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Effects of the motivation focus on manual grasping
Fabian Steinberg and Otmar Bock
German Sport University Cologne, Cologne, North Rhine-Westphalia, Germany

Abstract
We have shown before that grasping movements from a given starting position to a given object differ substantially when 
performed as a typical laboratory task (L) and when they are embedded in an everyday-like context (E). The present study 
investigates whether this context-dependence is related to the subjects’ motivation focus. We manipulated subjects’ motivation 
focus and observed significant effects of Context on performance, as in previous work, but also significant effects of Motivation 
and Context x Motivation on performance. The interaction term could not be interpreted as generally higher or lower motivation 
sensitivity in L than in E, and therefore it doesn’t support the hypothesis that context-dependence of grasping can be reduced 
to motivation-dependence. We conclude that some brain areas contribute differently to L and to E, thus producing context-
dependence, and that those areas are differently sensitive to motivation. Keywords: sensorimotor integration, motor control, 
prehension, human behavior, context.  
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Introduction
Grasping movements depend critically not only on 

the position, size and shape of the to-be-grasped object, 
but also on its intended use; this has been shown both 
with behavioral (Henry & Rogers, 1960; Rosenbaum, 
Chapman, Weigelt, Weiss, & van der Wel, 2012) and 
with neural-activation data (Grafton, 2010). We have 
recently documented that even if the position, size, 
shape and intended use of the object don’t change, 
grasping movements are still not uniform: rather, they 
depend on the behavioral context in which they are 
embedded. Specifically, when subjects moved their 
hand from the same starting position to the same object 
in the same location, grasped it with the same (pinch) 
grip and moved it back and forth along the same path, 
their hand trajectories and forces differed substantially 
when this task was part of complex and meaningful 
behavior, versus when it was executed as an isolated 
motor act with no purpose beyond itself (Bock & 
Hagemann, 2010). We argued that the latter context 
is typical for laboratory research (hence abbreviated 
‘L’), while the former is more common in everyday life 
(hence abbreviated ‘E’). 

Indeed, factor analyses revealed that the difference 
between L and E can’t be traced back to a single cause 
but rather reflects several distinct processes (Bock 

& Züll, 2013), and that it is modulated by a person´s 
cognitive ability (Steinberg & Bock, 2013b), age (Bock 
& Steinberg, 2012) and exposure to weightlessness 
(Steinberg & Bock, 2013a). Therefore we concluded 
that grasping movements are controlled by multiple, 
context-dependent functional modules that are 
differently sensitive to factors such as cognition, aging 
and gravitoinertial environment.

Our conclusion fits well with current views about the 
neural control of movement (Goodale, 2011; Grafton, 
2010). It is assumed that motor activities such as grasping 
are processed by a dorsal, occipito-parietal pathway 
responsible for the visual guidance of actions, and by a 
ventral, occipito-temporal pathway that primarily serves 
visual perception (Milner & Goodale, 1995). Direct and 
indirect neuronal connections (Knierim & Van Essen, 
1992; Morel & Bullier, 1990) enable both streams to 
communicate with each other (Goodale, 2011) and with 
motor brain areas (Glickstein, 2000), so that visuomotor 
processing could well be flexibly redistributed between 
functional modules in the dorsal and ventral stream 
depending on context, cognitive abilities and other 
extraneous factors. 

Although the context-dependence of grasping has 
been established by several studies, it still remains 
open exactly which differences between L and E are 
responsible for these findings. We have hypothesized 
earlier that differences regarding movement speed, 
repetitiveness and/or attention focusing might be critical, 
but experimental manipulations of those differences 
failed to modify context-dependence in a consistent 
fashion (Steinberg & Bock, 2013c). The present study 
therefore evaluates yet another hypothesis: In L, 
subjects are explicitly instructed how to use their fingers 
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for grasping, are told to grasp quickly and accurately, 
and are informed that their responses will be registered; 
this probably enhances their motivation to grasp as best 
as possible. In E however, instructions focus on the 
complex activity in which grasping is embedded and 
no information is given on how to grasp; subjects’ may 
therefore not be highly motivated to grasp optimally. 
If so, L should be more sensitive to manipulations of 
motivation than E, a prediction tested in the present 
study. 

