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ABSTRACT. This study presents evidence which suggests that even though students in grades 
6 through 8 are familiar with a variety of types of representation modes, they have great 
difficulty in successfully communicating spatial information. A Building Description Task, 
which consists of a building made up of ten small cubes taped together and a set of 
instructions, was presented to a sample of middle school children. They were asked to "help 
your friend to know what your building looks like." Students' attempts were classified by 
representation mode (verbal, mixed, graphic) and analyzed by grade and by sex. In addition, 
the effect of instruction in spatial visualization activities on students' preference for represen- 
tation mode and rate of success on the task was assessed. The findings were examined relative 
to the practical teaching implications, to individual differences in spatial visualization ability 
and to design of spatial tests. 

INTRODUCTION 

Gaulin (1985) discusses the need and reasons for emphasizing various types 

of  representations of  spatial shapes and relations. He stresses the need of  

re-establishing the development of  spatial intuition as one major  goal for 
teaching geometry and the need  for emphasizing a diversity of  graphical 

representations of  three-dimensional shapes and relations. 

Graphical  representation of various types a re  commonly used in a great 

number  of  practical situations and disciplines for conveying spatial infor- 

mation, for example maps, diagrams, flow-charts, and scientific or technical 

descriptive drawings. Consequently, the ability to represent and interpret 

three-dimensional geometric relations is a valuable skill for many srhool 

subjects and technical occupations. Providing all pupils with opportunity to 

explore a variety of  types of  representations of  spatial and geometric 
information, as well as to communicate such representations should be a 

basic educational objective. 

Goodnow's  (1977) book on children's drawings, however, demonstrates 
that children have difficulties in representation of objects. In particular, 

Mitchelmore (1983) points out diff• that adolescents have in represen- 
tation of regular three-dimensional figures. These include children's 
difficulty in representing parallel and perpendicular lines in their drawings. 
Bishop (1979, 1983) and Parzysz (1988) remind us that the representation 
of a three-dimensional object by means of a two-dimensional diagram 
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demands considerable conventionalizing which is not trivial. Yet, within 
Western cultures, we demand such conventionalizing of young children 
without any attempt to directly teach conventions such as dotted lines in 
drawings representing unseen edges and parallelograms representing square 
faces in drawings of cubes. The study reported in this paper will provide 
evidence to suggest that: (i) middle school students, boys and girls, have 
difficulties in successfully representing and communicating information on 
a three-dimensional building made up of cubes; and (ii) instruction in 
spatial visualization activities, including concrete experiences with cubes, is 
very helpful in improving students' ability to communicate and represent 
spatial information. 

REVIEW OF RELATED STUDIES 

The skill of representing three-dimensional objects is a part of spatial 
visualization, which is a particular sub-set of spatial skills. Whereas one 
group of researchers emphasizes the mental manipulation needed in spatial 
visualization tasks as its main critical aspect (McGee, 1979; Fennema, 
1977; Guay, 1980), another group of researchers emphasizes the need for 
complicated, multi-step analytic processing of spatially presented informa- 
tion (Linn and Petersen, 1985). Correlational and logical-intuitive argu- 
ments abound for connection between mathematical thinking and mental 
manipulation of geometric images (Fennema and Sherman, 1977; Connor 
and Serbin, 1985; Smith, 1964; Ben-Chaim, Lappan and Houang, 1989). 

Spatial visualization is not one of the usual components of the school 
curriculum. Therefore, spatial understanding is primarily informally ac- 
quired. Nevertheless, several studies of training programs to improve 
spatial visualization are reported in the literature. Among them, inconsis- 
tent results are found. For example, the studies of Blade and Watson 
(1955), Brinkmann (1966), Bishop (1973), Connors et al. (1978), McGee 
(1978) and Smith and Schroeder (1979) demonstrated effectiveness of 
training in improving performance on spatial tests. In contrast, Mendicino 
(1958), Myers (1958), Sedgwick (1961), Mitchelmore (1975) and Mundy 
(1987) found no improvement. Hence, the question of whether students 
can benefit from training in spatial visualization activities is still being 
addressed. 

