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 Visuospatial functioning, while important for interaction with the world in general, 
is critical for deaf and hard of hearing individuals as it is the primary means of 
accessing language for this population. Whether the person uses American Sign 
Language (ASL), another signing or visual cuing system, or oral communication, 
visual access is the key to accurate language reception. Due to its spatial nature, full 
and accurate reception of ASL also depends on well-developed spatial processing 
(Bosworth et al.  2003  ) . Indeed, an increasing body of research indicates that deaf 
individuals who have had early and ongoing exposure to and use of ASL process 
visuospatial information somewhat differently than their hearing peers and have 
enhancements in certain aspects of visuospatial processing (e.g., Bavelier et al. 
 2001,   2006 ; Bosworth and Dobkins  1999,   2002a,   b ; Hauser et al.  2007  ) . 

 Clearly, visuospatial processing is important for the processing of ASL. While 
the relationship is not clear (Musselman  2000  ) , and some have found little relation-
ship between ASL skills and reading competence (Moores and Sweet  1990  ) , recent 
research has supported ASL competence as a critical factor in the development of 
literacy for deaf signers based on the need for a strong  fi rst language (Chamberlain 
and Mayberry  2008 ; DeLana et al.  2007 ; Perfetti and Sandak  2000 ; Strong and 
Prinz  1997 ; Wilbur  2000  ) . These relationships suggest that in addition to the visual 
capacity required to perceive print, visuospatial functioning may have unique asso-
ciations with literacy and academic success in deaf students, particularly those for 
whom ASL is the primary mode of communication. 
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 Despite its critical nature, due to time constraints only two measures of visuospatial 
functioning were selected for the VL2 Psychometric Toolkit. One represents 
visuospatial analysis and memory, while the other measures skills in mental rotation. 
As discussed below, each of these areas is signi fi cant in the ability to communicate 
effectively via ASL. 

   Visuospatial Memory 

 Visuospatial memory re fl ects the person’s ability to retain and retrieve information 
about both the content and location of objects in space. In practice, this is typically 
a three-dimensional process, such as remembering both what book one has 
 misplaced as well as where it was placed in the environment. Since ASL is a 
visuospatial language, the ability to retain and retrieve information related to both 
the content (handshapes, etc.) and spatial location relative to the general environment 
as well as to the signer is critical for effective reception and comprehension of ASL. 
Most visual memory research has focused on working memory (WM), and that is 
investigated in the chapter on memory; however, as memory in the visual modality 
is so critical for ASL, a measure of simple retention and retrieval was included as 
well. While ASL is three dimensional, few measures of three-dimensional memory 
are available, so a two-dimensional task was used which has the advantage of being 
brief and having a delayed recall trial. This latter is important, as it would have 
implications for learning in the visual modality. 

   The Brief Visuospatial Memory Test-Revised 

   Test Characteristics 

 The Brief Visuospatial Memory Test-Revised (BVMT-R: Benedict  1997  )  is a 
measure of visuospatial memory. It is used in both research and clinical practice, 
investigating a range of conditions, including brain injury, multiple sclerosis, sleep 
apnea, and cardiovascular disease (Allen and Gfeller  2011 ; Beglinger et al.  2009 ; 
Cohen et al.  2009 ; Lim et al.  2007  ) . The task involves presentation of six geometric 
 fi gures presented in two rows of three designs. On each of three learning trials, the 
participant is allowed to see the design array for 10 s and is then asked to draw the 
items from memory, placing them in the correct locations on the page. Each draw-
ing is scored for both location and accuracy, with two points awarded for an item 
drawn accurately in the correct location, one point if either the location or design 
was inaccurate, and zero if both were inadequate. The test has three learning trials 
on the immediate recall task, a delayed recall task following a 25-min delay, and a 
recognition trial on which the test items must be selected from among a set of 12 
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designs. Performance on this task is affected by visual perception, visual memory 
(for both content and location), the graphomotor skills required for drawing, and, to 
a lesser extent, the organization of visuospatial information. Despite its graphomo-
tor demands, this measure correlates more highly with visual memory tasks (with or 
without a drawing component) than with visual construction tasks without a memory 
component (Beglinger et al.  2009 ; Benedict  1997  ) . 

