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Abstract

This report demonstrates a bounded parallel research run across three learning-science questions:
whether retrieval practice improves delayed retention, how spacing should relate to the intended retention
horizon, and when interleaving improves later discrimination. The run decomposed the request into
three searches, six primary-source reads, three evidence notes, and a final cross-topic synthesis. Across
the literatures, a common pattern emerges: learning conditions that feel more fluent during practice
are not necessarily the conditions that produce durable performance. Retrieval strengthens later access,
optimal spacing depends on the target horizon, and interleaving can improve selection among related
methods. These findings are robust at the level of principle but conditional in implementation. The
report preserves source boundaries, marks unresolved questions, and converts the synthesis into a seven-
day testable learning routine.

1 Objective and Research Design
The objective was not to produce three disconnected
summaries. It was to execute a reproducible batch
in which each subtask had a defined question, source
target, extraction schema, and completion condi-
tion, followed by an explicit synthesis step.

The run contained seven actions: three focused
searches, three evidence-note creations, and one
synthesis. Six primary publication pages or records
were read. No action remained unresolved at
handoff.

1.1 Common extraction schema
Each evidence note recorded the learning inter-
vention, comparator, population or task, outcome
horizon, principal finding, boundary condition,
and source identifier. Using one schema makes
cross-topic comparison possible without flattening
important methodological differences.

2 Research Stream A: Retrieval
Practice testing commonly improves delayed reten-
tion relative to restudy. Roediger and Karpicke
(2006) showed a delay-dependent reversal: re-
peated study supported stronger performance after
minutes, whereas prior testing supported stronger
performance after days. A later meta-analysis
found an average benefit across practice-testing
studies while identifying moderators in test format,
feedback, participants, and outcomes (Adesope et
al., 2017).

Interpretation. Immediate fluency is not a re-
liable proxy for durable access. Retrieval should
follow initial comprehension and should include cor-
rection when the attempt is incomplete or wrong.

3 Research Stream B: Spacing
Distributed practice improves long-term retention,
but the useful gap is not fixed. Cepeda et al. (2008)
tested review gaps up to several months and final-
test delays up to one year. The optimal gap in-
creased with the desired retention interval. The
practical variable is therefore not simply whether
study is spaced, but whether the interval is cali-
brated to how long knowledge must remain avail-
able.

One way to express the design relation is

g∗ = f(h, d, k), (1)

where g∗ is the preferred review gap, h is the tar-
get retention horizon, d is item difficulty, and k is
learner knowledge. The literature supports the de-
pendence on h; exact schedules remain context de-
pendent.

4 Research Stream C: Interleaving
Interleaving nearby problem types can improve later
discrimination even when blocked practice feels eas-
ier. Mathematics studies by Rohrer and colleagues
show that mixing problem families may reduce prac-
tice performance while improving later test perfor-
mance. The mechanism is plausibly contrast: the
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Table 1: Cross-stream evidence matrix. Strength refers to the breadth and consistency of the cited evidence,
not a universal effect guarantee.

Method Primary learning job Evidence signal Implementation boundary

Retrieval
practice

Strengthen later access
to learned material

Controlled experiments
and meta-analysis support
delayed-retention gains
over restudy

Benefits vary with retrieval
success, feedback, format, prior
knowledge, and assessment
alignment.

Distributed
practice

Preserve access over a
target time horizon

Large experimental
schedules show a
gap-by-horizon interaction

No single interval applies to every
learner, item, or retention goal.

Interleaving Improve discrimination
among related categories
or methods

Mathematics and
category-learning studies
show delayed advantages
despite harder practice

Use after initial instruction;
preserve meaningful contrasts
rather than mixing arbitrarily.

learner must identify which method applies before
executing it.

Boundary. Interleaving is not random shuffling.
It is most defensible when categories are confusable,
each method has first been introduced, and the final
task requires method selection.

5 Cross-Topic Synthesis
The three literatures converge on a distinction
between performance during practice and learning
that remains available later. Restudy, massing, and
blocking can make practice smoother because the
answer, context, or method remains locally avail-
able. Retrieval, spacing, and interleaving remove
some of those supports. The resulting difficulty
can be productive when it triggers reconstruction,
delayed access, or discrimination.

That convergence does not license the maxim
“harder is always better.” Difficulty is useful only
when it engages the target process and remains
recoverable through feedback, prior knowledge, or
structure. Desirable difficulty is a design claim, not
an excuse for confusion.

6 Implementation Protocol
A seven-day pilot can test the synthesis without re-
organizing an entire course:

1. Day 1: teach one concept normally; end with
free recall and corrective feedback;

2. Day 3: retrieve without notes; repair omis-
sions immediately;

3. Day 5: mix two related problem types and re-
quire method selection plus justification; and

4. Day 7: measure delayed performance and er-
ror type, not perceived fluency alone.

The pilot should track retrieval accuracy before
and after feedback, time to correct method selec-
tion, confidence, and delayed performance. A useful
result is not merely a higher score; it is a pattern
that reveals which learning process failed.

7 Quality and Provenance Controls
Each conclusion is attached to an evidence note
rather than merged into an unattributed narrative.
Claims based on controlled studies are separated
from implementation recommendations. Source
URLs or DOIs are retained. Unknowns remain
visible rather than being completed with plausible
language.

This protocol is especially important in bulk re-
search: parallelism increases throughput, but with-
out a shared schema it also increases the risk of
inconsistent scope, duplicated evidence, and unsup-
ported synthesis.

8 Open Questions
The batch does not settle how these methods in-
teract within one curriculum, how effects vary for
novice versus expert learners, or how anxiety and
accessibility change the value of retrieval. It also
does not provide a universal spacing schedule or
establish that every form of interleaving improves
transfer.

9 Conclusion
The best-supported combined routine is sequential:
establish comprehension, retrieve from memory, re-
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turn after a calibrated delay, and interleave related
methods when discrimination is part of the final
task. The shared warning is equally important: do
not judge a learning method solely by how smooth
it feels during practice.
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