time
choices, it would be of great significance to understand whether a full year of a GBL supplement
can compete with a standard, non-GBL curriculum, especially in science, which lends itself well
to GBL as it deals with natural phenomena that can explored through simulation-like games. For
example, there are no year-long studies on game-based learning in science in the WWC, and
only two on gamified math tools (Dreambox and ST-Math). The recent addition to the WWC of a
Tier 1 study of Mission Hydrosci was for a 6 to 8 day game-based curriculum that teaches very
specific water systems science and scientific argumentation lessons (and cost was listed as a
major barrier) (Reeves et al 2020). It may be hard for a district administrator to generalize the
benefits of GBL from a 6 to 8 day curriculum, or from single games such as Dreambox and
ST-Math, which are built by specific teams with a particular game design philosophy.

But administrators and practitioners know that they cannot use the same game all year
round. An expensively built, rich, immersive, hours-long game like Mission Hydrosci is a treat
for a special occasion to teach a handful of standards, but it is too expensive to build into
year-long instruction, and most of the time teachers need shorter, simpler modules that can be
easily slotted into any lesson. To allow educators to feel comfortable about shifting to
GBL-supported curricula, it would be useful to have research on a general purpose GBL
supplemental curriculum that spans the full year scope and sequence. Such a study should

evaluate the GBL-supplemented curriculum relative to regular instruction across a whole year,
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and reaches a sophistication and scale that teachers expect from the tools they use on Learn
Platform’s list. To date, such a broad GBL curriculum has been cost prohibitive and therefore not
explored as possible best practices by Impact Florida’s various school and district initiatives.

Recently, Legends of Learning has been able to overcome the issue of high production
costs for games that cover large swaths of the curriculum through an innovative game
development model. Legends of Learning’s “Learning Universe” product is a curated platform of
over 2,000 learning games built by over 800 different professional game studios around the
world. Each game covers exactly one curriculum standard: a single Next Generation Science
Standards’ (NGSS) Disciplinary Core Idea (DCI) bullet point (also incorporating Crosscutting
Concepts and Science and Engineering Practices). Each standard contains 3—10 games for
teachers to choose from (see Figure 1). No one studio bears the cost of developing games across
a large curriculum, and studios compete to make the best game in a marketplace model. Studios
share in the revenue Legends of Learning generates based on the playtime their game receives.
The games are also aligned to the state’s curriculum, so in Florida the NGSS aligned games must
be placed in the correct Next Generation Sunshine State Standard (NGSSS).

Figure 1. A teacher’s account showing 4 of 7 games for ES-PS1.A.2 (Conservation of Matter).
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Looking at the marketplace from the teacher’s perspective, games can be assembled into
assignments alongside assessment items, videos, and simulations in the Learning Universe
product. Teachers typically use Learning Universe as whole-class instruction, assigning a
playlist of games to the full class as a supplement to the standards being covered in the regular
curriculum. For example, if a teacher is covering ES-PS1.A.2 (Conservation of Matter) this
week, they can create an assignment with the following structure (taking games from the figure
above): [assignment start] [3 question pre-assessment] — [“Lift the Ship” game] — [“Chemist’s
Assistant” game] — [3 question post-assessment] [assignment end]. This assignment should take
each person in the class approximately 30 minutes (15 minutes for Lift the Ship, 5 minutes for
Chemist’s Assistant, and 5 minutes each for the pre- and post-assessment). Over a full school
year, these assignments can then cover the whole scope and sequence for a district, allowing
teachers to incorporate the games into their regular instructional materials. In addition to the
Learning Universe marketplace, teachers can also send students into the “Awakening” product,
which offers gamified assessments as students explore an open world and collect and battle pets
called Beasties. Teachers can leverage the assessment data collected by Awakening to then
launch Learning Universe assignments that cover the gaps identified during Awakening
gameplay. This approach has allowed the Legends of Learning product to achieve significant
scale among teachers looking for a rigorous GBL product to engage their students, and overall,
2.7 million students across the United States used Legends of Learning in the 2022—-2023 school
year. See Appendix J.1 for screenshots of the features described above.

Unlike games like Dreambox, ST-Math, and Mission Hydrosci, the games are not built by
a single team with a single design philosophy. Other than the requirements that games 1) must fit

a single class period, 2) must work on a browser on a low-cost device (i.e. chromebook, tablet, or
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computer), and 3) must teach exactly one standard, there is no single game design philosophy to
affect academic results (positively or negatively). As the wide variety of game types built by a
large number of professional game studios are deployed, tested in real-world classrooms, and
rated by teachers, higher quality games rise to the top. As a result, Legends of Learning has the
capacity to demonstrate how GBL can be an enhancing supplement embedded into regular
instruction, which would be significant for researchers and practitioners who want to extract
learnings about GBL overall rather than any specific game.

Studies have shown that GBL in general can be effective (Clark et al., 2016), and
Legends of Learning specifically can be effective in raising test scores (Clark et al., 2018). In the
2018 study, published in the Journal of Learning Sciences, Legends of Learning games were
found to be effective at helping students learn curricular material as compared to control groups
taught by the same teacher. The quasi-experimental design study enrolled more than 1,000
students across six states. Half were taught the standard curriculum and half received games as a
substantial part of their curriculum. The post-test revealed a statistically significant increase in
test scores by the game-based learning students, and the teacher survey revealed increases in
student engagement (movement from 3.23 to 4.31 out of 5, where 5 is “strongly agree”) and high
scores for focusing high-needs students on the learning task (4.23 out of 5, where 5 is “strongly
agree”) and desire to continue using GBL (4.46 out of 5, where 5 is “strongly agree”).

