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Abstract It is now well established that motor fluency affects
cognitive processes, including memory. In two experiments
participants learned a list of words and then performed a rec-
ognition task. The original feature of our procedure is that
before judging the words they had to perform a fluent gesture
(i.e., typing a letter dyad). The dyads comprised letters located
on either the right or left side of the keyboard. Participants
typed dyads with their right or left index finger; the required
movement was either very small (dyad composed of adjacent
letters, Experiment 1) or slightly larger (dyad composed of
letters separated by one key, experiment 2). The results show
that when the gesture was performed in the ipsilateral space
the probability of recognizing a word increased (to a lesser
extent it is the same with the dominant hand, experiment 2).
Moreover, a binary regression logistic highlighted that the
probability of recognizing a word was proportional to the
speed by which the gesture was performed. These results are
discussed in terms of a feeling of familiarity emerging from
motor discrepancy.
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The way people conceive the world is intrinsically dependent
on body specificity and on the way they interact with their
environment (Casasanto, 2009). The aim of this study was to
extend previous findings (i.e., typing activity) by showing that

recognition judgment could be influenced by the hand one
uses and the space in which a response is given.

Manual dominance is one of the main body specificities.
The results observed in studies of typing activity showed that
skilled typists on the QWERTY keyboard preferred letters
typed with the right hand to those typed with the left hand.
But when participants were asked to perform the preference
taskwhile holding amotor plan in memory (i.e., dual task), the
skilled typists’ preference was attenuated when the motor plan
involved the same finger used to type the presented dyads (see
Beilock & Holt, 2007). Jasmin and Casasanto (2012) con-
firmed that preference judgments are influenced by motor flu-
ency caused by digit-specific typing simulation (the so-called
QWERTY effect). Yang, Gallo, and Beilock (2009) showed
that the fluency with which participants type the letter dyads to
be recognized influences their recognition judgment.
Participants found it easier to remember letter dyads typed
with two different fingers than those typed with one finger.
Indeed, typing a letter dyad with two different fingers is easier
than typing a letter dyad with one finger.

If manual dominance is one of the main body specificities,
laterality is another one: an individual’s most fluent actions are
those executed with the dominant hand on the dominant side
(i.e., for a right-hander, movements of the right hand on the
right side). Classic studies from aim-pointing tasks have al-
ready demonstrated that ipsilateral actions are carried out
more easily and faster than contralateral actions for both the
dominant and the non-dominant hand (Fisk & Goodale,
1985). In other words, independently of handedness, the right
hand should be more fluent on the right side of space than on
the left part, and the left hand should be more fluent on the left
part than on the right part of space (de la Vega et al., 2013).
Moreover, Milhau, Brouillet, and Brouillet (2013, 2014)
showed that it was necessary to take into account the effect
of the location of responses, by considering their congruency
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with the motor fluency experienced during the task rather than
the motor fluency corresponding to the participant’s
handedness.

All these studies support the ideas that motor compatibil-
ities generate fluency (Brouillet, Ferrier, Grosselin, &
Brouillet, 2011; Cannon, Hayes, & Tipper, 2010) and that
the more fluently an item is processed the more it is judged
to be familiar (Susser & Mulligan, 2015; Topolinski, 2012;
Topolinski & Strack, 2009, 2010; Whittlesea, 1993).
However, Whittlesea and Williams (1998) argued that a feel-
ing of familiarity can also occur when the way the current
treatment takes place is surprising, what they call “discrepan-
cy” (for a review see Leboe-MacGowan &Whittlesea, 2013).
For example, Whittlesea and Williams (2001, Experiment 1)
noted that presenting words at the end of predictive sentences
did not lead to creating a false alarm when the sentence stem
and the terminal word were presented simultaneously but
when there was a brief pause between the sentence stem and
the occurrence of the terminal word (e.g., “The stormy seas
tossed the … boat”). These results show that fluency is not
directly responsible for the feeling of familiarity, but it is the
tension arising from expectation linked to the pause (i.e., what
word will follow?) that generates discrepancy. In turn as one
cannot attribute this discrepancy to its source people attribute
it to the most obvious source: prior word exposure. This un-
conscious source of attribution results in a conscious feeling
of familiarity.