In addition, the typical, but not a universal, finding, that male perfor- 
mance on spatial visualization is superior to female performance (Harris, 
1981; Liben, 1981; Maccoby and Jacklin, 1974; Bishop, 1983) has raised 
more questions. Such questions are regarding the relationship between sex 
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differences in spatial ability and sex differences in mathematics achievement 
(Fennema, 1977; Harris, 1978; Sherman, 1967), the interaction of sex and 
instruction in affecting spatial ability (Eliot and Fralley, 1976; Maccoby 
and Jacklin, 1974; Harris, 1981), the interaction of sex and type of tasks 
and procedures used in assessment of spatial visualization (Linn and 
Petersen, 1985; Bishop, 1983) and regarding the sources of observed sex 
differences in spatial ability (Harris, 1978). 

In conclusion, the mixed results of studies on training in spatial visualiza- 
tion and individual differences in this domain leave the field open for 
further research. In support, Mitchelmore (1975) says that "the greatest 
need is for the development of practical geometric and spatial teaching 
programs and for their experimental testing" (p. 172). Sherman (1979) 
argues that "methods for achieving this [improving spatial skill]..,  need to 
be devised, and their feasibility and advisability evaluated" (pp. 26-27). 
And finally, Bishop (1983) in his review of research on space and geometry 
provides further support for investigating training programs - "what are 
clearly needed now are more training studies using clinicaI testing proce- 
dures, and involving retention and transfer tasks" (p. 186). Furthermore, 
he strongly recommends that "figural and nonfigural stimuli need to be 
used" (p. 199) in assessing spatial ability. The nonfigural tasks should be 
visually provoking tasks. 

P U R P O S E  OF THE STUDY 

During a pilot study for developing spatial visualization activities for 
middle school students, it was found that students have difficulties in 
describing and representing three-dimensional solids. In order to evaluate 
the effectiveness of the instructional activities, especially the practical ones 
dealing with representation schemes and drawings, a "building description 
task" was created. There were three inter-related purposes in presenting this 
type of task. The first was to study types of representations used by middle 
school students in attempting to perform the task. The second was to 
investigate individual differences (by grade and by sex) in representation 
modes employed and to determine to what extent students were successful. 
The third purpose was to determine whether students' preference for 
representation mode and rate of success on the task would be affected by 
instruction in spatial visualization activities, and if so, whether the effect 
would vary by grade and by sex. 

Several other aspects of the effectiveness of the instructional activities 
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were measured by a spatial visualization multiple-choice test and have been 
reported elsewhere (Ben-Chaim, Lappan, and Houang, 1985, 1986, 1988). 

THE BUILDING DESCRIPTION TASK 

The Building Description Task consists of a building made up of ten small 
cubes taped together and placed on a stiff paper card and a set of 
instructions typed on the top half of an ~-~" 1" v2 x 1 piece of paper with the 
remaining space for the student's response. Two corner isometric views of 
the building are shown in Figure 1. The instruction is shown in Figure 2. 

The Building Description Task was designed to elicit the preferred mode 
of representation of a particular student and to gather data different in 
nature than what could be collected from a paper and pencil test, specifi- 
cally, the MGMP Spatial Visualization multiple choice test (Ben-Chaim et 

aL, 1986). The language and wordings of the instructions were selected after 
careful examination of students' responses to similar tasks presented in 
pilot studies. For example, words such as "draw", "describe", "explain", 

Fig. 1. Two corner isometric views of the model included in the Building Description Task. 

Y o u  are sea ted  on one side of  a screen and your  f r iend is 
seated  on the other .  
Your f r iend cannot  hear  w h a t  you say, but you may pass a 
piece of  paper  to him. 
Your f r iend has a supply of  cubes to work  w i th .  
Here is a bui ld ing made of  cubes. You are the  only person 
tha t  can see t h e b u i l d i n g .  
Your task is to help your  f r iend to know w h a t  your  bui lding 
looks like. 
Be as c rea t ive  as you wish.  

Fig. 2. The set of instructions for the Building Description Task. 
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"write", etc., were eliminated because they might bias the student to 
respond in favor of verbal or graphic descriptions. The building was 
selected from several options ranging from a fiat building to a building with 
multiple towers in order to pose a task of moderate difficulty that most of 
the students can attempt. 

