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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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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
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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.

)

|
|

|

1
L

A

L]

qu.kL_\, e LT

S A

e

Gl S5 mhaws 50 @20 b Glisel Ll Fuly digas ¥ S

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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Fig. 9: Comparison of Solo levels students’ responses (a, b, ¢, d)(%)
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ABSTRACT
EEL AT [ RET N0 J IG5 In recent years, we have witnessed a dramatic growth of digital gaming

media in entertainment and popular culture. Games are firmly entrenched in human culture and have
Submitted: 10 May 2018 consistently impacted their social life and leisure on an unprecedented scale. One of the achievements
Reviewed: 15 June 2018 of digital gaming media is that it stimulates issues beyond entertainment. In general, the game can be
Revised: 11 November 2018 described as a voluntary activity in which the player has freedom of action and can enter or leave the game

at any time. An emerging strategy in the field of play is gamification, but gamification is slightly different
Accepted: 18 November 2018 from normal play. Gamification can be defined as the use of gamified thinking in areas that do not have
the nature of play, which is created to create interaction and motivation in people to achieve the desired
goals. Nowadays, gamification has been turned into a strong motive tool to engage and increase users’

KEYWORDS: participation in the educational systems. Previous research indicates generally the importance and efficiency

Gamification of gamification methods to improve educational processes, but in these researches, the characteristics of

E-Learning each audience and its effect on their behavior were not investigated. In this research, we attempt to study

Data Mining individual characteristics such as their gender and education background on their effectiveness rate from
. gamification.

Game Base Learning

Business Intelligence m For this study, we designed an educational system based on gamification approach named

as “Elenow” and gave it to the students (N=41) who were studying “Technical writing and presentation
method” course. Elenow is a web-based system which is accessible on users’ mobile. In addition to the
data collected by Elenow system, a questionnaire was given to the audiences and asked them about the
effectiveness of gamification process implemented by the Elenow system. Also, the information about the
students’ educational background was extracted from the university educational systems.

* Corresponding author m The most important findings of this research revealed that the individual characteristics of
= m_neshati@sbu.ac.ir audiences are significant factors on their effectiveness from gamification. Therefore, we can’t consider a
single approach for all individuals participating in a gamified activity.

The most important results of this research are: as the audience of educational systems
has different individual characteristics, such as gender, the effectiveness of each element of the designed
gamification is different for them. Also, their level of interest and satisfaction with the elements of
gamification, such as; signs, points, etc. are not the same; therefore, in designing gamified mechanisms for
educational purposes, a single version cannot be considered for all audiences. For this reason, it is important
to consider these features in gamified designs. In particular, some symptoms motivate female students and
others motivate male students. While women get better feedback than homework-related symptoms, men
are more interested in receiving skill-related symptoms.
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Table 1: The most important elements of the gamification

Term Definition

Points Numerical unit showing progress

Badges The visual icon derived from the achievements
Leaderboard Display ratings for comparison

Progression Steps indicating the progress

Status An alias text that shows progress
Levels Environments that become progressively difficult
Rewards Tangible rewards, items are desirable.

Roles Personality elements of play role

Ol 55 a8 el pis S 53 el 00l ey s ol
Sl oudatiie 3b (il Lawgs oS eghan (o515 50 05k
e 5o IRE 5 ome (ol At Calid;o 5 Wsd (o0 50
355 ootV slldbgls codlab |, (s olgiise SIS gk [Y] €5 o
@ Sy 2850 12 Al o g 0,10 Joe sol3T o] 0 (So5b oS [v,f]
Lol s gl o5k o))y it

Ll ol (S 63l wssl 05> 5o sk Jb 5o sl S
L SSsil o) gl gole 2l o 65k b (o5 (S5 sik
S plaain) )3 L5655k SSE 5 3 Sl eslinl (pme 4 Glgi oo
05551 g Jolas ol jolareas a5 [£,V] 05 Gy v 05,05 (5L conls
3929 b ol ool dgg au HLa30 90 CBlaal a4 s, (sl wlydl js
oxd @l Plasl o 4 o SFsik 23 sladle jo o)
S el (s3b; et lleglyieds s iz pophe S Ll ol
2 ks (S5s5 g5k eadaislil slalpl 5l aS gaas, 5 oLis |
Uael 3L slolas 4l ol ay g 99 oo ooliul Lis sl i)
(VRN O 0908 o