A more recent correlational study conducted by WestEd researchers found students who
used Legends of Learning in four large, diverse Southeastern US districts received higher scores
on their end of year standardized state science assessment than those who did not use this
product (McKinney et al., 2023). During the 2020-2021 school year, nearly 10,000 students

utilized Legends of Learning in these four districts, compared to 14,000 students who did
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not. The positive effect was dose-dependent, so the more students used Legends, the higher their
scores were. Because a relatively small number of teachers utilized the platform in its intended
two activities per week, further study is needed to determine the effect of dosage on student
science achievement. However, the correlational study revealed promise of this relationship, as
intended usage was correlated with a 23 percentile increase in test scores. A follow-up
quasi-experimental or randomized control trial design is warranted to see whether positive
effects on the state science assessment would occur with a more rigorous sampling design.
Unfortunately, insufficient usage by teachers arises directly from the marketplace model
inherent in Legends of Learning, where it is the teacher’s responsibility to find the proper games,
assemble playlists, and assign them to their classes. The marketplace model offers more freedom
and a much wider variety of GBL curriculum supplements, but it also imposes a large
responsibility on the teacher. Some teachers find the process enjoyable and create many
assignments, but many are confused or overwhelmed, and fall back on their standard materials.
With intense interest in GBL from students, teachers, and researchers, it would be
significant to study how GBL-supplementation can affect student test scores over a full year of
instruction. Legends of Learning’s innovative marketplace development model has overcome the
historical cost issues associated with creating wide GBL curriculum coverage, but the lack of a
well-designed implementation model, combined with a lack of easy mechanisms to integrate the
learning games into district curricula, has led to insufficient usage by teachers as evidenced by
prior WestEd research (McKinney et al, 2023). Legends of Learning does offer professional
learning (PL) for partner districts, and this PL involves training teachers on how to use the
Learning Universe platform in virtual sessions and optional self-paced training (described in

Appendix J.2), but further support may be needed. This proposal aims to deliver on the promise
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of GBL by building appropriate district supports and lowering the burden on teachers to
help overcome the barriers to scaling identified in prior studies. Each strategy will be
rigorously tested, culminating with a rigorous randomized control trial of a full year GBL
science supplemental curriculum. Scaling research-backed effective teaching practices and
materials such as GBL aligns with the mission of Impact Florida, and we are excited to expand
this impact through this project.

Section B: Strategy to Scale

B.1 Barriers and Strategies

Barrier 1: While game-based activities and resources are aligned with multiple state

standards, districts do not have an easy mechanism to integrate them into their curricula.

A primary barrier to scaling is that educators have historically been skeptical about how well
GBL solutions align with and can support the scope and sequence of their particular curriculum
(e.g. Kaimara et al., 2021). Most GBL products cannot be adapted to meet individual districts’
needs, including supporting their adopted curricula and the implementation models of their
courses. Customized curricular alignment will ensure that Legends of Learning can consistently
support implementation of standards-based curricula across multiple districts and states. To
overcome this barrier, we propose the following strategies:

Strategy 1: Currently, the games are aligned using an overly simplistic algorithm that is generic
enough to align games to all relevant state outcomes. We propose to perform a comprehensive
audit of the existing games to determine how well the algorithm worked for their alignment
specifically with Florida’s NGSSS. Following the audit, we will establish stricter, state-specific
criteria for alignment for all existing and future games submitted to the Legends of Learning

platform. This enhanced alignment will ensure that districts in Florida, and eventually other
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states, will be able to more easily access a collection of games that meet their state standards and
are easily integrated into their chosen curriculum (see Strategy 2).
Strategy 2: We propose to develop a “district-endorsed game” feature where district
personnel can recommend or endorse the use of specific games to support particular lessons or
units of instruction, specific for their curriculum. For example, in preparation for teaching
photosynthesis, Legends of Learning offers teachers a collection of games to choose from as they
plan their lessons. While options are a benefit, many teachers do not have the time to make the
most informed selection. The new feature will allow districts to create templated lessons using
the “endorsed games” which can be accessed and used by all teachers in the district.
Additionally, research on high-quality instructional materials recommends that decisions
about supplementation of adopted standards-based curricular materials be made collectively at
the school or district level, rather than by individual teachers (Polikoff 2019). This saves teachers
time, leverages district staff expertise, and supports more equitable learning experiences by
reducing variations in students’ learning experiences from classroom to classroom.
Barrier 2: Scalable implementation models have not previously been tested and evaluated.
The second barrier to scaling, identified in WestEd’s research with four large Southeastern
districts (McKinney et al., 2023), is inconsistent or unintended usage of the Legends of Learning
platform, which may prevent optimal efficacy. Based on teacher feedback, the issue stems from
challenges integrating GBL into day-to-day curriculum, a lack of customized usage guidance,
and a lack of a research-informed implementation model for teachers. As a result, teachers have
been left to figure out how, when, and how often to use games in their lessons. Easing the burden
on teachers by testing implementation models is needed to establish an evidence-based scalable

implementation plan for Legends of Learning that will support customizable, standards-aligned
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game-based learning experiences. To overcome this barrier, we propose the following strategies:
Strategy 3: To ease the burden on teachers, we propose to develop a personalized learning
mode for students in Awakening. Currently, the Awakening product assesses student content
knowledge in a gamified world, and surfaces that assessment data to teachers, who must then
create an assignment to address any learning gaps using the Learning Universe marketplace. The
proposed personalized learning mode would immediately offer a top rated learning game within
Learning Universe to the student once a gap was identified, allowing the student to progress
through content aligned to the state standards at their own pace. In schematic form, this would be
an ongoing repetition of [Assess] — [Identify Learning Gap] — [Offer Instructional Game] —
[Assess]. Combined with Strategy 2, this would reduce the burden on teachers who may not have
sufficient time or expertise to create their own GBL assignments, while also allowing additional
uses of Legends of Learning, including support for students who may be behind. This feature,
which is embedded in the gamified assessment world of Awakening, will require significant
game design and game quality assurance testing and optimization, which may be facilitated by a
multi-year internship program with partner minority-serving institutions for students who want
game design or software development experience. Development and use of this feature will be
tested in the formative evaluation phases (see D.4).