According to Wattanawaha's DIPT (Dimension, Internalization, Presen- 
tation, Thought process) classification system for non-speeded spatial tasks 
(Wattanawaha and Clements, 1982), the Building Description Task falls 
into the highest values of each of the four independent characteristics. It is 
identified as D-3 which means "a question requiring 3-dimensional 
thought"; as 1-2 which means that "there is not only a need for a visual 
image but in order to do the task the image must be operated upon 
(transform) in the mind"; as P-2 which means "the answer requires that the 
final visual image be represented by a drawing, or be described in words or 
by hand or other movements"; and as T-1 which means that "the task does 
not specify the mental operation but enough information is given for this 
to be determined" (Wattanawaha and Clements, 1982, p. 879). 

The Wattanawaha's DIPT system classifies tasks rather than the re- 
sponses to the tasks by individuals. If responses to tasks by individuals are 
to be classified, in particular the representation mode employed, then 
Richardson's notion of a verbalizer-visualizer continuum can be applied 
(Richardson, 1977). Moreover, Burden and Coulson (1981) make the 
suggestion to distinguish individuals according to the following three 
representation modes: verbal, graphic and mixed mode (which combines 
verbal and graphic representations). 

THESTUDY 

Sample and Data Collection 

In order to include students in grades 6 through 8 from a broad range of 
socioeconomic status, three sites in and around a major mid-western city in 
the United States, were selected for the study. The three sites can be 
described as an urban inner city middle school that serves middle to low 
income families with approximately one-third blacks and Latinos; a rural 
middle school that serves a cross-section of middle-class families that are 
predominantly white; and a suburban middle school that serves a commu- 
nity of upper middle-class university and state government professionals 
and is predominantly white. The urban school had only 5th and 6th grade 
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students, hence only the 6th grade students participated in the study; the 
rural school had all three grade levels (6th, 7th and 8th); and the suburban 
school had only 6th and 7th grade students. 

Twenty-one classes, 7 of each grade level, participated in the study. Since 
several teachers had multiple classes at the same grade levels, 17 of the 21 
participating classes were selected as representative of the whole group. 
Two weeks before the exposure to the spatial visualization activities or the 
multiple choice MGMP Spatial Visualization Test, three to four students 
were randomly selected from the class list of each of the 17 classes and were 
given the Building Description Task. About a month after the instructional 
intervention, the same selection procedure was followed on students from 
15 out of 21 participating classes. Each student was individually adminis- 
tered the Building Description Task, with no time limit specified. The 
amount of time the students spent on the task ranged from 8 to 17 minutes 
with an average of 10 minutes, with no differences between the two 
administrations of the task. Table I shows the distribution of the entire 
sample by administration (pre- and post-intervention), grade level (6th, 7th 
and 8th) and sex. 

TABLE I 

Distribution of the sample by grade, sex, and administration 
(pre- and post-intervention) 

Pre-intervention Post-intervention 

# of # of # of # of 
students classes students classes 

Total 62 17 52 
Boys 35 29 
Girls 27 23 

15 

Grade 6 29 7 11 3 
Boys 15 7 
Girls 14 4 

Grade 7 19 6 26 7 
Boys 13 14 
Girls 6 12 

Grade 8 14 4 15 5 
Boys 7 8 
Girls 7 7 
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The Unit of  Instruction 

The Spatial Visualization unit of instruction was developed by the 
MGMP. 2 The unit includes ten carefully sequenced activities which require 
approximately three weeks of instructional time (12 to 15 class periods). 
The instructional unit involves representing three-dimensional objects in 
two-dimensional drawings and, vice versa, constructing three-dimensional 
objects with blocks, from their two-dimensional representations. The activ- 
ities deal with fiat views of buidings as well as with isometric drawings on 
dot paper (paper with dots arranged on diagonals rather than rows). In 
most of the activities, the students are asked to perform some fairly 
demanding orientation and visualization tasks. They are asked to mentally 
rotate a building and draw either flat views of the other sides or isometric 
drawings from other corners. Cubes are always available to help a student 
who needs to see the concrete object to be successful. It should be noted 
that none of the activities set for the students during the instruction, 
specifically involved tasks similar to the Building Description Task. See 
Lappan et al. (1984) for illustrations of some of the activities, and see 
Winter et al. (1986) for a complete teacher guide and the instructional 
model employed in the spatial visualization unit for instruction. 