2D e (SFeil jo pen Slpl 50 ik o5l 5 SIS
Sk Sl bagl & a8 cenl (18 g wslgd 6 o il 3k
a6, 5000 il Sl Gl b ) o (elas 4 5 asS
S NI angS o3 prlse | ams o lis T blie o 045
Fsamas, Jsaz Tokiel (las 165l sl p3lSe (n5dg 20 )
B yslanz @ Ol 163k Sl alozl 5 wis Frsla
Iy aiws g0 oyl Sladsd 5 (g kas j0 0,5 o )Lil Vo ,0535L ¢ £ jgkiws
)8 5 5145 S e ol (3L polis lyieas il Sl g0 S oS 5
4 P g pstems il ) a8 (s lapsSil (Lt & (s i
W co plid |y S8 iy a5 soae wxly sl w8 e 3l S50
&l ol bl bl 21y GLSu3L slaass; a5 s ganas; Jooo
DVYT el S5l codlad 0,555 o34 5 831 anmlie
Sy el wuld e gl (0,5 15,0 b Ghegh o
Jos & sl lacdld cod) Loy aldbgls plxil 4 lagy|
obs) @bl oeter sloteg a2 cul Wil SIS Gial38)
Grai )50 S 5 (sages Djgon Bisel oy end (gile aisTis3l
claaius 5l Sy e lp b oe,y ol 2L LVENA] Wlesls 13
330 (30 b () Sz wiile (ine (693 Sla Sy oS (mble
Lol 18 55 518 o) 2

el 25 T 4 (S ol (et

Sl 5o Sz Bl jll 8l (pasd 5 608 sla Shg Ll @
Al 65Kz )8, sla Sy cnl ol 50 (SisF sk 5 !
0,108 oo

LT ol @ige (Kb polie 4 cuns oLbbw 3,5 @
Sl 38 3B sl (5,55 sl (5.8 sla S

Okl JB3) » (S 63k slaplal b o @ e ol o
5 o Sl ool lall s walys a3l 8jse] piees
adly az ST .col Glish o «layr (55505 lge jo )18, Lo



S.A.H.Hosseini Anari and M. Neshati

‘;bwamj J}L/WM/‘-‘/M

i9e] Blae 5 G390l 13 (KsFs3k 3L b s e sla)lS 5l slaadls Y Jgu
Table 2: Summary of works related to the effect of gamification on learning and educational issues

Size of the

. . Durati f | ts of th
Author Year Topic statistical ura.wn.o € eme.n. s o. © Results
. examination gamification
community
Results showed that using
Nehring, Natalia, Improving students' the tool (both voluntary and
N|qu§r Baghaei, 2018 perfor(naqce through 180 11 weeks Gamification compu’lsory) improved
and Simon Dacey gamification: a user elements students’ performance and
[32] study they found it valuable for
their learning.
The results illustrated the
significance of the individual
Need-supporting nature of motivational
Bieke Zaman 2018 | 40 15 weeks were implemented . 8
assessment of X motivation measurements,
[33] A in Google+
motivational effects over and the relevance of the
time implemented game
elements’ design
characteristics
Gamification Effects on
Papp, Theresa A Motlvatlor? an‘d Gamification Studgnts. expressed increased
(34] 2017 Learning: Application to - Two years clements motivation and engagement
Primary and College at both the primary and
Students
De-Marcos, Luis, Results suggest that social
Antonio Garcia- Towards the Social 374 gamification can be used to
Cabot, and Eva 2017 Gamification of e- - - improve the overall academic
Garcia-Lopez Learning: a Practical performance in practical
[35] assignments and to
Seixas L, da Rocha, Effectiveness of Stz:et:]:rziszﬂz:z:[ :?j:led
Gomes AS 2016 gamification in the 40 Education year Badge . 628 X
motivate them using data
[36] engagement of student L .
mining and clustering
. . In the use of the elements of
. To examine the specific e
T. K. A. Hakulinen, elements of the the gamification elements
Lasse; Auvinen 2015 e L. . 80 16 weeks Badge, leaderboard must be careful, in some
gamification and their )
[8] effect cases, they have a negative

effect.
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Table 3: Badge

The nature of the

element (domain) ROW Name Description Badges
1 Actor This badge will be given to the student only for participation in
assignments
Assignments 2 Thinker This badge will be given when all the questions of homework are
answered correctly
3 Clever This Bat::ige will be given when all 3 questions are answered ﬁ
correctly. TS
4 Critic This badge will be given when you write a criticism about other E
groups.
Participation s
Badge will be given when you write a criticism and it should get
5 Professional critic more than 7 likes, while for those who receive this badge, they
earn 50 points per each like.
This badge will be given to a group when receives more than 70%
6 Lecturer L .
of the score just in one of the four sections.
. . . . . o 5
Presentation 7 Golden rostrum This badge will be given to a group when receives more than 70% "

of the score in all four segments.