Traditionally, in a recognition task (i.e., is this word present
or not in the learning phase?) participants have to perform a
gesture to give their response: press a touch on a keyboard.
The touch “yes” (or « not ») is on the right or on the left of the
keyboard, and the participants give their response with their
right hand or their left hand or with both. The question is
whether the gesture performed to give the response can influ-
ence, by itself, the recognition judgment.

The aim of this study was to show that the fluency of a
gesture (i.e., dominant hand and ipsilateral space) that has no
ties with the meaning of the words to be judged, performed
before the recognition response was given, can generate dis-
crepancy and consequently familiarity. Indeed, we assume
that after a fluent gesture participants experience a feeling of
fluency whereas when the word to be recognized appears un-
certainty exists with respect to the prior presentation of the
word, which generates tension (see Whittlesea, 1993;
Whittlesea & Williams, 2001). Thus, it is reasonable to hy-
pothesize that after a fluent gesture that has no ties with the
meaning of the words to be judged this word will be more
likely recognized than a word following a non-fluent gesture.

The difference between our study and those described
above is in the distinction made by Leboe-MacGowan and
Whittlesea (2013) between absolute fluency (i.e., motor fluen-
cy was associated with motor memory associated with the
words, as in the studies described above) and relative fluency

(i.e., motor fluency was not associated with the words to be
recognized but associated with a subtask, as in our study).

Experiment 1

We expected that the recognition rate would be higher when
the action that preceded a recognition judgment was per-
formed with the dominant hand than when it was performed
with the non-dominant hand. We also expected that words
judged after an action performed in ipsilateral space would
be more likely to be recognized than words judged after a
contralateral action. According to Milhau, Brouillet, and
Brouillet (2014), we expected an interaction between hand
and laterality.

Method

Participants Forty volunteer students from the University of
Montpellier participated in this experiment; all were right-
handed. They were randomly assigned to one of two groups
(right-hand responding; left-hand responding). Each group
consisted of 12 women and eight men. The age of participants
ranged from 19 to 24 years (mean = 20.3 years; SD = 2.03).
All were native French speakers, had normal or corrected-to-
normal vision, and were right-handed. All participants gave
written informed consent to participate in the study.

Materials We selected 48 neutral words from a French stan-
dard list of emotional words (Bonin et al., 2003). The words in
the standard list are rated on a 1 (low) to 5 (high) scale with
respect to several characteristics. The 48 words we selected
were between 5 and 8 letters long, and had mean scores of
4.68 for concreteness (SD = 0.67), 4.21 for imagery (SD =
1.03), 3.15 for frequency (SD = 0.90), and 3.06 for valence
(SD = 0.87).

We used a Logitech MK240 AZERTY keyboard which
had been modified so that none of the keys was in its original
location. This reorganization of the keys allowed us to control
for potential effects of keyboard expertise insofar as the ar-
rangement of our keyboard was unfamiliar to all participants.
In addition our modified keyboard had the same number of
keys on the right side as a normal keyboard. The keys
Y, U, I, O, P, H, J, K, L, M, B, N, which are to the right of
the median axis in the conventional AZERTY layout, were
replaced by the keys T, R, E, Z, A, G, F, D, S, Q, V, C, which
are to the left of the median axis in the conventional layout.
The assignment of the keys was based on a random draw. The
median axis (keys Y, H, B in the conventional layout) was
indicated with the keys >, ?, %. The 12 letter keys on each
side of our modified layout were spread over three rows, giv-
ing four keys per row. The layout of the modified keyboard
used was as follows, right side, top row: S, G, C, Q, middle
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row: A, T, D, V, bottom row: R, E, Z, F; left side, top row: B, J,
M, H, middle row: U, N, O, I, bottom row: Y, K, P, L.