Classifying the Representation Modes 

Following the Burden and Coulson (1981) suggestion, three representation 
modes were used to classify students' responses to the Building Description 
Task: verbal, graphic and mixed mode. A representation mode was 
classified as verbal if the students' message was carried by words. This 
could mean totally verbal or mainly verbal with a diagram which does not 
give any added information. For example, Figures 3 and 4 show three 
students' responses (from the administration of the Task prior to the 
intervention) that were classified as verbal mode, the first and second 
student (Figure 3) used only words, the third student (Figure 4) expressed 
her ideas mainly in words and the diagram did not add to the message. 

A representation mode was classified as graphic if the student attempted 
to communicate by visual drawings accompanied with at most labels or 
numbers. Figures 5, 6, and 7 display several examples of students' responses 
(from the pre-intervention) that were classified as graphic mode. Figure 5 
shows 3 different students' versions of what we refer to as a map plan. This 
idea essentially gives the base and information about how tall to make the 
stack on each part of the base. Once we observed students in the pilot study 
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The bui ld ing is tal l .  I t  looks l ike there are s ta i rs  t ha t  go up 
around the sides to the top, which is tal l .  The o the r  side has 
bas ica l ly  the same pa t te rn .  Each goes up one s to ry .  I t  is 
ta l l ,  y e t  t he re  are a lo t  o f  pa r ts  wh i ch  are low to the 
ground.  The back is even all the w a y  up but  i t  is not  the  
h ighest  pa r t  of  the bui ld ing.  In the f ron t  be fore  the t o w e r  
there  is a p la t f o rm  l ike s t ruc tu re  and there  is ano the r  one 
on the side. Both p la t f o rms  are about  equal  to one s t o r y  
high. The h ighes t  par t  o f  the bu i ld ing  is the midd le  and 
about  3 s to r ies  high. There even could be a balcony on the 
o the r  side. 

8TH G R A D E  G I R L  

I t  is made up o f  I0  red blocks o f  about  I inch bV. I inch. I t  
is about  3 inches w ide  and 3 inches tal l .  The bui ld ing has 3 
levels o f  blocks, i f  you were  to take 8 o f  i ts  blocks and put  
them t o g e t h e r  you could make a cube. But, one block has 
been s tacked  upon ano the r  to make so r t  o f  smoke s tack .  
The o the r  2 blocks s t ick  out  f rom 2 side. 

8TH G R A D E  BOY 

Fig. 3. Two students' attempts, prior to the instruction, classified as verbal mode. 

There is a bui ld ing t ha t  I wou ld  l ike to tel l  you about.  Fi rst  
o f  all i t  has many d i f f e r e n t  s tor ies .  2 o f  them are 2 f loors  
high, 3 o f  them are j u s t  I s to ry ,  and one in the middle is 3. 
The buildin~l is red. The bui ld ing is made o f  cubes. On the 
le f t  hand side you don' t  put in a cube in the f r on t  then you 
put  I in the middle and 2 behind t h a t .  I t  is eas ie r  i f  you do 
i t  in r o w s  so t h a t  is the f i r s t  row.  In the second row  i t  
cons is ts  o f  6 cubes the re  is one by i t s e l f  in f r o n t .  Then 
behind t ha t  the re  is 3 pi led on top o f  each o t h e r  then 2 
cubes behind tha t .  Then in the 3rd row there  is o n l y l  cube 
and t h a t  is in the 3rd space back.  The w h o l e  b u i l d i n g  
cons is ts  o f  I 0  cubes. Remember they  are red. Here is sor l  
o f  a p ic tu re  but please remember  th is  bu i ld ing is s tand ing  
up. 

7TH G R A D E  G I R L  

Fig. 4. A students' attempts, prior to the instruction, classified as verbal mode. 
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7TH GRADE BOY 6TH GRADE BOY 7TH GRADE BOY 

Fig. 5. Three students' attempts, prior to the instruction, demonstrating the idea of a "map 
plan" of a building. 

El 
0 Cl 

Cloca i 
I~I Cl.O 

on 0npl2 I~ 
0 0 o 0 1  ~ n 

O 

O 

6TH GRADE BOY 

Fig. 6. A students' graphic attempt, prior to the instruction, to represent the building with flat 
view. 
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6'i"I-I GRADE GIRL 

Fig. 7. A students' graphic attempt, prior to the instruction, to represent the building with flat 
views. 

using this efficient method of representing a building, we incorporated this 
idea into the instructional material. Figures 6 and 7 present 2 students' 
attempts to represent the building with flat views. Figure 8 displays a 
student's attempt to show the three-dimensionality of the building. 

