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Introduction
In a typical year, standardized college readiness exams play an important role in college and
university admissions.1 More than 2.2 million students in the 2019 graduating class took the
SAT® exam, and almost 1.8 million took the ACT® exam (College Board, 2019; National ACT,
2019). In addition, more than 1.2 million high school students took an Advanced Placement®
(AP®) exam in their attempt to obtain college credit upon admission (Anderson, 2020).
Besides high-quality classroom instruction and core curriculum materials, high school students
need effective supplemental college preparation resources that give them the greatest opportunity
to succeed on these high-stakes exams.
UWorld provides research-based, college readiness digital tools for the PSAT/NMSQT®, SAT,
ACT, and a variety of AP exams. UWorld digital tools feature questions and problems that
mirror those on the actual exams; helpful, explanatory feedback to reinforce what students have
already learned and address misconceptions and gaps in learning; and a reporting system that
identifies where students should focus their attention in subsequent study and practice, tailored to
each student’s individual needs.
This paper presents research and expert opinion on providing practice with elaborated,
explanatory feedback to promote recall and enhance learning. The paper goes on to explain how
UWorld college readiness tools align with the research literature.
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It is acknowledged that 2020 is an atypical year due to the coronavirus pandemic and temporary cancellations of
college readiness exams.
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Executive Summary of Research on
Retrieval Practice Combined with Formative Feedback
Providing formative feedback is essential. Decades of research provide evidence that high
quality formative feedback improves learning and skill development, as well as student
motivation to learn (Shute, 2008, citing multiple sources). Feedback has been found to be
effective across a range of subject areas (Swart, Nielen, & Sikkema-de Jong, 2019; Van der
Kleij, Feskens, & Eggen, 2015).
Retrieval practice aids recall. Empirical research in cognitive science supports teaching
strategies focused on “retrieval practice,” that is, student attempts to recall and apply previously
learned knowledge or skills after a period of forgetting. In the context of retrieval practice,
feedback improves the learners’ metacognition—their understanding of what they know and do
not know (Agarwal & Bain, 2019).
Elaborated feedback is most effective. Research has found that the most effective type of
feedback is “elaborated” feedback that provides students with an explanation for a correct or
incorrect answer. This has been shown to be more effective than simply providing an indication
of whether the student’s response was correct or identifying the correct answer (Shute, 2008;
Shute & Rahimi, 2017; Van der Kleij et al., 2015). However, providing the correct answer is also
considered to be beneficial to learning (Agarwal & Bain, 2019; Swart et al., 2019).
Research supports providing both immediate and delayed feedback. Immediate feedback has
been shown to improve retention, while delayed feedback can support transfer of learning to new
situations (Agarwal & Bain, 2019; Dihoff, Brosvic, Epstein, & Cook, 2004; Shute, 2008; Swart
et al., 2019; Van der Kleij et al., 2015).
Computer-based learning systems that provide practice with elaborated feedback are effective
alternatives to human tutoring (Swart, et al., 2019; Van der Kleij et al., 2015).
UWorld computer-based test readiness tools provide practice questions similar to ones
appearing on the actual college readiness exams; timely elaborated, explanatory feedback;
flexibility in providing immediate or delayed feedback; and reporting features that help students
and teachers customize subsequent practice assignments to meet the individual needs of each
student.
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Research on Retrieval Practice Combined with Formative Feedback
There is consensus in the education research community that feedback is an essential component
of the learning process. In her seminal review of research on feedback in education, Shute (2008)
summarized decades of evidence that well-designed formative feedback—that is, “information
communicated to the learner that is intended to modify the learner's thinking or behavior”—
improves learning and skill development (Shute, 2008, p. 153, citing multiple sources).2 Such
feedback can also improve student motivation to learn (pp. 153, 157, 161, 163, 166, 172, citing
multiple sources).

Positive Effects Across Subject Areas
Research on feedback has found positive effects across a wide range of subject areas.
A 2019 meta-analysis of 60 studies involving over 6,000 students (kindergarten through college
age) working on improving reading comprehension skills compared the learning impacts of
reading with and without feedback. The research team found a “robust” effect of feedback on
learning3 (Swart, Nielen, & Sikkema-de Jong, 2019, section 3.24).
Other researchers studying feedback have found positive impacts on learning in the sciences,
social sciences, math, and history (Van der Kliej, Feskens, & Eggen, 2015, p. 502; Shute &
Rahimi, 2017, p. 9).

