From Rules to Transferable Skills

A Research Foundation for Principle Centered Gamified Learning in
College

A white paper prepared for BeastCampus faculty, academic leadership, and institutional partners.

Executive Summary

This paper evaluates a proposition rather than assuming it: knowing a rule is one component of learning,
and durable, transferable skill develops when students understand the underlying principle, practice
applying it across varied contexts, receive useful feedback, and demonstrate independent performance.
The research reviewed here supports each component of that chain, with varying strength. Cognitive
psychology distinguishes knowing what (declarative knowledge), knowing how (procedural knowledge),
and knowing when and why (conditional knowledge), and treats these as interacting parts of competence
rather than separate curricula (McGill and Volet; de Jong and Ferguson-Hessler). In mathematics,
conceptual and procedural knowledge develop bidirectionally and iteratively, so teaching principles
alongside procedures is better supported than teaching either alone (Rittle-Johnson and Schneider; Rittle-
Johnson et al,, “Not a One-Way Street”). Retrieval practice, spaced and interleaved practice, and worked
examples are among the best-supported methods for building durable skill (Roediger and Butler; Rohrer
and Pashler; Sweller and Ayres), and feedback is powerful but highly variable—roughly a third of
feedback interventions in the classic meta-analysis actually reduced performance (Kluger and DeNisi,
“Effects of Feedback Interventions”; Wisniewski et al.). Transfer, especially to unfamiliar tasks, remains
the hardest outcome to produce and must be measured directly rather than inferred from performance
on supported exercises (Perkins and Salomon, “Transfer of Learning”; Engle). Error-centered instruction
has a growing evidence base, including the counterintuitive finding that confidently held errors are often
corrected more readily than low-confidence errors (Metcalfe; Butterfield and Metcalfe). Gamification
shows small-to-medium average effects on engagement and learning in meta-analyses, but effects vary
with duration and design and do not guarantee learning (Sailer and Homner; Kim and Castelli; Dichev and
Dicheva). Corequisite developmental education has strong causal evidence at the college level for
gateway-course completion, while longer-term findings vary by study (Ran and Lin; Logue et al.; Miller et
al.). None of this constitutes evidence that BeastCampus itself works; the platform's specific combination
of methods remains untested and should be evaluated through the pilot proposed in Section 5.

1. The Instructional Problem, Defined Carefully

BeastCampus is designed to move students from recalling or mechanically applying rules toward
understanding principles, exercising judgment, and transferring skills to their own work. Framing that
goal requires precise definitions, because the relevant terms are overlapping dimensions of instruction,
not established, mutually exclusive research categories.

Rules-based instruction refers to teaching that centers explicit statements of what to do—"multiply by the
reciprocal,” "a comma cannot join two independent sentences." Skills-based instruction centers fluent
execution of procedures through practice. Principle-centered instruction centers the reasons a rule or
procedure works—the concept of division as multiplicative comparison, or of the clause as a unit of
predication—so that students can judge when and how to apply what they know. These are not rival
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pedagogies validated as packages by research; they are emphases that can coexist in a single lesson. The
closest research analogues are knowledge-type frameworks that decompose competence into declarative,
procedural, and conditional knowledge (McGill and Volet; de Jong and Ferguson-Hessler), and
mathematics-education work showing that the conceptual/procedural distinction, while useful
analytically, describes interacting knowledge types rather than competing instructional camps (Hiebert
and Lefevre; Kieran; Osterman and Brating).

Two clarifications prevent common misreadings. First, "rules-based" here has nothing to do with the
term's meaning in artificial intelligence, where rule-based systems denote production architectures that
encode knowledge as condition-action pairs; that technical sense concerns machine knowledge
representation, not classroom teaching (Nilsson). Second, the historical claim that education has
primarily emphasized rules should be evaluated rather than assumed. The tension between procedural
skill and conceptual understanding is a long-running debate in mathematics education, not a recent
discovery, and reform movements emphasizing meaning have recurred for decades (Hiebert and Lefevre;
Kieran). Educational history is better described as recurring swings of emphasis than as a simple
progression from rules to skills.

