Journal of Theoretical Educational Science, 13(4), 646-662, October 2020
Kuramsal Egitimbilim Dergisi, 13(4), 646-662, Ekim 2020

[Online]: http://dergipark.gov.tr/akukeg

DOI number: http://dx.doi.org/10.30831/akukeg.646023

Investigating Flexibilities of the Classroom Teachers for Four
Operations in the Basis of Different Strategies™

Sinif Ogretmenlerinin Farkh Stratejiler Temelinde Islemde
Esnekliklerinin Incelenmesi

Ebru AYLAR-GANKAYA™

Received: 12 November 2019 Research Article Accepted: 17 July 2020

ABSTRACT: Four operations algorithm is among the major topics occupying a significant position in primary
school schedule. Moreover, utilizing alternative strategies during the education process and improving operation
flexibility of students also considered important in teaching of mathematics. Flexibility in computing is the ability of
solving any operation also by using various cognitive or model based calculation strategies with different methods.
Giving place for these strategies in education process for improvement of skills of using different strategies and
guiding students enabling them to develop their own strategies is important. In this study, in addition to the teaching
the standard algorithm, covering a massive place in our courses, it is aimed to review the classroom teachers’
opinions for the alternative strategies of four operation that means their flexibility in the procedural process
(procedural flexibility). The procedural flexibility is discussed through strategies and standard algorithms using
preliminary learning such as modeling, mental processing and place value concept. It is a qualitative study conducted
in 2018-2019 academic year with 45 classroom teachers. In the study, a 2-question open-ended question form based
on multiplication and consisting of two different scenarios was used as data collection tool. The most favorite
strategy preferred by teachers according to the findings obtained from this form is standard algorithm followed by
mental process strategy. However, teachers showed no flexibility in the process, they did not prefer other alternative
strategies given about multiplication and they reported negative opinions about some of them.

Keywords: Flexibility, standard algorithm, mental processing, modeling, place value concept.

OZ: Dort islem algoritmast ilkokul programinda énemli yer tutan konu basliklarindandir. Ayrica, 6gretim siirecinde
alternatif stratejilerin  kullanimi ve Ogrencide islemde esnekligin gelistirilmesi de matematik egitiminde
onemsenmektedir. Hesaplamada esneklik herhangi bir islemi ¢esitli zihinsel veya model temelli hesaplama
stratejilerini de kullanarak, farkli yollarla ¢ézebilme becerisidir. Farkli stratejileri kullanma becerisinin 6grencilerde
gelismesinde Ggretim siirecinde bu stratejilere yer verilmesi, 6grencilerin kendi stratejilerini gelistirmesinde onlara
rehberlik edilmesi dnemlidir. Bu aragtirmada su an hizmet yiiriiten simif 6gretmenlerinin, derslerimizde biiyiik yer
kaplayan geleneksel algoritmanin 6gretimine ek olarak, dort islemin alternatif stratejilerine yonelik goriislerini yani
islem siirecindeki esnekliklerini incelenmek amagclanmistir. Islemde esneklik modelleme, zihinden islem, basamak
kavrami gibi 6n 6grenmelerin kullanildig: stratejiler ve geleneksel algoritma iizerinden ele alinmustir. Aragtirma
2018-2019 dgretim yilinda, 45 sinif dgretmeni ile birlikte yiiriitiilen bir nitel arastirmadir. Arastirmada veri toplama
aract olarak, carpma iglemini temel alan ve iki ayri senaryodan olusan, 2 soruluk agik u¢lu bir soru formu
kullamlmigtir. Bu formdan elde edilen bulgulara gére 6gretmenlerin en c¢ok tercih ettikleri strateji geleneksel
algoritma, hemen ardindan da zihinden islem stratejisi olmustur. Buna karsin ogretmenler islemde esneklik
gostermemis, carpma islemi ile ilgili verilen alternatif stratejileri hem tercih etmemis, hem de bazilari hakkinda
olumsuz goriis bildirmislerdir.