A representation mode was classified as mixed if the student used both 
words and drawings in attempting the Building Description Task. Figures 
9 and 10 present 3 examples (also from the pre-intervention) which were 
classified as mixed mode. 

Using the above criteria, the authors independently classified the students 
responses. In 97% of cases, complete agreement was found among the 
authors. Disagreements about the remaining 3% (4 students) were related 
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621{ GRADE BOY 

Fig. 8. A students' graphic attempt, prior to the instruction, to show the three-dimensionality 
of the building. 

to classifying them as either mixed or graphic modes, and were resolved by 

reexamining the students papers. 
As can be seen from the examples in Figures 3 to 8, the verbal and 

graphic modes may be considered as the ends of  the visual/non-visual 
continuum of a type suggested by Richardson (1977). In contrast, the 
mixed mode encompasses a range of representation modes in-between the 

two ends of  the continuum, as can be seen from the examples in Figures 9 
and 10. 

Determining Successful Performance 

An attempt on the task was considered successful if the building could be 
re-created using the information communicated by the student. For  exam- 
ple, Figures 11, 12, and 13 present 3 attempts (from the post-intervention 
administration) that were classified as successful, each with a different mode 
of  representation. Additional examples of students' successful attempts are 
those presented in Figures 4, 5, and 9 (top). Using this criterion, the 
authors rated all the responses independently. Agreement was found on all 
the cases except for two which were verbal. In both cases, they were rated 
as successful after further examination. It should also be noted that four 
other cases were rated as successful by all the authors even though they 
contained some incorrect information among the isometric corner views 



132 DAVID BEN-CHAIM ET AL. 

P~ 

There are 6 blocks on the bot tom layer  placed in the form 
shown above. On the second layer  there are 3 blocks placed 
on top o f  blocks A, B, and E. On the top laye r  t h e r e  is I 
block placed on top of the block on top of block E. 

8TH GRADE GIRL 

Oi e. 

7TH GRADE BOY 

Fig. 9. Two students' attempts, prior to the instruction, classified as mixed mode. 

given. Nonetheless, they included other correct descriptions by which one 
could re-create the building. All these four cases were from the post-inter- 

vention administration of the Building Description Task. 

Results 

A representative sample of  student performance on the Building Descrip- 
tion Task prior to the intervention is presented in Figures 3 to 10. These 
descriptions show that students ranged from straight forward attempts to 
draw and describe what they observed to be very fanciful interpretations of 
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7'V~ GRADF. BOY 

Fig. lO. A students' attempt, prior to the instruction, classified as mixed mode. 

D 
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I .  First  I would  w r i t e  and tel l  my f r iend  how m a n y  cubes 
there~are in all. 

2. Then I would  w r i t e  to tha t  person to m a k e  one stack w i th  
three  and two  stacks wi th  two and ~hree w i th  jus t  one. 

3. Then I would  w r i t e  to tha t  person to t a k e  the s tack of  
t h r e e ,  and one of  two  on any f la t  side of  the stack of  
three .  

4. Then I would  w r i t e  to that  person to take  one of  the stack 
of  one cube (one cube) and put it on the r ight  side of  the 
stack of  two .  

5. Now I would  wr i t e  to the person to take  the o ther  stack of  
t w o  ( the ex t ra  one) and put it on the le f t  side of  the stack 
of  t w o  connected to the stack of  three .  

6. Then, I would  w r i t e  to them to take  one cube (s tack  of  
one),  and place it on the lef t  side, r ight  next  to the stack of  
three .  ( r e m e m b e r  le f t  side). 

7. Then I would  w r i t e  to them to take  the last cube and put it 
s t ra ight  in back of  the stack of  th ree  and then the building 
is built .  
During the whole  wr i t ing  they would  be sending the paper  
back fo r  me to wr i t e  down more.  