 With the exception of the Discrimination Index, the scores are re fl ected in 
age-normed T-scores, with a mean of 50 and standard deviation of 10. The 
Discrimination Index re fl ects the difference between the number of correctly recognized 
items and the number of incorrectly identi fi ed foils. The highest and lowest possible 
scores are 6 and −6, respectively. The manual reports inter-rater reliability 
coef fi cients in the 0.90’s and test–retest reliability coef fi cients between 0.60 and 
0.84 for the free recall trials (Benedict et al.  1996  ) .  

   Results 

 As can be seen in Table  4.1 , which presents the descriptive statistics for the BVMT-R, 
contrary to expectations that deaf individuals would perform well on measures of 
visual memory, the group mean on the BVMT-R was more than one standard deviation 
below the normative mean on the learning trials and delayed recall trials. Nonetheless, 
the mean performance on the recognition task approached the maximum possible 
score, suggesting adequate encoding of the stimuli in memory despite the inade-
quate retrieval and production of the designs. Future research using these data could 
investigate the nature of the limitations on the recall tasks. Relevant questions 
include whether the low T-scores are related to errors in location or content, or 
whether the productions were poorly executed and therefore not given full credit 
despite adequate recall. The latter could relate to either poor motor control or limita-
tions in executive functioning (EF) resulting in hurried drawings or drawings 
produced with inadequate care.  

 Table  4.2  presents the signi fi cant correlations between the BVMT-R Total Recall 
and the other Toolkit measures. Overall, the BVMT-R Total Recall correlated 
signi fi cantly with the measure of nonverbal intelligence as well as a number of WM, 
EF, and academic and linguistic measures, including the measures of linguistic 
memory. The fact that the BVMT-R Total Correct correlates with the Tower of 
London, WCST Total Correct, and WCST Categories Completed as well as the 

   Table 4.1    BVMT-R—descriptive statistic   

 Test  Scale  Range   N   Mean (SD) 

 BVMT-R T-Scores  Total Recall  20–66  48  36.75 (13.33) 
 Delayed Recall  20–63  48  35.56 (14.16) 
 Discrimination Index (Index Score)  −1 to 6  46   5.53 (1.47) 
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MRT suggests that the lower than expected mean performance may be at least par-
tially related to the proposed impacts of EF, rather than visual memory limitations, 
at least within a subset of the participants. On the other hand, consistent with previ-
ous research using the BVMT-R and English list-learning tasks with hearing partici-
pants, correlations between the BVMT-R and the M-SVLT, a sign-based list learning 
task, suggest that memory may indeed be involved.  

 The moderate signi fi cant correlations between the BVMT-R and a range of aca-
demic tasks contrast with the results of the BVMT-R normative study, which found 
nonsigni fi cant to weak, but signi fi cant, (largest  r  = 0.17) correlations between edu-
cation and BVMT-R scores using a nonclinical sample (Benedict et al.  1996  ) . Allen 
and Gfeller  (  2011  )  evaluated college undergraduates and found that the BVMT-R 
loaded with the Hopkins Verbal Learning Test-Revised (HVLT-R), an English list 
learning task similar to the SVLT on a principal component analysis. Benedict and 
colleagues also administered the BVMT-R as part of a battery of neuropsychologi-
cal measures, this time to a clinical sample, and found correlations with the HVLT, 
as well as other measures of memory and learning. These data are consistent with 