Anahtar kelimeler: Esneklik, geleneksel algoritma, zihinden islem, modelleme, basamak degeri kavrami.
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Although recently, four arithmetic operations algorithms have been implemented
in our schools through a single method, nowadays the view that importance of learning
and using multiple / diverse strategies gain weight. For instance, when multiplying 140
to 5, may think to carry on algorithm procedure by writing these numbers one under the
other with the discourse of “5 times 1 equals 5”. None the less the same procedure can
be realized faster by multiplying half of 140 to 10. Or each piece, by taking 140 in two
parts like 100 and 40, can be separately and mentally multiplied with 5. It is then
possible to address the result of any procedure with a variety of strategies rather than a
single strategy. Some studies and reports exhibit the fact that especially the existence
and development of strategy diversity based on reasoning improves four operation
algorithm learning (Baroody, 2003; Henry & Brown, 2008; National Council of
Teachers of Mathematics [NCTM], 2000). Despite the fact that after giving the
definition of any four operation, teaching directly the standard algorithm rule of this
operation negatively affecting mathematical development (Baroody, 2006), it is a
widely used approach.

Against this approach, two more different algorithm teaching approaches
developed within the historical process (Van de Walle, Karp and Bay-Williams, 2013).
In the first approach (explicit strategy instruction), students' opinions are supported and
strategies are taught through meaning rather than memorized implementation. The last
approach is considered as “guided invention” (Gravemeijer & van Galen, 2003).
Students are more active in this approach and it is aimed to improve and utilize most
appropriate strategies for their own learning by presenting them minor guidance. For
instance, in 8 + 9 computation while a student develops a strategy adding one to two
times eight, the other may prefer to subtract 3 from 20 because of one and two
proximity of numbers 8 and 9 to 10. Another student, by taking one from 8 and adds it
to 9 and may apply a strategy to realize the procedure as 7 + 10. This last strategy
involves the existence of many strategies and a combination of these strategies in the
teaching process. Teacher guides student in this process and assists development of the
strategy diversity.

When NCTM (2000) mentions on gaining fluency in computational strategies and
learning by understanding four operations during primary school, they emphasize the
necessity of selecting effective / correct method by the students. While Van de Walle, et
al. (2013) mention on the necessity of expanding our point of view towards calculation,
focuses on three calculation types used in different methods of the four operation
algorithm. Among those, a consecutive advancing development process is also defined.
The first is direct modeling. At this stage, the student builds the process he/she deals
with through direct manipulatives and basically attains the result with counting
strategies. In development step following the modeling, student reaches to the result of
the calculation by mostly using mental methods and by dividing the numbers. This
approach is called student invented strategies. Last calculation type is a standard
algorithm, numbers are written one under the other in this approach and place value of
the number is taken into account thereby the process realized in steps.

All these strategies demonstrate that any four operations procedures can be
handled flexibly. Flexibility in the procedural process (procedural flexibility) can be
handled as a diversity of strategies used to solve a same kind of work (Whitacre &
Rumsey, 2018). Flexibility in computing can be considered as a skill and tend to use
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various mental calculation strategies, and being not flexible can be considered as being
dependent on standard algorithms (Markovits & Sowder, 1994).

Capacity of having knowledge not only for a single algorithm but different
strategies and to be able to use them jointly, namely procedural flexibility, cannot
automatically developed by the students during school period. Whether teachers use
different strategies in their lessons or not, and the content of applied programs set
students’ trend to develop different strategies or using these strategies (Fuson et al.,
1997). When students encounter a problem status, for example when adding two digit
numbers, they tend to apply the strategy that they learn for the first time and that they
mostly encounter and apply. In this point, teachers should seek and utilize appropriate
methods to make their student see there are also different solution strategies and to
direct them towards these strategies. One of these methods can be making a discussion
in the classroom what kind of strategies can be used and which other kind of strategies
can also be used (Erdogan & Erdogan, 2015). The development and implementation of
such approaches depends primarily on the teachers' approach to this task. For that
reason whether teachers give place to different solution strategies when teaching four
operations and their opinions for the functionality of these strategies affect their
teaching process.

However studies in the literature demonstrated that teachers and preservice
teachers both in Turkey and in abroad rather focused on memorizing not learning by
understanding in their lessons, their lecture remained in rule transfer level, they usually
utilize standard solution methods in a non-flexible way for the solution of problems and
they do not have fluency and flexibility in the procedural process (Bachman & Walters,
2018; Baki, 2013; Hacidmeroglu, 2013; Isleyen & Isik, 2003; Kilcan, 2006; Korkmaz &
Giir, 2006; Thanheiser et al., 2014; Toluk - Ugar, 2011; Yenilmez & Uygan, 2015).
None the less, number of studies made with classroom teachers unfortunately very
limited in our country. There is no study dealing with approaches and competences of
the classroom teachers in relation with the alternative strategies of the four operation
processes executed in Turkey. This research contributes to the literature in this regard.