Strategy 4: We propose to develop an implementation model through iterative design, testing,
and development with feedback from teachers and districts. During the first year and a half,
WestEd will complete usability and feasibility studies to inform the design of 3—4 potential high
impact implementation models, which will then be tested in a full-year implementation study
(described in D.4). Evidence will be used to finalize a scalable implementation plan for Legends

of Learning which will be tested during the impact study (see D.1).
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Strategy 5: We propose to provide comprehensive, ongoing support for districts and teachers to
improve implementation fidelity. To ensure all teachers know how to both incorporate the games
into their teaching and draw on resulting data to inform their instruction, the implementation plan
will include a PL component for both teachers and districts. The associated PL will provide
initial support for districts with making customized recommendations to teachers regarding the
best games to support their curriculum and support for teachers around understanding the
platform and incorporating games into their teaching. The plan will also include ongoing support
with best practices and tips for intentionally and effectively utilizing both the games and their
resulting data to improve student outcomes.
B.2 Management Plan

Impact Florida (IF) will lead the proposed project, collaborating closely with Legends of
Learning (LL) and WestEd (WE). Appendix J.3 provides an organizational chart, which
illustrates the responsibilities of each staff member and organization. Figure 2 provides a
high-level project timeline, while Table 1 lists the project objectives by year and responsible
organization(s). The bolded font for an organization indicates that they are the lead on the
milestone. Appendix J.4 provides a detailed timeline, with objectives and responsibilities
designated for each month of the five-year project.

Figure 2. High-Level Project Timeline, by Objective
Year 1: 2024 Year 2: 2025 Year 3: 2026 Year 4: 2027 Year 5: 2028
Ql Q2 03 04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q@2 Q3| Q@4

Create and test strategies to AucitandAligniGamesitoNGSSS

enhance adoption, use, and Develop District Suppprt System
sustainability of Legends of Develop Personalized Learning Mode
Learning p

Develop the Ideal Implementation Model
Usability and Feasibility

Recruitment / Instrumentation
Evaluate the implementation and T

impact of Legends of Learning Implementa"on L

Impact Study
Longitudinal
Disseminate findings and track Research| Other | Research| Other | Research
progress on scaling and sustainment Reports for Continued Improvement and Track Scaling and Sustainment
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Table 1. Project Objectives and Responsibilities, by Organization and Project Year

Responsible
Milestone Y1|Y2|Y3|Y4|YS|Organization
Objective 1. Create and test strategies to enhance use and sustainability of Legends of Learning
1.1 Audit existing NGSSS alignment and update alignment criteria. X | X LL
1.2 Develop and implement a “district-endorsed game” feature. XX |X LL, WE
1.3 Improve and implement the “personalized learning mode” feature. | X [ X | X LL, WE
1.4 Explore, test, and finalize a scalable implementation model. X|1X | X [X WE, LL

Objective 2. Evaluate the implementation and impact of Legends of Learning

2.1 Prepare data collection instruments and procedures and train staff. X WE
2.2 Identify and randomly assign to treatment and control conditions. X WE
2.3 Measure and assess implementation fidelity of Legends of Learning. | X | X [ X | X WE
2.4 Measure and assess the impact of Legends of Learning. X |X [X [X |WE

Objective 3. Disseminate findings and track progress on scaling and sustainment

3.1 Disseminate findings to research audiences. X | X | X |WE,IF
3.2 Disseminate findings to public, teacher, and policy audiences. X | X |WE,IF,LL
3.3 Support adoption and track cost, scaling, and sustainment. X | X |[X | X |WEIFLL

B.3 Capacity to Bring the Project to Scale

Impact Florida, Legends of Learning, and WestEd are capable of bringing the proposed
project to scale. If funded, Impact Florida will allocate a part-time project coordinator to oversee
the identification and participation of schools and teachers and to lead internal project
management. Senior leadership will help the coordinator by using their deep connections with
districts and schools in which they have worked. Impact Florida will then use a project assistant
to coordinate with IT and school personnel and to assist with support tasks as needed. They have
expertise in carrying out large scale projects, including reporting and accountability. Impact
Florida has already secured a commitment from Miami-Dade County Public Schools, who is
eager to evaluate GBL as a full-year science supplement, as a study district (see Appendix C).

WestEd is a preeminent educational research, development, and service organization with

over 900 employees and 13 offices nationwide. WestEd has been a leader in moving research
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into practice by conducting research and development (R&D) programs, projects, and
evaluations. Over the past five years, WestEd has carried out almost 2,500 successful projects
representing major contributions to the nation’s R&D resources. At any given time, the agency
has between 450 and 700 active contracts and grants. WestEd staft on this project will include
senior personnel with expertise in science education, online and game-based learning, formative
and summative evaluation, advanced quantitative methods and statistics, and research
implementation. These staff have a proven track record of successfully executing projects of
similar complexity, scope, and focus, including multiple large-scale, multi-site RCTs.