   Table 4.2    BVMT-R Total Recall—signi fi cant correlations   

 Test   R    N  

 BVMT Delayed Recall  0.78**  48 
 BVMT Discrimination Score  0.44**  48 
 Mental Rotation Test  0.41*  25 
 WJ-III: Reading Fluency  0.38**  47 
 WJ-III: Writing Fluency  0.42**  47 
 WJ-III: Academic Knowledge  0.38**  47 
 WJ-III: Passage Comprehension  0.35*  45 
 PIAT: Reading Comprehension  0.43**  48 
 WCST Total Correct  0.37*  36 
 WCST Categories Completed  0.38*  36 
 K-BIT2 Matrices  0.39**  48 
 Tower of London  0.37*  47 
 F-A-S: Food  0.31*  47 
 5–1–U  0.38**  48 
 5–1–U: Food  0.35*  46 
 M-SVLT List A Total Recall  0.46**  47 
 M-SVLT List B Total Recall  0.32*  47 
 M-SVLT Cued Recall  0.33*  46 
 M-SVLT Delayed List A Free Recall  0.37*  46 
 M-SVLT Delayed Cued Recall  0.34*  45 
 Finger Spelling Test: Total  0.34*  47 
 Finger Spelling Test: Real Word  0.37**  47 
 Corsi Blocks Computer Backward Span  0.34*  46 
 Corsi Blocks Manual Backward Span  0.38**  47 
 ASL Letter Forward Span  0.33*  47 
 ASL Letter Backward Span  0.38**  47 

  **Signi fi cance at  p  < 0.01, *signi fi cance at  p  < 0.05  
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the current outcomes despite the differences in the populations. Interestingly, they 
found minimal correlations between the BVMT-R scores and the FAS. Thus, the 
relationships seen with verbal learning measures in previous studies with hearing 
participants appear to re fl ect the impact of memory-based relationships, since more 
purely linguistic measures were not reported to produce signi fi cant correlations 
with this task. 

 This contrasts somewhat with the current data; however, while there was no 
signi fi cant correlation between the BVMT-R Total Correct and the F-A-S in the cur-
rent sample, the sign-based task, 5–1–U did correlate signi fi cantly with this task. 
Furthermore, both the sign- and English-primed Food  fl uency tasks produced 
signi fi cant correlations, suggesting some relationship between visual language 
 fl uency and this visual learning task. Based on these data, it appears that the greater 
relationships between linguistic measures and the BVMT-R observed in the deaf 
signers in this study may relate to the visual nature of the primary language of this 
population. 

 Interestingly, as seen in Table  4.3 , BVMT-R Delayed Recall correlated with a 
smaller subset of these tests associated with the BVMT-R Total Correct, primarily 
those related to visuospatial skills or memory. This suggests that the relationship of 
the initial learning trials, re fl ected in the Total Correct score, with the academic 
skills and larger set of linguistic tasks is important primarily during the learning 
phase, and that the retention of the designs over time relates more strongly to visu-
ospatial processing, EF, and memory and learning, including language-based 
learning.  

 Despite the more limited relationships associated with retrieval and reproduction 
of these designs following a delay, many of the same associations seen with the 
initial learning trials were again observed with the recognition task, as revealed in 
the correlations with the Discrimination Index, presented in Table  4.4 . Thus, there 
appears to be some ongoing relationship between language, both signed and English-
based, in the ability of the participant to discriminate between the designs that had 
been learned and similar foils. This may relate to the “self-talk” involved in the 

   Table 4.3    BVMT-R Delayed Recall—signi fi cant correlations   

 Test   R    N  

 BVMT Total Recall  0.78**  48 
 BVMT Discrimination Score  0.37*  48 
 Mental Rotation Test  0.41*  25 
 WJ-III: Writing Fluency  0.30*  47 
 WCST Total Correct  0.40*  36 
 WCST Categories Completed  0.33‡  36 
 M-SVLT List A Total Recall  0.46**  47 
 M-SVLT Delayed List A Free Recall  0.29‡  46 
 Corsi Blocks Computer Backward Span  0.29‡  46 
 Corsi Blocks Manual Backward Span  0.31*  47 

