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because these participants had less experience with the 
MRT stimuli in general, stimuli encountered once be-
fore may have been more salient for the MPFT-practiced 
group. Although there was a trend for more errors to be 
made on novel stimuli [F(1,27) 5 3.9, p 5 .06; hp

2 5 .13], 
there were no effects on slope or intercept when examined 
separately.

Transfer to Novel Stimuli?
Given the evidence above for instance-based learning in 

the MRT, we compared performance in the initial lab ses-
sion (i.e., for all trials, A and B stimuli in the initial session; 
see Figure 4) with performance in the final lab session for 
only the novel trials (i.e., D stimuli in the final session; see 
Figure 4), in order to investigate whether process-based 
transfer would be evident for the novel stimuli taken alone. 
Participants showed performance transfer to novel trials 
[F(1,27) 5 194.35, p , .0001; hp

2 5 .88]. There was greater 
transfer for those who practiced the MRT [F(1,27) 5 
22.38, p , .0001; hp

2 5 .45], although transfer was seen 
in both groups separately [MRT group, F(1,15) 5 168.07, 
p , .0001; hp

2 5 .92; MPFT group, F(1,12) 5 47.85, p , 
.0001; hp

2 5 .80]. Separate analyses showed that RT slopes 
flattened for the practiced MRT group [F(1,15) 5 6.66, 
p 5 .03; hp

2 5 .31] but not for the MPFT group. RT in-
tercepts decreased for both practice groups [MRT group, 
F(1,15) 5 79.49, p , .0001; hp

2 5 .84; MPFT group, 
F(1,12) 5 29.39, p , .001; hp

2 5 .71].
In addition, participants made fewer errors on the 

novel final-session trials than they did on the initial tri-
als [F(1,27) 5 19.53, p , .0001; hp

2 5 .42]. However, 
the advantage was greater for the MRT-practiced group 
[F(1,27) 5 5.65, p 5 .03; hp

2 5 .17]. The MRT—but not 
the MPFT—group had relatively fewer errors in novel 
final trials [F(1,15) 5 23.58, p , .001; hp

2 5 .61]. There 
was no effect on slope for either group; however, there 
was evidence of transfer to the error intercepts for both 

novel stimuli was found for the MPFT, with no differences 
in overall RT or error between the novel and previously 
encountered trials in the final session. This held for both 
slopes and intercepts and for both practice groups ( p . .1 
in all cases). Thus, gains due to practice, whether directly 
obtained or due to transfer, did not occur because par-
ticipants learned particular stimuli. For the MRT, com-
pletely novel stimuli required more time than did those 
encountered during the initial session [F(1,27) 5 9.16, 
p 5 .005; hp

2 5 .25]. There was no difference for slopes, 
but intercepts in the MPFT-practiced group were higher 
for novel stimuli [F(1,27) 5 8.22, p 5 .007; hp

2 5 .23]. 
The MRT-practiced group had an intervening period of 3 
weeks of practice with a large number of stimuli, so dif-
ferences between those seen in the first session and those 
that were novel may have been less salient. In contrast, 

Table 3 
F Statistics, p Values, and Effect Sizes (hp

2) Associated With 
Changes in Response Time (RT) and Error Performance 

Between the Initial and Final Sessions  
for the Unpracticed Spatial Task

   df  F  p  hp
2  

RTs
MPFT Group
  Slope 1,12   0.08 .78 .0007
  Intercept 1,12 22.60 .0005 .65

MRT Group
  Slope 1,15   7.03 .02 .32
  Intercept 1,15 14.08 .002 .49

Errors

MPFT Group
  Slope 1,12   0.40 .54 .03
  Intercept 1,12   2.81 .12 .19

MRT Group
  Slope 1,15   3.67 .07 .20
  Intercept 1,15   0.01 .92 .0007

Note—MPFT, mental paper-folding task; MRT, mental rotation task.
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Figure 6. Errors in the three tasks in the initial versus final laboratory sessions. A pattern similar to that seen for response 
times is visible. Error bars represent standard errors of the mean. MRT, mental rotation task; MPFT, mental paper-folding 
task; VAT, verbal analogies task.
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ated or even eliminated with practice. In analyses of the 
3-week practice sessions, RT slopes for women practicing 
the MRT were initially steeper than those for men [t(15) 5 
2.28, p 5 .04; hp

2 5 .14], but this sex difference disap-
peared with practice. However, in analyses of errors that 
compared initial laboratory sessions with final laboratory 
sessions, a task 3 session 3 gender interaction was found 
[F(1,27) 5 5.98, p 5 .03; hp

2 5 .18; see Tables 5A and 5B 
and Figure 7 for details]. In addition, males had slower 
RTs than did females for the VAT [F(1,29) 5 12.52, p 5 
.002; hp

2 5 .30]. It is worth noting that although sex was in-
cluded as a variable in all transfer analyses, no other main 
effects or interactions occurred with this variable.