Finally, principle-centered instruction must not be equated with minimally guided discovery learning. A
substantial body of evidence indicates that novices learn more from strongly guided instruction—explicit
explanations, worked examples, and scaffolded practice—than from unguided exploration, because
working memory limits make search inefficient for learners who lack prior knowledge (Kirschner et al.;
van Merriénboer and Sweller). A recent meta-analysis of the expertise reversal effect confirms the
pattern: learners with lower prior knowledge benefit more from high-assistance instruction, and the
advantage of guidance recedes as expertise grows (Tetzlaff et al.). Explicit instruction, memorization, and
procedural practice are therefore valuable components of a principle-centered system, not its opposite
(Kirschner et al.; Roediger and Butler). The amount of guidance must also be considered in relation to
task complexity and learners’ existing knowledge (Kalyuga and Singh); the defensible conclusion is that
guidance should be strong early and faded as competence develops (Renkl and Atkinson; Tetzlaff et al.).

2. Research Synthesis

2.1 Knowing What, How, When, and Why

Research on knowledge types distinguishes declarative knowledge (facts, concepts, principles),
procedural knowledge (how to perform operations), and conditional knowledge (when and why to apply
them) (McGill and Volet; de Jong and Ferguson-Hessler). The distinction applies directly to grammar,
writing, and mathematics: a student may know the rule for apostrophes (declarative), apply it on a
worksheet (procedural), and still fail to notice the error in their own draft—the conditional gap (van
Velzen; Sterner et al.). A study of public understanding of stock-flow problems found that people who
possessed both the declarative and procedural components still failed tasks that did not signal which
knowledge to use, isolating conditional knowledge as the missing piece (Sterner et al.). Work in intelligent
tutoring systems similarly treats progression from declarative through procedural to conditional
knowledge as the pathway toward independent performance (Abdelshiheed et al.). Evidence strength:
strong for the knowledge-type framework as an analytic tool; limited as a prescription for how to teach
each type, since the types develop together rather than sequentially (Rittle-Johnson and Schneider; Rittle-
Johnson et al., “Not a One-Way Street”).
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2.2 Principles and Conceptual Understanding

The strongest finding in this literature is that conceptual and procedural knowledge are bidirectionally
related: gains in one support gains in the other, and they develop iteratively rather than in a fixed
sequence (Rittle-Johnson and Schneider; Rittle-Johnson et al., “Not a One-Way Street”; Rittle-Johnson et
al,, “Developing Conceptual Understanding”). Longitudinal work on decimal fractions showed that initial
conceptual knowledge predicted procedural gains, that procedural gains predicted conceptual
improvement, and that improved problem representation mediated the relationship (Rittle-Johnson et al.,
“Developing Conceptual Understanding”). This undermines both the claim that procedures must precede
concepts and the claim that concepts must precede procedures; what matters is that instruction
deliberately connects them (Rittle-Johnson et al., “Not a One-Way Street”; Byrnes and Wasik). Scholars of
algebra warn that treating concepts and procedures as a dichotomy is itself damaging, because the
procedural in algebra is saturated with conceptual content (Kieran), and frameworks of mathematical
proficiency treat conceptual understanding and procedural fluency as intertwining strands among several
that must develop together (Groves). Evidence strength: strong for bidirectional relations; mixed and
limited on optimal instructional sequencing, which has rarely been compared directly (Rittle-Johnson et
al,, “Not a One-Way Street”).

2.3 Practice and Feedback: Distinguishing the Methods

These methods are not interchangeable, and their evidence bases differ.

e Retrieval practice. Actively recalling information produces better long-term retention and transfer
than restudying, an effect that generalizes broadly across populations, materials, and settings
(Roediger and Butler; Zepeda et al.). A systematic review of classroom experiments found most
reported medium or large benefits (Agarwal et al.). However, retrieval's advantage over other
effective activities (such as elaborative encoding) is small (g = 0.14) and depends heavily on
whether corrective feedback is provided (Goncalves et al.). Evidence strength: strong, with
feedback as an important moderator.