We decided to manipulate motivation in accordance 
with regulatory focus theory (Higgins, 1997, 1998), 
which posits that human actions are driven either 
by a promotion focus (i.e., desire to maximize gain 
and pleasure), or by a prevention focus (i.e., desire to 
minimize pain and loss). We therefore asked subjects to 
grasp either to gain a monetary reward or to prevent a 
monetary loss. To enhance either motivation focus, an 
established priming technique was administered before 
the actual experiment.

Methods

Subjects
48 right-handed subjects (24 male and 24 female, 

aged 23.27 ± 3.61 years) participated in this study. All 
reported to be free of musculoskeletal impairments 
and other diseases of the nervous system, and had not 
participated in other physiological studies within the 
last twelve months. All signed an informing consent 
statement. The study fulfills the declaration of Helsinki 
and has been approved by the institutional review board 
of the German Sport University.

Experimental setup
The setup was identical to our previous work. As 

illustrated schematically in Fig. 1, subjects sat at a table 
70 cm away from a 17” computer screen. A cylindrical 
lever of 4 cm length and 1.5 cm diameter was located 10 
cm to the right of the screen and 16 cm above the table; 
it was covered by a hood from three sides to ensure that 
it could only be grasped by thumb and index fingertip. 
The lever could be moved 3.5 cm towards the subject, 
until it met a mechanical stop. A displacement sensor 
(Burster® 8740) registered the lever’s position and a 
6 df force transducer (ATI® Nano 17) registered the 
forces applied to the lever, with sampling rates of 250 
Hz per channel. 

A joystick was placed on the table 16 cm in front of 
the subjects’ body midline, its tip 12 cm above the table. 
The linear distance between joystick and lever was 32 
cm horizontally and 4 cm vertically. 

Six reflecting markers of 6 mm diameter were 
attached to the metacarpal bones of index finger 
and thumb of the right hand. The three-dimensional 
positions of these markers were registered by two 
Vicon® MX-F20 infrared cameras (sampling rate: 
240 Hz, 1680x1280 pixels). A further, non-functional 
marker was attached to the subjects’ middle finger, to 

ensure that subjects grasp exclusively with their index 
finger and thumb. 

Figure 1: Scheme of the experimental setup, as explained in 
the text. 

Grasping tasks
As in our previous work, subjects executed grasping 

movements either in a typical laboratory context (L) or 
in a context that more closely resembled many everyday 
situations (E). In L, the joystick’s rod was mechanically 
fixed in its central position and subjects were asked to 
hold its tip between index finger and thumb. When a 
cartoon spider within a circle of 3 cm diameter was 
displayed on the screen along with a beep, subjects 
had to move their right hand towards the lever, grasp 
it with their index finger and thumb, pull it towards the 
mechanical stop, push it back to its starting position, 
and then return the hand to the joystick. They were 
instructed to move quickly without sacrificing accuracy. 
The spider was presented 20 times at intervals of 2 to 
6 s, i.e., each subject executed 20 grasping responses. 
Depending on random protocol and grasping speed 
(random intervals began as soon as the lever reached its 
starting position) this task lasted between 140 and 180 
s. Subjects performed three grasping movements in a 
practice trial before starting the task. The mean reward 
subjects earned in E was 3.97 ± 0.36€.

 In E, subjects were asked to play a spider-catching 
game. Cartoon spiders travelled across the screen from 
left to right at varying velocities, and subjects had to 
“hit” them with a joystick-driven cursor; each hit earned 
them a reward of 2 cents, which was displayed as a coin 
at the screen’s right edge. After 10 seconds the game 
paused, and a stationary spider appeared in the center of 
the screen. To continue, subjects had to grasp with the 
right hand and move the lever in order to collect their 
reward and to start the next game level. Spider speed, 
and thus task difficulty, increased every fifth level. The 
game terminated after 20 levels, i.e., subjects executed 
20 joystick-to-lever movements followed by lever 
displacement and hand returning to the joystick, just 
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as in L. This task lasted between 240 and 260 s, again 
depending on the grasping speed as described for L. 
Subjects performed three test levels that included three 
grasping movements as a practice trial before starting 
the task. 

