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Abstract

The purpose of this study was to investigate the effect of chess instruction on mathematics
motivational strategies forlearning (MMSL) and error model of students’ problem solving at
different level of education based on Newman model. In this study 180 boy students at fifth,
eighth and ninth grades were randomly selected and divided to the experimental and control
groups. Students at the experimental group were under chess instruction for six months. The
results of MMSL questionnaire showed that,at subscales of Expectancy and Metacognitive
strategies, the score of students in the experimental group was significantly higher than the
control group; but in subscales of value, cognitive strategies and non-informational resource
there was no significant difference. In addition, at the subscale of Affect which is related to
test anxiety, the score of students in the control group was significantly higher than the
experimental group. The interviews analyze showed that firstly, students of experimental
group at the three grades, were more successful than students of control group in problem
solving and in general, achieved 16.9% more progress than control group. Secondly, errors
mean of experimental group, in three grades, was less than control group. Thirdly, interviews
analyze showed that various problems create different models of errors.

Keywords: chess; problem solving; Newman model; motivational strategies

Introduction Ganieh (1985) Finds the problem solving
In addition to being a subject matter, the best possible form of learning and
mathematics is a way of thinking which is defines it as: the process in which the
formed on the basis of being able to learner discovers a Combination of past
understand and display problem position, learned formulas and can use them in such
describing the underlying concepts of the a way that lead him to solve a new
problem, organizing and classifying the problem. Furthermore, he believes that
required information and clarifying the problem solving is not just using or
way a problem may be solved. Not only in applying formula, techniques, skills, and
mathematics education but in other learned concepts of the person’s prior
sciences, the final goal of training is to knowledge and experience in a new
help the learners solve the problems in the situation, but it is a process that brings

relevant field of study (Salih et.al, 2019).
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about new learning(cited in Allamolhodae,

2009).

Much effort has been made by researchers
and instructorsin order to increase the
students' mathematics problem solving
ability by some methods or ways. Chess as
an interesting play and full of creative and
original ideas, has attracted the attention of
researchers as a powerful tool to increase
the ability of mathematics problem
solving, abstract thinking, critical and
creative  thinking,  visualization  or
imagination, and reasoning skills. In his
book called: chess moral, Benjamin
Franklin, sees chess beyond entertainment
and attribute some valuable features to it
such as insight, forethought, precaution
and endurance to achieve desirable results.
These are very important in human life. He
added that chess cause to get and improve
these skills and makes the skill as an
integral part and habit and applicable in all
situations or opportunity, since life is a
kind of chess play (Franklin, 1776). So, we
may claim that Franklin was among the
first pioneers who proposed the hypothesis
that chess enhances the worthy qualities of
the mind and he raised the question
whether chess make humans cleverer or
not(cited in celone, 2001).

Many researchers have argued for
effectiveness and suitability of chess for
educational purposes (Sala&Gobet, 2016,
Jerim et al. 2016, Bart, 2014, Kazemi et al,
2012). Chess gives an optimal tradeoff
between complexity and simplicity, and
also between tactics and strategies which
is very ideal. Chess combines number,
space and time aspects and brings about
more concentration, problem solving and
metacognitive capabilities(Sala &Gobet,
2016). Regarding the reasons for chess
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effectiveness, Bart (2014) argues that
chess playing brings about developing
cognitive skills like attention,
concentration, intelligence and reasoning
and these cognitive abilities are transferred
to other domains and provide the learners
with wide range of skills.

On the reasons for developing problem
solving skills, on the part of the chess
players, Sala et al. (2016) assert that a)
math and chess are isomorphic domains.
by playing chess, pure and abstract aspects
of math concepts are decreased and math
concepts are increasingly managed. b) a
chess player should have high-level skills
such as planning, precise computations,
supervision, and abstract thinking. These
skills are necessary for math problem
solving. ¢) The rate of failure and success
of a chess-player is the result of his mental
calculations and attempt during the game
time and this, in turn, brings about
enhancing self-confidence and ability of
the given person.

