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Sleep to Remember
JAN BORN, BJORN RASCH, and STEFFEN GAIS
Department of Neuroendocrinology, University of Libeck, Germany
There is evidence that sleep after learning can provide a qualitative change to memories.
Wagner and others (2004) showed this using a number reduction task originally developed by
Thurstone and Thurstone (1941) for testing intelligence. In this task, participants are shown

strings of digits and are instructed to process each string as fast as possible and name the

final result as soon as they know it. They are taught how to reach the solution by
sequentially processing the digits according to a set of rules. However, there is a_hidden

structure in the sequences, such that the participant, once gaining insight into this hidden
structure, can give the correct answer without having to go through the whole sequence
(Fig). In the experiment, the participants first practiced 3 blocks each containing 30
sequences, which was not sufficient to produce insight into the hidden structure but still
induced a memory representation of the task. Then, an eight-hour interval followed that
covered a period of overnight sleep or wakefulness or a wake period during daytime, before
participants were retested on another 10 blocks. At retesting, more than twice as many
participants of the sleep group gained insight into the hidden structure as compared to both
wake-control groups. Importantly, additional controls showed that sleep did not facilitate
insight when the participants had not practiced the tasks before sleep, that is, when no
representation of the task was encoded beforehand.
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Fig. Sleep facilitates gain of explicit knowledge.

A, Number reduction task, illustrated by an example trial. On each trial, a different string
of eight digits was presented. Each string was composed of the digits 1, 4, and 9. For each
string, participants had to determine a digit defined as the “final solution” of the task trial.
This could be achieved by <>sequentially processing the digits pairwise from left to right
according to two simple rules. One, the “same rule,” states that the result of two identical
digits is just this digit (for example, 1 and 1 results in 1, as in response 1 here). The other
rule, the “different rule,” states that the result of two nonidentical digits is the remaining
third digit of this three-digit system (for example, 1 and 4 results in 9, as in response 2
here). After the first response, comparisons are made between the & preceding result and
the next digit. The seventh response indicates the final solution (Fin), to be confirmed by
pressing a separate <®key. Instructions stated that only this final solution was to be
determined and this could be done at any time. Not mentioned to the participants, the strings
were generated in such a way that the last three responses always mirrored the previous
three responses. This implies that in each trial the second response coincided with the final
solution (arrow). Participants who gain insight into this hidden structure abruptly cut short
sequential responding by pressing the solution key immediately after the second response.

B, Experimental design: An eight-hour period of @nocturnal sleep, nocturnal
wakefulness, or daytime wakefulness separated an initial training phase (three blocks) from
later retesting (10 blocks).

C, Effects of sleep and wakefulness on the occurrence of insight. ¢ Columns indicate
percentage of participants gaining insight into the hidden structure in the three conditions of
the main experiment (gray), in which participants either slept (at night) or remained awake
(at night or during daytime) between initial training and retesting, and in two supplementary
conditions (hatched), where participants were tested after nocturnal sleep or daytime
wakefulness in the absence of initial training before these periods. Modified from Wagner and
others (2004).

* In statistical hypothesis testing, P (p-value or probability value) is the probability of obtaining test results
at least as extreme as the results actually observed during the test, assuming that the null hypothesis is
correct. The null hypothesis (JFME{XF) is a general statement or default position that there is no
relationship between two measured phenomena or no association among groups.

[The Neuroscientist, 2006]
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