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1 Introduction
In Graphical User Interfaces (GUIs), novice users are supported by
the visual nature of the interface, which allows them to quickly
discover which tools are available to complete their task. To achieve
a low upfront learning cost for users, GUIs sacrifice selection effi-
ciency for command discoverability.

Expert-level commands allow a user to complete a task in a man-
ner more efficient than a novice user. Expert-level commands often
employ non-graphically based User Interfaces (UIs), such as key-
board shortcuts or gesture-based inputs. These commands require
practice to use effectively and lack discoverability, but provides
efficiency that novice-level selections do not by removing the phys-
ical and temporal costs of navigating through menus and icons
with the on-screen cursor. This creates a barrier which prevents
novice users from transitioning to expert-level command selection
methods within an application, especially when coupled with users’
preference to maintain the novice-level selection methods they
have practiced since they first began using the application [4, 5].

Various methods (i.e., video guides, FAQ pages, startup tutorials,
designated documentation pages) have been used to provide help to
users learning an application. However, these methods do not nec-
essarily teach expert-level techniques, and users also tend to avoid
help systems until they cannot proceed without assistance [14].
Consequentially, these methods have not been effective for transi-
tioning users from novice- to expert-level selection techniques.

Spaced repetition is a learning method which spaces out infor-
mation recalls over time. In contrast, massed learning refers to per-
forming information recalls all in one session. Spaced repetition has
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been used successfully for declarative knowledge (i.e., knowledge
that requires conscious, intentional thought to recall) [6, 13, 17] and
procedural knowledge (i.e., knowledge that allows a person to per-
form actions automatically, without conscious thought) [1, 10, 17].

We evaluated the use of spaced repetition for supporting the tran-
sition from novice- to expert-level command selections through an
empirical study. This study focused on expertise development with
keyboard shortcuts, due to their popularity across many computer
applications. Results from this study suggest that spaced repetition,
assisted by an adaptive scheduling algorithm, can aid users’ transi-
tion from novice- to expert-level commands. Although differences
between each condition in objective test trial performance measures
were non-significant, each condition required different amounts
of practice to achieve that performance, where those in the Spaced
Adaptive condition required the fewest learning trials on average.

Our research makes two main contributions. First, we identify
the need for teaching methods within software to support users’
transition to expert-level command use, given the limitations of
help methods currently employed. Second, we provide empirical ev-
idence through a user study to support the use of spaced repetition
as a viable option for learning expert-level command selections.
Overall, spaced repetition is a method that requires little time from
users to practice commands in comparison to massed practice, and
is easy for users to understand and for application designers to
implement.

2 Related Work
2.1 The Testing Effect
The testing effect is an established psychological phenomenon
which posits that simply testing a person’s memory will strengthen
their recall for the items tested. The testing effect yields better
learning than simply restudying - that is, study methods that use
active recall strategies, such as self-testing, have consistently better
outcomes for learning than methods of studying which employ
passive or inactive strategies, such as re-reading content, or copying
notes from an example [2, 15, 16, 18].

2.2 Current Applications of Spaced Repetition
Spaced repetition has been used successfully for different kinds
of knowledge. Empirical evidence in support of spaced repetition
has been found in studies examining rotary pursuit tasks [10],
typewriter skills [1], and video game performance [8, 9]. Medical
students who used the spaced repetition flashcard software Anki
to study scored significantly higher across all four standardized
exams analyzed in one study [6]. Similar spaced repetition flash-
card software has also been used successfully as a study tool for
statistics students [13] and criminal law students [17]. Given this
prior research, it is reasonable to expect that spaced repetition may
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be a viable option for acquiring and developing the motor skills
and procedural memories necessary to learn keyboard shortcuts
for a piece of software.

2.3 The Interstudy and Retention Gaps
In spaced repetition studies, the interstudy gap refers to the amount
of time between consecutive study sessions, and the retention gap
is the amount of time between the last repetition and the final test.

Some studies have observed the proportionality effect, where
measured performance was positively correlated with the length
of the interstudy gap when the retention gap was long relative to
the interstudy gap [3, 7]. Evidence has also been found showing
that interstudy gaps which grow after each repetition facilitated
learning declarative knowledge better than interstudy gaps which
maintained the same length [12], although contradictory evidence
has been found in support of the opposite [15]. Some researchers
posit that the relative spacing of repetitions - that is, whether the
interstudy gaps grow, contract, or remain consistent between each
repetition - did not yield any significant differences in long-term
recall performance [11]. In fact, the absolute length of each inter-
study gap may be what facilitates learning, rather than the relative
spacing of repetitions [15]. Longer interstudy gaps seem to be ben-
eficial regardless of the relative spacing, which may explain the
contradictory messaging on optimal interstudy and retention gaps
in the research body.