In this study, in addition to teaching the standard algorithms occupying a big
space in our classes, it is also aimed to investigate classroom teachers opinions intended
for alternative strategies of the four operations. In these alternative strategies, strategies
utilizing pre-learning such as modeling, mental processing and place value concept will
be discussed.

Method

The study is a descriptive qualitative research aiming to present the classroom
teachers' approaches to alternative solution strategies used in the process through
multiplication example.

Study Group

Forty five classroom teachers attended to this study from five separate public
schools from two different districts in Ankara. The schools are those in which students
from upper-middle and lower-middle socio-economic levels are educated. The study has
been realized with the teachers who took part in an in-service training executed in
coordination with Ankara Directorate of National Education (AMEM). The data were
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collected by the researcher before in-service training. The teachers' participation was
voluntary. An easily accessible sampling method was used in the study group of the
study. The teachers’ distribution by their years of service is given in Table 1.

Table 1
Distribution of the Teachers Attending to the Study According To Their Service Years
Service Years 1-10 11-20 21-30 31 and over
Number of Teachers

4 13 26 2
(n =45)
Percentage (%) 9 29 58 4

While twenty five of these teachers are graduated from faculty of education or
teacher schools, twenty teachers are graduated from different departments such as
chemistry department or agriculture engineering department of engineering faculty.
There are thirty five female and ten male teachers in the study. The majority of the
study group consists of experienced teachers. This situation is harmony with the general
profiles of classroom teachers working in central districts in Ankara.

Data Collection Process and Data Analysis

Data were collected in the spring semester of the 2018-2019 academic year. An
open-ended questionnaire consisting of two scenarios based on multiplication was used
as data collection tool. The test developed in the “Integrating Mathematics and
Pedagogy, [IMAP]” project by Ambrose, Philipp, Chauvot and Clement (2003) was
used for the creation of the questionnaire. The first question in the questionnaire which
was inspired by this test was also used in an other study by the Oren Vural, Aylar
Cankaya (2020). The other question was presented to the expert opinion of an
academician who has expertise in the field of mathematics education and the question
was finalized according to his/her views. Since the ethics committee decision was not
requested from the manuscripts in 2019, ethics committee decision was not taken in this
study. However, ethical rules were followed at all stages of the research.

In the first question teachers were presented a scenario including four different
answers of the students for “15 x 19” process was presented to the teachers (see Figure

1).
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Figure 1. First Question in the Questionnaire

1. Asagida 4. sinifa giden 4 6grencinin “15 x 19” islemi igin vermis oldugu yanitlar bulunmaktadir.

Ali’nin Cézimii Sinem’in Céziimii Hakan’in Céziimii Elif'in CozUimii
Kareli defterime bir kenari 19 diger kenan 15 kareden olusan bir dikdértgen
15 15 ile  19'un  garpim  sorusunu 15 ¢izdim. Sonra kenarlari 10’a 9 ve 10’a 5 olacak sekilde ayirdim. Dért tane
¥t gordiiglimde, aklima 19’un 20 sayisina x,19 dikdértgen olustu. Her dikd&rtgenin alanini hesapladim. Sonucu 285
135 yakin oldugu geldi. Aralarinda 1 fark var. 45 buldum.
+ 15 Ben de once 15 ile 20'yi ¢arptim. 300 a0
285 buldum, ama sonucu bulmak igin + 150 10 9
300'den 15 ¢ikardim. Boylece 285 285
buldum.
10 10
5
10 9

1. Below are the answers given by the four 4th grade students for multiplication “15x19”. Sinem’s solution: “When I
saw the multiplication question of 15 and 19, | was reminded that 19 was close to the number 20. There's 1 difference
between them. | multiplied 15 and 20 first. | found 300, but | subtracted 15 out of 300 to get the result. So | found
285.”. Elif’s solution: “1 drew a rectangle of 19 squares on one side and 15 squares on one side. Then T splitted the
edges into 10 to 9 and 10 to 5. Four rectangles were formed. | calculated the area of each rectangle. I found 285.”

One of these answers presents solution with standard algorithm, the other is a
strategy where mental calculation with easy applied multiplications are used, the other
is a strategy appeared to be standard however a calculation executed as dominant with
the place value concept and the last one presents an approach built over modeling. The
teachers were first asked to examine the answers of the students and then to answer
open-ended written questions about these answers. The open ended questions were
about teachers’ opinion weather they find students’ answers meaningful and which of
these answer / answers they prefer their students to use.

