Chapter II

Verbal and Visuospatial Development
Psychology of Learning with Applications

The impulse of the human mind to sort and rank order has been manifested in a variety of ways in education.  The desire to identify and measure an innate ability such as IQ has found a new playground in the work of Howard Gardner, beginning with Frames of mind: The theory of multiple intelligences (1983).  Many educators have taken Gardner’s discussion as evidence that different people have different innate capabilities in various learning enterprises, and, by implication, different deficiencies. Among the evidence for different “intelligences”, or academic capabilities, is the existence of different neural centers for the various kinds of intelligence.  

Missing in the educator discussion is a reflection on the issue of cause and effect.  When mathematics students of higher achievement were identified as having higher self-concept regarding mathematics, educators were quick to impute cause-effect and recommend that students be given self-image boosts so as to enable mathematics learning.  This erroneous reasoning likewise circumvents to possibility that different neural centers are created by a self-organizing brain as various life experiences provide different kinds of learning.  


Anderson (2000) agrees that the strongest case for separate neural centers, distinctive cognitive processes, universal characteristics, and history of acquisition is with respect to language intelligence.  The distinctive symbol system, the written form of language, is also important to Anderson and Gardner.  Anderson also agrees that there is a strong case for “spatial intelligence”, which will be described here as potential for visuospatial sense.  By contrast, per Anderson, Gardner’s case for a cross-cultural mathematics ability is somewhat weak, and suggests that a general reasoning issue is involved, as is spatial ability (page 455).   


The mathematics teaching experience of this writer, which has included long-term and intensive work with average, “gifted”, and special education students, has shown that once communication (language) and visualization issues are settled, and tools of learning, recall, and application are employed, mathematics learning is universally easy.  Based this experience and Anderson’s restrictions on what constitutes cognitive potential, the discussion that follows is limited to what is supported by evidence as the cognitive psychologists considers evidence, what is normal for the classroom student, and what parents and classroom teachers can do.  

What follows will be sufficient for academic success for nearly all children, at all levels, and in all disciplines and settings.  The hope here is that such ideas as “multiple intelligences” will not be used to sort and rank order on the supposition that academic potential is genetic, and then used to give up on some children, denying them opportunity.   
Development of Verbal Potential

The child deprived of correct spoken language in the home is behind but not permanently damaged.  Language development will be more difficult, but development will occur under proper environment.  Three factors seem to contribute strongly to development of verbal potential:


Exposure to correct spoken language.  All children must be read to, and schools should prevail on parents, older siblings, and volunteers from area middle and high schools for after-school, evening, and bedtime story reading.  


Phonics.  Even fluent readers notice minor typographical errors (Glass, 2003), and fluent association of the characters of a phonetic alphabet with spoken sounds is critical for enabling independent reading.  As reading is practiced, word recognition replaces phonics, and fluent recognition in turn enables students to grasp author’s message.  


Use of reading and writing in all subject areas.  A science teacher whose students have difficulty reading the science book may be tempted to rely only on experiments and demonstrations for teaching science.  But much science is learned from reading, which is a primary activity of practicing scientists.  


The science teacher should find a section of the textbook that is accurate and of potential interest to most students.  Paragraph by paragraph, the teacher lists words that may cause students trouble, including words that are not necessarily a part of “science” vocabulary, like “relative.”  The words are listed before class time for class display (for example, on overhead projector transparencies). 

At class time, books are opened, the reading passage is located, and words for the first paragraph are pronounced and defined quickly for students.  To increase the degree of processing, students should repeat pronunciation in unison and a student should repeat each definition when called on.


Then one of the best readers reads the first paragraph.  Then a weak reader re-reads the same paragraph.  The paragraph is discussed for meaning.  The process is repeated for the second paragraph, after which the relationship between the paragraphs is also stressed.


In time, the students will be able to read the textbook and will be better prepared for further study, with or without the teacher.    


Promotion of reading for pleasure.   Teachers should mention personal reading to students and supply classroom libraries with appropriate books, which are readily obtained at garage sales.  Parents must be encouraged to read to and with children.     