Retrieval Practice Combined with Feedback
In their book Powerful Teaching, Agarwal and Bain (2019) draw on empirical research in
cognitive science to develop recommendations on effective teaching strategies focused on
“retrieval practice.” Retrieval practice occurs in activities where “learners recall and apply
multiple examples of previously learned knowledge or skills after a period of forgetting”
(Agarwal & Bain, 2019, p. 37, citing Lemov, 2017).
Agarwal and Bain conclude that giving students opportunities for retrieval practice combined
with feedback is effective in promoting learning and retention. The retrieval practice “boosts
learning by pulling information out of students’ heads… rather than cramming information into
students heads (e.g. lectures)” (p. 4). Feedback incorporated into retrieval practice enhances
learning by providing students with “the opportunity to know what they know, and know what
they don’t know. This increases students’ metacognition or understanding about their own
learning progress” (p. 5).
Agarwal and Bain explain that when retrieval practice is combined with feedback, the feedback
counterbalances the learner’s tendency toward overconfidence—thinking they remember or
understand when, in actuality, they do not (p. 126). They cite their own classroom research and
other researchers confirming that this kind of retrieval practice—giving students the opportunity
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Details on guidance for high quality formative feedback are presented later in this paper.
Average effect was g+ = 0.35 (k = 104, SE = 0.05, 95% CI = [0.25, 0.46], p < .001) (Swart et al, 2019, section 3.2).
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Swart et al. (2019) is an online-only source and does not provide page numbers. Instead, in-text citations of Swart
et al. throughout this report refer to section numbers or, in some case, the abstract.
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to make mistakes and then correct them—improves learning (Agarwal & Bain, 2019, pp. 136137, citing Metcalfe & Finn, 2012; Nietfeld, Cao, & Osborne, 2006)

Elaborated Feedback and Correct Response Feedback
Education research strongly supports the efficacy of incorporating elaborated feedback—
providing students with an explanation for a correct or incorrect answer—as part of practice.
For example, Van der Kliej et al. (2015) conducted a meta-analysis that compared student
learning outcomes from different methods of feedback, in a computer-based learning
environment (p. 499). These researchers found that “EF [Elaborated Feedback] was more
effective than KR [Knowledge of Results] and KCR [Knowledge of Correct Response]” (p.
501).5 Their results also showed that elaborated feedback had a greater impact on higher order
learning than lower order learning (p. 501).6
Shute’s (2008) review of the research literature on feedback identified multiple studies where
elaborated feedback was found to be “more effective than verification of results” (p. 177, citing
Bangert-Drowns et al., 1991; Gilman, 1969; Mason & Bruning, 2001; Narciss & Huth, 2004).
This advantage for elaborated feedback was confirmed in a more recent meta-analysis by Shute
& Rahimi (2017, p. 15).
Other researchers have found that students benefit from both elaborated and correct answer
feedback (Agarwal & Bain, 2019, p. 134; Swart et al., 2019, section 5). Swart et al. found
evidence of this in their meta-analysis specifically focused on reading comprehension skills
(2019, section 5).
Guidance on High Quality Formative Feedback
Based on her review of the research literature, Shute (2008) offered guidance on effective
feedback, including the following:


Elaborated feedback can address the topic, the response, or the particular error(s). It should
“describe the what, how, and why of a given problem” (pp., 158, 177).



Provide feedback in “manageable units” that are “specific and clear” (p. 177).



Clarify learning goal(s), “how well learners are performing on a task,” and “what needs to be
accomplished” to reach the goal(s) (p. 177).



Give unbiased, objective feedback. Computer-based feedback is perceived as unbiased (p.
177).



Provide feedback after learners have attempted a solution (p. 178).
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“The mean weighted overall effect size for EF was 0.49, which can be considered a moderately large effect. …The
weighted overall mean effect size of EF contrasted with no feedback was… 0.61. The mean weighted overall effect
size for KCR (k = 9) was 0.32, which is considered small to moderate. The mean weighted effect size for KR (k = 8)
was extremely small, at 0.05” (Van der Kleij et al., 2015, p. 501).
6
For higher order learning outcomes, ES′ = 0.67; for lower order learning outcomes, ES′ = 0.37 (Van der Kleij et al.,
2015, p. 501).
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Timing of Feedback
There is a robust body of research indicating that immediate feedback results in improved
retention and academic achievement. In their comprehensive review of the research on
immediate feedback, Dihoff, Brosvic, Epstein, and Cook (2004) found that immediate feedback
provided a learning advantage for students at the elementary, middle school, high school, and
college levels (p. 230).
In their own research, Dihoff et al. conducted two studies in which the availability of immediate
feedback and the timing of the feedback were varied during practice tests in preparation for a
multiple-choice final exam. The results demonstrated that “immediate feedback increases
retention, accuracy at identifying initial responses, and confidence in response identifications
while simultaneously reducing [repeated] incorrect responding” (Dihoff et al., 2004, p. 230).
In Swart el al.’s meta-analysis of effects of feedback on improving reading comprehension skills,
these researchers found that “feedback is particularly effective if provided directly after reading,
but less so when provided during reading” (Swart, et al., 2019, abstract).
Van der Kliej et al. (2015) cited research indicating that “students prefer immediate to delayed
feedback” and that they spend “significantly more time reading immediate feedback than delayed
feedback” (pp. 478-479, citing Miller, 2009; Van der Kleij, Eggen, Timmers, & Veldkamp,
2012).
Benefits of Both Immediate and Delayed Feedback
Other research suggests that both immediate and delayed feedback are effective.
Cognitive research summarized by Agarwal and Bain indicates that both types of feedback
deliver positive results (2019, p. 135).
Shute, in her review of research on formative feedback, found that immediate feedback is
appropriate for verbal and procedural skills, and that it “can help fix errors in real time” and
“provides a helpful safety net” when “learning a difficult new task” (2008, p. 179, citing multiple
sources). She found evidence that delayed feedback is appropriate when learning a simple task
and may be more effective for transfer of learning to new situations (p. 179, citing multiple
sources).