  **Signi fi cance at  p  < 0.01, * p  < 0.05, ‡ p  = 0.05  
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decision-making process when selecting recognized designs from among the larger 
set. Interestingly, the strongest relationship with this score involves the participant’s 
understanding of syntax as re fl ected in the correlations with the TSA scores. It is 
unclear if this re fl ects the impact of English skills on the discrimination task or 
whether there is an underlying factor affecting both skills. There is also a continued 
involvement of EF, which is consistent with the need to carefully review the stimuli 
and reason through the decision-making process.  

 Overall, the relationships between the BVMT-R and other Toolkit measures 
reveal signi fi cant relationships between this task and other measures of visuospatial 
processing and memory. Executive control appears to be associated with perfor-
mance at all levels of this task, while language, both English and ASL, appears to 
be most signi fi cant during the learning phase of the task and later discrimination 
between the test items and similar design foils. While previous research has found 
associations between the BVMT-R and English-based list learning tasks, the 
visual nature of ASL may contribute to the other associations between language 
and visual memory observed in this study. The signi fi cant relationships between 
reading skills and two aspects of this test despite a lack of relationships with 
educational level in hearing populations (Benedict et al.  1996  )  suggest that 
English language competence, as re fl ected in reading skills as well as other 
language measures, may be a signi fi cant contributor to performance on the learning 
and discrimination aspects of visual memory. This relationship may be further 
elucidated by the relationships between mental rotation and other Toolkit measures, 
discussed below.    

   Table 4.4    BVMT-R Discrimination Index—signi fi cant 
correlations   

 Test   R    N  

 BVMT Total Correct  0.44**  48 
 BVMT Delayed Recall  0.37*  48 
 WJ-III: Passage Comprehension  0.34*  43 
 WJ-III: Math Fluency  −0.31*  45 
 PIAT: Reading Comprehension  0.45**  46 
 WCST Total Correct  0.36*  34 
 WCST Categories Completed  0.50**  34 
 Towers of Hanoi  0.36*  43 
 F-A-S: Food  0.36*  45 
 5–1–U: Food  0.34*  44 
 M-SVLT Delayed Cued Recall  0.30‡  43 
 ASL-SRT Total Correct  0.45*  30 
 TOSWRF SS  0.33*  45 
 Test of Syntactic Ability Percent Correct  0.70**  20 
 TSA Relativization Percent Correct  0.60**  20 
 Corsi Blocks Manual Backward Span  0.50**  44 
 ASL Letter Forward Span  0.34*  45 

  **Signi fi cance at  p  < 0.01, * p  < 0.05, ‡ p  = 0.05  
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   Mental Rotation 

 Mental rotation ability is considered important for success in a variety of areas, 
particularly the academic and vocational  fi elds involving mathematics and science 
(Moè and Pazzaglia  2010  ) . Mental rotation is the ability to perceive and cognitively 
manipulate two- and three-dimensional objects from different spatial perspectives. 
This process is used in a variety of everyday tasks; for instance, simple navigation 
relies on mental rotation to establish direction within the physical environment. The 
cognitive process of mental rotation was  fi rst recognized by Shepard and Metzler 
 (  1971  )  who, when presenting two similar objects at different perspectives, found a 
linear progression between time requirement and the difference in angles between 
the objects. Essentially, during Shepard and Metzler’s task, the more an object was 
rotated, the more time was needed to determine that the two objects were similar. 
This was signi fi cant for cognitive psychology as a  fi eld as it was the  fi rst experiment 
to conclusively demonstrate that objects exist as cognitive representations. 