Summing up the two contexts differed with 
respect to repetitiveness, ecological validity, presence 
of instructions and availability of an extrinsic trigger 
signal. They didn’t differ with respect to start and final 
object of the grasp, their location and required object 
handling.  

Manipulation of regulatory focus
Established procedures (Brockner, Higgins, & Low, 

2004; Friedman & Förster, 2005; Memmert, Unkelbach, 
& Ganns, 2010) were used to prime subjects‘ motivation 
before they participated in the grasping task. Similar 
procedures have been used in the past, for example, to 
reveal the influence of the regulatory focus (Higgins 
1997, 1998) on cognitive functions (e.g. Friedman & 
Förster, 2005), sport performance (Memmert et al., 
2010) and creativity (Friedman & Förster, 2001). Here 
we used the Friedmann & Förster (2001) approach: 
we produced a sheet of paper showing a mouse in the 
centre of a maze, and asked each subject to draw a line 
that guides the mouse to the exit.  To enact a promotion 
focus (i.e. to activate the semantic concept of “seeking 
nurturance”), subjects were instructed to guide the 
mouse to a piece of cheese drawn outside the exit; to 
enact a prevention focus (i.e. to activate the semantic 
concept of “seeking security”), they were told to guide 
the mouse to a mouse hole drawn outside the exit and 
thus to save it from a bird of prey drawn looming above 
the labyrinth. Each subject completed either three mazes 
with a cheese, or three with a mouse hole.

The primed motivation focus was enhanced during 
the grasping task. Subjects primed for promotion were 
given the standard version of E, which enacts promotion 
by the prospect of a monetary reward, or they were 
given a modified version of L, which enacts promotion 
by announcing a drawing for a 30 Euro store voucher 
among the “best”- performing 20% of participants. 
Subjects primed for prevention were given a modified 
version of E, in which 2 cents are subtracted from a 5 
Euro stake for each spider not caught, or a modified 
version of L, in which the 30 Euro draw was announced 
for all participants except the “worst”-performing 20%. 
No definition of “best” and “worst” was provided, but 
after the study, we used the ratio of peak hand velocity 
and peak grip aperture as a criterion to enter subjects 
into the drawing. Thus, subjects in L either strived to 
be among the best, or not to be among the worst. This, 
of course, implies that the type of feedback subjects 
received during task execution were different in L and 
in E. However no other possibility was given without 
dramatically changing condition L. 

Grasping context (L versus E) and regulatory focus 
(promotion versus prevention) were balanced across 
subjects, i.e., twelve subjects (6 male and 6 female) were 

manipulated with a promotion focus in L and twelve (6 
male and 6 female) in E, twelve were manipulated with 
a prevention focus in L (8 male and 4 female) and the 
remaining twelve in E (4 male and 8 female).

Questionnaire 
Prior to the main experiment and the manipulation of 

regulatory focus, subjects completed the German version 
of a questionnaire on subjects’ habitual regulatory focus 
(Keller & Bless, 2006; Lockwood, Jordan, & Kunda, 
2002; Plessner, Unkelbach, Memmert, Baltes, & Kolb, 
2009). This questionnaire consisted of 9 promotion and 
8 prevention questions which had to be answered on a 
7-point Likert scale. 

Data analysis
Questionnaire responses were transformed into an 

index of regulatory strength (IRS) by subtracting the 
sum of response scores for prevention-related items 
from the sum for promotion-related items, such that 
positive IRS scores stand for a promotion focus (Keller 
& Bless, 2006). IRS of subjects with promotion and with 
prevention manipulation were compared with a t-test for 
independent means. As in our previous studies, grasping 
movements were analyzed with an interactive computer 
routine that reduced the kinematic and force data to 
25 variables, as defined in Table 1. We then calculated 
the mean and the coefficient of variation (CV) of each 
variable across all trials of a given subject, except trials 
with poor data quality (< 5%, data was removed if one 
or more markers were not recorded by the cameras). 
This led to 49 parameters: 24 means, 24 CVs and the 
parameter “peaks”, which can’t be split into a mean and 
a CV. Each parameter was then submitted to a separate 
2x2 analysis of variance (ANOVA), with the between-
factors Context (L, E) and Priming (promotion, 
prevention). 