The stimuli for the typing task consisted of 48 letter dyads;
24 had to be typed on the right side of the keyboard, 24 on the
left side. In all dyads the first letter to be typed corresponded to
a key closer to the median axis than the second letter. The
letters of a dyad corresponded to keys positioned adjacent to
one another on the horizontal axis (e.g., S-G; B-J) or the di-
agonal axis (e.g., T-C; K-O). This gave us 30 different dyads
(nine horizontal dyads and six diagonal dyads on each side); to
make a set of 48 dyads we repeated the 9 × 2 horizontal dyads.
The order of presentation of the 48 dyads was randomized for
each participant and the letters of the dyads were displayed in
black 28-point Times font.

Procedure The experiment was programmed and run using
E-prime software (Schneider et al., 2002). Participants were
seated 60 cm from the computer screen (17-in.). Participants
were tested individually in an isolated room by a single exper-
imenter. Each experimental session started with a brief de-
scription of the task to be performed after which the partici-
pant provided consent to participate. After consent had been
given the experiment started; it was divided into two phases: a
learning phase and a recognition phase.

Learning phase In the learning phase participants were
shown a list of 24 words and were explicitly informed that
they would subsequently be tested on their memory for them.
First a fixation cross was displayed in the center of the screen
for 500 ms. Then a word was presented on the screen for
200 ms in black 28-point Times font. Presentation of a word
was followed by presentation of a blank screen for 500 ms.
The order of presentation of words was randomized.

Recognition phase We used a modification of the standard
recognition task procedure. Before test words were presented
the participant was required to type the two letters that ap-
peared in succession in the center of the screen on the com-
puter keyboard (typing task). Each letter remained on the
screen until it had been typed. Only after the second letters
had been typed were the test words displayed in the center of
the computer screen. The participant was then asked to indi-
cate verbally whether the word had been included in the learn-
ing list (recognition task). Participants gave their recognition
judgment verbally rather than via a motor action (pressing a
computer key), as in the conventional procedure, in order to
avoid motor interference. Each trial started with a black fixa-
tion cross which remained in the center of the gray screen for
500 ms.

Participants were told to type as quickly and accurately as
possible by pressing the appropriate keys on the keyboard.
Participants were instructed to use their right index finger
(right-hand responders) or their left index finger (left-hand

responders) to type the letters; they were required to use a
single finger to type both letters in order to ensure that the
typing response involved a leftward or rightward response.
Participants were instructed to place their response finger on
the cross drawn on the space bar at the start of a trial and to
return it to this position after typing.

In the recognition task participants were shown a random-
ized list of 48words. Half the list was made up of the 24words
presented in the learning task (old words); the other half had
not been presented in the learning task (NEW words). To
prevent a potential word effect, the old word for a participant
became the newword for another participant, and reciprocally,
the new word for a participant became the old one for another.
The old and new words were matched in terms of length,
concreteness, imagery, frequency, and valence (t(38) < 1).
The words were displayed in black 28-point Times font and
appeared automatically in the center of the screen 250 ms after
the second letter of a dyad had been typed (see Whittlesea,
2002 for the rationale for an interval been typing response and
recognition stimulus presentation); words were displayed for
1,000 ms. Participants were instructed to respond verbally, as
quickly and accurately as possible, indicating whether the
word had or had not been presented in the learning phase.
The experimenter noted the participant’s response on an an-
swer sheet.

In total, we investigated three sources of variance: the sta-
tus of the words (old vs. new) and the laterality of the typing
response (ipsilateral vs. contralateral) were within-participants
factors; the hand used to execute the typing response (right vs.
left) was a between-participants factor. All other variations
were controlled variables.

Results

First we present data on time taken to type the second letter of
the dyads, after the first letter was typed.1 That is to say, the
time that elapsed from the onset of the second letter until the
corresponding key had been pressed (Table 1). This time can
be interpreted as an indication of the fluency of the gesture
made to type the second letter of the dyads. Thereafterwe
present data on recognition scores (Table 2). We got less than
1 % error and the trials in which typing responses were incor-
rect were excluded from analyses of typing speed and recog-
nition judgment.