Use bootstrapping with each story, poem, play, and essay.  One reading series from the 1940’s exemplifies this application.  The Alice and Jerry Books featured daily readings that contributed to a story spanning five or six lessons.  Dilemmas occurred and were not resolved for several days.  These dilemmas included a child getting the measles and thus not getting to go the circus while it was in town.  Another sequence of stories centered on uncovering the secret of getting a horse to buck on command.  One sixth-grade reader featured a family’s semester-long automobile odyssey across the USA.

It is relatively easy to supercharge almost any short story or narrative poem by dividing it into thirds, or even more pieces, depending on length, and exposing only the first third on the first day.  After this introduction, students are asked, “What did we read?”  Responses are sorted into setting, character development, action, tone, and so on.  Students may be asked if what has been read so far sounds familiar, like something that happened to them, or that they read before or saw on television.  Similarities and contrasts are sought.  Finally, students are asked, “What is going to happen next?”  Here, hypotheses are generated and related to what has been read already.

On the second day, the first day’s reading is re-read and the first day’s discussion is reviewed.  Then the second part is read, summarized, and connected to the first part and to the hypotheses generated.  Then a new round of hypotheses is sought about how the story will conclude.  During the same class session, another story or poem is begun, and another is concluded.  In this manner, students will automatically begin to absorb concepts like setting, theme, and character development with relative ease, because such ideas are being discussed in varied contexts daily, and are reviewed daily.        
In time, the teacher should invite students to think of ideas that they think are important, and how they could make up a story or poem that communicates the idea.  When the idea is clear and the story is formed in a general way, the student can begin character development and setting, and creative writing is under way.
Teacher modeling may be employed as well.  Nearly every teacher has an idea that can be communicated effectively in a story or poem, and can develop the idea creatively as outlined above.  The teacher can show students what transpires with the teacher’s project as it develops.

(The same bootstrapping can be used with history and science lessons.  The battles of Saratoga, Gettysburg, and Stalingrad should be reviewed and moved along a little each day for weeks.  A physics teacher in the early 1960’s kept his classes enthralled for a week with various theories and experiments related to the nature of light.  Students went home each afternoon with ever-increasing perplexity: was light a particle or a wave?)
Books for independent reading can begin with classic Dr. Seuss in second grade.  An earlier age may be possible and alternative authors may work as well.  

Students not ready for independent reading at some point in second grade are those who need the extra attention after school or at home.     
Development of Visuospatial Sense
For purposes of this discussion, the term visuospatial sense will be used where terms like spatial sense and space visualization have been used in the past.  A discussion of the rational for the preferred term can be found in Cognition by Glass et al., p. 14.

For purposes of this discussion, visuospatial sense will be defined as ability to perceive a three-dimensional object represented in a two-dimensional drawing, mentally rotate that object, and match possible rotations to given choices.   

A distinction between high and low levels of visuospatial sense was made in research by Guay et al. (1977):

Low-level spatial abilities were defined as requiring the visualization of two-dimensional configurations, but no mental transformations of these visual images.  High-level spatial abilities were characterized as requiring the visualization of three-dimensional configurations, and the mental manipulation of these visual images.   

The use of the visuospatial sense term here will refer to the higher level.  That middle grades students should show this ability is supported in Principles and Standards for School Mathematics National Council of Teachers of Mathematics [NCTM], 2000, p. 232.

By the middle grades, [students] should be able to interpret and create top or side views of objects. 

The importance of this level of ability is underscored by research on college entrance exams:

This [research] investigates the relationship between mental rotation ability and gender differences in math SAT across diverse samples (N=760).  Results suggested that spatial ability may be partly responsible for mediating gender differences in math  (Casey, 1995).

The equity issue was underscored by Friedman (1995):

…meta-analytic results are reported here which show math-space correlations are higher in females than in males.

Existing gender inequities in mathematics and science were related to spatial aptitude by Lord (1995):

Two measures of spatial aptitude were administered to hundreds of elementary education majors.  Men outperformed women and those specializing in science and math scored significantly higher than non science-math peers.