 The speed of mental rotation has been found to increase with age and familiarity 
(Kail and Park  1990 ; Kail et al.  1980  ) . This suggests that processing of mental rotation 
can become increasingly automatic with experience; however, there does appear to 
be a limit to the bene fi t of the aging effect as participants older than 55 responded 
both more slowly and less accurately than younger participants (Dror and Kosslyn 
 1994  ) . Research has also indicated that both training (Feng et al.  2007  )  and increased 
level of effort expended (Moè and Pazzaglia  2010  )  can improve performance on 
mental rotation tasks. 

 As previously noted, mental rotation has been historically tied to math, particularly 
math reasoning skills (Lubinski and Benbow  2006 ; Prescott et al.  2010 ; Shea et al. 
 2001  ) . Within this relationship, males typically outperform females on both 
standardized math testing and mental rotation tasks (Ariniello  2000  )  and this differ-
ence in gender performance has remained stable over time (Masters and Sanders 
 1993  ) . However, this gender difference reportedly disappears when mental rotation 
is tested through three-dimensional stimuli (Neubauer et al.  2010  ) . Although mental 
rotation is commonly considered to contribute to math ability (Casey et al.  1995  ) , 
research in a sample of deaf signers suggests that this is not the case for deaf 
individuals who use ASL (Halper  2009  ) . 

 Deaf individuals have shown enhanced performance on mental rotation tasks 
compared to hearing peers (Emmorey  2002 ; Emmorey et al.  1998 ; Marschark  2003  ) . 
However, despite the previously discussed relationship between mental rotation and 
math skills in the general population, this enhanced mental rotation ability has not 
resulted in corresponding gains in math performance among deaf students, many of 
whom graduate from high school having a sixth- to seventh-grade math level (Kelly 
 2008 ; Nunes and Moreno  2002 ; Qi and Mitchell  2012  ) . Instead, research has 
suggested that mental rotation may correlate with English skills for deaf students 
who report their primary mode of communication to be ASL (Halper  2009  ) . This 
relationship is thought to be secondary to the effects of sign language  fl uency, not 
deafness itself, as the previously noted mental rotation advantage is seen in both 
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hearing and deaf ASL users, but not oral deaf individuals (Emmorey  2002 ; Marschark 
 2003 ; Parasnis et al.  1996  ) . Indeed, both deaf and hearing signers appear to have 
enhanced mental rotation skills even when acquisition of ASL skills did not occur 
until early adulthood (Martin  2010 , September). ASL is a spatial language that 
incorporates mental rotation and spatial relationships into its linguistic structure 
(Bosworth et al.  2003  ) , and measurement of this ability is critical to the understanding 
of the complex role that mental rotation plays in learning and in language for deaf 
individuals. 

   The Mental Rotation Test 

   Test Characteristics 

 The MRT is an adapted form of the Vandenberg Mental Rotation Test (MRT: 
Vandenburg and Kuse  1978  )  that re fl ects both spatial organization and the ability to 
mentally visualize and rotate three-dimensional shapes. Shortened versions of 
Forms A and C of the redrawn Vandenberg Mental Rotation Test (Peters et al.  1995  )  
were used in the present research as part of the counter-balanced battery adminis-
tered within the VL2 Toolkit project. The current discussion will focus on Form A, 
which represented the bulk of the data. 

 The full version of this test is administered in two 12-item sections, each of 
which has a 3-min time limit. The version used in the present research consisted 
of one 3-min administration of the test with a total of 12 questions. On each item, 
participants are asked to indicate which two (out of four) shapes are the same as 
a target shape. Items in which both of the correct responses were indicated were 
scored as correct, other responses were scored as incorrect. Split half reliability 
on the full version of the Vandenberg Mental Rotation Test given to a comparable 
deaf adult sample showed a high degree of correspondence between performance 
on the  fi rst and second halves of the test, and patterns such as gender differences 
in performance and relative performance on Forms A and C were consistent with 
outcomes on the full test (Halper et al.  2011 , June). These indicators support the 
use of the MRT short version as a valid representation of the abilities measured 
by the test.  