With regard to the effect of chess on
cognitive ability, by doing a meta analysis,
Burgoyne et al. (2016) come to the
conclusion that there is a positive
correlation between chess skills and
cognitive abilities like fluid intelligence,
processing speed, working memory, and
knowledge perception. In another meta-
analysis study which was done by Sala
&Gobeth (2016) it was demonstrated that
cognitive ability of students' chess players
was more than non player chess students
as much as half of an standard deviation,
in abilities like reasoning, planning, and
numerical skills. Trinchiro (2013) holds
that attention and concentration of the
students can be increased by chess playing.
This can justify math problem solving
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ability on the part of the chess players. In

fact, the chess player can improve reading
capability and proper interpretation of
math problems. So the students can apply
math knowledge and reflection on his
strategies and activities. Kazemi et.al
(2012) suggested that with teaching chess
to students, below objective will be
achievable:

(@) Students will be able to think about the
problem in a principled and correct way
and will be able to analyze the problem
correctly. In fact, they learn the basic
method and framework of thinking on
problem solving; (b) Practicing and
analyzing  different chess  positions
increase students' ability to understand, be
creative and reason; (c) Students in higher
education can easily relate the complexity
and beauty of chess with pure
mathematics; in fact the complexity of
pure mathematics will be tangible; (d)
Chess gives students the ability not to give
up too quickly when faced with a difficult
problem and to try as hard as they can to
solve the problem. In fact, chess makes
students tireless and hopeful. In the other
hand, chess will create a strong belief
system in the learners.

Kennedy (1998) states that chess develops
students’ metacognitive abilities so that
students can better manage and execute
their thoughts. In addition, it builds life
skills and critical thinking(cited in Kazemi
et.al, 2012). Horgan(1988) also states that
chess is a good tool for problem solving, a
good way to play, study problem solving
and make decisions; because chess is a
system that defined by rules. When faced
with a problem, the first step is to examine
and evaluate the problem as a whole
without paying too much attention to
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detail. In fact, the search for patterns or
similarities with previous experiences,
similarities of judgments may include the
necessary levels of abstract thought. Just
as mathematics may be defined as the
study of structures, it is also important to
know the patterns in chess in order to
solve  problems.  After identifying
similarities and patterns, an overall
strategy can be developed to solve the
problems and generalized if possible. This
involves creating alternatives that are a
creative process. A good chess player, like
a good problem solver, can achieve a wide
range of outlines together. Therefore, all
available problem-solving methods should
be reviewed before implementation so that
the most appropriate solution to the
problem can be selected and implemented.
Good players, like the problem solvers, go
back after the strategy is implemented and
evaluate the outcome of the strategy in
order to increase the level of skill and
expertise and, if possible, to find newer
ways.

Motivational
mathematics
It has been commonly seen that students
who very similar in learning ability and
aptitude are quite different at academic
progress; this difference is not only seen in
learning school subjects but it is also seen
in other non-academic activities. This
aspect of human behavior is related to
motivational area. Recognizing the
concept of motivation and being aware of
different motivation and their effect on
students' learning process may help the
teacher to use better methods in designing
and carrying out her/his own educational
programs. The term of motivation can be

strategies for learning
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defined as a invigorating and director

factor and keeping behaviorSaief (2005).

Seifert (2005) pointed out that motivation
is a tendency to act in a particular way.
Middleton &spanias (1999) assert that
motivation is the same personal
explanations to act or do some tasks in the
forthcoming situations. According to this
theory, success or achievement in
mathematics is greatly dependent on
motivation to do activities. Saief (2005)
pointed out that if students have a high
level of motivation for the learning
subject, then they pay meticulous attention
to the teacher, do their homework
seriously, searching for more knowledge
about their subject matter, and will make
much progress. P. (349). Furthermore
O’Neil &Driling (1994) asserted that many
factors may affect the academic success of
the learners, among which motivation and
learning strategies have more important
roles. Armio (1998) holds that one of the
main reasons why teacher select the
traditional way of teaching is that students
have little or no motivation for learning the
subject.he states that when students do not
show interest in a subject, This can affect
on their performance and attention to the
teacher.When a large number of students
believe that they can not pass the test,this
factor will also affect the teacher. In
addition to students' apathy, The teacher is
involved in other problems as well (e.g.,
low income,Low social status, large
teacher-pupils ratio, ...). These factors
make the teacher simply go for the
simplest teaching method which is the
same as ‘“chalk and talk” and use less
educational tools and teaching methods.

Hannula (2006) showed that motivation
can be used for behavior orientation and to
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control feelings. He also asserts that
motivation can manifested in three areas:
cognition,  behavior and  feelings.
Pantezyar&Philipo (2015) also commented
on these three aspects and argued that
cognition occurs when the person believes
in the nature of assignment, behaviors is
manifested when a person owns an
effective and consistent strategy to solve
problems. Feelings are shown when people
feel disappointed at not considering the
problems.

Aeschlimann et al. (2016) hold that
enhancing motivation conditions, at math
and science classes, is a hopeful
intervening strategy which ensures that
more people are involved in the jobs
relating to math, technology and science.
Among effective factors on math learning,
motivation is one of the effective factors
(Lim& Chapman (2015). Various studies
have analyzed correlation  between
motivation and math performance. Herges
et al. (2017) come to the conclusion that
intrinsic ~ motivation  has  positive
correlation with math performance of
students at 6, 7 and 8 grades. The study of
Teran&Negoyan (2021) showed that
amotivation has negative correlation with
math  performance.  Also, intrinsic
motivation, introjected regulation and
identified  regulation have  positive
correlation with math performance.