This badge will be given to a group when receives average is

1,a>}

o

8 Prof R R
roressor above 95% of the scores in all four sections.
alileal ¥ Jgax
Table 4: Points
ROW Description Amount
1 Points will be given to a student per each question of assignment that is answered correctly 100 points
2 In a tweet when number of likes given to the user’'s comment becomes more than 6, the user will be given 50 points per each 50 points
like.

3 The first comment on each presentations has 100 points. 100 points

0ols (59 lrar A l,s :F ;15

5451y olbosls 0,5 o 50 et pA0LL 55 45 i
S Jdon e U oo muaze 5 (555l mez | osnlccwsd 5 gl ailales
£55 A b 33 oS jsbolon 0nF bl o] 59, 1y 500,50
onl g o Julow g (6 yglann wanl Lasuin ¥ S [0 aS ) el
:Jolis oools

Cdled bl o op Job jo bosls ol et wilol (gloools )
Ol ool oKL o 5 (gyglaer gl wlels L LLsl jo bgoisls
ol 000 >3 o

30 S lasbics o Joami o 50LL o rdolidiwy (sloools .Y
Sy S5 plamtils LIl s ead S5 YT s
ol sl ol soosls wogi oo 2l 0 ol wlolu 4y s | Loyl
oalio p8 ol Judow sl Gle Sledbsl ools oL o dslisuw

a5 1, glanlidion p oeyol Cowd @ Ml wiloles 4 Cond lgzeiils
23518 plgzsils LSl )3 0g Jlgw Ve Juls

@ Samd 1) 093 I3 oS 59y oty Gbgiils 1 ol I A 5
Al )l g5 (Blgo (Blgo (o by B 51 (S o lel
reas 5o i VecVliw (ol Glee p3 08 Gl Wb (LS5
3 sl bl s lelgiear) 03 O lee p "ol wlels 5T e
ol JUCCRSPPRSIG [ W G CC PSSR 9% oo ol 5 Oyl il
Sl 4 (e S 28 e bagLad s Jlelgrea) <8 i e
abolo 5103 cold) ol d9e b (Dl Jlow T g (Wt 2oy
L poy ol gl alel jo codlad 5l Jlolgicas) gy ool o ol
AlaS a8yl s 5 4 la Lt & a7 oadaslys lgmedils 51A I 4o
Gaucaglsl A B Y 5 el 05,5 slowl L 45 1, 05u55] o yien olias
355 Sl 5 DL 4 eealys Lol 51 - Jlges )0 Caled o S
WSS ol BLELL G e abebe ol 8,50 50 1,



Tech. Edu. J. 13(3): 499-510, Summer 2019 (B+0)

VPO loasli oF o )las NV Al o 5 n0] ()5lis oke a4y

loosls (3luSly g o «silwaddls qod iy n (nl 0 )l
sl

Solaz ol gl ailalis by 0,157 Jolos 51 a6 oadsadss pls glaosls
Loy ey el a3 e l5hel condicanS slalis o), 15 ledll
zlil laosls L laools ¢l ccanss pl8 o auwn oyl QIS 4
Gl o2 doliin  sloosls gl s prerd basliioy 5l ouls
sosls wa 5 (Glbbre cols, (lie b)) gooe Oledlbl
osls golad i i oy ol (ylas (guad ) :aiile) (gaiad,
@l Sl slp 5 655 o0 58 oo LS 50 Ghjgel wnld suds
g oo oobe

loosls (gudelad

W oo o (S ALd ¥ 4y gl cnl )o Jelod 590 00l
Sz dle VY (glaz ;) slaosls .Y

Skl asle goae atns slaools Y

Joxe aile goae ding soosls lgisls 