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EETEIT [ RET T Mo ST LF Recent research by Rivera and Sinclair et al. Shows the impact of spatial

abilities on achieving different goals in different fields of study and real life, and suggests the need to
extend its learning to all levels of education. Traditional approaches to teaching geometry based on the
classification of shapes and objects and their properties have been intuitively focused on ultimately formal
proof. Currently, more emphasis is placed on spatial abilities such as mental rotation, representation of
three-dimensional objects, and coordination of motion and position. Incorporating such abilities into
textbooks plays an important role in students' understanding of the concepts of geometry.

Structure of Observed Learning Outcome (SOLO) is one of the most practical theories that falls into the
general and local frameworks of cognitive development. The importance of this theory is that it can assess
students' understanding of a subject at all ages. The aim of this study was to investigate the ability of
students' spatial skills in solving one task and to analyze their responses based on SOLO taxonomy. Solo
theory is one of the theories of mathematical education, which has a great application in our cognition of
mathematical understanding and math learning of students.

M The research method is descriptive of survey type .A question of the Purdue standard
questionnaire on spatial visualization has been selected which its formal and content validity has been
confirmed by 3 math education professors and 4 teachers of geometry. By using the criterion of Cronbach's
alpha, this approximate reliability coefficient(0.9) was obtained.The participants in this study were 498
students from the tenth, eleventh and twelfth grade students who were selected randomly in a multi-stage
cluster of theoretical and technical schools in Bushehr.

m The results show that in the field of visualization 59% of students in ordinary schools are in
a unistructural level. In this regard, none of the technical students reached multistructural and relational
levels. While analyzing responses, their thinking patterns, multiple solutions, strategies and common
misconceptions have been analyzed. The results of the study are very important for the planners, the
authors of the textbooks and the researchers.

The SOLO model helps teachers assess student learning outcomes and assess students'
understanding. In order to improve students' understanding of spatial visualization and increase spatial
skills, it is suggested that such issues be used in curricula and textbooks. The use of dynamic geometry and
software is effective in better understanding spatial visualization, as shown by research by Demir and Ildiz.
The use of the solo model is also suggested to researchers and teachers to assess students' understanding
of a subject.
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Tablel: Global stages of cognitive development[4]
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Table 2: Description of modes in the SOLO model[11]

A person reacts to the physical environment. For
the very young child it is the mode in which
motor skills are acquired. These play an
important part in later life as skills associated
with various sports evolve.

Sensori-motor:
(soon after birth)

A person internalizes actions in the form of
images. It is in this mode that the young child
develops words and images that can stand for
objects and events. For the adult this mode of
functioning assists in the appreciation of art and
music and leads to a form of knowledge referred
to as intuitive.

Iconic:
(from 2 years)

A person thinks through use of a symbol system

Concrete .
symbolic: such as written language and number systems.
(frZ)m 60r.7 This is the most common mode addressed in
ears) learning in the upper primary and secondary
4 school.
A person considers more abstract concepts. This
Formal: can be described as working in terms of
(from 15 0; 16 ‘principles’ and ‘theories’. Students are no longer
cars) restricted to a concrete referent. In its more
v advanced form it involves the development of
disciplines.
Post formal: . .
(possibly at A person is able to question or challenge the

fundamental structure of theories or disciplines.
around 22 years)

() Relational
° Multistructural

xtended abstract

Unistructural
[ ]
Prestructural

[#] gomr (o aio ) S
Fig.1: SOLO taxonomy([6]
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Table 4: The comparison between Van Hiele geometrical thinking levels and SOLO

levels[15]
Van Hiele levels SOLO levels
Prestructural
Visualization Unistructural
Analysis Multistructural

Informal deduction Relational

Formal deduction Extended abstract

Rigor

gy Gl i ljgaliils diges Jlgl b g8 D Jgaz
Table 5: Frequency distribution sample of students in Bushehr city

Grade Number

Tenth(theoretical) 56
Eleventh(theoretical) 28
Tenth (technical) 48
Eleventh (technical) 99
Twelfth(experimental) 100
Twelfth(mathematical) 167
Total 498

D C

)
L
4
P
A B

Formal
Mode ,

Concrete
Symbalic

Maode / ‘\\‘ | /'
Ikanic /

Mode 5

(] ppoles = (oiwe b by ai o gebans (6 laged iales ¥ U5
Fig. 2: Diagrammatic representation of levels associated with the concrete
symbolic mode[4]
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Table3: The process of developing skills and abilities of learners through the
levels of SOLO[12]