Fluency Statistical analyses revealed that the hand used to
type made no difference to the speed of typing responses, F
< 1. There was an effect of laterality; participants typed faster
on the ipsilateral side than on the contralateral side, F(1,38) =

1 The statistical analysis on the time for typing the first letter revealed no
difference for the hand used, nor for laterality, and no interaction, F<1.
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4.22, p = .04, η2p =.10. There was no interaction between the
hand used and laterality, F < 1.

Recognition Statistical analyses showed an effect of word
status; participants judged old words more frequently to be
old than new words, F(1,38) = 703.32, p < .001, η2p =.94.
There was also an effect of laterality; participants were more
likely to report that they recognized a word which was pre-
ceded by an ipsilateral typing response than one preceded by a
contralateral typing response, F(1,38) = 7.07, p = .011, η2p =
.15. None of the other factors affected recognition.

Discussion

As expected it is easier to type letters on the ipsilateral side
than on the contralateral side, and this facility was accompa-
nied by a higher recognition rate without affecting the ability
to discriminate correctly between old and new words. In other
words, regardless of the hand used, executing an action on the
ipsilateral side affects recognition judgment even if the action
is not directly linked to the meaning of the words being
judged.

As these results suggest that the probability of responding
“old” is associated with the fluency of the gesture, we ana-
lyzed the relationship between the response time (an indica-
tion of the fluency of the gesture) in a given trial and the
likelihood of judging the item in the given trial to be old. To
do that, we used a binary logistic regression to model the
dichotomous outcome variable “subject’s response.” The ob-
servation of each i subject at each t time of measurement is
treated as a realization of a Bernoulli random variable that
takes the value 1 (i.e., response “old”) with success probability
of Pit. Our objective was to estimate (standardized regression
coefficient) the change in the Logit of the probability Pitwith a

unit change in the predictor “Time Response.” Our results
showed that the probability of recognizing one item declined
as much as the value of the TR increased (B=−.36; p<.01).

Despite the fact that this result supports our hypothesis, we
did not find a dominant hand effect on typing fluency. We
believe that the lack of effect of dominant hand is related to
the very small amplitude of the movement required to type the
second letter in the dyads (letters were adjacent on the key-
board). In fact the amplitude was not sufficient to produce a
detectable difference in the fluency of movements executed
with the dominant and non-dominant hands in our right-
handed sample. To address this problem we conducted a sec-
ond experiment in which the letters of the dyads were spaced
further apart on the keyboard.

Experiment 2

Method

Participants Forty volunteer students from the University of
Montpellier who had not taken part in Experiment 1 partici-
pated in this experiment; all were right-handed. They were
randomly assigned to the groups (right-hand responding;
left-hand responding). Both groups consisted of 14 women
and sixmen aged between 20 and 24 years (mean = 20.8 years;
SD = 2.23). All participants were native French speakers, had
normal or corrected-to-normal vision, and were right-handed.
All participants gave written informed consent to participate
in the study.

MaterialsWe used the same 48 words and the same modified
keyboard as in Experiment 1.

Procedure The experiment was divided into two phases: a
learning phase and a recognition phase.

Learning phase The procedure was the same as in
Experiment 1. Participants were shown a list of 24 words
and were explicitly informed that they would subsequently
be tested on their ability to remember them.

Recognition phase The procedure was the same as in
Experiment 1, except that in the typing task the letters for
the dyads were separated by one key, rather than being adja-
cent (e.g., horizontal dyads: S-C, B-M; diagonal dyads: T-Q,
K-I). This constraint meant that only 12 different dyads were
possible (six horizontal dyads; six diagonal dyads), so each
dyad was repeated four times.