In the second question, a multiplication process performed by the teachers in a
standard algorithm and the question presented by a student in the class through this
process are given as a scenario (see Figure 2). The teachers were asked how they would
respond to this question of students.

Figure 2. Second question in the questionnaire

2. Ahu ¢arpma iglemini dgrenirken dgretmenin yan tarafta yer alan tahtaya yazdigi islemi gériince parmak kaldirir ve sorar : “Ogretmenim 2 ile 19
2'yi garparken nigin bir basamak bogluk birakarak yaziyoruz?” Siz 6gretmenin yerinde olsaniz Ahu'ya ne yanit verirsiniz? 'y .
. i A
L 8
EEUL .
28 4

2. When learning multiplication Ahu raises her hand and asks following question when she see the calculation written
by the teacher on the board: “Sir/mam why you leave a one-digit gap when multiplying 2 by 2? “How would you
respond to Ahu if you were her teacher?
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The data collection process was carried out in a classroom where the teachers
wrote their answers individually in the questionnaire throughout approximately 40
minutes.

The data were investigated in a single question basis and assessed with content
analysis. Codes on the teachers’ responses were first attained for content analysis and
then findings were started to be interpreted by creating themes over these codes. In
addition, approximately 20% of the data (10 questionnaires) were also coded by an
academician informed about the study and coding consistency was 92% according to
Miles and Huberman’s (1994) formula. Direct citations by using photograph were made
from the teachers’ scripts when reporting the findings. These citations were shared with
new namings in line with their gender by keeping teachers’ names confidential.

Findings
Findings were transferred by individually analyzing in question basis.

Solution Strategies for Multiplication Process

In the first question, the teachers presented four different solution strategies for
multiplication process. In these strategies, Ali’s response presented solution with
standard algorithm, Sinem’s response, a strategy with mental calculation and use of easy
multiplications, Hakan’s response, strategy appears to be standard but overlooking place
value concept, Elif’s solution presented a strategy built over an area model. Following
these strategies the teachers were first asked the question “Which student / students'
response did you feel more meaningful / correct?” and then “When you think about your
own students, which solution method (s) do you want them to use, which one do you
not want?” together with their justifications.

The teachers expressed the strategies that they found meaningful and wanted
their students to use in. For instance some stated that they have found only Sinem’s
method meaningful and some said Sinem and Elif and some approved all the methods.
The strategies they refer to and frequency of expressing these strategies are given in
Table 2.

Table 2
Strategies Found to be Meaningful By Teachers

. . . Ali,
Strategies  Sinem Ali A.“’ S".‘em' Ali, Sinem, All
Sinem Elif Hakan
Hakan
Number of
the 9 11 3 1 1 11
teachers
(n=45)

Despite the teacher mentioned about the strategies in different sorting, the
strategy that they found most meaningful and included in most of their preferences was
Sinem's strategy (n=35). Thereafter, they have stated that they have found Ali (n=33),
Elif (n=14) and Hakan’s (n=13) strategy to be meaningful, respectively. Number of the
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teachers finding Elif and Hakan's answers to be meaningful is low. There were only
eleven teachers specifying that they have found all responses meaningful.

In addition to finding meaningful or not, the teachers were asked which strategy
and strategies they want their students to use. The teachers by giving similar responses
to this question with the previous question, mentioned strategies in different groupings.
Strategies mentioned by the teachers are given under Table 3.

Table 3
Strategies that the Teachers Want Their Students to Use
Strategies ~ Sinem Ali Ali, Ali, Ali, EIif  Ali, Ali, All
Sinem Hakan Sinem, Sinem,
Hakan Elif
Number 5 7 11 2 1 5 2 12
of the
teachers
(n=45)

The teachers’ approach towards the strategies they want their students use is
parallel with their opinion for these strategies. While forty teachers stated that they
prefer Ali’s method, thirty five teachers preferred Sinem’s method, ten teachers
preferred Hakan’s method and fifteen preferred Elif’s methods. Only twelve teachers
stated that they wanted their students to use all strategies. Teacher Zehra as one of these
teachers explained her justification as follows:

i s
Figure 3. Zehra’s response
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I’d prefer them to use all students’ methods. Each student has different forms of learning. Their method of
understanding and observing the question is different. Each student should prefer his/her method where he/she
understands or solves easily.