Discussion

Although numerous researchers have documented that 
practice improves performance on particular spatial tasks, 
there has been disagreement as to whether practice trans-
fers to other spatial tasks. Our findings showed symmetric 
transfer of practice between spatial tasks. Crucially, we 
found greater improvement in the nonpracticed spatial 
task than in the VAT, which implicates spatial processes 
rather than general factors.

Why has prior work sometimes failed to find evidence 
of the sorts of transfer we document here? Evaluating the 
mixed findings on transfer of practice is hampered by lack 
of homogeneity in methods. For example, the choice of 
transfer task varies: some studies employ novel stimuli 
taken from the practice task, some employ new tasks de-
signed to assess the same cognitive skills as those recruited 

groups [MPFT group, F(1,12) 5 7.63, p 5 .02; hp
2 5 .39; 

MRT group, F(1,15) 5 7.47, p 5 .02; hp
2 5 .33]. These 

results, combined with those from the previous section, 
demonstrate that process-based transfer occurred above 
and beyond any instance-based learning, for both tasks.

Sex Differences
Although sex was examined as a variable in all analy-

ses, sex differences were not pervasive. Of most interest, 
the results suggest that such differences can be attenu-

Table 4 
F Statistics, p Values, and Effect Sizes (hp

2) Associated With 
Changes in Response Time (RT) and Error Performance 

Between the Initial and Final Sessions for the Unpracticed 
Spatial Task Versus the Verbal Analogies Task

   df  F  p  hp
2  

RTs
MPFT Group
  Slope 1,12   0.31 .59 .03
  Intercept 1,12 11.47 .005 .49

MRT Group
  Slope 1,15   0.08 .78 .005
  Intercept 1,15 10.73 .005 .42

Errors

MPFT Group
  Slope 1,12   3.09 .10 .20
  Intercept 1,12   6.55 .03 .35

MRT Group
  Slope 1,15   0.46 .51 .03
  Intercept 1,15   4.57 .05 .23

Note—MPFT, mental paper-folding task; MRT, mental rotation task.

Table 5A 
Mean Task Response Times (RTs, in Milliseconds), Slopes, and Intercepts, With Standard Errors, for the  

Mental Paper-Folding Task (MPFT), the Mental Rotation Task (MRT), and the Verbal Analogies Task (VAT)

MPFT MRT VAT

RT Slope Intercept RT Slope Intercept RT Slope Intercept

  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE

Initial Session
  Male 2,948 213 706 98 1,536 212 3,105 127 254 48 2,597 192 3,164 113 278 39 2,609 149
  Female 2,690 179 718 86 1,255 154 3,182 151 245 51 2,692 170 2,780   98 292 26 2,196   95

Final Session
  Male 1,686 227 496 94    694 158 1,832 151 207 53 1,419 132 2,983   97 215 34 2,552 100
  Female 1,384 168 471 90    442 108 1,896 189 185 30 1,527 162 2,455   79 225 27 2,005   58

Note—Slope values represent mean increase per level of difficulty. Results are subdivided by sex (male, n 5 14; female, n 5 17).

Table 5B 
Mean Percentages of Error (%E, With Standard Errors) for the Mental Paper-Folding Task (MPFT),  

the Mental Rotation Task (MRT), and the Verbal Analogies Task (VAT)

MPFT MRT VAT

Errors Slope Intercept Errors Slope Intercept Errors Slope Intercept

  %E  SE  %E  SE  %E  SE  %E  SE  %E  SE  %E  SE  %E  SE  %E  SE  %E  SE

Initial Session
  Male 19.3 2.9 14.1 2.6 28.9 3.7 14.2 2.6 3.0 1.6 8.3 3.2 18.9 1.7 12.1 1.2 25.4 2.6
  Female 15.2 1.5 14.3 2.1 213.4 3.0 18.3 2.1 5.2 1.3 8.0 2.5 16.8 1.1 12.5 1.0 28.3 2.0

Final Session
  Male   9.2 2.2   8.1 2.0 27.0 2.2   7.8 1.6 3.8 0.9 0.2 1.1 18.3 2.1   9.3 0.9 20.2 2.0
  Female   8.4 1.1   7.7 1.5 27.0 2.1   9.1 1.6 4.9 0.8 20.7 1.2 16.6 1.4   9.9 1.0 23.2 1.9

Note—Slope values represent mean increase per level of difficulty. Results are subdivided by sex (male, n 5 14; female, n 5 17).
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In addition, the finding that spatially specific transfer 
effects appear reliably on intercepts has important theo-
retical implications because it suggests a reconsideration 
of the traditional slope–intercept decomposition: more 
specific spatial skills may be reflected in the intercept than 
is traditionally believed. This result also suggests that in-
terventions could target the encoding of spatial stimuli, 
as well as actual spatial transformation. For example, 
Amorim, Isableu, and Jarraya (2006) found that changes 
in stimuli that improve object shape matching facilitated 
mental rotation.

Using methodology guided by the five criteria summa-
rized at the outset, we have shown robust, specific spa-
tial transfer to new stimuli and tasks, in contradiction to 
a prevalent recent view (CSTS, 2006). Future work might 
examine the precise circumstances in which such transfer 
is obtained and the factors that govern its magnitude.
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