In total, we investigated three sources of variance: the sta-
tus of the words (OLD vs. NEW); and the laterality of the
typing response (ipsilateral vs. contralateral) were within-
participants factors; the hand used to execute the typing

Table 2 Mean probability to judge words as old organized by response
hand (left; right), word status (OLD; NEW), and response laterality
(contralateral; ipsilateral)

Left hand Right hand

OLD NEW OLD NEW

Contralateral 0.79 0.14 0.74 0.13

Ipsilateral 0.79 0.17 0.79 0.18

Table 1 Mean response times (in ms) organized by hand (left; right)
and response laterality (contralateral; ipsilateral). SE is presented in
brackets

Contralateral action Ipsilateral action

Left hand 581.3 (164.46) 529.4 (103.9)

Right hand 567.5 (90.75) 522.6 (100.3)
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response (right vs. left) was a between-participants factor. All
other variations were controlled variables.

Results

First we present data on the time taken to type the second letter
of the dyads2 (Table 3) and then we present the recognition
scores (Table 4). We got less than 1 % error and the trials in
which typing responses were incorrect were excluded from
analyses of typing speed and recognition judgment.

Fluency Statistical analysis revealed that participants
typed the letters at a similar speed regardless of whether
they were using their right or left hand, F<1. There
was, however, an effect of laterality; participants typed
the letters faster on the ipsilateral side than on the con-
tralateral side, F(1,38) = 25.34, p < .001, η2p = .40.
Crucially, there was a hand-by-laterality interaction,
F(1,38) = 5.45, p = .02, η2p = .12. Partial analysis
showed that when typing responses were executed on
the ipsilateral side there was a marginal difference be-
tween the speed of left- and right-hand responses,
F(1,38) = 3.68, p = .06, η2p = .08. Participants using
their right hand tended to be faster than those using
their left hand. There was also a marginal difference
between right- and left-hand typing speeds for contralat-
eral typing responses, F(1,38) = 3.36, p = .07, η2p =
.08; participants using their right hand tended to be
faster than those using their left hand. Partial analysis
also revealed that amongst left-hand responders there
was a marginal difference between the speeds of ipsilat-
eral and contralateral typing responses, F(1,38) = 3.58,
p = .06, η2p = .08; amongst right-hand responders this
difference reached significance, F(1,38) = 27.29, p <
.001, η2p = .41. In summary the analyses suggested that
participants were faster when typing on the ipsilateral
side than on the contralateral side, particularly if they
were using their right hand.

Recognition Statistical analysis showed an effect of word
status; participants judged old words to be old rather than
new words, F(1,38) = 643.21, p < .001, η2p = .94. There

was also an effect of hand: participants were more likely to
report recognition of test words if they were typing the pre-
ceding letter dyad with their right hand rather than with their
left hand, F(1,38) = 7.98, p < .01, η2p = .17. There was also
an effect of laterality: participants were more likely to
report recognition of words preceded by an ipsilateral
typing response than words preceded by a contralateral
typing response, F(1,38) = 112.12, p < .001, η2p = .74.
However, there was no interaction between hand and
laterality. There was a status-by-laterality interaction,
F(1, 38) = 12.76, p < .001, η2p = .25. Partial analysis
showed that the probability to judge words as “old”
were higher when the test word was preceded by an
ipsilateral typing response than when it was preceded
by a contralateral typing response, for both old and
new words, but more accentuated for new; OLD:
F(1,38) = 19.01, p < .001, η2p = .33; NEW: F(1,38)
= 125.56, p < .001, η2p = .76. There were no other
interactions.

As in Experiment 1, we analyzed the relationship
between the response time in a given trial and the like-
lihood of judging the item in the given trial to be old.
Our results showed that the probability of recognizing
one item declined as much as the value of the TR
increased (B=−.56; p<.0001).

Conclusion

Experiment 2 confirmed the effects of laterality observed in
Experiment 1: Participants typed faster and recognized more
words when typing on the ipsilateral side than when typing on
the contralateral side. As expected, increasing the amplitude
of the gesture required in the typing response resulted in: (a) a
detectable difference in the speed of ipsilateral responses:
Typing was faster with the right hand than with the left hand;
(b) a higher probability to recognize words with the right hand
than the left hand. Even if there was no interaction between
hand and laterality, we can observe that the probability to
recognize words is the highest when the gesture was per-
formed with the right hand in the ipsilateral space. Finally,
we observed that the probability of recognizing a word

2 The statistical analysis on the time for typing the first letter revealed no
difference for the hand used, nor for laterality, and no interaction, F<1.