7TH GRADE GIRL 

Fig. 11. A students' verbal attempt, after the instruction, rated as successful performance on 
the Building Description Task. 

the building. One student, an 8th grade girl, described the building in words 
such as: " . . .  stairs that go up around the sides to the top", "a  tower", "a 
platform" and "a balcony" (see Figure 3). Another student, an 8th grade 
boy, fantasized: "I t  is one of (the) largest buildings in the world. It looks 
like something out of the f u t u r e . . ,  the building itself has over two 
thousand offices in it." Other students drew buildings complete with 
windows, doors, paths, landscaping, and even television antennas. Students 
estimated heights: "My building is 30 feet tall. It has three stories. Each 
story is 10 feet t a l l , . . . " ,  or estimated area: "the base of the building covers 
fifteen acres of land", and other characteristics of the building. The 
students who stressed reality included such detail as "Its red cubes are 
taped together and have circles on the sides of t h e m . . ,  the cubes are hard 
and don't  move." Furthermore, Figures 14, 15, and 16 show several 
student's graphic attempts to represent the building, each of which has 
some basic underlying misconception. In contrast, as regard to post-inter- 
vention, most of the students used map-plan, flat views and isometric views 
to describe the building. Figures 11, 12, and 13 include a sample of  typical 
student responses from the post-intervention, in particular, the mixed and 
graphic mode. 
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7TH GRADE GIRL 

Fig. 12. A students' graphic attempt, after the instruction, rated as successful performance on 
the Building Description Task. 

Overall, the attempts by students both pre- and post-intervention in- 
cluded a variety of types of representations. These can be considered as 
points lying somewhere along a continuum ranging from completely verbal 
to purely visual representation of the Building Description Task. Classifica- 
tion of the student responses by representation mode yielded the results 
shown in Table II. The percentages of students that were classified as using 
verbal, mixed or graphic representation mode are presented for pre- and 
post-intervention, The totals for the sample are reported and then are 
broken down by grade and by sex, separately. The number of boys and 
girls in each grade level did not warrant a meaningful break down by sex 
and grade. 

Table II indicates that the total group on the pre-intervention data were 
fairly equally split among the three modes of representation. The interven- 
tion nearly eliminated the verbal mode and moved the group strongly 
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To cons t ruc t  the bu i ld ing you must  use I0  cubes. First  you 
take  3 cubes and s tack them up. Then take I cube and pul  i t  
r i gh t  beside the o the r  3. Build a s tack o f  2 cubes. Put them 
nex t  to the stack o f  3 on the opposi te  side. Take ano the r  cube 
and put  i t  on the le f t  side o f  the s tack o f  3. Take 2 cubes, 
s tack them up and put them on the le f t  side o f  the o ther  s tack 
o f  t w o .  Now take I cube and place i t  bes ide the s tack o f  2 
t ha t  is behind the stack o f  3. 

flMuo.v" 

7TH GRADE GIRL 

Fig. 13. A students '  mixed mode attempt,  after the instruction, rated as successful perfor- 
mance on the Building Description Task. 

toward the graphic end of the continuum. The grade by mode and sex by 
mode breakdowns show a similar pattern of movement toward the graphic 
representation. However, the grade by mode pre-intervention data shows 
significant differences in the distribution among modes of each grade level 
(chi-squared statistic is 11.91, with 2 dr, p < 0.018). Sixth graders preferred 
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7TH GRADE BOY 

6TH GRADE GIRL 

Fig. 14. Two students' graphic attempts, prior to the instruction, showing difficulties in 
representing parallels and perpendiculars in space figures. 

mixed and graphic, while seventh graders preferred verbal and eighth 
graders preferred verbal and mixed. There are no significant differences by 
grade levels on the post-intervention data. 

The pre-intervention findings also indicate that there are no significant 
differences between boys and girls in their mode preferences. In fact the 
boys and girls split very evenly among the three modes. In contrast, on the 
post-intervention results, significant differences among boys and girls are 
observed (chi-squared statistic is 9.08, with 2 df, p < 0.011). While girls 
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6TH GRADE GIRL 

7TH GRADE BOY 

I 7TH GRADE GIRL 

o4' ~ ~ " "  
Fig. 15. Three students' graphic attempts, prior to the instruction, showing problems of 

awareness of hidden portions or the 3D of the figure. 
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Fig. 16. A students' graphic attempt, prior to the instruction, showing problem with depth 
perception and flat views. 