e Distributed and interleaved practice. Learning is more durable when practice is spread over time,
and interleaving different problem types forces students to choose a strategy rather than execute
a given one (Rohrer and Pashler; Roediger and Pyc). In a classroom experiment with seventh
graders, interleaved mathematics practice produced higher scores on immediate (d = 0.42) and
delayed (d = 0.79) tests than blocked practice (Rohrer et al.), and undergraduates in physics
showed large improvements on criterial tests while believing they had learned less from
interleaving (Samani and Pan). A meta-analysis puts the overall interleaving effect at g = 0.42,
smaller for mathematics tasks (g = 0.34) (Brunmair and Richter). Evidence strength: strong in
principle; classroom implementation remains sensitive to task and design; Ruitenburg and
colleagues’ conference presentation provides a supplementary classroom-focused review
(Ruitenburg et al.).

¢ Worked examples and fading. For novices, studying fully worked solutions is often more effective
and efficient than solving equivalent problems, because it reduces extraneous working-memory
load (Sweller and Ayres; Sweller and Cooper). Design principles include multiple varied examples,
self-explanation prompts, and gradual fading of worked steps as learners gain competence
(Atkinson et al.; Renkl; Renkl and Atkinson). The worked-example advantage persists even against
well-supported tutored problem solving (Schwonke et al.), and meta-analytic work identifies
faded steps and self-explanation training as the strongest design features (Crissman). Notably,
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simply telling learners explanations has minimal benefit; learners must process them, and
instructional explanations are not superior to prompting self-explanation (Wittwer and Renkl).
Evidence strength: strong for novices; the effect reverses for experienced learners (Tetzlaff et al.;
Leppink et al.).

¢ Formative assessment and feedback. Feedback is among the most powerful influences on learning,
but its effects are highly variable, and the type, timing, and focus of feedback determine whether it
helps (Hattie and Timperley; Wisniewski et al.). A meta-analysis of 435 studies found a medium
average effect (d = 0.48) with substantial heterogeneity (Wisniewski et al.), and the classic
feedback meta-analysis found that over a third of feedback interventions reduced performance,
particularly when feedback directs attention to the self rather than the task (Kluger and DeNisi,
“Effects of Feedback Interventions”). A rigorous systematic review of feedback-only interventions
in schools estimated a much smaller pooled effect (g = 0.17) with significant heterogeneity,
cautioning against blanket claims (Newman et al.). Feedback also corrects metacognitive errors,
improving retention of low-confidence correct responses (Butler et al., “Correcting a
Metacognitive Error”), and feedback is integral to self-regulated learning, where students must
interpret and act on it (Butler and Winne). Evidence strength: strong that feedback matters;
strong that "more feedback" is not a prescription—design determines outcome.

¢ Revision. In writing instruction, feedback can contribute to improvement when students use it to
revise their work. Reviews of instruction for adolescents support several approaches, including
strategy instruction, goal setting, and feedback, while an additional meta-analysis addresses
younger children rather than college students (Graham and Perin; Graham et al.; Koster et al.).
These findings support purposeful revision opportunities, but they do not establish that any
particular automated feedback system improves college writing. Evidence strength: moderate and
population-dependent; effects depend on what students do with feedback.

2.4 Transfer: Why Isolated Success Is Not Enough

Students can perform well on an isolated exercise yet fail to apply the same skill in an essay or an
unfamiliar problem because transfer is not automatic. Classic theory distinguishes "low-road" transfer, in
which well-practiced routines trigger in similar contexts, from "high-road" transfer, which requires
deliberate abstraction of a principle and mindful search for connections; conventional instruction often
establishes the conditions for neither (Perkins and Salomon, “Transfer of Learning”; Perkins and Salomon,
“Transfer and Teaching Thinking”). Contemporary researchers similarly define transfer as the productive,
supported use of knowledge in new contexts and note that traditional measures—near-identical test
items—systematically overstate it (De Corte; Engle). Salmeron’s literature review discusses instructional
activities intended to support transfer, including attention to underlying principles and connections
across contexts; their usefulness depends on how the activities are implemented (Salmerdén). Self-
explanation studies in mathematics show improved procedural transfer when knowledge is assessed
immediately, with weaker evidence for delayed transfer (Rittle-Johnson, “Promoting Transfer”; Rittle-
Johnson et al,, “Promoting Self-Explanation”). Evidence strength: strong on the diagnosis (transfer is hard
and often absent); mixed on remedies; far transfer remains genuinely difficult and should be measured
directly with unfamiliar tasks (Perkins and Salomon, “Transfer of Learning”; Engle).
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2.5 Misconceptions and Targeted Instruction