Errors in problem solving

Errors which arise in the process of math
learning, can show different ways of
student thinking and they should not be
considered as wrong way of thinking
because these errors are necessary stages
for concept development students.
Therefore, analyzing students’ errors and
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their reasons are of utmost importance.

Recognizing the errors that students make,
can help a teacher to adopt more
appropriate approaches to correct his or
her way of teaching (Yaftian, 2021).
Although some students have the ability to
solve math problems, some others may
face difficulty in problem-solving process
which leads to some errors. Teachers have
constantly tried to understand the nature of
student errors, their classification, reasons
for their arising so that they may improve
their student learning.Batel (2005) asserts
that two main types of errors which
concern the students are as follows:
calculation errors and systematic errors.
Calculation errors are the ones that occur
due to inattention. When the teacher asks
the student to assess his or her answers, or
reconsider his own calculations, he
realizes his own errors provided that he
understands the concept taught. But
systematic errors arise due to concept
misconception on the part of the leaners
and they usually can’t recognize and
correct them.

Yaftian(2021) assert that, In general, errors
are  the result  of inattention,
misinterpretation of symbols or text, poor
knowledge of the subject, lack of
knowledge or inability in analyzing
answers to problems, and
misunderstanding.Accordingly,
Khalo&Bayaga  (2014) hold  that
recognizing student errors, during problem
solving can help improve math teaching.
Moreover, Durkaya et al. (2011)assert that
knowledge of student errors encourages
the teachers to draw back the negative
effects of them on their learner math
perception. It may also result in
recognizing the basis of poor conceptual
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understanding in the students.
Zakarya&Yussof (2009) argue that student
errors are not the result of their weakness
but they are due to lack of strategies that
are used for problem-solving. They come
to the conclusion that learners face
challenge on perceiving problems and
therefore, they can’t apply proper
strategies for a solution. Furthermore, they
attribute  student  failure to their
involvement with problem format and
attempt to find a formula to get the answer
fast and in a few short stages. They also
concluded that the reason of making errors
is that learners apply the principles without
understanding basic concepts. In this
regard, Kilpatrick et al. (2001) assert that
math teachers make little efforts to nurture
students’ ability to develop their effective
strategies for solving linguistic problems.
In addition, math teachers have not
provided good and effective activities for
developing problem-solving components
like students’ coding and interpretation.

There are various methods for analyzing
students’ errors. One of them is Newman
error analysis procedure which includes a
systematic way for analyzing the errors
that students make in answering written
math questions. This is a hierarchal
procedure and it is based on the theory that
during problem solving, students follow
regular mental models that can be divided
into distinct stages. Newman was a foreign
language teacher who believed that most
of the students' mathematics problem
solving errors were due to lack of oral
skills and improper understanding of the
problem, therefore to systematize students'
errors in mathematics problem solving,
Newman’s problem solving procedure was
introduced in the mid 1970s which
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includes five phases and interviews should

be used to diagnose students' errors (cited
in klemoutus and Elerton, 1995). When
Newman (1977) carried out his first
research, he found that almost 50% of
students’ errors in math problem-solving
occur before applying processing skills,
(that is, in the stage of reading,
Comprehension and  Transformation).
Klements (1996) study is also consistent
with that of Newman. He also found that
levels of errors in reading, conceiving and
converting are greater in lower grades than
that of higher grades.In contrast, the level
of converting errors and processing skills
are greater among higher grades.
According to some studies, the greatest
errors occur at conceiving and converting
stages and the least ones occur at reading
and coding stages. In fact, making errors at
reading and Comprehension levels relates
to poor linguistic knowledge and in
Transformation, processing skill and
encoding is due to lack of mathematical
knowledge. White (2005)holds that by
applying Newman  error  analysis
procedure, teachers can recognize and
analyze the students’ errors and what
occurs in their minds and in this way , they
can rectify their way thinking. He also
believes that teachers have an important
role in providing good educational
opportunities to prevent making errors or
encountering them. If student errors can be
considered as one of their learning
resources, it may result in enhancing
students’ learning and efficiency.

Method of Research

The purpose of this study, which is a part
of wider study, is to investigate the effect
of chess training on motivational strategies
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for learning of mathematics, students'
problem-solving ability, and errors model
of mathematics problem solving at various
levels of education.