   Results 

 Overall, the current data on the short form of the MRT are consistent with the 
outcomes for the full (24 item) version of the MRT Form A as reported by Peters 
and colleagues, on which a sample of college students achieved a mean of 10.82 
(SD 4.98). This indicates that the current sample of deaf college students is 
performing in a manner consistent with previous studies of hearing peers. Table  4.5  
presents the descriptive statistics for the MRT.  
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 Table  4.6  presents the signi fi cant correlations between the MRT and the other 
Toolkit measures. Although signi fi cant relationships were observed with a relatively 
limited number of the Toolkit measures, as anticipated, moderate to large correlations 
between mental rotation and reading skills were obtained. This relationship is not typi-
cally found in hearing samples, although it is consistent with the above noted outcomes 
with deaf college students. Additionally, consistent with Halper  (  2009  ) , the typical asso-
ciation with math skills was not observed with this deaf sample. In addition to the rela-
tionships with reading measures, again as expected, a strong relationship was observed 
with the measure of ASL skill, and moderate correlations were obtained between the 
MRT and one of the EF measures as well as an ASL-based measure of WM.  

 Of the correlations found with MRT, the strongest relationship was with the 
WJ-III Reading Fluency, a measure of fast, accurate reading of simple sentences. 
While this is consistent with Halper’s  (  2009  )  research indicating a relationship 
between mental rotation and English skills for deaf students, it is also possible that 
multiple cognitive processes are common between these two tasks. For example, 
they may employ visualization of the items during the comprehension and decision-
making process, allowing more rapid analysis of the item. As this is a timed task, 
this may result in an improved score. Additionally, as discussed elsewhere in this 
volume, having mastery of ASL as a  fi rst language may be able to support the acqui-
sition of English print (Freel et al.  2011  ) . Given the relationship between ASL 
 fl uency and mental rotation, it is possible that a high score on the Reading Fluency 
subtest could be indicative of underlying ASL  fl uency rather than a direct relationship 
between mental rotation and reading  fl uency. 

 A similar argument could be made concerning the signi fi cant relationship 
between the MRT and the PIAT-R Reading Comprehension subtest. While untimed, 
this reading comprehension task involves increased visual involvement in the task 
itself, as the participant must select a picture (out of four) which best represents a 
sentence which has been read. Thus, the processing speed demands are diminished, 
but there are increased demands on short-term memory. As Kelly  (  2003a,   b  )  noted, 

   Table 4.5    MRT, Short Form A—descriptive statistics   

 Test  Subtest  Range   N   Mean (SD) 

 Mental Rotation  Form A—short form  1–12  25  5.16 (2.97) 

   Table 4.6    MRT, Short Form A—signi fi cant correlations   

 Test   R    N  

 WJ-III: Reading Fluency  0.58**  24 
 PIAT-R: Reading Comprehension  0.42*  25 
 Tower of London Total Score  0.45*  25 
 Tower of London Total Moves  0.43*  25 
 Tower of London: Time Violations  0.45*  24 
 ASL-SRT  0.60*  15 
 ASL Letter Backwards Span  0.46*  25 

   ** Signi fi cance at  p < 0.01,  *signi fi cance at  p < 0.05   
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stronger language skills can decrease the cognitive load on WM during reading, 
leaving more resources for comprehension. Thus, if the MRT is re fl ective of ASL 
skills, this may partially explain the correlation seen between the MRT and this 
untimed reading measure. 

 The TOL test, as a problem-solving task, is commonly given to assess EF skills. 
Participants must solve visual problems in a limited amount of time, making few 
errors in the process in order to achieve higher scores. Phillips et al.  (  1999  )  found 
that mental rotation, as a component of spatial memory, plays a role in TOL 
success. 