We then calculated the context difference for each 
parameter and subject

p’ = p(L) - P(E)	 or 	 p’ = P(L) - p(E)		
			    (1),

where p(L) and p(E) are the scores of parameter 
p for an individual participating in L and E, 
respectively, while P(L) and P(E) are the means of 
parameter p across all subjects participating in L and 
E, respectively. Thus in effect, positive values of p’ 
indicate that p was higher in L than in E. p’ scores 
were entered into three separate factor analyses, one 
for parameters with significant effects of Context in 
the above ANOVAs, one for those with  significant 
effects of Priming and one for those with significant 
effects of Context x Priming. All factor analyses used 
Varimax rotation which preserves orthogonality. The 
number of extracted factors was determined according 
to parallel analysis (Horn, 1965), which is assumed 
to be more accurate than other methods (Fabrigar, 
Wegener, MacCallum, & Strahan, 1999). Each factor 
analysis yielded a score for each subject and extracted 
factor, and we compared the scores of subjects in 
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Table 1: description and acronyms of analyzed grasping parameters* 

                         acronym description
   

   
   

tr
an

sp
or

t 
   

   
   

co
m

po
ne

nt
TT (s) interval from movement onset  to lever contact (transport time)
Vmax (cm/s) peak tangential hand velocity
skew-T ratio of deceleration time (Vmax to lever contact) and TT
detour-V (cm) maximal vertical detour between actual and shortest possible hand path 
detour-H (cm) horizontal component of detour
GT (s) interval from finger opening onset to finger closing (grasping time)
PGA (cm) peak 3D distance from thumb to index finger (peak grip aperture)

    
    

   
  g

ra
sp

in
g 

   
 co

m
po

ne
nt

Peaks (number of trials with multi-peaked aperture profiles) /(number of all trials)

t(PGA) (s) interval from movement onset to PGA

t(FGA) (s) interval from PGA to lever contact (final grip aperture)
skew-G ratio of t(FGA) and GT
incli-start (°) hand inclination with respect to the horizontal at movement onset
incli-100 (°) hand inclination 100ms after onset
incli-PGA (°) hand inclination at  time of PGA
incli-end (°) hand inclination at lever contact

co
up

lin
g sync-start (s) interval between onsets of finger opening and of hand transport

sync-peak (s) interval between t(PGA) and time of Vmax

RT-LT (s) interval between lever contact and onset of lever motion (reaction time)

    
le

ve
r 

    
 m

an
ip

ul
at

io
n 

F-100 (N) force compressing the lever 100 ms after lever contact
TQ-100 (N/mm) 3D lever torque 100 ms after lever contact
Fmax (N) maximal force compressing the lever
TQmax (N/mm) maximal 3D lever torque
t(Fmax) (s) interval between lever contact and Fmax
t(TQmax) (s) interval between lever contact and  TQmax

LT (s) interval between onset and end of lever motion (lever time)

*Movement onset and end were defined as the time when movement velocity first exceeded or dropped below 5% of peak momentary velocity, respectively. Aperture 
peak was defined as peak momentary aperture. Fixation onset and end were defined as an interval of ≥ 100 ms (5 samples) between saccades (Steinberg & Bock, 2013b).

group promotion with subjects in group prevention 
by analyses of Co-Variance (ANCoVAs), using the 
between-factor Priming and the covariate IRS.  

Results
The questionnaire yielded an IRS score of 1.14 

± 1.25 across all subjects, with no strong difference 
between the promotion and prevention group (t(46) = 
-0.05; p > 0.05). 

Table 2 shows the ANOVA results for parameters 
denoting means in the second column and for those 
denoting CVs in the third. Collectively, 31 parameters 
showed significant effects of Context, which are too 
many for a meaningful factor analysis, given the 
limited number of subjects. We therefore decided to 
constrain factor analysis to the 22 parameters with 
highly significant (p < 0.001) effects of Context. The 
outcome, presented in Table 3, is quite similar to our 
earlier work (Bock & Züll, 2013; Steinberg & Bock, 
2013b): we yielded five orthogonal factors, with GF1 
representing movement speed, GF2 grip forces, GF3 
the skewness of hand and finger profiles, GF4 hand 
transport and GF5 the synchronization of transport 
and grasping; taken together, those factors explain 
73,7% of total variance. ANCoVAs of the factor values 

yielded significant effects of Priming on GF1 (F(1,45) 
= 24.39; p < 0.001), GF4 (F(1,45) = 7.19; p < 0.01) and 
GF5 (F(1,45) = 4.07; p < 0.05) while the covariate was 
not significant (all p > 0.05). 