Development of visuospatial sense is positively affected by environmental factors (Shoaf-Grubbs, 1992).  Examples contributing environmental factors include the following:


Computer-based graphics helped sixth grade females gain in spatial ability (West, 1985). 


Use of LOGO improved geometry achievement and spatial visualization ability in sixth graders (Olson, 1986).    


A transformational geometry component in a second grade mathematics program improved spatial perception of students (Del Grande, 1986).


Building and drawing solids made of cubes helped develop visuospatial sense for middle school boys and girls.  (Ben-Chaim et al., 1988)


Practice improved ability to do mental rotations of objects (Kail et al., 1990).

A recent study conducted by the author also showed that origami and drawing of ambiguous figures contributed to the development of visuospatial sense.  A gender distinction was also involved.  For girls in grades 6-9, origami was the stronger factor; for boys of the same group, ambiguous drawing was the stronger factor (Hartzler, 2003).  
Origami is a folk art in many countries outside of the USA, and is popular enough in the USA that craft stores stock packets of special paper and directions, and many books are available on the subject.  In spite of the appeal of origami, presentations by this writer on how to do origami at meetings of the National Council of Teachers of Mathematics and its affiliates are usually overcrowded with enthusiastic teachers who know at most one fold, that being a very basic fold that many sixth-graders use to predict future events. 

In training sessions at professional meetings, and in classrooms, origami folds require attention to form and relationship.  Of special interest and delight is how the two-dimensional paper becomes a three-dimensional figure, usually as part of the last step.  Making the paper balloon allows the student to contemplate what happens to two-dimensional triangles that seemed to disappear at the inflation stage.  The final steps of making the jumping frog and the boat also involve three-dimensional surprise and function.
Three ambiguous drawings were taught to approximately half of the students involved in the study.  These were the Penrose Triangle (tri-bar), used by M.C. Escher in Waterfall and shown below; the impossible E as shown, a.k.a. Space Fork, three-stick clevis, and blivet (Unruh, 2002); and the Impossible Cage (“impossible cuboid”) used by Escher in Belvedere (and called the “Freemish Crate” in Scientific American, June 1966).
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The Penrose Triangle provides a visual paradox.  Looking only at the top two “bars” of the triangle, it appears that points A, B, and M (and another hidden point) are included in the intersection of two bars, with the left-most bar being in front of the right-most bar.  

Next, if only the left and bottom bars are examined similarly, it appears that the left bar is behind the bottom bar.  By transitivity, this would place the bottom bar in front of the right bar.

Finally, if only the bottom bar and the right bar are examined, it appears that the bottom bar is behind the right bar.  

Thus, by examination and transitivity, each bar is both in front of and behind each of the other two.  As the eye and mind attempt to make three-dimensional sense of this two-dimensional drawing, frustration will automatically occur without any need for the analysis above.

Escher involved four such triangles, artfully, in his graphic, Waterfall.

Other such impossible figures used by artists include the Space Fork and the Impossible Cuboid.  

What the study demonstrated was that making these drawings exercised student visuospatial sense, as their minds attempted to make three-dimensional sense out of contradictory two-dimensional input.   
Others have claimed (no references found) that working with three-dimensional puzzles such as Tavern Puzzles will help develop visuospatial sense.  Other suggestions include use of hand tools, sports, and dance, and initiation of these activities as early as possible in the child’s life.

The payoff for students is enhanced ability to learn mathematics and all that mathematics learning enables, including science, engineering, statistics, and art.  Evidence is provided in Guay and McDaniel, 1977; Hesemann, 1976; Schonberger, 1976; Fennema and Sherman, 1977; Gallagher, 1988; Rolen, 1985; Munn, 1991; Pandiscio, 1995.  

Conclusion
Classroom and other environmental provisions have been presented above to aid teachers and parents in efforts to prepare children for academic learning.  Other provisions for classroom and home certainly exist.

The focus has been on development of language ability and visuospatial sense.  It has been argued that these abilities are necessary and sufficient for enabling student potential for learning mathematics.  What follows in other chapters applies to students who have had reasonable and successful opportunity to develop language and visuospatial sense.  