Legends of Learning is the industry leader in GBL technology, and has ample technology
and education specialists to help achieve its responsibilities on the project. They will work
closely with Impact Florida and WestEd as they develop each new feature to ensure they are
properly tested and iteratively improved to have maximum impact for the teachers and students
in the study population. They operate in over 10,000 schools in 49 out of 50 states and have
resources and processes to onboard and sufficiently support the number of schools in the study.
They have PL staff, but may need to expand capacity to support any new coaching or on-going
support models that emerge from WestEd’s formative research (see D.4).

Table 2 provides details on the capabilities of the key personnel and their project roles.
Impact Florida will be responsible for managing the project and ensuring progress on meeting
objectives. They will also share responsibility for recruiting, onboarding, and implementation
monitoring. Legends of Learning will lead development while WestEd will lead a series of
formative evaluation studies to improve new features and potential administration models.

Legends of Learning will implement all training and support of its product. WestEd will be
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responsible for leading the independent impact evaluation and leading implementation fidelity
analyses. All parties will contribute to dissemination of study activities and findings.

Table 2. Roles, Responsibilities, and Relevant Experience of Key Project Staff

Staff and Role Primary Responsibilities and Relevant Experience

Impact Florida Key Personnel

, President, leads and manages all aspects of the organization’s strategy and
relationships. She is a passionate advocate for providing equitable educational opportunities
for all students in Florida. - -, Chief Operating Officer, leads the organization’s
operations and activities. As former President of the Jacksonville Public Education Fund, he
has a history of contributing to smart improvements in schools that help all students succeed.
Together they will: serve as the key point of contact for the funder, LL, and WE; oversee the IF
staff and partner relationships; support the identification and onboarding of schools; and
contribute to dissemination of results including annual reports.

WestEd Key Personnel

is the Senior Director of STEM Research and Entrepreneurship at
WestEd, and brings decades of experience managing large-scale research projects and center
grants. will serve as WestEd’s Principal Investigator, key point of contact, and
manage the project and partner relationships. . is a Senior Research
Associate II and evaluation lead in two EIR grants. He will assist with project management
and lead the development of measures, collection processes, and analyses of implementation
data. . , Director of STEM Networking and Partnerships, will be the lead
support for Impact Florida and school liaison for WestEd. . is a Senior
Research Associate in WestEd’s Learning and Technology team and brings content expertise
around online learning and programs. . is a Research Associate II in
Science Education and brings expertise in elementary science learning and evaluation. .

is a Senior Research Associate at WestEd. He brings expertise and extensive
experience in applied statistics and psychometrics and has led many research and measurement
projects funded by the USDOE and NSF. - will lead the quantitative data analysis in all
stages of the study.

Legends of Learning Key Personnel

. - -, CEO, has a strong history of developing successful and effective
education products, and will serve as Legends’ key point of contact, manage the project and
partner relationships, and lead progress monitoring. -, CRO / CAO, has 20 years
of experience in leading curriculum design to support learning and effective pedagogy and will
lead instructional design and education vision of the product and features. -h
Principal Engineer, has worked on dozens of project teams leading the digitization of products
and information systems. He will lead the development of new features.
Director of Partner Success, specializes in implementing processes that lead to high customer
retention. She will lead partner relationships between Legends and the districts/schools.
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B.4 Dissemination Strategies

To reach research, policy, and practitioner audiences interested in issues related to
implementation and impact, WestEd plans to present research findings at national research
conferences (e.g., AERA, SREE, NARST, etc.) and publish findings in peer-reviewed journals
(e.g., Journal of Research on Educational Effectiveness, Educational Researcher, Science
Education, Journal of Research in Science Teaching, etc.). In addition, WestEd will submit
presentations with at least one science leader from Florida schools to national practitioner or
policy annual conferences (e.g., ASTE, ISS, National Rural Education Association, etc.). WestEd
will also highlight key findings through all of its communication networks (e.g. WestEd.org,
Insights blog, R&D Alert Online, WestEd E-bulletin, etc.).

Legends of Learning will use the findings from this study to inform other educators
interested in the program about the evidence from this study. They will present at national
practitioner-oriented conferences facilitated by organizations such as NSTA, ISTE, FETC
(Future of Educational Technology Conference), and NSELA (National Science Education
Leadership Association). In Florida, Legends of Learning will present at FASS (Florida
Association of Science Supervisors) and FAST (Florida Association of Science Teachers).
Legends of Learning will keep full-time staff based in Florida who will attend statewide and
local conferences, regularly visit schools, and provide unlimited, ongoing support to teachers and
schools. It will disseminate findings on its website and through its communication channels to all
existing and potential partner states.

Impact Florida will share learnings and promote findings that are useful to practitioners
through a variety of dissemination channels, including its annual statewide Education Summit.

Impact Florida will leverage its strong base of knowledge management expertise to design
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products for dissemination, utilizing our website, social channels, email base of state education
leaders and policymakers, and direct outreach through the strong network of relationships Impact
Florida holds with a variety of education stakeholder organizations both within and beyond
Florida.
B.5: Utility

The proposed project’s resulting evidence-based implementation plan will support broad,
consistent implementation of Legends of Learning to improve instruction, address district leader
and practitioner concerns about the implementation and benefits of GBL, and contribute to the
overall knowledge base regarding best practices in the use of GBL to improve student outcomes.
The implementation and professional learning plans built during the study will guide expansion
and effective impact in both new and existing sites (which span 49 states). Additionally, the new
tools will make the implementation easier, particularly the district recommendation and lesson
building supports, which will ease the burden on teachers and make the product more appealing.
The addition of the personalized learning mode will not only enable effective use across a variety
of settings, it will also ensure that it serves diverse learners within those settings. These features
build upon a product which has shown to already have a positive relationship to student
outcomes and could increase both uptake and impact of Legends of Learning.

