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5. How students used the App

1. Introduction to Spaced Testing
Students have a habit of leaving their revision for
the week before the exam. While this approach is
often successful in the exam, it does not build the
lasting memory or deep understanding needed for
advanced study in higher education.

Ebbinghaus forgetting curve

For all learning we need regular,
repeated, cumulative practice
o
o
o
o
o

Learn a language
Learn to drive
Play sport
Musical instrument
Times tables

27% of students chose
to use the app, and
these ‘App- users’ span
the full ability range of
the class, as determined
by their semester 1
physics exam score.

‘Use it or lose it’

‘Practice makes perfect’

The first systematic investigation of memory in
experimental psychology was by Ebbinghaus
(1885). This demonstrated exponential loss of
information from memory, but where the decay
rate can be reduced by revisiting the information.
Timeline of app-usage for typical spacer and crammer

2. Context

6. Effect of App Usage – ‘intention to treat’ analysis

‘Active’ repetition is better than ‘Passive’
•

Recall/testing is better than reading notes (Roediger and Karpicke 2006)

•

This is explained as the process of recall improving and increasing the retrieval pathways
in the brain (Rawson et al 2015)

•

In Maths it was found that interleaving practice promotes more than just recall. It
enhances inductive thought, generalisation and abstract thinking (Rohrer and Taylor
2007)

To determine the effect of the
spaced testing app, exam scores
in thermodynamics were scaled
by the student’s semester 1
physics exam score, to control for
innate ability or superior exam
technique, and labelled as
‘adjusted’.

Box plots of unadjusted thermodynamics scores for app users and
non-users

Over the 3 cohorts, use of
the spaced testing app
provided a statistically
significant higher
ANCOVA-adjusted mean
thermodynamics score,
compared to non-users.

There exists very little published work on spaced
testing in Physics, or its use in real higher educational
settings, and the work reported in this poster was
undertaken to address this.

3. This Study

7. Effect of App Usage – ‘per protocol’ analysis

This study was undertaken with 1st year Physics UG students, taking a semester 2
Thermodynamics course at Leeds University in the UK. A custom-built spaced testing web-app
was used to provide a bank of questions encompassing the core laws, equations and concepts
of the course. Students were encouraged to use this throughout the term, but it was not a
requirement of the course. The app was coded to schedule questions for review according to
how well each student had answered them previously, the wrongly answered ones being
scheduled more often.

This mimics the Leitner System (1972) of ‘flash cards’ whereby cards are sorted into 5 boxes,
the first box containing the information least well known, the second box known a little
better, and so on. Cards in the first box are reviewed daily, those in the second box every two
days etc. When confident about the information on any card it is promoted to the next box,
but a failure to recall any card demotes it back to the first box.

4. Analysis Protocol
The research was undertaken with 3 successive cohorts of
thermodynamics course.

1st

year Physics students taking a

Intervention and control groups were identified post-hoc according to students’ usage of the
spaced testing app.
Two analyses were undertaken:
 Intention to treat analysis: all students who
used the app were assigned to the
intervention group, regardless of how they
used it.
 Per protocol analysis: where students who
crammed their practice all on one day were
excluded from the analysis

When comparing students
who ‘spaced’ their app usage
with ‘non-users’ the
enhancement in adjusted
mean thermodynamics score
was 9%. This is essentially a
whole ‘classification grade’.

For the impromptu ‘delayed test’ after the summer vacation, a similar effect
was seen where students who had spaced their testing in term time
performed significantly better (mean adj score = 45%, p = 0.021) than
students who had not used the app (mean adj score = 34%).
The fact that students had no prior warning of this delayed test, and therefore did not revise for it,
illustrates clearly the Ebbinghaus exponential law of forgetting, and the benefit of spaced testing
during the learning phase on long term memory.

8. Conclusions
This research has shown the benefit of using a spaced
testing app in a real teaching situation. Students who used
the app in a ‘spaced’ way during term had statistically
significant improvement in their performance at end of
module and after vacation.
Further details of this research can be seen in:

Adjusted thermodynamics exam scores

Voice, A.M. and Stirton, A. Spaced Repetition: towards more effective learning in
STEM, New Directions in the Teaching of Physical Sciences, Volume 15, Issue 1
(2020) https://doi.org/10.29311/ndtps.v0i15.3376
Other references: Ebbinghaus, H. (1885) Memory: a contribution to experimental psychology (H.A.Ruger, C.E.Bussinius &
E.R.Hilgard, Trans in 1964.). New York: Dover Publications. Leitner, S. (1972) So lernt man lernen. Edited by Erfolg, A.L.f.z.
Angewandte Lernpsychologie fuhrt zum Erfolg. Herder.Rawson, K.A., Vaughn, K.E. and Carpenter, S.K. (2015) Memory &
Cognition, 43(4), pp. 619-633. Roediger, H.L. & Karpicke, J.D. (2006), Perspectives on Psychological Science, 1(3), pp. 181210. Rohrer, D. & Taylor, K. (2007) Instructional Science, 35(6), pp. 481-498.

Impromptu delayed test scores

