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This qualitative case study investigated the improvement of two beginning middle school mathematics
teachers' instruction to implement cognitively demanding tasks and to orchestrate productive discussions
by using five practices framework. For this purpose, the study was carried out in two phases: pre and
during the professional development (PD). Data were collected through classroom observations, student
artifacts, interviews, and teachers' planning and monitoring documents. The results displayed that, before
the professional development, teachers did not make plans based on student thinking, not provide
adequate time for students to explore the tasks, not build an environment based on classroom discussions,
and they wusually implemented cognitively low-demanding tasks. Along with the professional
development, teachers deeply considered on the purpose of cognitively demanding tasks, but didn't reach
an expected level on detailed anticipating. They constructed a classroom setting based on students'
exploration of tasks and consideration of multiple solutions. They purposefully selected and sequenced
different solutions, initiate discussions to connect students' approaches and underlying concepts.
However, they didn't reach the expected level of making connections among different solutions.
Eventually, they mostly maintained the cognitive demand of high-level tasks in the professional
development period.
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1. Introduction

Most teachers, who learn innovative approaches during preservice education, tend to use
conventional methods after beginning their career (Yanik et al.,, 2016) because of their initial
teaching experiences and challenges (Borko & Putnam, 1996; Lewis, 2014). Although teachers'
beliefs and attitudes are affected by many factors, the first few years of teaching profession is
crucial for shaping teaching routines (Wang et al., 2008). A report by the Turkish Ministry of
National Education Research and Development Department (2008) on the in-service training needs
of mathematics teachers emphasizes the importance of PD of 0-5 years experienced teachers. Since
the “90s, the need to support beginning teachers has been emphasized in various studies (e.g.,
Darling-Hammond, 1995; Feiman-Nemser & Parker, 1992;). Thereby, several studies were
conducted to support beginning teachers' PD (e.g., Bauml, 2014; Ginns et al., 2001; Harrison et al.,
2006). In Turkey, although the majority of studies investigated the challenges of beginning teachers
(e.g., Dogan-Coskun & Isiksal-Bostan, 2018; Taneri & Ok, 2014; Yanik et al., 2016), very few
focused on their PD (e.g., Guler et al., 2023).

Since the 90’s, expectations from teachers substantially changed. According to National Council
of Teachers of Mathematics [NCTM], a teacher's role in the classroom setting should be to
encourage students to think, ask questions, solve problems and discuss their ideas, strategies, and
solutions (Van de Walle et al., 2013). To create such an athmosphere in the classroom, a teacher
should select a worthwhile mathematical task that would ensure students' participation for the
intended goal (NCTM, 1991, 2000). Due to this importance, numerous studies examined task
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quality in instructional materials (Bayazit, 2012; Hong & Choi 2014; Jones & Tarr, 2007;
Kotsopoulos et al., 2011), conducted PD studies to improve the quality of implementation and
enhance attitudes, mathematical beliefs, content knowledge, and pedagogical content knowledge
that affect the implementation of tasks (e.g., Arbaugh & Brown, 2005; Boston & Smith, 2009; Boston
& Smith, 2011; Boston, 2013; Clarke et al., 2014; McGraw e al., 2007). However, the number of
studies on the experience of implementing mathematical tasks, especially of beginning teachers, is
limited. This study aimed to provide it through a specific model named "5 Practices".

1.1. Background
1.1.1. Mathematical tasks

Stein, Smith, Henningsen, and Silver (2000) defined mathematical tasks as a single complex
problem or a set of problems aiming to focus students' attention on a significant mathematical
idea. Studies (Arbaugh & Brown 2005; Stein & Lane 1996) have shown a deep relationship between
types of implemented tasks and students' understanding of key mathematical ideas. Stein et al.
(2000) classified mathematical tasks into four categories according to cognitive demand [CD],
which is defined as the level of reasoning required to solve a task (see Figure 1).