Section C: Project Design

C.1 Conceptual Framework

Legends of Learning aims to create and support a lesson building and learning
environment that is known to relate to positive student outcomes. This environment is labeled as
Inputs in the Logic Model (see Appendix G). Legends of Learning has then generated a theory

that identifies four high-leverage drivers that can contribute to increasing district and teacher
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buy-in and use of their program, which can lead to increased engagement, opportunities to learn,
conceptual understanding, and student standardized assessment outcomes. These drivers are PL
supports, state specific alignment, district supports for integration, and teacher and student use.
The logic model represents these four drivers as Output Activities, which lead to student
engagement and participation and builds towards key outcomes (see Table 3).

Table 3. Key evidence in support of each driver.

Conceptual Framework for the Impact of Legends of Learning

Professional Learning Supports

These supports include a blend of virtual sessions, self-paced training, and coaching with
on-going support. These sessions use active learning to engage teachers in the same discourse
and activities their students will experience to get them comfortable with and exploring the
student features (Darling-Hammond et al., 2017). As teachers better understand the conceptual
underpinnings of what the approach, they are more likely to be comfortable fostering scientific
discourse that encourages students to share ideas and discuss varying approaches to solving
problems (Bishop, 2016; Hill et al., 2005). This comfort and improved use will also encourage
teachers to implement the lessons with fidelity.

State Specific Alignment

Legends of Learning will perform a comprehensive audit of the existing games to determine
how well the algorithm worked for their alignment specifically with Florida’s NGSSS. The
closer alignment will make games easier to find, will create more confidence in district
leadership and teachers (Kaimara et al., 2021), and can improve impact (Squires, 2011). This
will make the district support tools more effective and increase transparency around learning
progressions when students are using Awakening, the personalized learning tool.

District Supports for Integration

These supports will allow districts to identify and recommend games specifically aligned with
district-specific curriculum. These further the impact of the NGSSS alignment and gets district
leadership involved, which can increase implementation support (Whitworth & Chiu, 2015).

Teacher and Student Activity

Ultimately, the impact comes from teachers using the lessons and students engaging with the
materials and experiencing the personalized learning tool (as needed). The games and
corresponding assessments, videos, and simulations can encourage student engagement and
increase opportunities to learn, understanding of the concepts, and eventual standardized test
outcome (e.g. Grabau & Ma, 2017; Lee et al, 2021).
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C.2 Project Objectives, Outcomes, and Measures

We expect that the project will reach approximately 6,000 students in 5th grade across 80
schools in Florida. To achieve the goals and objectives described in Table 1 (see B.2), we
propose to (1) audit and align games to NGSSS; (2) develop a district support system including
recommended games for teachers; (3) develop a personalized learning mode; (4) develop an
ideal implementation model; (5) implement and test the efficacy of Legends of Learning in our
high-need sample; and (6) disseminate findings and track progress on cost and sustainability A
table detailing a full set of tasks and timelines is seen in Appendix J.4.
C.3.a Population Description

For this study, we define high-need students as “students at risk of educational failure or
otherwise in need of special assistance and support, such as students who are living in poverty,
who attend high-minority schools . . . [or] who are far below grade level” (US DOE, 2012).
Florida has nearly 3 million school students enrolled in over 4,000 schools. Over 200,000
students participate in 5th grade science each year. The state has a diverse population of students,
including nearly 64 percent minority students (see Table 4).

Table 4. Florida Public Education Enrollment, by Race and Ethnicity, for 2021-2022

Race / Ethnicity Al/ AN As/AsPI Bl His Haw /Pl  Wh Multi

Percent of students 0.3% 2.8% 21.2% 35.5% 0.2% 36.1% 4.0%
Source: NAEP (2022).
Note: A/ AN = American Indian/Alaskan Native; As = Asian/Asian Pacific Islander; Bl = Black; His = Hispanic;

Haw / PI=Hawaiian Native or Pacific Islander; Wh = White Non-Hispanic; Multi = Multi-Ethnicity or Unknown.

Florida has 52% economically disadvantaged students (Florida Department of Education

[FLDOE] 2023). Additionally, 2022 Florida Department of Education data shows that 52 percent
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of 5th grade students in Florida are performing below satisfactory on Florida’s statewide
standardized assessment (FLDOE, 2022).
C.3.b How Legends of Learning Will Address Students’ Needs

As discussed in Section A, the existing Legends of Learning program has shown success
in multiple other states, and will improve its tools to optimally address the needs of Florida’s
students. As discussed above, giving districts the power to review and recommend
standards-aligned games to teachers based on the districts’ chosen curriculum and particular
population of students will allow for impactful and easy to implement lessons. These lessons will
provide high needs students with access to engaging high-quality supplements to enhance
learning. The personalized learning mode will also allow students to be recommended games that
are specifically designed to address their knowledge gaps. Teachers can utilize this feature for
students who may be struggling with certain areas of content or those that may need more time
or extra support with a difficult topic. The implementation models that we will test and the one
ultimately adopted will be tailored to have maximum impact on the students the districts serve.
They will consider Florida state standards, the curricula in the districts, the amount of days and
time that teachers perceive as appropriate for enacting GBL in the classroom, and any other
contextual factors discovered during the formative stages of the project.