In responses given, the preference level of Hakan and Elif's strategies was found
to be low. Although some teachers found Elif's strategy meaningful, they did not prefer
this method due to long modeling time. Some teachers reported that they know the
necessity to include other methods other than Ali’s at their lessons, however since they
think that student would make less mistakes by using standard algorithm they have
preferred this method. The teachers' levels of finding strategies meaningful and level of
preferring to use are close to each other despite minor changes. Teachers preferred to
use strategies that they found meaningful, shown no procedural flexibility by not giving
place to strategy diversity in their choices. Only 19 of the teachers (42%) made
minimum three strategy choices (Ali-Sinem-Hakan, Ali-Sinem-Elif and all
preferences).
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When teachers’ comments on four strategies given in the question reviewed
separately, it was observed that negative views on Sinem’s and Ali’s strategies were
either absent or in a limited level. The codes most frequently repeated by teachers
regarding these four strategies are given in Table 4 with the distinction of positive and
negative codes.

Table 4
Code Specified on Alternative Strategies

Strategies Positive Codes Negative Codes

Practical
Different
Mental
Logical

Sinem

Fast
Easy

Clear

Standard
Al Short

Classic

Compatible with the curriculum
Method thought

Prevalent

Permanent
Visual Long
Meaningful Post-primary school
Elif Concrete Not practical / not functional

Synthesis (over the concept of Suitable with its own idea
area) Mixed
Top level

Post-primary school
Place value concept .
) ] Not practical
Hakan Described Ali’s way . o ]
Suitable with its own idea

Interesting Mixed
ixe

The teachers’ views on standard algorithm (Ali’s method). One of the
methods most preferred by teachers in both sub-questions was the standard algorithm.
As it can be seen from codes given in Table 4, some of the teachers emphasized the
standard aspect of this method, explained that they were compatible with the curriculum
and explained their preferences by citing that this was the most widely used strategy.
Some teachers preferring this method stated that standard algorithm was shorter, easy
and clear. While most of the teachers considered the standard aspect of this method as a
positive parameter, some teacher even few stated that they have found this method to be
very standard (negative code) and emphasized that it was closed to new and alternative
approaches and so they made negative assessments.
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The teachers’ views on mental strategy (Sinem’s method). One of the
methods most preferred by teachers was Sinem's method reflecting a process from the
mind. None of the teachers reported negative views for this strategy. Although some
teachers stated that they found this method different and did not use it in their
classrooms, they found that the content of the method to be reasonable. Some teachers
specified that mental process was a significant skill and some found the method to be
practical.

The teachers’ views on place value concept (Hakan’s method). One of the
methods that teachers found different and interesting was this method. The teachers
compared this method to standard algorithm. They’ve interpreted this as clarified form
of Ali’s method. Out of all these positive considerations, a vast amount of teachers
reported negative views on this method. Some of the teachers reporting negative views
failed to fully comprehend Hakan’s logic that’s why they have found the answer as
confusing. Some of these teachers specified that Hakan created a solution in his own
and the answer “was appropriate according to his view”. This strategy with a correct
result somehow failed to be included within these teachers’ preferences. Teacher Serdar
with an experience of 7 years has reported his view on this strategy as ‘“Hakan
complicated an easy procedure with his own solution”. View claiming that this strategy
is a bit hard for primary school also repeated by some of the teachers, these teachers
also reported that this strategy could be used in post - primary school phases. Views on
the fact that the strategy was hard, were generally consolidated in views intended to
Elif’s strategy. Teacher Ezgi with an experience of 19 years mentioned her approach to
these strategies as follows.

Figure 4. Ezgi’s respose

A“ ’ nLA Nz Sémm " C.E‘r.l‘l;lm’d E)r\c;e‘\lk\o\ Terciin @d@";”\ '
Hotoan ~e EN £ Bz 0wy o Yo b Ne s NN
coddomn. FTokax  slevsel  ve zowoanden Sesorcak
ACAA AN — Si~e~ S Adan \oh AN . RGAT=C AN e\

H;\\aaﬂ s ;_\;J(\g,\ chzumliet PP VAVEPN= VN m\_}\¥\o\\tﬁ

bilsd weririan  Rea  eotelesion Veorisiasiay A SSereta

I would rather prefer Ali’s and Sinem’s solution. And | can spend efforts to let them know Hakan and Elif’s
solutions. However in terms of functions and time saving, one of the methods of Ali and Sinem’s would be
meaningful. I will absolutely inform about Hakan and Elif’s solutions however I do not want to make their minds
confused.