Figure 1
Indicators of Cognitive Demand of Mathematical Tasks
Degree  Level of CD Indicators of levels Example
Memorization  Requires recalling previously Memorizing the multiplication table and
(Mm) learned facts, rules, formulas, saying the product of the operation of 5x7.
or definitions.
Procedures Includes the implementation of Finding a product of the operation of "
Low without certain procedures without 2 x 2
connections focusing on any meaning. 3 5" by using multiplication algorithms
(PwoC) such as "multiply the numerator by the
numerator, multiply the denominator by the
denominator, and write the product."”
Procedures Aims to understand underlying 2, %
with concepts and ideas and to Focusing on the meaning of the"3 ~ 5"
connections establish conceptual relations multiplication process by thinking about
(PwC) between multiple four-fifths of two-thirds on a piece and
representations showing it on a model.
High
Doing Requires complex and non- Exploring the underlying algorithm on the
mathematics algorithmic  thinking and multiplication by Napier's Bone technique.
(DM) demands students to explore
the nature of concepts or
processes.

However, selecting a CDT is not sufficient to ensure that it would be implemented at a high
level in the classroom as the nature of tasks often changes as they pass from one phase to another
(Henningsen & Stein 1997; Stein et al. 2000). Stein et al. (2000) identified four phases entitled
mathematical tasks framework [MTF], shown in Figure 2.

Figure 2
Mathematical Tasks Framework (Stein et al., 2000)
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On the other hand, there may be several enactment paths of a task, as shown in Figure 3. Firstly,
the CD of a task may not change in the phases of task selection, setup, and implementation.
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Secondly, it may decline or increase in one of these stages. Thirdly, it may increase and then
decline or vice versa.

Figure 3
Possible Situations in Changes of CD of Tasks
Possible Situations Samples
CD of tasks doesn't change in oy P wT T oy T ST T
task selection, setup or PwC PwC
implementation phase PwaC PwoC . .
Mm Mm
CD of tasks may decline in task ~ ,, ST ST @m0 ST ST T
gelection, set}Jp or PWC PRC -
implementation phase PwoC SN PwoC ~
Mm Mm
CD of tasks may rise in task oy ST Swmoomo oy ST s
selection, setup or PwC . o PWC .
- . ~ -
implementation phase PwoC // PwoC -
Mm Mm
CD of tasks may rise then py ST SswToom oy ST s
decline or vice versa PwC _ PwC
P ~ A
PwoC / ™~ PwoC ~o"
Mm Mm

DM: Doing mathematics; PwC: Procedures with Connections; PwoC: Procedures
without Connections; Mm: Memorization; ST: Selecting a Task; SuT: Setup of a Task;
IT: Implementation of a Task

Studies revealed that not every task provides the same opportunity for students to think and
learn (Stein et al., 2000). Learning is closely related to the quality of tasks implemented in the
classroom (NCTM, 2014; Stein & Lane, 1996). To implement tasks at a high level, we can build a
classroom setting that enables students to think and reason, provide opportunities for establishing
conceptual relationships, give enough time to explore tasks, construct the lesson on students' prior
knowledge, lead to explain and justify students' ideas. Briefly, we can build a setting to maintain
the CD of tasks at a high level. However, studies (e.g., Dogan-Coskun & Isiksal-Bostan, 2019; Stein
et al., 1996; Ubuz & Sarpkaya, 2014) indicated that teachers mostly decline the cognitive demand of
mathematical tasks in the implementation phase. Accordingly, it is not realistic to expect beginning
teachers to maintain tasks at a high level. Therefore, there is a need for a systematic approach that
could support, especially novice, teachers maintaining tasks at a high level. The current study
asserts that the notion of 5Ps conceptualized by Smith and Stein (2011) is appropriate for this
requirement.

1.1.2. Five practices as a systematic model for PD of beginning teachers

Smith and Stein (2011) designed 5Ps to provide teachers to build classroom understanding based
on students' responses. It aims to enable teachers to enact CDTs systematically by setting on
certain practices to orchestrate classroom discussions. These practices are briefly anticipating
possible solution strategies and misconceptions of CDTs, monitoring students' explorations,
purposefully selecting and sequencing multiple solution strategies to discuss, and connecting
students' solution strategies and key mathematical ideas, as seen in Table 1 for a detailed
explanation.