Section D: Project Evaluation

WestEd will conduct an independent evaluation of the implementation and impact of
Legends of Learning on 5th grade science classes (see Table 5) with the impact study designed to
meet WWC standards without reservation (see D.1). Following extensive formative evaluation
(see D.4), the impact study will use research questions (RQ) 1-3 to study the impact of the

intervention on teacher and student outcomes, including a WWC acceptable state standardized
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test for student achievement. Questions 4 and 5 address implementation and are designed to

provide both performance feedback during initial stages and guide measurement towards

acceptable implementation thresholds, and to document key factors that should be considered

during further replication and scaling of Legends of Learning. Questions 6—8 explore mediating

and moderating effects, which will unpack how key project components and contextual factors

can influence outcomes. Questions 9—10 are exploratory but will provide evidence of sustaining

impact of access to Legends of Learning and could provide evidence of replicability.

Table 5. Evaluation Research Questions and Data Sources

Research Question

Primary Data Source(s)

Impact analyses

1. What is the impact of Legends of Learning on students’ science
achievement?

Florida 5th Grade Statewide Science
Assessment

2. What is the impact of Legends of Learning on students’ opportunities
to learn?

Opportunities to Learn scales (on a
study-administered teacher log)

3. What is the impact of Legends of Learning on the nature of teachers’
instructional activities?

Instructional Activities scales (on a
study-administered teacher log)

Implementation analyses

4. To what extent is Legends of Learning implemented with fidelity?
How do teachers perceive the professional learning? How many activities
are students completing compared to expectation?

Training sign-ins, Legends of
Learning teacher and student data,
teacher monthly log

5. How does the implementation of Legends of Learning differ across
school contexts and teacher and classroom characteristics? What factors
hinder or facilitate the implementation of Legends of Learning?

Training sign-ins, Legends of
Learning teacher and student data,
teacher monthly log, including
relevant background and
demographic data

Main mediating and moderating analyses

6. To what extent does the impact of Legends of Learning differ across
school contexts, teacher and classroom characteristics, and student
characteristics?

All data for RQs 1-3, including
relevant background and
demographic data

7. To what extent is the impact of Legends of Learning on student
outcomes mediated by instructional activities and opportunities to learn?

All data for RQs 1-3

8. To what extent is the impact of Legends of Learning on student
outcomes mediated by the dosage of Legends of Learning activities?

All treatment data for RQs 1-3, plus
Legends of Learning teacher and
student data
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Exploratory analyses

9. To what extent is the impact of Legends of Learning larger in teachers’ | All data for RQs 1-3
second year of implementation?

10. After the control teachers are trained, are their students’ outcomes Same data as RQ 3
comparable to the outcomes of the original treatment group?

Impact Study Summary. Half of 80 recruited schools in Florida will be randomly assigned to
implement Legends of Learning and the other half will continue with business-as-usual science
instruction and materials (see D.1). Recruitment will target schools with a high percentage of
high needs and underserved students, but will ensure an appropriate range of demographics for
generalization. The sample will consist of all fifth grade teachers and students in participating
schools. This design will allow participation from approximately 240 teachers (120 in each
condition) and 6,000 students for the impact study. The 3,000 students in the control condition
will experience Legends of Learning the following year. The proposed study is powered for a
minimum detectable effect size of 0.11 to 0.12 for student outcomes, and 0.28 to 0.32 for teacher
instructional activities. (See Appendix J.5 for details about the power analysis and Appendix J.6
for details about the hierarchical linear models for the impact analyses.)

WWC Acceptable Outcome: Student Science Achievement. To measure students’
outcomes for RQ1, WestEd will use the Florida 5th Grade Statewide Science Assessment, which
is considered valid and reliable by the WWC standards and measures student achievement of the
Next Generation Sunshine State Standards (NGSSS) in science (CPALMS, 2019). The
assessments were developed by a rigorous standards setting process to ensure high validity and
reliability (Florida Department of Education, 2010).

Outcome: Student Opportunities to Learn. To measure students’ opportunities to learn
in fifth grade science (RQ2), WestEd will administer a student survey at the end of the
intervention year. The survey will include four opportunities to learn measures adapted from
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studies that provided evidence of sufficient validity and reliability for the measures (Rickles et
al., 2019; Walters et al., 2018): opportunities to make real-world connections (Cronbach's o =
0.84), opportunities to justify reasoning (o = 0.82), opportunities to solve challenging problems
(o =0.78), and opportunities to demonstrate conceptual understanding (o = 0.80). (See Appendix
J.7 for the complete set of items.)

Outcome: Student Engagement. All students will complete the Engagement items from
the 5SEssentials Survey as part of the end-of-year survey. These items measure student interest
and engagement in the class as a whole, and have shown strong reliability (o > 0.77) and validity
(Hart et al., 2020; Hart et al., 2021).

Outcome: Student Attitudes towards STEM. All students will complete the science
portion of the Student Attitudes Toward STEM (S-STEM) survey (Friday Institute for
Educational Innovation, 2012) as part of the end-of-year survey. The survey is intended to
measure changes in students’ self-efficacy and outcome expectancy in STEM subjects and
interest in STEM careers. Unfried et al. (2015) calculated reliability and found Cronbach’s a
values above 0.83 for all constructs in the survey.

