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Introduction

Spaced Repetition used for 
acquisition and retention of 
information

T he goal of formal education has long been the 
acquisition and retention of knowledge. At 
BenchPrep, we utilize a variety of research-

supported tools and proprietary software to achieve this 
goal. One of the learning mechanisms we utilize is Spaced 
Repetition, which is commonly associated with the 
acquisition and retention of large collections of facts, like 
mathematical formulas and definitions of terms. We  
believe that our repetition tool provides a highly efficient 
structure for this type of learning, as we make use of 
research-backed practices of repetition within a unique, 
data-driven digital tool. 

One of the ways we utilize Spaced Repetition in our system 
is the digital flashcard. Flashcards, either digital or physical, 
work as a form of active recall. The prompt on one side of 
the card can be a question, key point, important date or 
word/phrase to be defined. On the other side of the card is 
written the answer to the question or the definition of the 
term. It is the task of someone using a flashcard to utilize 
the prompt and attempt to actively recall the information on 
the other side of the card, which can then be used to check 
the accuracy of recall. 

It is incredibly rare for someone studying for an exam or 
professional certification to only need to learn facts along 
one dimension, however. Typically, the body of knowledge 
is a complex framework covering various interconnected 

concepts. This complexity led to the evolution of “decks” as a 
mechanism to group multiple flashcards. Decks sort related 
flashcards into one group of cards that share a common 
characteristic. For example: in BenchPrep courses, we often 
group flashcards according to their learning objective, 
allowing for highly targeted study.

Once a deck of flashcards is designed, the specific manner 
in which they are studied plays a large role in the ability of a 
user to retain information. The ordering of cards, frequency 
of study, and strategies for dealing with incorrect recall all 
combine to significantly impact retention.

Methodology of Reinforcement
As it is unlikely that a user will learn every flashcards’ 
information on her first pass through the cards, a key factor 
in the effectiveness of flashcards is how often and in what 
order they are repeated. The most basic repetition strategy is 
to simply cycle through each flashcard one at a time until all 
flashcards have been attempted, and then to start again at the 
beginning and in the same order.1

However, this strategy is suboptimal, as it wastes time 
studying cards that are already fully known that could be 
better spent focusing on harder to learn or more commonly 
confused information. Furthermore, this system fails 
to address the fact that topics on an exam are usually 
randomized and the recall of information will not be in the 
same order as the order in which the flashcards were studied. 
A simple solution to this problem is to shuffle the cards after 
each pass through the entire deck. While deck shuffling 
addresses the shortcomings of viewing the cards in the same 
order, it still results in the same issue of inefficiencies due to 
spending equal amount of time on flashcards.2

Several alternative systems of practice have been developed 
to address this inefficiency. These systems utilize the 

1 http://www.tandfonline.com/doi/full/10.1080/20445911.2011.617303
2 http://www.pashler.com/Articles/RohrerPashler2007CDPS.pdf

For 90% of students, Spaced repetition 
has been shown to be more effective for 

performance than cramming.
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principles of Spaced Repetition (also called distributed 
practice)3, in which the time interval between viewing 
cards is varied. Spaced Repetition thereby will provide 
more exposure to flashcards that are more difficult while 
spending less time on cards that have already been mastered. 
In fact, spacing repetition when studying has been shown 
to be more effective for 90% of learners for later recall of 
information than studying only one day in advance of an 
exam, a practice commonly known as “massing”  
or “cramming.”4

History of Repetition Frameworks

As repetitions increased,  
recall improved

The academic study of spacing effects on memory 
began in the 1880s with Hermann Ebbinghaus.5 
Ebbinghaus tested his own ability to recall random 

strings of syllables, determining that as the number of 
repetitions of looking at a sequence of syllables increased, his 
ability to later recall the sequence increased. 6 Furthermore, 
Ebbinghaus showed that the retention of information was 
very short-lived. Only 18 minutes after first memorizing a 
string of syllables, he had already forgotten 56% of what he 
had just learned. To address this, Ebbinghaus continually 
relearned the sequences each day. Over time, the number 
of repetitions needed each day to elicit recall of the 
information shrank, proving that continued reinforcement 
would almost completely eliminate losses in retention.