The statistical sample of this study was
180 boy students at fifth, eighth and ninth
grades in Sanandaj schools in vest of Iran.
At primary school two classes and at
junior high school four classes were
randomly selected among the schools.
Having described the research objectives
for the students, 86 students were
randomly assigned to experimental group,
among whom 28 students were at fifth
grade, 27 students at eighth grade and 31
students were at ninth grade. The
remaining 94 students were assigned to
control group, among whom 29 students at
fifth grade, 32 students at eighth grade and
33 students were at ninth grade.

In this study students in experimental
group besides doing routine activities of
school, were taught chess for six months
and two sessions in a week. Totally, the
teaching hours were 96. The results of T-
test on students' last year mathematics
scores in both experimental and control
group indicate homogeneity at both groups
and significant change was not observed at
P<0.05; therefore, the condition was good
to carry out the study. At the end of
training period, MMSLQ questionnaire
(Liu & Lin, 2010) was performed on
students. This questionnaire includes two
sub-scales of motivation and learning
strategies. Motivation scale consists of 29
items and investigates students' motivation
for learning. The sub-scale includes three
components, that are, Value, Expectancy
and Affect, and in which value comprises
14 items and is related to tendency to
intrinsic and extrinsic goal orientation, and
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value of homework. Expectancy includes 9

items and is aboutcontrol beliefs for
learning and self-efficiency. Affect also
consists of 6 items and is about
mathematics anxiety. The reliability of
these three components was 0.884, 0.872
and 0.759 respectively. Learning strategy

scale includes 37 items and four
components of cognitive  strategies
including (Rehearsal, Elaboration,
Organization), metacognitive strategies
including (critical thinking and self-
regulation), Informational ~ resources
management  including  (Exploratory
behavior on internet, Communication
behavior on internet) and  Non-
informational  resources  Management

including (Effort regulation, Time and
study environment, Peer-learning, Help-
seeking).
The reliability of those four components
was 0.921, 0.890, 0.932 and 0.874
respectively. MMSLQ was designed or
developed based on Likert five scale items
including Strongly disagree, disagree,
neutral, agree and strongly agree. Which
one assigned the points of 1, 2, 3, 4 and 5
respectively. In this scale, the score mean
of each factor is 3. If a subject’s score is
more than 3 in that factor, it means that the
subject’s ability is positive and less than 3
means the subject’s ability is low in that
factor. Given this study was done on
Iranian students and these students have
limited access to the internet and/or the
schools themselves were not equipped
with the internet, the component of data
resource management was deleted in a
questionnaire carried on the students.

To investigate the pattern of students’
problem solving errors, in both groups,
Newman’s procedure of problem solving
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was used; that is, according to Newman’s
way of interviewing; each student is given
a problem to solve it and the researcher
investigates students’ errors at different
phases of Newman’s problem solving
procedure. Before starting the interviews,
each student was supplied with a flash card
included different phases of Newman's
procedure and at the time of interviewing
with a person the sign X is put on the flash
card, by the interviewer, whenever an error
takes place. The way of interviewing was
such that if on interviewee made any error
in any phase of the procedure, no
preventive, reforming or reactive response
was made on part of interviewer to make
him aware of his own error and the
interview went on until the subject came
up with true or false answer. The Subjects
could correct their solutions if they
detected errors, but there was no change in
the frequency of their previously recorded
errors on flash cards.

Following is an example of Newman’s
procedure which was done by the
researcher with one of the fifth grade
students. In this interview ‘R’ for the
researcher and ‘S’ for the student.

Problem: Four builders can build a wall in
nine days. If the wall is to be built in six
days, how many builders should work
together?

Interview process

R: can you read the problem?
level)

S: Yes, and start reading the problem.

R: Tell me what the problem wants you to
do? (Comprehension level)

S: After a few moments he says: the
number of builders and again;

(Reading
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R: Can you tell me which solution or

operation you should use to solve the
problem? (Transformation level)

S: Proportional way

R: what kind of Proportional?

S: well Proportional!!!

R: Ok. Write down the solution.

S: All right (and starts writing the
solution)

4 persons 9 days

X 6 days

It is clear that the error has taken place at
Transformation level.

R: Do the Calculations (level of processing
skills)

o wm
%
o
1
X
1

2.6

9

R: Is the answer right or reasonable?

S: Yes!!!

And other interviews were done in the
same way.

For fifth grade students the above-
mentioned problem was set and put in
interview and for ninth and eighth students
two problems were selected that are
included in the appendix.

Data analysis

In the following tables the students'
performance in both groups and in various
phases of MMSLQ is summarized.