There are several PD studies that reached successful improvements on teachers’ using the 5Ps
framework. For instance, Pang (2016) implemented 5Ps in the Korean context with a lesson study
design. The results of the study showed that there was a significant change in determining
learning objectives, selecting CDTs carefully and meaningfully, designing the classroom setting to
maximize the participation of students, sharing ideas, and whole-class discussions. Heyd-
Metzuyanim et al. (2018) used Sfard's (2008) notion of a "ritual towards exploration" to theorize the
learning trajectories of two secondary school teachers participating in a PD designed within the
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Table 1
Five practices and its detailed explanation

Practice Explanation of practice

Anticipating Teacher set the goal(s) of a lesson, determine the key mathematical ideas, and select
an appropriate task. Then, the teacher anticipates the solution strategies of students,
either correct or incorrect, and considers how they can be associated with the
concepts, representations, and operations. Being aware of possible solutions and
misconceptions, the teacher anticipates how to respond to solutions during the
monitoring phase. Finally, the teacher anticipate which of these solutions to select, in
which order to sequence, and how to help students to make connections between the
solutions and the goal(s) of the lesson.

Monitoring Teacher monitors the students' exploration, asks questions to reveal students'
strategies, and note down the solution strategies that may be appropriate for whole-
class discussion.

Selecting- Teacher purposefully selects particular solution strategies and sequences them to be

sequencing shared in the classroom. He can use various sequencing strategies such as incorrect
solutions to correct ones, frequent solutions to infrequent ones, commonly used
representations to less-used representations, concrete to abstract solution strategies,
and incomplete solutions to complete ones. This order may be as it was anticipated in
planning, or it may be arranged during the lesson by the emergence of solutions that
could not be anticipated previously.

Connecting Tacher helps students to establish a relationship between the solution strategies and
to connect the key mathematical ideas of the lesson. The lesson aims to discover key
mathematical ideas by connecting multiple solution strategies instead of reaching the
answer by presenting different solutions separately (Smith & Stein, 2011).

framework of "5Ps" and "Accountable Talk." The study displayed two teachers' movement from
imitative, rigid, and internally inconsistent engagement to a more explorative way. On the other
hand, in a study conducted with prospective teachers (Tyminski et al., 2014), although students
experienced difficulties in making connections, they showed significant developments.

Although 5Ps have a huge potential on teachers” PD, there haven't been adequate research
outcomes for beginning teachers.This study is based on the hypothesis that teachers would be able
to maintain CDTs by systematical enactment of 5Ps. Hence, we investigated task selection,
implementation, and routine practices (if any practices of 5P’s were observed) of teachers before the
PD to reveal teachers' practices in all aspects to set an effective PD. The purpose of this study was
to examine the impact of a 5Ps-based PD on the classroom practices and CDs of enacted tasks of
two beginning middle school mathematics teachers.

2. Method

This holistic multiple-case study (Yin, 2003) investigates the "change" deeply in the planning and
implementation practices of teachers. Yin stated that case studies are based on "how" and "why"
questions, and Merriam and Tisdell (2015), on the other hand, underlined the detailed description
of the cases in conducted research.

2.1. Context and Participants

The current study was conducted with two volunteer middle school mathematics teachers named
Gizem and Duru. Both of the teachers work in a rural district, socioeconomically low-status public
schools. Gizem's school is 40 km away from the city center. The biggest problems of her school are
low academic achievement, parents' irrelevance, and absenteeism. Her classrooms consist of a
maximum of 15 students each, and only a few of them actively participate in lessons. On the other
hand, Duru's school is 65 km away from the city center. Although her classrooms has a maximum
of 30 students each, her students' academic achievement is higher than Gizem's students. Both
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teachers graduated from the same faculty and were classmates at university, so it facilitated in
communication and collaboration of the participants and researchers. Furthermore, both of them
had been sustaining their graduate studies in a mathematics education master program.