Surface learning Deep learning

Pre Unistructur Multistructu Relation Extended
structural al ral al abstract
Concrete facts —» —»—» Abstract
ideas
Few organizing dimensions —% —  Many
organizing
dimensions

—>»—>—> Maximal

consistency

No use of organizing —» —P» Complex
principles use of
organizing
principles
Low cognitive capacity —r—>—> High
cognitive
capacity

Minimal consistency

No relationships —P»—»—» Low need

for closure

High need for closure —»—®—  Low need

for closure
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Table 6: The results of students’ SOLO levels in the 10th and 11th grade of
secondary gifted high school in Bushehr.
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Fig. 3: The sample of students’ answer in the 10th grade at the uni structural level.
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Fig. 4: The sample of students’ answer in 11th grade at uni structural level.
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Fig. 5: The sample of students’ answer in the 10th grade at the multistructural level

SOLO levels Grade 10* Grade 11t
Prestructural(%) 5(9%) 1(3%)
Unistructural(%) 23(41%) 7(25%)

Multistructural(%) 18(32%) 12(43%)
Relational(%) 10(18%) 8(29%)
Total 56 28

A5 Ol @03k 5 020 4y ligelails gy ol S Y o
Table 7: The results of students’ SOLO levels in 10th and 11th grade of Bushehr

technical.

SOLO levels Grade 10th Grade 11t
Prestructural(%) 10(21%) 11(11.2%)
Unistructural(%) 38(79%) 88(88.8%)

Multistructural(%)
Relational(%)
Total 21 126

s e (275 5 (2l y 33lg0 aly (l3lsls g ol @S A Jyar
Table 8: The results of students’ SOLO levels in the 12th grade of mathematical

and experimental Bushehr schools.

SOLO levels Grade 12th(math.) Grade 12th(exp.)
Prestructural(%) 20(12%) 16 (16%)
Unistructural(%) 81(48%) 36(36%)

Multistructural(%) 32(19%) 30(30%)
Relational(%) 34(20%) 18(18%)
Total 167 100
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Fig. 7 : The sample of students’ answers in the 10th grade at the relational level
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Table 9: Students' strategies

(Description)zms s (Strategies) 3! funt
Fol
(]
> The students added a row at the bottom of the original shape and
applied the Pythagoras' theorem.
F
A
o
D
2] > The students drew the axis of symmetry and then transferred points
/ Q, half-unit and then used Pythagoras' theorem.
i~
F
P
4
i) N
\ > The students used the helping point to transform shapes from 3d to
) 2d with creativity, then applied the Pythagoras' theorem,
PO =PN +NQ =12 +2% +1> +2% =25 .
PT\
A N
P
\ > The students added a row above the main shape and moved P to the
D top of the shape and then used Pythagoras' theorem.
o)
P
4
D N
x X > The students made the cylinder and connected P to N and N to Q, by
\Q
- using the similarity and Pythagoras' theorem , x =4/1.25 , and
so PO =441.25 .
1
P " 5
4
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Table 10: Misconceptions of students

(Description)zme 9 (Misconceptions) g3

) P o ) o

"] o > The students didn't understand the problem (unit concept -
the concept of the path-the shortest path): the student
moved through the grid lines and chose the short path, an
other student took the unit square and chose the shortest

path.
P P
4 B A 8
o (4 D o
o [} > The students solved the question in 2-D dimensions and they
/= didn't pay attention to the 3-dimensions of the problem: the
students had chosen direct movement this is higher than the
/ 1 previous stage.
P
./""r
F Pl
4 B A B
D C D C
&) g > The students considered the 3 dimensions of the shape, but

they made the cylinder incorrect: the student has formed the

cylinder incorrectly; some of them continued to find (in spite

\ of the wrong shape of the cylinder) the correct solution, but
.

often failed to answer.

=

a
[~
=]

I Q | 1 “Q > They formulated the cylinder correctly but didn't have the
right strategy: the student was looking for the curve length
calculation, while this isn't in the field of his knowledge.

Q

> The shape of the cylinder was correct, but according to the
I shape they assumed that the ant initially moves 4 units to the
I right and then flies directly to reach Q.

5
| P=27r=5->2r==
| 3
502 42 2 502 42
Coa x| (E) +4% =|PQ[" - PO = (E) +4
[=]

PO =+/18.25 =427
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