The teachers’ views on strategy where modeling is used (Elif’s method). The
method that teachers least wanted their students to use was the method involving
modeling. Teachers with affirmative views about this strategy mentioned that Elif knew
the meaning of multiplication and she visualized this meaning with modeling and made
it comprehensible. Unfortunately, numbers of these teachers were limited (n=12). 3
teachers with positive approach to this strategy, although they found strategy’s level
was over the primary school level, mentioned that this method thought was a smart
approach since they have considered area and multiplication as a separate subject.
These teachers failed to move beyond the meaning of multiplication process
compromising repetitive adding and failed to consider area relevant model as the
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conceptual content of the procedure. While a teacher with 15 years of experience
making an assessment as “Elif has built up relation among subject and consolidated the
area subject with multiplication process” by the way, a teacher with 6 years of
experience claimed that “she made a synthesis by consolidating different subjects, a top
level of process was realized”.

Similar to the examples above, some of the teachers who purported negative
opinions on modeling found Elif's method above the primary school level and they have
stated that they shall not prefer this method in primary school level for that reason.
Even, a teacher with 24 years of experience, by making an assessment that “Elif’s
solution was interesting, and had intelligence” and mentioned this strategy’s level as far
more advance classes. Other teachers, who reported negative opinions, evaluated this
method as a long, mixed and complicated strategy and therefore having a high
probability of making mistakes. The response of one of these teachers is given in
Figure 5. Expressions of some teachers as “I never used Hakan and Elif's method, I need
to think about them”, “I took time to study Elif's method and Elif did it right”, “It took
me a while to figure out what Elif was doing, my students would never understand”,
etc., demonstrated that the teachers are not familiar with modelling intended for
multiplication procedure and they could not attach meaning to the modelling processes.

Figure 5. Kaan’s response

AL e ST 'n 82T \32533&“\@"&\‘. Clonmoloring xdedian, Bl Balealal
.\)\e,.mé ’LC\.{C:\’\ % C\:h o\ \ﬁa;\/\ 2EY O™ \a.o:)b\ \’wuv\;\xg \}\c_ﬂ-\ \.—\LS‘O S\ (Hhﬂ den Ao 3‘\)
Spees  clealBinin dove  (ale  decedy LescaiRyiA

I would prefer that they use Ali’s and Sinem’s solution method. I don’t prefer Elif’s method. Because, it is both waste
of time and also rises the probability of making calculation errors.

Conceptual Knowledge Dimension

The second question mainly reveals the conceptual knowledge dimension of teachers'
understanding of standard algorithm teaching. In this question, teachers are expected to
answer the student's question in the given scenario. The answers to this question were
primarily encoded depending on the concepts that the teachers expressed most
intensively. Thereafter these codes were grouped under the following themes; empty, no
justification, rule transfer, conceptual content. The no justification theme consists of
descriptions not containing effort of presenting justification. In the rule transfer theme
there are definitions where algorithm information is only transferred in procedural level
and definitions where conceptual basis is not discussed.The conceptual content theme
contains explanations where information about the multiplication algorithm is presented
at the conceptual and procedural level. Numeric distribution of teachers under these
themes is given in Table 5.
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Table 5
Themes for the Second Question and Numeric Distribution of Teachers in These
Themes
o Conceptual
Themes Empty No justification Rule transfer
content
Number of Teachers 3 4 31 7

(n=45)

As it can be seen from Table 5, the teachers’ (31 teachers) responses to students
were mostly related with the transfer of standard algorithm rule of the multiplication
process. Responses of these teachers were gathered under codes “digits”, and “digit
dragging”. The answers under this theme were explanations where superficial
information was presented, even if the digit concept was mentioned not addressing the
conceptual basis of the process of the algorithm. For instance, teacher Aysel with 20
years of experience explained her original stair rule developed by using “digit dragging”
discourse as follows:

Figure 6. Aysel’s response (Rule transfer theme)
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Since | multiply the second digit, | drag one digit each. Think of it as a stair. | said | need to shift digits to go down to
advance.

Another teacher's response under this theme is given in Figure 7. In this answer,
the teacher focused only on the numbers, she didn’t mentioned on the reason of the digit
dragging.