2.2. Professional Development Setting and Data Collection

This study was designed in two phases as pre-PD and during PD, as shown in Figure 4.

Figure 4
Research Phases

Before PD
Classroom observations

Interviews before and
after lessons

Training on PD

Cognitive demand of
tasks

Factors affect cognitive
demand of tasks

Planning
Researching on
concept and

appropriate tasks

Discussion on

Enactment of PD

Implementation
Implementation of
plan

Classroom
observation

Interviews before
and after lessons.

Reflection

Reflection on
implementation of
tasks through 5P
and factors affects

cognitive demand
of tasks

5 Practices selection of tasks

Planning based on
SIP

As mentioned before, this study aims to examine the effects of the 5Ps-based PD on teachers'
classroom practices and implementation of tasks. To reveal the effect of the PD, Duru's and
Gizem's lessons were observed before the PD for two months, respectively, for 11 hours and 10
hours, regardless of specific concepts and grades. These observations aimed to reveal the extent of
the teachers' practices based on the 5Ps framework and the change of CDs of tasks in the phases of
task selection, setup, and implementation before the PD.

Following year, the teachers participated in a year-long PD. In the first two months of PD,
teachers participated 16 hours (4 modules) of training that consists of sorting the CD of tasks,
being aware of the factors that cause the maintenance or decline of the CD, and comprehending
the 5Ps. The content of the training is in Table 2.

As seen in Table 2 the training mostly focused on mathematical tasks, but only the last session
was about 5Ps. Because, we firstly considered that teachers should comprehend mathematical
tasks framework very well to understand 5Ps. Secondly, we already conducted the rest of the PD
as a practical intervention that includes iterative cycles of planning, implementation, and reflection
based on 5Ps throughout the school year. While I participated in all PD stages as a facilitator, the
second researcher mostly supported me to prepare the content of theoretical training, determining
the following meeting's topic by examining the video clips together and coding issues. Due to
teachers” schedules and preferences, each of them chose only one 6th grade to conduct the study
and we observed these classrooms. Iand the teachers came together seven times to reflect on their
instructions and did planning based on 5Ps. Before these meetings, they researched the next
lesson's key concepts and considered on the task they would be planning.

During the planning phase, we discussed to determine the tasks to be implemented in their
classrooms, and then teachers filled in the planning form based on anticipating component of 5Ps,
which was adapted from "Thinking through lesson protocol" (Smith et al., 2008). Duru and
Gizem's lessons were observed, respectively, for a total of 18 and 20 hours, and they both
implemented nine CDTs in a year-long period. The goals and tasks are shown in Table 3.
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Table 2
Goals of training modules

Modules Goals of the modules

Module 1 What is a mathematical task?
What is the cognitive demand?
Examining the indicators of cognitive demand levels of mathematical tasks Determining
the cognitive demand levels of mathematical tasks
Making a connection between the skills anticipated in the mathematics curriculum and
cognitively demanding tasks

Module 2 What is the mathematical tasks framework?
Examining different cases from studies (Smith, Silver, & Stein, 2005a, 2005b, 2005c) and
comparing learning opportunities of students in these cases
Identifying the factors that cause to decline and maintain the cognitive demand of tasks
and examining these factors through sample dialogues and videos

Module 3 Modifying mathematical tasks (What can be done to increase the quality of mathematical
tasks, to increase the cognitive demand level of the tasks?)
Designing cognitively demanding tasks

Module 4 5 Practices as a framework to maintain cognitively demanding tasks
Teacher and student roles during implementation of 5 Practices
Making sample plans to anticipate students' solution strategies
Identifying strategies to select and sequence student solutions
Making whole class discussion to connect goals, ideas, strategies

Table 3

The tasks implemented in professional development

Tasks Goal of Tasks

Lemonade Task [LT] Exploring the proportional relationship between quantities

Division of Fractions Task [DFT] Comprehending the division of fractions and exploring division

Milk Task [MT] algorithm

Air Temperature Task [ATT] Comprehending the magnitude of integers and place them in a
number line

Sea Coast Task [SCT] Associating the concept of absolute value with distance

Monthly Expenditure Task [MET]  Using the model and number line to make sense of addition in
integers

Tiling a Patio Task [TPT] Exploring the algebraic relationship in patterns.