 The ASL-SRT is a research measure of receptive ASL skills which requires a 
complex mixture of visual–spatial abilities, short-term memory, and motor skills to 
properly reproduce the sentence. Given the close relationship between ASL and 
mental rotation reported in previous research, it is not surprising to see a strong 
correlation between mental rotation and the ASL-SRT. The intervening impact of 
ASL skills on the ASL Letter Span task, which requires the participant to view a 
sequence of signed letters and repeat them in reverse order, may partially explain 
the correlation with this task.  

   Rasch Analysis 

  ( Note: a brief explanation of the Rasch analysis procedures used in this book is 
provided in Chap.   3    , as an introduction to the discussion of the Rasch analysis 
conducted on the item data for the K-BIT2.) 

 Table  4.7  presents the Rasch statistics for the MRT, and Fig.  4.1  presents the map 
of person ability and item dif fi culty logit scores. Figure  4.1  shows that there is 
considerable overlap between person abilities and item dif fi culties and that the 
range of item dif fi culties has a spread from −1.45 to 2.58 logits. The total range of 
just over four logits is considered narrow for most tests developed for Rasch analysis 
(Wright and Stone  1979  ) . Table  4.7  shows that the mean ability level of participants 
was −.61, indicating that the MRT was a dif fi cult test for many of the study 
 participants. The range of ability levels for participants was from −2.88 to 2.10, and 
Fig.  4.1  shows that  fi ve participants had logit scores that fell below the item dif fi culty 
logit score for the easiest item on the test.   

   Table 4.7    Rasch Analysis Person and Item Statistics: Mental Rotation Test   

 Persons  Items 

 Mean raw scores  4.9 (out of 12)  10.2 (out of 25) 
 SD of raw scores  2.7  4.6 
 Mean Rasch measures  −0.61  0 
 SE of means (for measures)  0.28  0.38 
 Measure range  −2.88 to 2.10  −1.45 to 2.58 
 # with MSq out- fi t >2.0  2  1 
 Reliability (KR-20)  0.73  – 

http://dx.doi.org/10.1007/978-1-4614-5269-0_3
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  Fig. 4.1    Rasch person 
ability by item dif fi culty 
map: Mental Rotation Test       
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 The standard error for the Rasch person measure is 0.28 logits. This translates to 
a 95% con fi dence interval of ±0.55 logits, which is acceptable for an exploratory 
study (Linacre  1994  ) . The standard error for the item dif fi culty measures is 0.38 
logits, which is also acceptable. Table  4.7  shows that only 2 (out of 25) examinees 
had signi fi cant noise (Fit statistics >2) in their response patterns, as did only 1 of the 
12 test items. This indicates a good “ fi t” of persons and items in this sample. 

 Finally, the KR20 reliability coef fi cient for this test (for these participants) is 
0.73, a minimally acceptable level of internal test item consistency. In sum, this 
analysis reveals that the MRT was a dif fi cult test with a narrow range of abilities 
measured. The standard errors for both persons and items were acceptable for an 
exploratory study. There was a good degree of  fi t between persons and items, and 
the internal consistency reliability was acceptable. Due to the small number of 
items, and the low number of participants taking this test, further research with 
larger samples, and, perhaps, a greater number of items covering a wider range of 
abilities would help to increase the test reliability and provide more stable estimates 
of examinee ability.    

   Conclusions 

 Overall, the data suggest that visuospatial functioning is signi fi cantly associated 
with literacy, ASL skills, and EF in this population. While visuospatial memory 
appears to have broader associations with academic functioning and linguistic 
memory, both English- and ASL based, the relationships with mental rotation were 
more restricted, focused on conceptually based reading comprehension (rather than 
that requiring a speci fi c word to complete the task) and ASL skills. This suggests 
that while learning of this sample depends heavily on visual memory for both 
academic and language development (ASL and English), mental rotation has a more 
targeted impact on ASL skills. It is possible that the associations between mental 
rotation and the reading measures are mediated by ASL skills. This bears further 
investigation. Regardless, the associations between these visual measures and 
academic and linguistic functioning highlight the unique relationships among 
cognitive factors seen in this sample.      
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