Identifying specific errors and targeting them with focused practice has a distinctive evidence base.
Counterintuitively, errors committed with high confidence are more likely to be corrected by feedback
than low-confidence errors—the hypercorrection effect—because surprising feedback captures attention
(Metcalfe; Butterfield and Metcalfe). The effect appears in authentic college classrooms (Carpenter et al.),
though high-confidence errors that are not successfully corrected tend to return after a delay, so retesting
matters (Butler et al., “Hypercorrection Effect”). Refutation-based instruction that explicitly activates a
misconception and corrects it produces hypercorrection in reading contexts (van Loon et al.), and prior
knowledge predicts error correction at least as strongly as confidence itself (Sitzman et al.). In
mathematics, incorporating incorrect examples and prompting students to compare multiple examples
improves learning, and framing errors as a functional part of learning is recommended (Booth et al,;
Rittle-Johnson, “Encouraging Students”). Evidence strength: moderate to strong in laboratory and some
classroom settings; the mechanisms are well replicated, but long-term durability of corrections requires
spaced retesting (Butler et al., “Hypercorrection Effect”; Metcalfe).

2.6 Gamification: Separating It from Game-Based Learning

Gamification—applying game-design elements such as points, badges, and challenges in non-game
contexts—is distinct from game-based learning, in which a complete game is the instructional medium
(Plass et al.; Zhang and Yu). Meta-analyses of gamification report small-to-medium effects: cognitive
outcomes g = 0.49, motivational g = 0.36, and behavioral g = 0.25 in one rigorous synthesis (Sailer and
Homner); g = 0.464 for learning outcomes in another (Huang et al.); and medium effects on affective (g =
0.574) and behavioral (g = 0.740) outcomes in a third (Ritzhaupt et al.). A separate meta-analysis reports
positive effects of digital game-based learning in school settings (Barz et al.). These are different
interventions and study pools, so their average effects should not be read as a direct head-to-head
comparison (Zhang and Yu). Design features matter: game fiction and competition combined with
collaboration improved behavioral outcomes in the Sailer and Homner meta-analysis (Sailer and
Homner), and design-element comparisons also showed variation across studies (Huang et al.). The
cautions are equally important. A critical review concluded there is insufficient evidence for long-term
benefits and that practice has outpaced understanding of mechanisms (Dichev and Dicheva). A meta-
analysis of behavioral change found larger effects in shorter interventions and weaker or negative
estimates in some longer-duration categories (Kim and Castelli). These are comparisons across studies,
not proof that a given intervention inevitably loses effectiveness over time. In computerized cognitive
training, gamified tasks were more motivating (g = 0.72) but showed no effect on the trained domain
itself, and game elements can distract (Vermeir et al.). A higher-education meta-analysis also reports
positive average effects with substantial heterogeneity, underscoring variation across implementations
(Gyedu et al.). Evidence strength: mixed—positive average short-term effects in several reviews on
engagement and some learning outcomes; novelty and duration effects, reward dependence, and learner-
preference differences remain live concerns (Kim and Castelli; Dichev and Dicheva; Vermeir et al.).