2.4 Scheduling Algorithms
Scheduling algorithms prescribe an optimal time to re-study a piece
of information, where an optimal schedule maximizes knowledge
retention while minimizing the temporal cost. One such algorithm,
the Free Spaced Repetition Scheduler (FSRS), is a recently devel-
oped scheduling algorithm which defines the optimal interstudy
gap as one that corresponds to the probability of recalling the in-
formation on a flashcard [19]. For example, to recall a card with
90% certainty, FSRS will schedule the card for review when it pre-
dicts the information on the card to have dropped to a 90% recall
probability.

3 Methods
3.1 Procedure
To test the effectiveness of spaced repetition for learning hotkeys,
we carried out a study comparing the use of non-adaptive and adap-
tive massed practice against adaptive spaced repetition. Adaptive
conditions used the FSRS scheduling algorithm to queue the cards
based on the participants performance.

3.1.1 Introductory trials. Each of the 13 participants first com-
pleted 10 introductory trials, where they were shown a flashcard
with the name of the tool to select, the tool icon, and the keyboard
shortcut used to select the tool. Once the correct keyboard shortcut
was selected, the system automatically moved to the next trial.

3.1.2 Learning trials. After the introductory trials, participants be-
gan the learning trials, where they were shown the same flashcards
again without the correct keyboard shortcuts displayed on them.
Participants had one attempt to use the correct keyboard shortcut
to select the tool shown on the card, after which they were shown

the correct keyboard shortcut. They could then press ’Enter’ key to
progress to the next trial.

In the Massed Adaptive condition (N=5), participants completed
trials until they selected at least 9 of the 10 tools correctly twice.
Participants in the Spaced Adaptive condition (N=4) had a similar
learning trial experience, except their trials were spread over several
days. Massed Non-Adaptive condition participants (N=4) completed
100 learning trials. Each tool was presented once per 10 trials, in
random order.

3.1.3 Test trials. Participants then completed test trials, where they
saw each of the 10 tools once. The flashcard format was unchanged
from the learning trials. To prevent deduction, they were not shown
the correct keyboard shortcut after their selection. Spaced Adaptive
participants performed test trials on the same day as their last learn-
ing trials. Massed Adaptive and Massed Non-Adaptive participants
performed all components of the experiment in one day.

4 Results
All participants in the Massed Non-Adaptive condition completed
exactly 100 learning trials. Participants in Massed Adaptive and
Spaced Adaptive conditions completed 71.6 ([CI: 50.6 - 92.6]) and
47.8 ([CI: 36.4 - 59.1]) learning trials on average, respectively.

While significant differences in error rates were found during
learning trials between the Massed Non-Adaptive (16.6% of selec-
tions were erroneous on average [CI: 12.9% - 20.3%]) and Spaced
Adaptive conditions (63.4% of selections were erroneous on average
[CI: 56.5% - 70.4%]), no significant differences in error rates were
found between the conditions in the test trials. This means that
participants in the Spaced Adaptive condition were able to achieve
a similar level of performance as the Massed Non-Adaptive and
Massed Adaptive conditions in the test trials, with the least amount
of learning trials required to achieve that performance level.

Although the differences between each condition in test trial
error rates were non-significant, the massed conditions may have
had an advantage due to the proportionality effect - if the inter-
study gaps are short relative to the retention gap, performance
is positively correlated with the interstudy gap length [3, 7]. In
this experiment, test trials were presented immediately after the
completion of the last learning trials, making the interstudy gap
long relative to the retention gap in the Spaced Adaptive condition.
This may explain the lower average error rates in the two massed
conditions, compared to the Spaced Adaptive condition. Further,
participants in the Massed Non-Adaptive had the most learning tri-
als on average, which may have given them more experience with
certain selections than those in the adaptive conditions.

Based on these results, we recommend that designers implement
short, adaptive sessions that are available daily within their applica-
tion for users to practice their least-remembered keyboard shortcuts.
This would allow users to achieve the same level of performance
as they would with massed practice regardless of adaptivity, while
minimizing the time invested in studying.
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