TABLE II 

Mode of representation (% of students) by grade, by sex, and by administration 
(pre- and post-intervention) 

Pre-intervention Post-intervention 

Verbal Mixed Graphic Verbal Mixed Graphic 

Total 32.3 37.1 30.6 1.9 32.7 65.4 

By grade 
6 17.3 37.9 44.8 0.0 63.6 36.4 
7 52.6 21.1 26.3 3,8 23.1 73.1 
8 35.7 57.1 7.2 0.0 26.7 73.3 

By sex 
Boys 31.4 37.1 31.5 0.0 17.2 82.8 
Girls 33,3 37.0 29.7 4.3 52.2 43.5 
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TABLE III 

Success on the task (% of students) by grade, by sex, and by 
administration(pre- and post-intervention) 

Pre-intervention Post-intervention 
% correct % correct 

Total 25.8 82.7 

By grade 
6 31.0 81.8 
7 21.0 73.1 
8 21.4 100.0 

By sex 
Boys 25.7 89.7 
Gids 25.9 73.9 

employed fairly evenly mixed and graphic modes, boys strongly preferred 
the graphic mode. 

Table III shows the percentage of students who were successful on the 
Building Description Task by grade, by sex and by administration (pre- 
and post-intervention). The pre-intervention data indicate that the success 
rate was only 26% whereas after the intervention, the success rate rose 
remarkably to 83%. Similar gains are found in the by grade and by sex 
breakdowns with no significant differences among grades or between sexes. 
Further examination of mode by success reveals that for students using 
mixed mode, only 8 of 23 (35%) were successful before the intervention, 
whereas 13 of 17 (76%) were successful after the intervention. For students 
using the graphic mode, only 4 of 19 (21%) were successful before the 
intervention, whereas 29 of 34 (85%) were successful after the intervention. 
Only one student, a 7th grade girl, employed the verbal mode after the 
intervention and her attempt was successful (see Figure 11). 

DISCUSSION AND CONCLUSIONS 

Prior to Instructional Intervention 

Evidence obtained from the students' attempts to perform the Building 
Description Task prior to the instruction indicates that middle school 
students, grades 6 through 8, can and do use spontaneously a variety of 
types of representations. These included verbal description, a graphic 
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drawing of the side views or perspective drawings, descriptions by layers, 
coded orthogonal views and mixed strategies. Similar tasks were presented 
by Gaulin (1985) to 10--18 year old school children in Quebec and by 
Burton et al. (1986) to mathematics teachers-trainees in London, Sydney 
and Melbourne. They both report a variety of types of representations, 
consistent with those of the present study. 

The pre-intervention results show that there are significant differences 
among students in different grades in their preference of representation 
modes, with 6th graders preferring the more "efficient" visual end of the 
visual/non-visual continuum. The slightly higher rate of success of the 6th 
graders versus 7th and 8th graders may be explained by the 6th graders' 
preferences of the mixed and graphic mode. However, there are no differ- 
ences between boys and girls in their choice of representation modes, which 
are in agreement with the findings reported by Burden and Coulson (1981) 
and Burton et al. (1986). Interestingly, the pre-instructional data of the 
present study tend not to support Willis (1980) contention (based on a 
review of the spatial ability and hemispheric processing literature) that 
males and females tend to prefer different modes of analysis, with females 
preferring a verbal mode and males a non-verbal mode. Approximately the 
same proportion of males versus females preferred verbal representation at 
each of grades 6, 7 and 8. (The post-intervention data show a difference 
with girls splitting between mixed and graphic and boys strongly favoring 
graphic representation.) 

Another important finding is that regardless of grade and sex, only 26% 
of the sample are able to successfully perform the Building Description 
Task prior to the instructional intervention. When the MGMP Spatial 
Visualization Test was administered to the same population of students, a 
similar overall poor performance was found (Ben-Chaim et al., 1988). 
However, in contrast to the present study, there were significant grade and 
sex differences. These conflicting findings on grade and sex differences could 
be attributed to the differences in the type of tasks posed, in particular, the 
mode of task presentation. In support, in a review of sex differences in 
spatial ability, Linn and Petersen (1985) conclude that "the magnitude of 
the [sex] difference depends on the test used" (p. 1488). In addition, they 
indicate that "sex differences may result from differential rate of rotation, 
differential efficiency in strategy application, differential use of analytic 
processes, or differential caution" (p. 1489). 

The results of students' attempts to draw the building, particularly prior 
to the instructional intervention, remind us, as indicated by Bishop (1983) 
and Parzysz (1988), that problems with visual symbolism are not trivial. 