Jost (1897)7 expounded on the idea of time lags in memory 
with the development of his “Law of Forgetting,” which 
states, “If two associations are of equal strength but of 
different age, a new repetition has a greater value for the 
older one.”8 This law proves the fundamental advantage 
of repeated practice. With each subsequent repetition of 
study, the amount of information retained increases. This 
intuitively makes sense, as anyone who has practiced a skill 
has probably noticed that it is easier to perform that skill 
with more practice.

By the 1960s, it became widely accepted that spacing 
the study of material while selectively focusing more on 
the harder material was more beneficial than the basic 
systems of flashcard recall. With this knowledge came the 

3 http://www.pashler.com/Articles/cepeda_exppsych_050808.pdf
4 https://sites.williams.edu/nk2/files/2011/08/Kornell.2009b.pdf
5 http://www.pashler.com/Articles/cepeda_exppsych_050808.pdf
6 http://nwkpsych.rutgers.edu/~jose/courses/578_mem_learn/2012/readings/Ebbing-
haus_1885.pdf
7 http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.423.6389&rep=rep1&type=pdf
8 http://www.psych.wustl.edu/coglab/publications/Balota+et+al+roddy+chapter.pdf

development of several frameworks of distributed learning, 
which all attempted to provide the best system of recall.

The 1970s saw the development of the Leitner System,9 
which attempted to perfect the order and frequency of 
repetition. The Leitner system relies on a series of 5 decks, 
with all cards starting at the first deck. If a user can correctly 
identify a card, it is then moved to Deck 2, while if they 
cannot correctly identify a card it remains in Deck 1. This 
pattern continues, with cards correctly identified moving 
forward one deck, and any card incorrectly identified 
remaining in Deck 1. The key component of the Leitner 
System is that Deck 1, the flashcards that are most often 
identified incorrectly are the ones that are studied the most. 
To put it simply, as the deck number increases, the frequency 
of study decreases. This utilizes the principles of distributed 
repetition to reinforce hard-to-remember flashcards while 
also providing the opportunity for periodically refreshing 
memory of easy-to-remember cards.

Several variations off of the Leitner system have since 
been developed, with slight differences in variables such 
as the number of decks, the time spent on each deck, and 
the protocol for which deck an incorrect response would 
be moved into. For instance, one common variation of the 
method has an incorrect answer moved back only one deck, 
instead of moving all incorrect answers back to Deck 1. 

Further efforts to optimize distributed practice by Cepeda 
et al.10 looked at the gap time between initial knowledge 
acquisition and the moment of recall. They demonstrated 
that a longer gap between study sessions increased retention 
of knowledge. This important finding applies to anyone 
attempting to study over a longer period of time and 
clearly demonstrates the advantages of studying and then 
later returning to the same information to increase long-
term retention.

9 http://leitnerportal.com/LearnMore.aspx
10   http://www.pashler.com/Articles/cepeda_exppsych_050808.pdf

With each subsequent repetition 
of study, the amount of 

information retained increases



Use of Spaced Repetition Frameworks in Learning | 4BenchPrep | partners@benchprep.com | (855) 236 - 2477

Additionally, there is debate among researchers regarding 
the optimum length of intervals between repetition 
sessions. Some argue for equal interval lengths (for 
instance, once a week), which follows the traditional view 
of Spaced Repetition. Other researchers argue for expanded 
repetition,11 in which the intervals between study sessions 
increase. There is academic support for both frameworks,12 
with no conclusive evidence as to which is best. In either 
case, it is clear that Spaced Repetition is better than no 
repetition or basic repetition.

BenchPrep’s Methodology
For this paper, we studied 72,000 learners on BenchPrep 
who used over 11 million flashcards in their goals of better 
learning outcomes. In BenchPrep's flashcard system, a user 
is shown a card with a term or phrase, and then with a click 
or keystroke is able to view the opposite side of the car 
with its corresponding definition. Users then report if they 
“got it”, selecting among the responses “no”, “kinda”, and 
“yes”. Using this feedback, our algorithm is able to utilize 
principles of Spaced Repetition to provide extra remediation 
opportunities for cards with which the user struggled. 