Table(1): the students' performance in subscales of mathematics motivation

Value Expectancy Affect
Intrinsic Extrinsic Coptrol Self- Test
groups goal goal Task value | beliefs for . .
. . . . i efficacy anxiety
orientation | orientation learning
M SD | M SD | M SD | M SD | M SD | M SD
Chess 271 | 63 |2.84 | .85 |2.66 | .59 |3.92 | .61 |338 |.63 |248 |54
player
Non-
Chess 269 |.77 |276 |91 |270 |.48 273 |.94 |254 |.79 |295 | .81
player

It is clear from the data in table(1), the
mean score of chess player
students(experimental group) and those
who do not play chess(control group) is
almost equal, at three factors, including
intrinsic goal orientation, extrinsic goal
orientation and task valve, and T-test result
did not show significance difference at
P<0.05 level. In intrinsic goal orientation
(t=0.37, p=0.14) in extrinsic goal
orientation (t=0.44, p=0.11) and in Task

value (t=0.39, p=0.13). In addition, the
data in table(1) show that mean score of
the chess player students was more than
non-chess players students at factors such
as control beliefs for learning and self-
efficacy; it also had significant difference
at P<0.01 level. At the factor of control
beliefs for learning (t=2.93, p=0.001) and
in the self-efficacy factor (t=2.75,
p=0.005), but in test anxiety factor, the
mean score of the non-chess player
students was more than chess player
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students and there is a significant

difference at P<0.05 (t=-2.41, p=0.02).

Table(2): the students’ performance in subscales of mathematics learning strategies

. ) Non-informational resources Meta-cognitive
Cognitive strategies i
management strategies
Time
gro | Rehea | Elabora | Organiz Effort | and Peer. Help CI:ItIC.a| Self
. . regulat | study learnin | seekin | thinkin | regulat
ups | rsal tion ation ) . )
ion environ | g g g ion
ment
S S S S S S S S S
M D M D M D M D M D M D M D M D M D
Che
SS 2. 171241512717 (3. |5|30|9 |2 |4|2. [4/34),8|3. /.38
pla |[65|4 |4 2 19 8 |14 |6 |1 1 |55(2 (3|9 |7 8 (94 |7
yer
No
n
Che |2. | 8256 |26 |6 |2 |8|27 |8 |2 |52 |6[|25]9|2 |.9
Ss 623 |0 |7 (8 |5 |63|4 |5 |3 [71]9|69|5 |9 5 5118
pla
yer

It is clear from the data in table(2), the
mean score of chess player students is little
more than mean score of non-chess player
students in rehearsal and organization
factors, but T-test result did not show
significance difference at P<0.05 level. In
rehearsal factor (t=0.38, p=0.13)and in
organization  factor(t=0.47, p=0.11).
although the mean score of non-chess
player students is little more than mean
score of chess player students in
elaboration factor, T-test result did not
show significance difference at P<0.05
level (t=-0.41, p=0.13). In addition, in the
factors of effort regulation, time and study
environment,critical thinking, and self
regulation, the mean score of the chess
player students was more than non-chess
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players and this difference was significant.
At the factor effort regulation (t=2.28,
p=0.037 ) in factor time and study
environment(t=1.97, p=0.04)in  factor
critical thinking(t=2.78, p=0.003) and in
the factor self regulation(t=3.05, p=0.000).
As it is clear from the data in the table(2),
among all strategies, chess teaching has
the highest effect on increasing or
developing meta cognitive strategies. The
results show that mean score of the
students who had not played chess at
factors such as peer learning and help
seeking was more than students who were
chess players. Although there is no
significant difference at Peer learning
factor (t=-1.23, p=0.07), in Help seeking
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factor the difference is significant at

p<0.05(t=-2.11, p=0.04).

Table(3): total score of students in both o scales of MMSLQ

Mathematics Motivation Scale Mathematics Learning Strategies Scale
Value Expectancy | Affect Cognitive | Meta- Non-
strategies | cognitive | informational
groups .
strategies | resources
management
M SD | M SD |M SD | M SD | M SD | M SD
Chess 2.73 | .68 [3.65 |.79 | 248 | .56 |262 |.57 [3.70 |.71 |2.76 | .64
player
Non- 271 |.75 (263 | .84 | 295 |.73 | 260 | .54 | 255 |.92 [2.69 |.70
Chess
player
p=0.002) and in the meta-cognitive

It is clear from the data in table(3), the
mean score of both groups in subscales of
value, cognitive strategies and  Non-
informational resources management is
almost equal and T-test result did not show
significance difference. In value (t=0.36,
p=0.15), in cognitive strategies (t=0.41,
p=0.13) and in  non-informational
resources management(t=0.49, p=0.1). In
addition, the data show that mean score of
the chess player students was more than
non-chess players students at factors of
expectancy and meta-cognitive strategies;
it also had significant difference at P<0.01
level. At the factor of expectancy (t=2.83,

strategies factor (t=2.88, p=0.001). also in
affect factor that is about test anxiety, the
mean score of the non-chess player
students was more than chess player
students and there is a significant
difference at P<0.05 (t=-2.41, p=0.02).