Figure 7. Zeynep’s response (Rule transfer theme)

y islemi géril ; “Ogretmenim 2 ile 1
2. Ahu garpma islemini Ggrenirken gretmenin yan tarafta yer alan tahtaya yazdis iglemi gériince parmak %aldnr ve sorar : “Og 12

" . : Ahu'ya ne yanit verirsiniz? 2 i,
2yi carparken nigin hirbasamakbo;lukb‘nr7karalivazrvozzl?hSIzrg?:tm r;}yfgnde;:frz ;(\; so:fwd’“maf) LY Sasplors L-'L_amﬂ_
mine / i 4 !
AI’U(J‘ e Cﬂ‘P"”" ’f_ﬂi e ,Z? /. c o PN 10 A se [fo’-n’v Qc;(‘] i ko) 24
aele e £ L on . [ . +
C‘r"fP—"T‘G[’— Logleger v } besonm ndobi Sz A copant. _ﬁ‘- St s Onlfgf oy - -—Tﬁ"
! ~ Dasol ‘f@ {
seoca . qacpomin one ) tarpdbden Sonce Sayig oale Sampeld

fcﬂh ‘5 QUJOIJ’ (

GBade oldhiz N
(n}c(\ © £:ma \‘jﬂyru lebﬂ- bﬁ" thlkbm \ﬁ)QA,{,

Lu (uneit‘)f&.»

I would make a statement that “Ahu, as you know we start with the multiplication process by multiplying the
numbers in units’ digit. We multiply the number in tens digit of the 2nd multiplier after we multiply all numbers of
2nd multiplier and 1st multiplier. Since the number 2 is in tens digit we write the number on the part where tens digit
exist after multiplying the numbers.”

Y
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Teachers’ statements with similar contents like “Since 2 is in the tens digit in the
24, we also start to write the result of the multiplication from the tens digit.”,
“Whichever digit we multiply by is written under that digit” exits under the same theme.
In all these statements, an explanation was tried to be presented, but the explanation was
limited with the exact transfer of the rule. All these clarifications are in procedural
knowledge level.

Four teachers have come up with short responses like “if we shall not drag the
result will be wrong, this is the rule”, “I will explain how a multiplication should be
made by one by one with rules”, they gave no information on multiplication algorithm.
For that reason, since these answers fail to present a justification to the student are
gathered under theme “no justification”. Answers of four teachers herein are encoded
with codes such as “this is the rule” or “that’s the truth”.

Only 7 of the forty five teachers, by mentioning digit dragging justification
during multiplication specified that 2 times 2 is the multiplication of 20 times 2 in
standard algorithm and they were able to give response with a conceptual content to the
student’s question. Answers under this theme are encoded with “place value” code.
Teacher Mehmet’s response under “place value” code is presented under Figure 8 and
teacher Arzu’s response where she has transferred standard algorithm of multiplication
process grounding on place value of the numbers in the multiplication process is
presented under Figure 9.

Figure 8. Mehmet’s response (Conceptual content theme)
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We could express with a statement that “In fact I multiply with the place value of 2 in 24 that is 20 instead of 2x2.
Result is 40, we do not write “0” in 40, we drag digits.”

Figure 9. Arzu’s response (Conceptual content theme)
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In fact, I multiply with 20 since I proceed in tens digit. | do not write 40 but write the place value of tens digit. That
is, | do not see O but write 4 under its relevant digit (tens digit).
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The teachers mostly approached the question by using the standard algorithm of
multiplication on the axis of procedure / rule teaching and made statements not
mentioning conceptual basis of the algorithm. Only 7 teachers made a consideration that
assesses both conceptual and procedural knowledge together.

Discussion and Recommendations

In the study, the classroom teachers with different years of service were asked to
develop educational explanation for the standard algorithm over the example of
multiplication. Similar with other studies made with preservice teachers (Baki, 2013;
Kinaach, 2002; Millsaps, Underwood-Gregg, 2018; Toluk Ugar, 2011) descriptions
developed by vast amount of teachers in this study remained in procedural knowledge
level (rule transfer). Only seven teachers (approximately 16% of teachers) were able to
develop explanations referring to the conceptual basis of the process.