A factor analysis of the seven parameters with 
significant effects of Priming (see Table 2) yielded 
one single factor explaining 72.8 % of total variance. 
All parameters loading strongly (>0.6) on that factor 
represented timing and its variability (TT, CV TT, 
GT, t(PGA), sync-peak, Rt LT, t(Fmax)). ANCoVA of 
factor values showed a significant effect of Priming 
(F(1, 45) = 36.04; p < 0.001), while the covariate was 
not significant (p > 0.05). 

A factor analysis of the fourteen parameters with 
significant effects of Priming x Context (see Table 2) 
yielded four orthogonal factors explaining 81.9% of 
variance. According to Table 4, factor F1 represents 
time-related parameters, factor F2 represents the 
synchronization of transport and grasping, factor F3 
the aperture profile and factor F4 represents the hand 
inclination. ANCoVAs with factor scores showed 
significant Priming effects on GF1 (F(1,45) = 10.53; p 
< 0.01), GF2 (F(1,45) = 6.23; p < 0.05), GF3 (F(1,45) 
= 11.19; p < 0.01) and GF4 (F(1,45) = 5.13; p < 0.05), 
while the covariate was not significant (all p > 0.05). 
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Table 2: Outcome of ANOVAs for all parameters*

parameter
ANOVAs of means
Context        Priming       
Context * Priming

ANOVAs of CVs
Context        Priming     Context *Priming

tr
an

sp
or

t  
co

m
po

ne
nt TT (s)

Vmax (cm/s)
Skew-T (s)
Detour-V (cm)
Detour-H (cm)

                                                                                                             
71.00***        5.06*               4.95*           48.53***        
2.77n.s.           3.36n.s.
21.32***        0.01n.s.           1.54n.s. 
41.61***        0.28n.s.           0.00n.s.
 27.57***       0.88n.s.           0.02n.s.

                                                                                                  
2.75n.s.           6.50*                8.46**                     
1.40n.s.           0.70n.s.           5.62*
16.43***         0.02n.s.          1.00n.s.
2.37n.s.           0.49n.s.           1.47n.s.
14.69***         2.12n.s.          2.15n.s.

gr
as

pi
ng

 
co

m
po

ne
nt

GT (s)                      PGA 
(cm)
t(PGA) (s)            Peaks
t(FGA) (s)            skew-G
Incli-start (°)
Incli-100 (°)
Incli-PGA (°)
Incli-end (°)

102.74***      8.48**             7.81**                                                                        
2.77n.s.          2.39n.s.            0.48n.s.
133.50***     7.97**              6.07*
15.55***       1.27n.s.             4.43*                                                                                     
5.45*              3.03n.s.            4.83*
91.04***        0.40n.s.            0.21n.s.                                                              
0.19n.s.          0.31n.s.            0.99n.s.
1.56n.s.          0.81n.s.            3.20n.s.
3.87n.s.          0.26n.s.            4.30*
2.82n.s.          0.01n.s.            0.74n.s.

 5.35*              0.64n.s.           5.43*                                                                     
1.89n.s.           0.41n.s.           1.46n.s.
5.42*               0.88n.s.           0.60n.s.
0.56n.s.           0.15n.s.           7.41**                      
1.36n.s.           3.08n.s.          0.62n.s.
7.20*.              0.18n.s.           0.27n.s.
0.10n.s.           1.12n.s.           0.88n.s.
1.41n.s.           1.01n.s.           0.19n.s.
0.76n.s.           0.21n.s.           0.66n.s.

co
up

lin
g

Sync-start (s)  
Sync-peak (s)

41.29 ***       3.94n.s.            1.69n.s.        
71.24***         4.63*               3.68n.s.                                                                    

0.05n.s.           0.01n.s.           0.64n.s.                    
0.40n.s.           2.05n.s.           0.28n.s.