Outcome: Teacher Instructional Activities. To measure the quality of instructional
activities (RQ3), WestEd will administer a teacher log three times across the year during the
impact study to provide an accurate picture of the instructional activities over the entire school
year. Prior studies of teacher logs indicate that they can be a valid and reliable measure of
instruction (Rowan & Correnti, 2009). The log will include the following measures adapted from
a RAND study of inquiry-based instruction (Le et al., 2006): inquiry-based practices intended to
actively engage students and promote problem solving skills (o = 0.83), inquiry-based activities

intended to facilitate critical thinking (o = 0.77), discussion (o = 0.74), and developing
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conceptual understanding (o = 0.58). Together, these measures capture the types of instructional
activities expected to be seen in conjunction with Legends of Learning in the classroom (see
Appendix J.7 for the complete set of items). In addition, WestEd will perform at least 60
observations of treatment and control classrooms during the impact study, with the aim of our
observation sample including at least half of the schools.

D.1 Meeting WWC Standards Without Reservations

The evaluation of the impact of Legends of Learning will be based on a school-level
randomized controlled trial designed to meet What Works Clearinghouse standards without
reservations (WWC, 2020). Participating schools will be assigned to the treatment or control
condition using blocked random assignment. Blocks will consist of school-level demographic
information and prior science achievement (see Appendix J.6).

After randomization, Legends of Learning will begin enrolling teachers in the treatment
schools into its professional learning sequence. All teachers in the treatment schools who plan to
teach fifth grade science in the coming year will be included. Treatment schools will receive
Legends of Learning’s professional learning program and those teachers and students will have
full access to all of its features and resources. Treatment teachers will be asked to adhere to the
implementation plan finalized during the implementation study (see D.4).

The control schools will administer business-as-usual science classes and will not have
training with or access to Legends of Learning. These schools will use curriculum materials
selected by their district based on a list of state-approved textbooks in conjunction with their own
materials. They will have district-offered professional learning in accordance with Florida’s

Coordinated System of Professional Development (Florida Department of Education, n.d.).
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School-level random assignment was selected since schools typically implement Legends
of Learning as a school-wide program, in which all science teachers receive PL and access to
resources. Second, a teacher-level assignment would raise the threat of contamination, as
teachers in a school may discuss, view, and share instructional materials and strategies. Also,
based on prior school-level randomized studies (Davenport et al., 2019), particularly with Impact
Florida’s support, we expect minimal school-level attrition during the impact study.

The analysis of the intervention’s impacts will use an intent-to-treat (ITT)
approach—schools and their teachers and students will be retained in their originally-assigned
groups. Student rosters will be collected at the start of the 2026—2027 school year to identify
students in the ITT student impact sample. Given that the proposed evaluation is based on a
school-level RCT that is expected to have low cluster-level attrition and a student analytic
sample where joiner bias is not a threat, the evaluation has the potential to produce strong
evidence about the impact of Legends of Learning. Students who join the school after
randomization will not be included in the analytic sample. Based on research (Kim et al., 2020;
Taylor & West, 2020) and WestEd’s prior RCT experience, we anticipate manageable levels of
student attrition during the study (i.e., less than 20%) and minimal differential student attrition
across conditions (i.e., less than 5 percentage points), so the student impact analyses will likely
meet WWC standards without reservations (see WWC attrition White Paper; WWC, 2017).
D.1.a Generalizability and Scalability. In partnership with Impact Florida, WestEd will
evaluate Legends of Learning across a large number of economically disadvantaged schools,
particularly in high-minority and some rural settings to reach high needs students. Findings based
on the diverse sample will provide valuable guidance for future replications of implementation as

the program scales further across Florida and throughout other states. To inform generalizability,
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the evaluation will include a set of moderator analyses (RQ6) to assess the extent to which the
effects of Legends of Learning are moderated by the characteristics of students,
teachers/classrooms, and schools. Results from these analyses will guide future scaling, as they
may identify where the program is particularly effective or less suited and how it can be
improved accordingly. Appendix J.6 lists the potential moderators and corresponding analysis
plan. Furthermore, analyses will explore how implementation, opportunities to learn, and
instructional practices mediate the direct effects on students’ science achievement.
D.1.b Cost Effectiveness. The evaluation includes a cost analysis based on the Resource Cost
Model (Levin & McEwan, 2002) to provide information about the cost of implementing Legends
of Learning, including associated PL and support, and whether it is cost effective relative to the
business-as-usual condition. Implementation and PL costs will be identified in both the Legends
of Learning and business-as-usual conditions using the “ingredients method” (Levin et al., 2017).
Analyses will identify the costs associated with each component of the program, distinguish
start-up costs from ongoing costs, and convert total costs to per-student costs. We will then
combine the cost information and effect size estimates to describe the impact of Legends of
Learning on a per dollar basis following the most up-to-date recommendations for cost analyses
(Cost Analysis Standards Project, 2021).
D.2 Strategies for Replication

Our approach aims to make findings generalizable so they may impact the most students
as the program scales (see D.1.a). To this end, our research questions explore how, when, and for
whom Legends of Learning is working. Legends of Learning has been successfully adopted in at

least one district in every state except Alaska; however, evaluations of a systematic prescribed
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administration model, including moderation and mediation analyses, have not yet been
completed. This project will fill this important knowledge gap.

Additionally, with the measures and methods developed by this study, replication and
ongoing research can occur to ensure that the program is working for all students, and
deficiencies can be identified and corresponding improvements made. Legends of Learning’s
approach to entry using district-wide or larger partnerships also makes the program scale quickly,
which can provide future opportunities for such studies. With the findings from this study and
future studies, Legends of Learning will be able to identify areas for cost-effective improvements
and will be better able to address any barriers to implementation found across various contexts.
Legends of Learning will prioritize continued research and improvements using its own funds
and potentially through other partners and grant monies.