In this study to compare the total score of
students' MMSLQ, T-test was used. The
results show that there is a significant
difference between total score of both
groupsand performance of chess player
students was more than non-chess players
(t(178)=2.37, p=0.02). the results are
summarized in table(4).

Table(4): the results of T-test to compare the total score of both groups in MMSLQ

groups number mean Std. t df Sig(2-
deviation tailed)

Chess 86 283 13.42

player 2.37 178 P=0.02

Non-Chess 94 275 15.07

player

In the next part, we will address the
analysis of Newman's interviews. The
result of interviews analysis showed that
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54 students of experimental group and 43
students of control groups were successful
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at problem solving. The results are given

for each group separately inTable(5).

Table(5): The resultof students’ performance in problem solving based on Newman's

interviews
SEG SKG
Succes
El K d'f:fUI
G| G| n| | n| o| 2
nce in
each
grade
Fift
h{ 2| 2 64| 1| 44
ga| 8| 9 18 2| 3] .8 194
de
Eig
hth| 2| 3 50| 1] 46
gra| 7| 2 16 2| 5] .8 124
de
Nin
th| 3| 3|2 1| 45.
gral 1| 3|0 64.5 5 4 19.1
de
fot 81 915 41 45
I .
6l 4l a4 62.6 3 - 16.9

Note: In this table EG is the number of experimental group students(chess player), KG is the
number of Control group students(non-chess player), SEG is the number Successful students
at experimental group and SKG is the number of successful students in control group.

As it is clear from data in table (5),
Experimental group students at each three
levels of education, achieved more success
in problem solving than students in control
group. The amount of progress for fifth
grade students was 19.4%, for eighth grade
12.4% and ninth grade students, it was
19.1%.The results showed that, totally,
62.6% of the students at experimental
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group(chess  player students)  were
successful at problem solving, while this
was only 45.7% for control group;

therefore, the success of experimental
group students at problem solving was
16.9% more than the control group.

The frequency of students' errors in both
group and in different phases of Newman
Model are shown in tables (6&7).
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Table(6): The frequency of students errors in experimental group at different phases of

Newman model

experimental . . . . Error
reading | Comprehension | transformation | process | encoding
group mean
ni % n % n % | n % | n %
; 28 15
Fifth 1| 3.6 3 10.7 21 75| 6(21.4|11|39.2
grade
; 27 1.52
Eighth 0[00| 4| 148| 13| 481|14|518|10| 37
grade
- 31 1.35
Ninth 0| 00| 15| 483| 13| 419| 7|226| 7226
grade
Total 86| 1| 1.2 22 25.6 47 546 |27 | 31428325 | 1.46
Data of table(6) shows that 21 students problem  computational.  Additionally,

(75%) at fifth grade commit errors at
transformation stage and chose wrong
solutions for the problem at first. In fact,
high frequency of selecting wrong
strategy, is related to the nature of the
problem. To solve this problem, the
students must use inverse proportion but
only 7 students could recognize it quite
well. At the end, 11 other students realized
their own errors during problem-solving
process and changed their own strategy.
Moreover, 39.2% of the students made
errors at encoding stage and 21.4 % at
processing stages committed errors. 10.7%
of the students and 3.6% of them
committed errors at Comprehension and
reading stages respectively.

For eighth grade students, a computational
algebraic problem was designed. 13
students (48.1%) made errors at
transformation stage. Furthermore, 51.8%
of the students committed errors at
processing stage and 37% of them at
encoding stage did so. High frequency of
processing errors relates to the nature of
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large numbers of the students made errors
at encoding and validation of the answer
stage. Also, 14.8% of the students face
challenges at Comprehension stage.

A geometrical problem was designed for
the ninth grade in which the students were
asked to calculate the area of a sphere. In
this problem, the greatest errors were on
Comprehension stage (48.3%). Also,
41.9% of the students committed errors at
transformation stage. In fact, their main
challenge was their inability to remember
the formula of the sphere area. Besides,
22.6% of the students made errors
similarly at processing and enccoding
stages.

The data in table(6) shows that error mean
of the experimental group students at fifth,
eighth and ninth grades was 1.5, 1.52 and
1.35 error for each student respectively,
which shows a large number. The reason
for large mean of students' errors was that
if the students made an error during the
interview, the interview was not stoped
and committing errors was also possible at
other stages of problem-solving. In
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general, the level of errors of experimental

group students at reading, Comprehension,
transformation, processing and encoding
was 1.2%, 25.6%, 54.6%, 31.4% and
32.5% respectively. It was demonstrated in
this study that various problems present

different models of errors which are
consistent with the results of other
research.