Computer-Based Learning Systems that Provide Practice with Elaborated
Feedback
Over the past few decades, researchers have focused attention on computer-based environments
for providing feedback to increase learning, as an alternative to one-to-one human tutoring.
There is a strong body of research that supports the effectiveness of human tutoring because the
tutor can adapt instruction “continuously to the needs of the learner” (Van der Kleij et al., 2015,
p. 479, citing Bloom, 1984). However, human tutoring is not feasible as a key instructional
method in K-12 education.
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In their meta-analysis, Van der Kleij et al. concluded that well-designed computer-based systems
can help meet the need for individualized learning. These researchers referred to systems that
include practice questions, “timely feedback,” and “automated scoring” (2015, p. 479).
The meta-analysis conducted by Swart et al. found that computer-delivered feedback was more
beneficial for learning reading comprehension skills, compared to non-computer-delivered
feedback. They advised that when considering computer-based learning systems for
comprehension skill development, it is recommended to choose a system with questions and
elaborated feedback directly after reading, “to help the reader evaluate and, if necessary, revise
the mental model of a text” (2019, section 5).
As presented above, Shute (2008) notes that an advantage of computer-based systems is that they
deliver feedback that is perceived by students as unbiased and objective (p. 177), so they are
likely to engage with the feedback.
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How UWorld College Readiness Tools Align with the Research
UWorld technology-enhanced college readiness tools for the PSAT, SAT, ACT, and AP course
exams are designed to enhance retrieval practice with a variety of elaborated, explanatory
feedback; automated scoring; and detailed reporting to enable students and teachers to determine
next steps in continuing their preparation for these important exams.
UWorld college readiness tools are designed for effective retrieval practice.
UWorld tools are designed as practice test supplements to classroom instruction, to help students
retrieve facts, concepts, and skills previously taught, and help them apply this learning to new
contexts. Users select a subject or specific topic they want to “study” and then work through a set
of questions on that subject or topic. Informative feedback helps reinforce previously learned
content and enables students to address misunderstandings and avoid mistakes in the future.
UWorld college readiness tools provide students with practice in the various
subject areas cited in the research literature.
For example, the UWorld SAT tool covers all SAT topics in Reading, Grammar, and Math. The
ACT tool addresses all ACT topics in Reading, Grammar, Math, and Science.
There are UWorld AP tools for a variety of courses including:


Language and Composition



Statistics



Literature



Chemistry



US History



Physics



World History



Psychology



Calculus AB



Biology



Calculus BC

UWorld tools to support additional AP courses are in development.
UWorld college readiness tools feature a variety of helpful, elaborated feedback.
Where appropriate, the feedback addresses the topic, reproducing and explaining the language of
the question to help students identify the what of the question.
UWorld feedback is specific to each response choice. Explanations provide a concise yet detailed
explanation of the correct answer that provides background on the question content, connections
to the prompt or question text, and additional context where needed. This type of feedback
enables students to quickly identify the how and the why of the correct answer choice.
Sometimes the feedback addresses the specific error made by the student. This type of feedback
helps students fill in gaps in their knowledge or correct misunderstandings.
The Things to remember feature provides students with a final note about the most important
information to remember about the topic.
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UWorld follows research-based guidance on high-quality informative feedback.
UWorld always engages students in an interactive process, in which they first attempt to answer
a question (or several questions), and then receive helpful, informative feedback.
As described above, UWorld feedback addresses the topic of the question, the correct response,
and/or specific errors. It explains the what, how, and why of the problem.
Explanations in UWorld feedback always come in manageable units. The explanation of the
correct response is organized into a few short paragraphs. Feedback for an incorrect response is
usually a single sentence. The Things to remember feature restates the most important takeaways
from the explanation in a sentence or two. The attention to limiting word counts, the use of clear,
concise language specific to the topic of the question, and the use of boldface or underlining to
clearly identify the correct answer all help ensure that feedback messages are easy to digest and
never overwhelming.
Feedback is always presented in an objective manner, and students regard UWorld computerbased learning tools as providing unbiased, trustworthy information. Consequently, when
informative feedback is offered to students through UWorld tools, they are likely to consider it
and learn from it.
UWorld performance reports provide students with the data necessary to determine how well
they are doing overall and on specific curriculum units.
The next several pages present examples from UWorld college readiness tools, with researchbased feedback features explained.
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Example 1. AP English Literature
The Question
The AP English Literature exam requires students to read a passage excerpt. This question
references The Blithedale Romance by Nathaniel Hawthorne.
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The Informative Feedback

Features of the Feedback


The feedback begins by reproducing key language from the question, “Priscilla's interactions
with the narrator,” and explains the what of the question—that it is essentially asking which
answer choice best summarizes the details of a conversation between two characters.



The explanation of the correct choice uses a diagram to help break up the feedback into
manageable chunks and makes it easy to focus on the most relevant information (textual
evidence).



The feedback includes concise explanations of each wrong answer that reinforce that the
correct answer choice should be based on evidence from the text.



The Things to remember at the end of the feedback combines the critical elements of the
comprehension strategy in a clear, concise summary sentence.
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Example 2. AP US History
The Question
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The Informative Feedback

Features of the Feedback


Annotations included with the images are used to provide context while keeping the
explanation concise. For example, here the annotations identify historical figures that might
be unrecognizable to a modern audience. They also help explain how the image should be
interpreted.



The remainder of the correct answer explanation presents historical background context to
clarify how and why the image relates to the right answer. The sentence containing the phrase
in bold type connects the explanation to the language of the question (“the intent of the
cartoon…”) and to the correct answer choice.



Blue text in the explanation of the correct choice signals hyperlinks to images providing
additional context for students unfamiliar with the terms—without lengthening the top-level
explanation or interrupting the flow for students who already understand the terms.
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Wrong answer choices address potential mistakes: misreading of “import” as “export” or
misremembering the direction of trade related to the treaties and tariffs.

Example 3. SAT Math
The Question

The Informative Feedback

Features of the Feedback:


The color-coded visual representation of mathematical problem-solving helps keep the
explanation clear and concise.



Explanations of wrong answer choices address common potential mistakes, clarifying at what
point in the solution process a mistake might have yielded each wrong answer choice.
14



The Things to remember section summarizes the what and how of the question. This section
also serves as a generalizable approach to a type of algebraic problem.

Example 4. ACT Science
The Question
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The Informative Feedback

Features of the Feedback


The annotated graph contributes to the clear, concise explanation. The key steps of the
solution process are summarized in just a few words.



The text explanation breaks down the how of the solution process into manageable steps.



Language throughout the explanation is both authoritative and objective, providing the steps
necessary to answer the question—without any hint of negativity toward a student who might
have selected a wrong answer.
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Example 5. SAT Writing
Score Report

Features of the Feedback


Overall score indicates that the student’s performance on Agreement is acceptable, but
individual sub-section scores reveal areas of weakness: Comparisons and Modifiers. This
information can help the teacher and student target areas that require reteaching, remediation,
and additional practice.



The analysis also reveals several areas of strength where performance was less than perfect.
These might be targets of further review.
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UWorld college readiness tools offer a choice between immediate and delayed
feedback.
When instructors or students are setting up a practice test, they are prompted to select whether
explanatory feedback will be provided immediately after answering each question or delayed
until after all questions on the test are answered. This decision to provide immediate or delayed
feedback can be made on a case-to-case basis, consistent with recommendations by Shute
(2008).


After a teacher has just introduced a new content topic or skill, he or she can choose to
provide immediate feedback after each question.



Alternatively, if a class has covered several units or topics extensively but has had limited
practice in formal testing situations, the teacher can choose to provide delayed feedback,
after the completed practice exam has been submitted—to stimulate transfer of learning.

UWorld college readiness tools are well-designed computer-based systems.
UWorld computer-based test readiness systems provide practice questions similar to ones
appearing on the actual college readiness exams; timely elaborated, explanatory feedback;
flexibility in providing immediate or delayed feedback; and reporting features that help students
and teachers customize subsequent practice assignments to meet the individual needs of each
student.
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