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Learning to perform a new skill is part of our daily living activities. 
Most daily skills, like playing the piano or practicing sports, requires 
precise performance of sequential motor actions1. When we learn a new 
skill, initial performance improvements become evident predominantly 
during rest rather than during practice intervals2,3. These micro-offline 
performance improvements during early skill learning are thought to 
reflect a rapid, wakeful form of consolidation of skill2,3.

To learn a new skill we may profit from previous knowledge of 
different but related tasks4,5. Generalization refers to the situation in 
which previous knowledge aids learning of a new skill4,5. For example, 
performance of a skill over long periods of time (e.g., days or weeks) 
can facilitate new skill learning6-8. Generalization has been reported 
following periods of training across limbs, from right to left hand7,8, 
from eye to hand6-9 and across memory tasks10,11. Less is known about 
generalization developing after only seconds of practice of a skill and 
particularly over practice (online) and rest (offline) intervals that 
characterize early skill learning.

Johnson et al.12 recently addressed this question. 2,095 participants 
were recruited to perform an online study of generalization of early skill 
learning. Subjects practiced two new skills (A and B) over periods of 10 
s separated by rest intervals of equal duration. The two skills shared 
ordinal (matching keypress locations), transitional (order of keypress 
pairs), “parsing rule” (i.e., repeated keypresses used as a breakpoint for 
segmenting the sequence into smaller units or chunks) structures or 
had no similarities. The overall question was how and if a brief practice 
period of a sequential skill A (seq A) influence performance and learning 
of a different sequential skill B (seq B).

In the first experiment, participants practiced seq A (digit keypresses 
4-1-3-2-4 performed on a keyboard) for varying number of trials (1, 2, 
5 or 12 trials). They were then tested on their ability to perform and 
learn a different seq B (2-3-1-4-2). The duration of practice and rest 
intervals were 10 s. The endpoint measure was typing speed [correct 
sequences/second, seqs/s]. The main findings were that (a) Initial seq 
B skill was superior to seq A skill at the end of the previous practice 
trial and (b) this form of generalization developed during the single rest 
interval separating seq A and B (micro-offline gain). Two aspects of seq 
A structure generalize to seq B: (a) the sensorimotor transformations 
required to type keypresses, common to both skills; and (b) the parsing 
rule structure, also common to both skills.

A single practice trial of skill A resulted in generalization of the 
parsing rule shared between the two skills. Lengthening the practice 
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duration of seq A or lengthening the rest interval duration 
following a single trial of seq A did not modify this form 
of generalization. Finally, sharing of ordinal or transitional 
similarities between the two 5-keypress sequence skills 
did not induce significant 1-trial generalization (Figure 
1). The conclusion from these experiments was that 
distinct features of skill sequence structure can generalize 
very rapidly during early skill learning. Neural replay in 
hippocampus-neocortical regions is thought to support 
formation of abstract relational structure between motor 
states described here13.

The authors propose that more work is needed to study 
longer sequences, with various levels of “complexity”14,15 
and higher applicability to tasks of daily living along the 
lifespan. Understanding generalization of skill would be 
important to develop more effective tools to teach skills 
and sports in healthy individuals and neuro-rehabilitation 
after brain injuries.

Declaration
This work was supported by the Division of Intramural 

Research of the NIH, NINDS. The content is solely the 
responsibility of the authors and does not necessarily 
represent the official views of the National Institutes of 
Health.
References
1.	 Karni A, Meyer G, Rey-Hipolito C, et al. The acquisition of skilled motor 

performance: Fast and slow experience-driven changes in primary 
motor cortex. Proc Natl Acad Sci. 1998; 95(3): 861-868.

2.	 Bönstrup M, Iturrate I, Thompson R, et al. A Rapid Form of Offline 
Consolidation in Skill Learning. Curr Biol. 2019; 29(8): 1346-1351.e4.

3.	 Bönstrup M, Iturrate I, Hebart MN, et al. Mechanisms of offline motor 
learning at a microscale of seconds in large-scale crowdsourced data. 
NPJ Sci Learn. 2020; 5: 7.

4.	 Gist ME, Bavetta AG, Stevens CK. Transfer Training Method: Its 
Influence on Skill Generalization, Skill Repetition, and Performance 
Level. Pers Psychol. 1990; 43: 501-523.

5.	 Herszage J, Censor N. Modulation of Learning and Memory: A Shared 
Framework for Interference and Generalization. Neuroscience. 2018; 
392: 270-280.

6.	 Cohen DA, Pascual-Leone A, Press DZ, et al. Off-line learning of motor 
skill memory: A double dissociation of goal and movement. Proc Natl 
Acad Sci. 2005; 102: 18237-18241.

7.	 Japikse KC, Negash S, Howard JH, et al. Intermanual transfer 
of procedural learning after extended practice of probabilistic 
sequences. Exp Brain Res. 2003; 148: 38-49.

8.	 Perez MA, Tanaka S, Wise SP, et al. Neural substrates of intermanual 
transfer of a newly acquired motor skill. Curr Biol. 2007; 17(21): 
1896-902.

9.	 Krakauer JW, Mazzoni P, Ghazizadeh A, et al. Generalization of Motor 
Learning Depends on the History of Prior Action. PLOS Biol. 2006; 4: e316.

10.	 Mosha N, Robertson EM. Unstable Memories Create a High-Level 
Representation that Enables Learning Transfer. Curr Biol. 2016; 26: 
100-105.

11.	Bracco M, Mutanen TP, Veniero D, et al. Distinct frequencies 
balance segregation with interaction between different memory 
types within a prefrontal circuit. Curr Biol. 2023. doi: 10.1016/j.
cub.2023.05.027.

12.	 Johnson BP, Iturrate I, Fakhreddine RY, et al. Generalization of 
procedural motor sequence learning after a single practice trial. NPJ 
Sci Learn. 2023; 8(1): 45.

13.	 Buch ER, Claudino L, Quentin R, et al. Consolidation of human skill linked 
to waking hippocampo-neocortical replay. Cell Rep. 2021; 35: 109193.

14.	 Dhawale AK, Smith MA, Ölveczky BP. The Role of Variability in Motor 
Learning. Annu Rev Neurosci. 2017; 40: 479-498.

15.	 Dehaene S, Changeux JP. Experimental and Theoretical Approaches to 
Conscious Processing. Neuron. 2011; 70: 200-227.

 

Figure 1: Generalization of Skill after a single practice trial. 
A) Performance in the first trial of the same skill A and different 
skill Bs. (grey: PARSING; green: TRANSITIONAL; yellow: ORDINAL 
+ TRANSITIONAL (O + T); purple: SAME as skill A (SameA); mean ± 
SE, different groups). Note the similar performance in skill A across 
groups but different performance in skill B. Specifically, the highest 
generalization occurred when sequence B was the same as A (pink, 
SameA), followed by the PARSING sequence (gray). B) Change 
in performance from the end of skill A to the onset of skill B was 
highest in the SameA group.   This performance gain was significantly 
greater than TRANSITIONAL and O + T.
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