le
ve

r
 m

an
ip

ul
at

io
n

Rt-LT (s)                          
F-100 (N)                TQ-
100 (N/mm)    Fmax (N)           
TQmax (N/mm)
t(Fmax) (s)
t(TQmax) (s)
LT (s)

15.43***        4.28*                5.62*                                                                            
32.04***        1.11n.s.            0.05n.s.
27.72***        2.24n.s.            0.13n.s.
31.21***        0.48n.s.            0.81n.s.
38.69***        0.28n.s.            0.90n.s.
102.71***      8.48**              7.81**
15.63***        3.40n.s.            4.68*
13.24***        1.69n.s.            0.26n.s.

6.50*               0.24n.s.           0.58n.s.                                                       
2.81n.s.           1.45n.s.           4.14*
0.18n.s.           1.54n.s.           3.96n.s.
20.06***         0.96n.s.          1.25n.s.
7.68**             0.22n.s.           0.09n.s.
7.96**             0.10n.s.           1.98n.s.
6.74*               0.18n.s.           0.67n.s.
9.86**             3.88n.s            2.62n.s.

*The left part shows the F-values (degreees of freedom  = 44) for every ANOVA of single means of parameters and the right part shows the corresponding ANOVAs 
on CVs.  n.s., *,** and *** p > 0.05, p < 0.05, p < 0.01 and p < 0.001 respectively. 

Table 3: Outcome of factor analysis for Context effects*
acronym GF1 GF2 GF3 GF4 GF5

tr
an

sp
or

t c
om

po
ne

nt TT 0.91
Vmax
Skew-T 0.72
CV skew-T
Detour-H 0.76
CV detour-H -0.85
Detour-V

gr
as

pi
ng

 
co

m
po

ne
nt GT 0.86

Peaks 0.61
t(PGA) 0.78
Skew-G 0.63

co
up

lin
g Sync-start 0.87

Sync-peak 0.88

le
ve

r
 m

an
ip

ul
at

io
n

Rt-LT 0.94
LT 0.60
F-100 -0.88
Fmax -0.75
CV Fmax
TQ-100 -0.82
TQmax -0.77
t(Fmax) 0.90

t(TQmax) 0.94

% total 
variance 0.26 0.16 0.09 0.09 0.11

*Scores are factor loadings, only values ≥ 0.6 are shown. All parameters with highly significant (p < 0.01) ANOVA effects of Context were selected for this analysis. 
The bottom row indicates the fraction of total variance explained by the respective factor. GF stands for grasping factor.
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To illustrate the Priming x Context dependence of each 
factor according to table 4, Fig. 2 shows the mean values 
across all parameters with loadings of more than 0.6 on 
the respective factor. Fig. 2 illustrates that motivational 
focus had a stronger effect on E than on L for two factors 
(F1 and F2), a stronger effect on L than on E for a third 
factor (F3), and a differential effect on L and E for the 
fourth factor (F4). ANOVA effects for Fig. 2 are shown 
in table 5.

Table 4: Outcome of factor analysis for Context x Priming 
effects*

acronym F1 F2 F3 F4

Tr
an

sp
or

t  
co

m
po

ne
nt TT 0.86

CV Vmax 0.74

G
ra

sp
in

g 
 

co
m

po
ne

nt

GT 0.77
CV GT 0.79
t(PGA) 0.64
Incli-PGA 0.89
Peaks -0.86

C
ou

pl
in

g

Sync-peak 0.88

Le
ve

r  
m

an
ip

ul
at

io
n

t(FGA) 0.84
CV t(FGA)
Rt LT 0.90
t(Fmax) 0.87
t(TQmax) 0.90
CV F-100

% total 
variance 0.42 0.17 0.11 0.10

*Scores are factor loadings, only values ≥ 0.6 are shown. All parameters with 
significant (p < 0.05) ANOVA effects of Context*Priming were selected for this 
analysis. The bottom row indicates the fraction of total variance explained by 
the respective factor. GF stands for grasping factor.