Table(7):The frequency of students' errors in control group at different phases of
Newman model

Control . . . . Error
reading | Comprehension | transformation | process | encoding
group mean
ni % n % n %| n % | n %
Fifth 29 1.86
1| 34 4 13.8 23 79311379 15| 517
grade
; 32 1.81
Eighth 0| 00| 6| 187| 17| 53.1|20|625] 15469
grade
; 33 1.78
Ninth 0| 00| 18| 545 19|575 |10|303| 12]363
grade
Total 94| 1| 11 28 29.8 59 62.8 | 41 | 435 | 42 | 44.8 1.82
Data of table(7) shows that the level of 36.3% respectively.In the ninth grade, the

errors of control group students in fifth
drade at reading, Comprehension,
transformation, processing and encoding
was 3.4%, 13.8%, 79.3%, 37.9% and
51.7% respectively. Similar to the students
in the experimental group, the control
group had the most errors in the
transformation and then encoding phase.
In addition, for eighth grade students, the
level of errors at reading, Comprehension,
transformation, processing and encoding
was 0.0%, 18.7%, 53.1%, 62.5% and
46.9% respectively.In the eighth grade, the
error pattern of students in both
experimental and control groups is similar
in terms of error percentage in different
stages.Also for ninth grade students, the
level of errors at reading, Comprehension,
transformation, processing and encoding
was 0.0%, 54.5%, 57.5%, 30.3% and
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error pattern of the control and
experimental students was not exactly
repeated. In fact, in the control group, the
highest error statistics are related to the
transformation stage (57.5%), and then
Comprehension stage (54.5%).
Meanwhile,in the experimental group,
there is a transformation stage (41.9%) and
a Comprehension stage (48.3%).

In general, the level of errors of control
group students at reading, Comprehension,
transformation, processing and encoding
was 1.1%, 29.8%, 62.8%, 43.5% and
44.8% respectively. The data in table(7)
shows that error mean of the control group
students at fifth, eighth and ninth grades
was 1.86, 1.81 and 1.78 error for each
student respectively, which shows a large
number.The comparison of data in two
tables(6&7) shows that mean of the errors
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of control group students was more than

that of  experimental group at
Comprehension, transformation,
processing, and encoding stages and the
differences was 4.2%, 8.2%, 12.1% and
12.3% respectively. There was few errors
at reading stage and there was little or no
difference.

Conclusion

The purpose of this study was to
investigate the effect of chess instruction
on mathematics motivational strategies for
learning (MMSL) and error model of
students’ problem solving at different level
of education based on Newman model.
The data analysis showed thatperformance
of experimental group studentsin factors of
control  beliefs for learning, self-
efficacy(Expectancy), effort regulation,
time and study environment (Non-
informational resources Management),
critical thinking, and self regulation(Meta-
cognitive strategies), is more than control
group students and their difference was
significant.

The analysis of MMSLQ showed that
chess training can increase and develop
motivational beliefs and high level
thinking skills. Lim &Chapman(2015)
assert thatamong effective factors on
mathematics learning, motivation is one of
the effective factors. Furthermore O’Neil
&Driling (1994) asserted that many factors
may affect the academic success of the
learners, among which motivation and
learning strategies have more important
roles. .Stipek (2002) asserted When
student are compared in terms of
motivational beliefs, it should be said that
students with high level of motivational
beliefs appraise themselves as competent,
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self-efficient and independent. People,
who do not trust in their own ability, may
feel incompetent on facing and doing such
assignments. In addition, students who
confide in their own capability, can solve
the problems by focusing on right
strategies.Ostovar and Abedi(2016) assert
that, College students who use more
learning strategies, try to  make the
information meaningful, to create rational
connection with background information,
to control the process of learning, and to
set right learning environment and by
applying these strategies learn the material
better and improve their academic
performance. In other words, by using
metacognitive strategies, the students are
aware of their own learning. They often
use cognitive strategies and in most cases,
they consider homework assignments as a
challenge and utilize it as learning
opportunity.

In this study results showed that in Help
seeking(Non-informational resources
Management) and Test  anxiety
factors(Affect), performance of control
group  students was more than
experimental group and their difference
was significant. The possible reason for
this difference in factor of Help seeking is
that, given the individual nature of chess
playing, the students who play chess have
learned to rely on themselves and compete
up to their utmost efforts, In fact, chess
playing enhances self confidence.Also
about test anxiety factor,this result shows
that chess playing has a role in decreasing
anxiety of chess player students. The
possible explanation for decreasing stress
is that the students' chess players are
probably  exposed to  competition
conditions and tolerated various stress and
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anxiety, so they have learned how to take

action and manage themselves or decrease
stress.