Table 3 Mean response times (in ms) organized by hand used (left;
right) and response laterality (contralateral; ipsilateral). SE is presented in
brackets

Contralateral action Ipsilateral action

Left hand 814,3 (119,3) 707,5 (118,2)

Right hand 785,2 (115,1) 670,6 (126,1)

Table 4 Mean probability to judge words as Bold^ organized by
response hand (left; right), word status (old; new), and response
laterality (contralateral; ipsilateral)

Left hand Right hand

OLD NEW OLD NEW

Contralateral 0.64 0.09 0.68 0.12

Ipsilateral 0.79 0.40 0.85 0.46
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increased as much the time to type the letters that precedes the
onset of this word decreased.

General discussion

The aim of this study was to extend findings that showed that
motor fluency gives rise to a feeling of familiarity resulting in
a judgment of recognition (e.g., Yang, Gallo, & Beilock,
2009; Susser & Mulligan, 2015). Contrary to these works, in
our studies motor fluency was not associatedwith the words to
be recognized but associated with a subtask. We manipulated
the fluency of a gesture that has no ties with themeaning of the
words to be recognized, performed before the recognition
judgment. According to Whittlesea and Williams (2001), this
situation should generate discrepancy (i.e., feeling fluency and
incertitude with respect to prior presentation) and consequent-
ly familiarity, what we call a situation of “motor discrepancy.”
So we hypothesized that the probability of recognizing a word
should be associated with the fluency of the gesture performed
before the memory judgment.

The results are consistent with our hypothesis. They
showed firstly that ipsilateral side responses were easier to
execute than contralateral responses, and secondly that words
that followed an ipsilateral response were more likely to be
reported as recognized than words that followed a contralater-
al response. An effect of use of the dominant hand was shown
when increasing the amplitude of the motor responses.
Broadly, the probability of recognizing a word is proportional
to the speed of the gesture performed.

These findings corroborate a key tenet of the Selective
Construction And Preservation of Experience (SCAPE) mod-
el: “… extra-fluent processing is (simply) experienced as feel-
ing of familiarity” (Whittlesea, 1997, p. 244). More specifi-
cally, they highlight the relevance of the concept of
discrepancy proposed by Whittlesea and Williams (1998).
Typing responses that involve an ipsilateral gesture generated
a sensation of fluency. However, participants cannot attribute
this subjective feeling to the gesture performed because they
are not conscious of this phenomenon. When a test word ap-
pears on the screen participants are initially uncertain as to
whether it was on the learning list. Thus this discrepancy
(i.e., feeling fluency and incertitude with respect to prior pre-
sentation) generates a non-specific signal automatically trig-
gering a search for some explanation. As participants cannot
firmly attribute this non-specific signal to its source, “they
resolve this discrepancy by attributing it to the most salient
source available. As their current task requires making recog-
nition judgments, prior stimulus exposure is the most obvious
cause of the discrepancy” (Leboe-MacGowan & Whittlesea,
2013, p. 256) and thus tend to conclude that the word was on
the learning list and report that they recognize it. Statistical
analysis of word status effects support this view: Performing a

fluent gesture before giving a recognition judgment had more
effect on the probability to judge new words as “old,” than old
ones, indicating that recognition judgments are influenced by
the sensation of fluency and the feeling of familiarity associ-
ated, regardless of its source (note that the performance of a
fluent gesture also affects the probability to judge old words as
“old,” which excluded an interference effect from the task of
tapping). But mainly, it is the relationship between the time of
typing the letters and the subject’s response that support the
discrepancy hypothesis.

One might conclude that a fluent gesture executed before
the recognition response was given affects memory judgment
and that this finding should be taken into account when
assessing performance on recognition tasks, as in other
computer-controlled tasks.
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