2.7 Metacognition and Independence

Self-explanation—generating one's own explanations of why and how—has a meta-analytic effect of g =
0.55 across instructional conditions (Bisra et al.). In mathematics specifically, prompted self-explanation
yields small-to-moderate immediate gains in procedural and conceptual knowledge and transfer, but
evidence for classroom effectiveness and delayed retention is much more limited (Rittle-Johnson et al.,
“Promoting Self-Explanation”; Rittle-Johnson, “Encouraging Students”). Self-explanation is not uniformly
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beneficial: prompts focus attention and can crowd out other content, and explaining one's own incorrect
method can be harmful, so prompt design matters (Rittle-Johnson and Loehr). Compared with spending
the same time on additional practice, self-explanation's unique benefits are modest (McEldoon et al.).
Classroom implementations are feasible: students who explained their steps in a cognitive tutor learned
with greater understanding and better transfer (Aleven and Koedinger), and self-explanation training
improved far transfer in secondary mathematics (Wong et al.). In college students learning statistics,
prompted self-explanation improved initial learning but not retention a semester later (Ryan and
Koppenhofer). Confidence judgments support monitoring: feedback corrects both memory errors and
metacognitive errors, and metacognitive experiences such as surprise and overconfidence are tractable
instructional variables (Butler et al.,, “Correcting a Metacognitive Error”; Efklides). Self-regulated learning
interventions in higher-education e-learning environments show positive outcomes, and comprehensive
interventions with school populations show durable achievement effects (Rowe; Cousins et al.). Evidence
strength: moderate to strong for self-explanation and monitoring activities as components; limited for
their durability without continued support.

2.8 College and Corequisite Relevance

Populations must be labeled honestly. Much of the foundational evidence above comes from children,
adolescents, or laboratory studies with college samples (Chi et al., “Eliciting Self-Explanations”; Chi et al.,
“Self-Explanations”; Brunstein et al.), and applying it to college students is reasonable but indirect.
Directly collegiate evidence exists for several claims: interleaved practice in undergraduate physics
(Samani and Pan), worked-example advantages for low-prior-knowledge statistics students (Leppink et
al.), hypercorrection in a college classroom (Carpenter et al.), self-explanation with college students (Ryan
and Koppenhofer), peer feedback in STEM higher education (d = 0.421) (Pereira et al.), and gamification
effects in higher education (Gyedu et al.; Barata et al.).

Corequisite developmental education includes college-specific experimental and quasi-experimental
evidence. A statewide regression-discontinuity study in Tennessee found corequisite placement increased
gateway math passage by 15 percentage points and gateway English by 13 points within one year, with
no significant effects on persistence or degree completion (Ran and Lin). A randomized trial found that
students assigned to college-level statistics with workshops passed at a rate 16 percentage points higher
than students assigned to traditional remedial algebra and subsequently accumulated more credits
(Logue et al.). A seven-year follow-up reports degree-completion and earnings outcomes (Douglas et al.).
Separately, Smith’s comparison of College Algebra groups found an association between corequisite
participation and course success; it was not the randomized statistics trial (Smith). A randomized trial in
Texas found corequisite English increased first college-level English completion by 24 percentage points
within one year, with positive effects across models and for underrepresented groups (Miller et al.). A
meta-analysis of regression-discontinuity studies found traditional developmental placement itself
associated with negative effects on college-level passage, credits, and attainment (Valentine et al.).
Heterogeneity matters: effects are stronger for higher-scoring remedial students in math, and some
analyses find increased dropout among the lowest-scoring students (Ran and Lee); design elements such
as shared instructors and support-course credits predict better outcomes (Ryu et al.); and the method of
acceleration matters, with corequisite approaches tending to help most in math (Mokher et al.; Schudde
and Keisler). Crucially for BeastCampus, what happens inside the support course is understudied: reviews
of developmental mathematics pedagogy find most instructional studies methodologically weak and
results inconclusive (Hodara). Evidence strength: strong for the corequisite structure as a gateway-
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completion intervention; limited for the pedagogy of the support course itself—which is precisely where
a platform like BeastCampus operates and where it must generate its own evidence.

3. From Rule to Principle: Two College Examples

Writing: comma splices and fragments. A rules-based presentation states that a comma alone
conventionally does not join two independent clauses in formal academic prose. A principle-centered
presentation explains the underlying unit—the clause as a complete predication—and how punctuation
and conjunctions express relationships between complete clauses. A research-informed illustrative
progression would be: study a worked (annotated) example of the principle applied (Atkinson et al,;
Renkl); practice on short, focused challenges with immediate corrective feedback and retries (Roediger
and Butler; Hattie and Timperley); self-explain why the error violates the principle (Bisra et al.; Rittle-
Johnson et al., “Promoting Self-Explanation”); then detect and revise the error in a parallel example before
scanning one's own draft—an independent-application task, because success on an isolated exercise does
not by itself establish independent application (Sterner et al.; Perkins and Salomon, “Transfer of
Learning”). This sequence is consistent with evidence that contextualized grammar instruction can
improve writing in some secondary-school settings, with outcomes varying by learner (Jones et al.), that
isolated grammar instruction historically showed null or negative effects on writing quality (Graham and
Perin; Lancaster and Olinger), and that written corrective feedback can improve second-language writing
accuracy (Brown et al.).