D.3 Components, Mediators, Outcomes, and Acceptable Thresholds of Implementation

The design of the proposed evaluation is informed by clearly articulated key components,
mediators, and outcomes of Legends of Learning as depicted in the conceptual framework
presented in Appendix G. The impact analyses (RQ 1-3) will be based on valid and reliable
measures: (1) 5th grade Florida Statewide Science Assessment, (2) Opportunities to Learn, and
(3) Instructional Activities scales. The evaluation will include moderator analyses (RQ6) and
mediator analyses (RQ 7-8) to explore the relationships among implementation context,
intermediate outcomes, and student achievement outcomes, as discussed above. Implementation
context data will be collected from multiple sources, including artifacts (e.g., sign-in sheets and
agendas) from teacher trainings to determine participation and coverage, observations,
interviews, and monthly teacher logs describing implementation of Legends of Learning and

other curricular materials, as well as student data from Legends of Learning. Legends of
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Learning tracks and will provide to WestEd data on the number and type of student activities
completed (e.g., instructional game, quiz game, assessment), including time spent and the
learning outcomes targeted by each activity. Acceptable thresholds of implementation will be
accounted for within PL measures, teacher logs, and observations. Classroom administration
thresholds will most likely be based on tracking the percentage of weeks in which teachers
complete the number of lessons / games prescribed in the administration model (e.g., two
Legends of Learning lessons per week). These thresholds will be defined during the formative
evaluation stages (see D.4), and will be monitored to discover if the program is implemented
with fidelity and what potential effect the level of fidelity may have on outcomes.
D4. Formative Evaluation, Performance Feedback, and Periodic Assessment of Progress
During the first two and a half years, performance feedback and periodic assessment of
progress will be addressed through formative evaluation. Usability studies, a classroom
feasibility study, and a classroom implementation study will build towards the impact study (see
Figure 2 and Table 6), and will be guided by the research questions in Appendix J.8.

Table 6. Summary of the samples and timeline for each major evaluation component.

Usability Feasibility Implementation Impact
Timeline Fall 2024 Spring 2025 2025-2026 20262027
Teachers 10 10 20 240
Students 50 250 500 6,000

Usability Study. In Fall 2024, WestEd will conduct multiple rounds of usability research, as
needed, to iteratively test new program components and features. For each round, at least 5
teachers, each with 5 students, will participate. Research has shown that this is a sufficient

number of testers to identify major issues, and that testing with additional users provides
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diminishing returns (Nielsen, 2000). The student sample of these rounds will be intentionally
balanced with regard to demographics. WestEd researchers will guide participants through the
relevant tasks and ask them to “think aloud” and explain their thought processes as they go. At
the end of each session, WestEd will interview participants about their overall experiences, the
ease of use of the activities, and their understanding of the tools and content presented. Each
round of usability will result in a qualitative summary of findings with actionable
recommendations to Legends of Learning.

Feasibility Study. In Spring 2025, WestEd will conduct a feasibility study to evaluate whether
teachers and students can use the lessons, components, and features as intended in an authentic
education setting with only small-scale guidance and support. Another main goal will be
exploring how teachers envision ideal usage of Legends of Learning to inform possible
administration models for the implementation study. WestEd will complete the feasibility study
with 10 teachers, each with one full class of students. Teachers will receive a one-hour webinar
introduction to the Legends of Learning and two hours of PL on how to integrate it into their
classrooms. Teachers and students will use Legends of Learning in their classrooms for six
weeks. Through interviews and observations, WestEd will capture data related to various
implementation models used by teachers and which may be the potentially most effective
models. Feedback will be collected from teachers through a weekly log and a final interview.
Qualitative and quantitative reports of findings will provide actionable recommendations to
Legends of Learning throughout the year.

Implementation Study. In the 2025-2026 school year, WestEd will conduct a yearlong
implementation study on Legends of Learning, to test the most promising 3—4 implementation

models uncovered in the feasibility study. The study will involve 20 teachers, each with one full
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class of students. Teachers will receive the same PL during this study as during the feasibility
study and will implement Legends of Learning using one of the models. Administration
strategies will be intentionally assigned so each includes classrooms with a variety of
demographics. WestEd will perform three observations per classroom. Students will complete a
post-survey, including the opportunities to learn measure and overall engagement and
satisfaction items. Feedback from teachers will be collected through monthly logs and a final
interview. The implementation study will result in mixed qualitative and quantitative findings,
with actionable recommendations to Legends of Learning. WestEd will review the fidelity
and results from each administration model to inform the model used for the impact study.
Performance Feedback and Periodic Assessment of Progress. During this formative period,
WestEd will help develop the ideal administration model in partnership with Legends of
Learning and Impact Florida, who has been heavily involved in scaling effective teaching
practices through design and implementation of professional learning models and instructional
materials. WestEd will also create measurable thresholds for acceptable implementation in
consideration of teacher feedback and quantitative findings from the implementation study.

The formative evaluation will also provide structure for consistent, periodic feedback to
Impact Florida on the progress of Legends of Learning towards its development goals. All
parties will participate in virtual, bi-monthly calls to discuss upcoming goals and review progress
to date on development, testing, and other project components and steps, as detailed in the
Detailed Project Timeline and Management Plan (see J.4). WestEd will be responsible for
monitoring and tracking all activities and reporting to Impact Florida, to make sure all goals stay
within their scope and timeline. Any deviation or concern on progress or performance will be

discussed among all stakeholders, including the Program Officer.
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