Figure 2: Across-parameter means for the Priming x Context 
factors presented in Table 4. To construct each plot, we selected 
all parameters loading high (>0.6) on the respective factor, 
normalized each parameter by division with the parameter 
mean for the promotion focus in L, and then averaged across 
all normalized parameters. The displayed value for the 
promotion focus in L is therefore 1.00 in a-d. F and p-values 
of ANOVA results are shown in table 5. Error bars represent 
between-subject standard deviations.

Table 5: Outcome of ANOVAs on global parameter scores*

Grasping factor ANOVA effects
Context Priming Context*Priming

F1 30.86*** 6.54* 7.54**
F2 42.6*** 3.57n.s. 6.03*
F3 13.04*** 1.80n.s. 3.30n.s.
F4 3.64n.s. 0.30n.s. 4.43*

*F-values (degreees of freedom  = 44) for every ANOVA on global factor scores.  
n.s., *,** and *** p > 0.05, p < 0.05, p < 0.01 and p < 0.001 respectively. GF 
stands for grasping factor.

Discussion

Our study evaluated the hypothesis that the context-
dependence of grasping is related to a higher motivation-
sensitivity in L than in E; this should be reflected by 
significant and consistent Priming x Context interactions 
for a majority of response parameters. To investigate we 
manipulated subjects’ motivation focus once through 
a standard priming task administered before the actual 
experiment, and once through linking the experiment to 
potential gains or losses. 

Our data confirms once more that grasping differs 
between E and L, and that these differences can be 
traced back to multiple independent causes (Bock 
& Hagemann, 2010; Bock & Steinberg, 2012; Bock 
& Züll, 2013; Steinberg & Bock, 2013a; Steinberg 
& Bock, 2013b). The data also documents a main 
effect of Priming on several time-related parameters; 
this suggests according to the additive factor method 
(Sternberg, 1969)1 that some stages of the sensorimotor 
system are sensitive to motivation irrespective of 
context. Further and most importantly for the purposes 
of our study, we observed significant Context x Priming 
interactions on 14 parameters, which could be reduced 
to four orthogonal factors. This suggests – in analogy 
to the additive factor method - that four sensorimotor 
stages are sensitive to both motivation and context.

The emergence of significant Priming x Context 
interactions is in agreement with the above mentioned 
hypothesis. However, this hypothesis specifically 
predicts that those interactions consistently reflect a 
higher priming-sensitivity in L than in E, which was 
only the case for one of four factors. Further, that factor 
mainly represents one single grasping parameter, i.e., 
only one of 49 parameters supports the hypothesis. 
We therefore failed to obtain strong evidence for that 
hypothesis, and conclude that context-dependence 
may be related to factors other than motivation. We 
plan to explore those factors in future work. One of the 
possible candidates is release of movements by external 
triggering in L, versus by volition in E: the release mode 
is known to affect both the behavioural characteristics 
and the neural substrate of movements (Deubel, 1995; 
Mort et al., 2003; Waszak et al., 2005).

1  This method maintains that two factors having only main effects on a process 
impinge upon different stages of that process, while two factors having an 
interactive effect impinge upon the same stage.
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Our data doesn’t support a generally stronger effect 
of motivation in L than in E, as hypothesized, but it does 
support a differential effect: motivation had a stronger 
effect in L for one factor, and a stronger effect in E for 
three factors. Referring again back to the additive factors 
method, this pattern suggests that one of the sensorimotor 
stages involved in L and three of the sensorimotor stages 
involved in E are motivation-sensitive. The general fact 
that stages are sensitive to motivational manipulation 
is not unexpected: it has been reported in a number of 
earlier studies that sensorimotor performance depends 
on motivation (Kleinsorge, 2001; Pessiglione et al., 
2007; Schmidt, Kleinbeck, & Brockmann, 1984).

It would be desirable in future work to exploit the fact 
that people differ with respect to their habitual regulatory 
focus: some are chronically more prevention-orientated, 
while others are chronically more promotion-orientated 
(Higgins, 2000; Shah, Higgins, & Friedman, 1998). 
When habitual and experimentally induced focus are 
compatible – i.e., when a “regulatory fit” is established 
– subjects’ performance benefits both on cognitive (e.g. 
Keller & Bless, 2006) and on sport tasks (e.g. Plessner 
et al. 2009). Based on this, one could evaluate in future 
work the effects of regulatory fit in L versus in E.
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