Mathematics: fraction division or signed-number operations. A rules-based presentation gives "invert and
multiply." A principle-centered presentation treats division as multiplicative comparison and connects
the procedure to why it works. An illustrative progression: study a process-oriented worked example that
includes the "why" (van Gog et al.; Sweller and Ayres); complete faded examples that progressively
remove steps (Renkl and Atkinson; Crissman); practice with interleaved problem types so the student
must choose the operation, not merely execute it (Rohrer et al.; Samani and Pan); receive feedback that
corrects both the error and the confidence judgment (Butler et al., “Correcting a Metacognitive Error”;
Butterfield and Metcalfe); then solve an unfamiliar, context-embedded problem without cues—the
transfer test that isolated practice does not guarantee (Perkins and Salomon, “Transfer of Learning”;
Engle). Research suggests that conceptual and procedural knowledge can support one another; the
effectiveness of this particular sequence remains to be tested (Rittle-Johnson and Schneider; Rittle-
Johnson et al,, “Not a One-Way Street”).

4. Mapping BeastCampus Design Intentions to Research Evidence

The following table maps each stated design intention to the most relevant research, with an evidence-
strength judgment and key limitations. These are design intentions, not demonstrated outcomes of the
platform.
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Design intention

Relevant research

Evidence

strength

Limitations

Understanding the
principle behind a
rule

Recognizing when,
why, and how a
principle applies

Short, focused
challenges

Explanatory

feedback with retry

opportunities

Identifying
weaknesses;
targeted practice

Parallel example
before one's own
work

Demonstrating
independent
application

Named "beasts" for

recurring errors

Game elements for

participation and
persistence

Conceptual-procedural knowledge
develop bidirectionally and
iteratively (Rittle-Johnson and
Schneider; Rittle-Johnson et al., “Not a
One-Way Street”; Rittle-Johnson et al.,
“Developing Conceptual
Understanding”)

Conditional knowledge as a distinct
component often missing while
declarative/procedural knowledge
are present (McGill and Volet; Sterner
et al.; Abdelshiheed et al.)

Retrieval practice improves retention
and transfer broadly (Roediger and
Butler; Zepeda et al.; Agarwal et al.)

Feedback powerful but variable; over
a third of interventions reduced
performance; design determines
effect (Hattie and Timperley; Kluger
and DeNisi, “Effects of Feedback
Interventions”; Wisniewski et al.)

Deliberate practice targets
weaknesses with feedback and
repetition (Ericsson; Moulaert et al.);
formative assessment practice
(Beesley)

Worked examples for novices; fading
to independent problem solving
(Sweller and Ayres; Atkinson et al.;
Renkl and Atkinson; Schwonke et al.)

Transfer requires deliberate
abstraction and varied practice; must
be measured on unfamiliar tasks
(Perkins and Salomon, “Transfer of
Learning”; Engle; Salmerén)

Hypercorrection of high-confidence
errors; refutation and incorrect-
example instruction (Metcalfe; van
Loon et al.; Booth et al.)

Gamification meta-analyses: small-to-
medium cognitive/behavioral effects;
design-dependent (Sailer and
Homner; Huang et al,; Ritzhaupt et
al.)

Strong
(relations);
mixed
(sequencing)

Indirect to
moderate

Strong

Strong (with
conditions)

Mixed

Strong for
novices

Mixed; hardest
outcome

Indirect for
character
naming

Mixed

Optimal ordering of concept/procedure
instruction rarely tested directly (Rittle-
Johnson et al., “Not a One-Way Street”)

Framework is analytic; fewer intervention
studies target conditional knowledge
directly (de Jong and Ferguson-Hessler;
Sterner et al.)

The advantage over elaborative study
activities depends on feedback and task
design (Gongalves et al.).