The result of Newman’s interviews
showed that students of experimental
group at the three grades, were more
successful than students of control group
in problem solving and in general,
achieved 16.9% more progress than
control group.Many researchers have
shown that chess increases learners' ability
to solve math problems((Ferreira and
Palhares,2008;Kazemi et al, 2012; Sala et
al 2016; Erhanetal,2009; Sigirtmac, 2012;
Celone, 2001; Liptrap,1997).

On the reasons for developing problem
solving skills, on the part of the chess
players, Sala et al (2016) assert that: a)
math and chess are isomorphic domains.
By playing chess, pure and abstract aspects
of math concepts are decreased and math
concepts are increasingly managed; b) a
chess player should have high level skills
such as planning, precise computations,
supervision, and abstract thinking. These
skills are necessary for math problem
solving; ¢) The ratio of failure and success
of a chess player is the result of his mental
computations and attempt during the game
time and this, in turn, brings about
enhancing self confidence and ability of
the given person.Trinchiro (2013) holds
that attention and concentration of the
students can be increased by chess playing.
This can justify math problem solving
ability on the part of the chess players. In
fact, the chess can improve reading
capability and proper interpretation of
math problems. So the students can apply
math knowledge and reflection on his
strategies and activities.
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The result of Newman’s interviews
showed that the error mean of problem
solving of experimental group at
comprehension, transformation,
processing, and encoding stages, in three
grades, was less than that of control group
and the differences was 4.2%, 8.2%,
12.1% and 12.3% respectively. There were
few errors at reading stage and there was
little or no difference; also interviews
analyze showed that various problems
create different models of errors.
Yaftian(2021) assert that In general, errors
are  the result ~ of inattention,
misinterpretation of symbols or text, poor
knowledge of the subject, lack of
knowledge or inability in analyzing
answers to problems, and
misunderstanding.Kelements(1996) found
that making errors at reading and
conceiving levels relates to poor linguistic
knowledge and in converting, processing
skill and coding is due to lack of
mathematical knowledge.Zakarya&
Yousef (2009) argue that student errors are
not the result of their weakness but they
are due to lack of strategies that are used
for problem-solving. They come to the
conclusion that learners face challenge on
perceiving problems and therefore, they
can’t apply proper strategies for a solution.
Furthermore, they attribute student failure
to their involvement with problem format
and attempt to find a formula to get the
answer fast and in a few short stages. They
also concluded that the reason of making
errors is that learners apply the principles
without understanding basic concepts.

Discussion
The result of this study showed that chess
playing increase and develop motivational
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beliefs, problem solving ability, high level

thinking skills, and decrease of anxiety.
The big question is that why does chess
playing have growing potential of such
valuable qualities? To answer this question
we should consider the trend of thinking of
a chess player to choose a proper and right
movement.

Chess is one of the individual games that
is held with no spectator. In comparison
with team sports like soccer, volleyball
etc... in which the performance and
motivation of an individual are influenced
by spectators , in chess it is the person
himself or herself who should win by
trying and will power and nobody has an
effect on his or her performance. A chess
game includes stress, excitement, anxiety,
strong  cognitive  activity, complex
planning, fear of defeat, and in a nutshell ,
we may call it "a deafening silence”. In
such a position the chess player knows that
success (victory) depends on only his or
her exact mental calculations and efforts;
therefore, they should do their best and
work decidedly to achieve victory or
success. A chess player should make the
best possible choice by full understanding
of the position, Identifying all possible
movements, and analyzing related
variation to each movement. He or she
should take all opponents’ reaction into
account by making any movement and
make sure of every movement that he/she
may precede. He should ask himself why
should I have such a movement? Does this
movement lead to any success? If the
opponent acts in this or that way would my
condition be better or worse? Only when
by doing the analysis of all of these cases
that would he/she be able to have a
movement. It should be note that all of
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these mental thinking and activity must be
in a limited time, since in chess playing
each player has a certain time and he/she
should come up with a result, otherwise,
he/she will be a loser even by having
better position. By considering the
thinking course of a chess player, It is
clear that his/her mental activity include
all strategies and top levels of thinking
ability such as critical thinking,
metacognitive strategies, self-motivation,
self-regulation,  self-confidence,  self-
reliance, time management and so on.
Naturally, playing with a prominent
opponent, Limited time of a game,
involving in challenging and complex
positions are the factors which bring about
sever stress and anxiety in players. As the
time goes on, chess players gradually learn
how to control their nervous system and
stress in various stressful situation like
game condition and school tests; they may
do so by gaining experience from their
previous games.
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