142 DAVID BEN-CHAIM ET AL. 

The three-dimensional drawings attempts exemplify the type of difficulties 
that students have in the plane representation of spaec figures. For exam- 
ple, Figure 14 provides evidence to support Mitchelmore's (1983) notion on 
the problem that children have in representing parallels and perpendiculars 
in their drawings in space. Furthermore, Figure 15 illustrates the problem 
identified by Ben-Chaim et al. (1985) as the students' lack of awareness of 
either the three-dimensionality or the hidden portions of the building. 
Figure 16 shows another difficulty related to depth perception and drawing 
flat views of the building. There is evidence that these types of difficulties 
persist even for adults (Burton et al., 1986; Baldy, 1988). 

After Instructional Intervention 

One of the purposes of this study was to determine whether students' 
preference for representation mode and rate of success on the Building 
Description Task would be affected by training in spatial visualization 
activities. The results of this study demonstrate that middle school students, 
grade 6 through 8, regardless of grade level and sex, dramatically improved 
their performance after three weeks of instruction in spatial visualization 
activities. These activities did not specifically involve tasks similar to the 
Building Description Task. However, students were taught to represent 
buildings by three graphic schemes: the map plan, flat views and isometric 
views. Obviously, the post-intervention data indicates a "near" transfer (as 
defined by Mayer, 1974) in that most of the students moved toward the 
graphic mode and that the verbal mode was almost eradicated. In fact, four 
weeks after the instruction, many students provided successful fiat views 
and satisfactory isometric views in addition to a correct map plan. Both 
"near" and "lateral" transfer of the training were evidenced from the 
post-intervention administration of the MGMP Spatial Visualization Test 
(see Ben-Chaim et al., 1988). The language and activities used in the 
instructional unit seemed very natural to the students. This could partly 
account for the positive effect of the intervention. 

Relative to the conflict in the professional literature in regard to the 
training effects, the effect found in this study is in agreement with those 
claiming that spatial visualization skills can be improved by training (see 
previous section on review of related studies). It should be noted that a 
significant positive training effect was also evident in students' performance 
on the MGMP Spatial Visualization Test. In addition, a persistence over 
time of the effects was demonstrated. Given an opportunity to make 
concrete representations with cubes, middle school students, regardless of 
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grade level and sex, remarkably improved their ability to successfully 
communicate spatial information such as a description of a building made 
up of small cubes. In view of  the poor performance prior to the instructional 
intervention, it is suggested that such concrete experience should be provided 
for children in the middle grades. 

As to the issue of sex differences in spatial visualization, the post-interven- 
tion data indicates that even though both boys and girls made substantial 
gain, it appears that they responded differentially to the training, particularly 
with respect to mode preferences. Boys moved more sharply than girls 
toward the graphic mode, which is considered as the more efficient mode. 
The girls tended to split almost evenly between the mixed and graphic 
modes. Linn and Petersen (1985) attempt to explain observed sex differences 
on spatial tasks by relating to the selection and efficient applications of 
solution strategies. They claim that the "pattern of sex differences could 
result from a propensity of females to select and consistently use less efficient 
or less accurate strategies for these tasks" (p. 1492). The present sex 
differences in mode preferences may be explained similarly. However, further 
studies are needed to investigate the relationship among modes of represen- 
tation, strategies used and efficient application of the solution strategies. 

SUMMARY AND IMPLICATIONS 

The evidence from the present study strongly suggest that even though 
students in grades 6 through 8 are familiar with a variety of types of 
representation modes, they have a great difficulty in successfully communi- 
cating spatial information related to a building made up of cubes. However, 
after instructional intervention in spatial visualization activities, students' 
rate of success rose dramatically regardless of grade level or sex. This 
suggests that spatial visualization training in particular concrete experiences 
with cubes - building, representing in two-dimensional drawings, and 
reading such drawings - should be a part of the middle school curriculum. 
In addition, in order to acquire a more comprehensive view of students' 
spatial ability and individual differences related to this domain, it is 
necessary to design measures that include both figural and non-figural tasks. 

NOTES 

i This article is based on a paper presented by the first author at the tenth Psychology of 
Mathematics Education in London, 20-25 July 1986. 
2 The Middle Grades Mathematics Project (MGMP) is a curriculum development project 
funded by the National Science Foundation Development in Science Education, Grant 
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# SED80-18025. The staff of the project: Glenda Lappan, Director; William M. Fitzgerald; 
Elizabeth Phillips; Mary Jean Winter; David Ben-Chaim, Alex Friedlander; Zaccheaus 
Oguntebi; and Pat Yarbrough. 
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