More specifically, each flashcard is assigned a “probability 
score” that determines its likelihood of being the next card 
shown. The higher the score, the more likely the card will be 
selected as the next flashcard. Before a user has attempted 
any flashcards, all cards start with the same probability 
score. When a user marks a card as “no” its probability score 
increases, making the card more likely to be seen in the 
future. Meanwhile,  a card marked as “kinda” will retain 
its original probability score and a card that is correctly 
identified will see its probability score decrease. In order to 
provide the most accurate predictions possible, BenchPrep’s 
platform recalculates probabilities each time an accuracy 
level is chosen for a card. This creates a system in which 
every card is chosen from the most accurate information 
reflecting an individual user’s prior performance. This 
adaptive system perfectly matches the principles of selective 
repetition, providing more opportunities for the review of 
material with which the user needs more help.

The BenchPrep system works by finding the probability 
scores of future flashcards based on a user’s prior 
performance. We update the probability scores for flashcards 
after a user has attempted a card. Using a Rasch Model will 

11 http://www.psych.wustl.edu/coglab/publications/Balota+et+al+roddy+chapter.pdf 
12 http://learninglab.psych.purdue.edu/downloads/2011_Karpicke_Bauernschmidt_
JEPLMC.pdf

allow our flashcard system to anticipate which upcoming 
flashcards a user is most likely to need extra time with and 
then increase the probability that she is shown those cards. 
This additional refinement will rely on the valuable  
flashcard data gathered from the accuracy reporting of our 
large user base. Their accuracy information will improve 
others’ initial experience with flashcards, further saving a 
user time by focusing her study even more precisely on the 
most high-need flashcards. This saved time and improved 
focus should only further improve the learning outcomes of 
our flashcard system.

Px is the probability that any one flashcard will appear next

Wc is BenchPrep’s proprietary weighting coefficient score, which 
depends on a user selecting their accuracy with the card

N is the sum of the weighting scores for all the flashcards in a set at 
a given point in time
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What’s Next

Using data to achieve even more  
robust outcomes

A t BenchPrep, our strive is to deliver nothing less 
than a game-changing learning experience. To 
deliver on that goal, we attempt to constantly 

refine and improve our product offerings. Our flashcards 
are no exception, and we have several plans for how we can 
make a great feature even better.

Currently, our flashcards can be studied by content 
categories or viewed as one whole set for a course. This just 
scratches the surface of flashcards’ potential applications to 
a user’s learning experience. Another flashcard modification 
will allow for expanded use of media in flashcards. Adding 
the ability to have pictures, sounds, and videos in flashcards 
will provide even more possibilities for study.

An additional planned flashcard feature is the ability to 
offer multi-dimensional flashcards, which will expand 
beyond the traditional 2-sided model. Multi-dimensional 
flashcards will allow users to test themselves on multiple 
aspects of a fact at once. These are particularly useful for 
studying foreign languages with unique characters, so that 
a word’s pronunciation will always be seen with the answer, 
regardless of whether the first “side” of the card looked at is 
the English word or the foreign language characters.

The future flashcard feature that we are most excited about 
at BenchPrep is integrating them into other parts of a user’s 
learning plan. Flashcard accuracy data from a user could be 
used to better tailor other knowledge acquisition features — 
such as lessons, practice questions, and games — that a user 
will complete while focusing on their most high-need areas.

The next planned improvement to flashcards is to create 
custom flashcards automatically based on performance 
data from lessons, practice questions, and assessments. This 
additional personalization will continue to improve the 
learning experience of BenchPrep users.

BenchPrep’s team firmly believes that spaced repetition is 
a proven methodology for the acquisition and retention of 
information. Continued use of this robust instructional tool 
will allow thousands of learners to better prepare for any 
exam while learning millions of pieces of information.

BenchPrep’s team is working hard to improve our leading 
digital learning platform. We believe our expertise in 
personalization and learning design provides for the best 
learning experience possible. If you are interested in learning 
more about the work we do, visit us at benchprep.com. 
We are always looking for partners to further our research 
and product offerings. If you are interested in helping 
BenchPrep improve our learning tools, please contact us at 
partners@benchprep.com.
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