Pooled effects in rigorous school studies are
modest (g = 0.17); self-focused feedback can
harm (Newman et al.; Kluger and DeNisi,
“Effects of Feedback Interventions”)

Formative-assessment evidence base has
been criticized on methodological grounds
(Dunn and Mulvenon); adaptive guidance
must track expertise (Tetzlaff et al.)

Reverses for experienced learners;
explanations must be processed, not just
provided (Tetzlaff et al.; Wittwer and Renkl)

Far transfer frequently fails; supported
performance does not establish
independent mastery (Perkins and Salomon,
“Transfer of Learning”; Bransford and
Schwartz)

Error-learning studies do not establish that
named characters improve memory or
transfer. That design choice requires direct
evaluation (Metcalfe; Booth et al.).

Effects vary across duration categories and
contexts; engagement does not establish
learning. Cross-study differences do not
demonstrate inevitable decay (Kim and
Castelli; Dichev and Dicheva; Vermeir et al.).
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5. A Proposed Pilot Evaluation

Because BeastCampus's effectiveness has not been formally evaluated, the pilot should test the platform
as an instructional supplement, not merely measure satisfaction or time on task. The design should be a
preregistered randomized or well-matched quasi-experimental study within corequisite and full-course
sections, comparing BeastCampus-supported practice with the existing support structure, with
randomization at the section level where feasible and baseline covariate adjustment regardless.

Outcomes should form a hierarchy that mirrors the platform's own logic: (a) proximal mastery—posttest
on trained skills; (b) retention—unannounced delayed test at four to six weeks, since durability is where
many interventions fail (Rittle-Johnson et al.,, “Promoting Self-Explanation”; Butler et al., “Correcting a
Metacognitive Error”); (c) near transfer—novel problems of the same type requiring strategy selection, a
demand addressed by interleaved practice (Rohrer et al.; Samani and Pan); (d) independent application—
the decisive outcome: unaided detection and revision of errors in the student's own essay, and unaided
solution of context-embedded mathematics problems, because performance on isolated exercises is
insufficient evidence of conditional knowledge and transfer (Sterner et al.; Perkins and Salomon,
“Transfer of Learning”); and (e) gateway course outcomes—pass rates in the paired college-level course,
aligning with the outcome conventions of the corequisite literature (Ran and Lin; Miller et al.). Secondary
measures should include calibration accuracy (confidence judgments against performance) (Butler et al.,
“Correcting a Metacognitive Error”; Efklides), persistence and dosage, and accessibility outcomes across
student subgroups, given documented heterogeneity in who benefits from reforms (Ran and Lee).
Satisfaction and engagement metrics should be reported as descriptive data, never as evidence of
learning, since gamified practice can raise motivation without affecting the trained domain (Vermeir et
al.).

6. Conclusion: What the Research Supports and What BeastCampus
Must Still Test

The research supports the components of BeastCampus's approach with uneven but genuine strength:
connecting principles to procedures (Rittle-Johnson and Schneider; Rittle-Johnson et al.,, “Not a One-Way
Street”), retrieval-based and interleaved practice (Roediger and Butler; Rohrer et al.), worked examples
with fading for novices (Sweller and Ayres; Renkl and Atkinson), carefully designed explanatory feedback
(Hattie and Timperley; Wisniewski et al.), error- and misconception-centered instruction (Metcalfe; van
Loon et al.), and metacognitive activities such as self-explanation and confidence judgment (Bisra et al,;
Butler et al,, “Correcting a Metacognitive Error”). It supports none of the stronger claims: that
gamification guarantees improved learning (Dichev and Dicheva; Kim and Castelli), that engagement
demonstrates mastery (Vermeir et al.), or that any platform's specific combination of methods works as
assembled. The honest position for institutional partners is that BeastCampus is built from evidence-
aligned ingredients whose combined effect—especially on delayed retention, transfer, and independent
application in college writing and mathematics—remains an open empirical question. The pilot in Section
5 is the appropriate next step: measure learning, retention, transfer, and independent performance,
preregister the analysis, report null results faithfully, and let the evidence, not the design intentions,
determine the platform's claims.
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