The findings obtained from the first question of the questionnaire used for the
study demonstrated that the classroom teachers preferred solution primarily realized
with standard algorithm and thereafter they have preferred mental process. In
Haciomeroglu’s (2013) study realized with preservice classroom teachers and executed
over subtraction computation, a vast amount of preservice teachers preferred standard
algorithm to other strategies. In another study that Oren Vural and Aylar Cankaya
(2020) conducted with preservice classroom teachers by using the same question, in
contrary with these findings, standard algorithm was the last preference strategy of the
preservice teachers. In that study, the preservice teachers were skeptical about the
process and the result achieved with the traditional algorithm, and they have mentioned
that achieving the correct result did not show to hold conceptual knowledge of that
computation. While the standard algorithm was related with “memorizing” and being
“result focused” for them, for teachers in this study the standard algorithm was a(n)
“classical”, “easy” and “clear” strategy. In the Oren Vural and Aylar Cankaya's (2020)
study, while the preservice teachers discussed learning by making a distinction between
conceptual and procedural knowledge, in this study the classroom teachers have
approached to learning and knowledge with more standard norms.

The standard algorithm is an algorithm that makes the process easier and faster
to run, especially in multi-digit numbers. It is important not to see algorithm teaching as
a transfer of procedural knowledge, and algorithm teaching be considered together with
modeling and conceptual dimension. However, with thanks to this approach it shall be
prevented to consider standard algorithm as memorized information and being applied
accordingly. In this study, the classroom teacher’s teaching method of the standard
algorithm was not considered, however only their clarifications on algorithm were
examined. In future studies, it will be useful to examine how the current teachers are
teaching the standard algorithm in terms of gaining more detailed analysis of the current
situation.

In this study, the classroom teachers did not find it necessary to use different
strategies in a wide spectrum, in this respect they failed to demonstrate procedural
flexibility. This finding also differentiated the finding of Oren Vural and Aylar
Cankaya's (2020) study where the same question was used. In the study conducted with
preservice teachers, while almost half of the participants stated that they found it
important to use all the strategies, this rate was only 27 % in this study. In this study, in
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parallel with the studies of Korkmaz and Giir (2006) and Haciomeroglu (2013), the
teachers significantly preferred the standard methods. In addition to this method, the
teachers preferred the strategy reflecting the mental method. The mental method and
standard algorithms were two strategies that classroom teachers care about.

The findings demonstrated that the teachers abstained from alternative - flexible
strategies and modelling, which were out of the standard algorithm and the mental
method. The teachers were not familiar with other two strategies (modeling and place
value method), they reported that they didn’t use them in their lessons and also some of
the teachers had difficulty to understand the strategies in the first phase. The teachers
interpreted these strategies as strategies in parallel with “their own ideas”. Same finding
was detected in Haciomeroglu’s (2013) study. In her study, a procedure similar to the
procedure performed by Hakan based on the place value concept was used and some
preservice teachers failed to completely understand this procedure and they used his /
her “own method” identification. In spite of that in Hacidmeroglu’s study, in contrary
with this study modeling was the second most preferred method.

There had been many studies on teachers’ and preservice teachers’ skills and
their attitudes towards modelling. In Hacidmeroglu (2013) and Oren Vural and Aylar
Cankaya's (2020) studies while preferences of preservice teachers on strategy involving
models were higher, in this study, teachers' negative opinions about modeling and
model usage were higher. The origin of these negative opinions may be the difficulties
that teachers have in understanding the model and modeling. At Saleh, Purwanto,
Sudirman and Hidayanto’s (2018) study conducted with preservice teachers, they were
able to model the 23x45 on the area model, but they could not attribute meaning to the
computation carried out on the model. The modeling is not only a topic forcing students,
is also a topic forcing teachers and preservice teachers. Problems encountered by the
teachers and preservice teachers during the modeling process are also revealed in some
studies in our country. (Akgiin, Ciltas, Deniz, Cift¢i, Isik, 2013; Isik, Mercan, 2015;
Ozdemir, 2008; Tuna, Biber, Yurt, 2013). In this study, modeling skills of the teachers
were not investigated, only the teachers' problems related to modeling were discussed
through their views. The negative views of the teachers about modeling could be
considered under the headings that “modeling took time”, “the possibility of making
mistakes” due to this and “not being suitable for primary school level”. These findings
of the study is consistent with the findings obtained from Akgiin et al. (2013), Blum
(1991), Isik and Mercan (2015) and Urhan and Dost’s (2016) studies. However,
modeling skills of the classroom teachers are another important topic that should be
investigated. In addition to the findings of this study, modelling skills of the classroom
teachers intended for four operation should be considered as a subject matter of a new
study. It is important that the preservice teachers and teachers develop their knowledge
and skills for modeling and pre-service and in-service regulations should be made for
this. Headings like modeling, procedural flexibility, co-development of procedural and
conceptual knowledge of four operations should be improved with in-service trainings
to be organized for teachers.
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