Garden Fence Task [GFT] Associating operations in algebraic expressions with daily life

Triangle Task [TT] Exploring the area of the triangle by using known planar shapes

We videotaped the enacted lesson, audiotaped all conversations between teachers and students
while launching tasks, monitoring solution strategies, or connecting ideas, and photographed all
artifacts, whether they include correct or incorrect solutions. Besides, we did semi-constructed
interviews before and after the implementation of tasks. These interviews included questions
aiming to reveal teachers' thoughts on how to implement tasks before the lesson and how these
tasks were implemented after the lesson. After the implementation, we purposefully selected
appropriate sections from the classroom videos implemented by teachers before and during PD to
be discussed in the reflection phase. These sections were about situations in which teachers
routinely decline or maintain the CD of tasks before and throughout PD or challenges and
progressions in implementing 5Ps' subcomponents during this period. In the reflection phase, we
examined video recording sections, student artifacts, and selecting-sequencing forms (if they used
during implementation), discussed on just mentioned challenges and progressions, then teachers
completed planning document after the reflection phase. This cycle was followed throughout a
school year.
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2.3. Data Analysis

In this study, changes in the CD of tasks during the phases of selecting a task, setup, and
implementation were coded through the Mathematical Tasks Analysis Framework (Stein et al.,
2000) and the levels of using 5P subcomponents were coded through the 5Ps Analysis Framework.
We identified the phases from selecting to implementing a task as an analysis unit. If a task
includes sub-items that are follow-ups of each other, we evaluated them as only one task.
However, if the sub-items of a task are independent, we considered them as separate tasks. The
CD of a task may decline, rise, or maintain in task selection, setup, or implementation phase. For
instance, the solution of the sample task (see Figure 5) observed in Duru's classroom before the PD
based on connecting the percentages with the 10x10 table representation. Therefore, we coded it as
a level of PwC. However, Duru changed the structure of the task during the setup phase. She
asked the first part of the task to the students and dismissed the connection approach used in the
textbook (establishing a relationship with the 10x10 table). Therefore, we coded this task as
declining from PwC to PwoC in the setup phase.

Figure 5
A Task that Duru Declined the CD in the Setup Phase (Ministry of National Education [MoNE], 2014, p.
319)

Birlikte Yapalim — 2

11 25 76
100’ 100 ve 100 kesirlerini % ile ifade ediniz ve okunuslarini yaziniz.

Cozim

Bu kesirleri yiizde olarak asagidaki gibi gosterebiliriz.

‘/' 11 \) (25 \) (76
f \ 100 J N\ \_100 J N 100 / A
Yiizde on bir Yiizde yirmi bes Yiizde yetmis alti

% 11 % 25 % 76
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Translation of task: Let's Do Together-2: Express following fractions

11 25 76 . . . o
as percents, " T and write their readings. Solution: We can

show these fractions in percent as follows.

In the current study, we classified 5Ps components under four headings: 1) planning (task
selection, goal setting, and anticipating), 2) monitoring, 3) selecting-sequencing, and 4) connecting.
We formed an analysis framework based on previous research (Eskelson, 2013; Smith & Stein,
2011) and identified subcomponents to determine the extent to which teachers were able to
implement 5Ps. We scored each of these subcomponents as 0, 1, or 2 points. Table 4 indicates these
subcomponents and indicators.

The planning subcomponents were coded by analyzing teachers' statements in planning
documents, meetings, and pre and post-lesson interview transcripts. The other subcomponents
were coded by analyzing first researcher's observation notes, pre and post-lesson interview
transcripts, enacted lessons' and meetings' video and audio recording transcripts, selecting-
sequencing forms (if) filled by teachers. To give an example of the coding of a goal-setting
subcomponent; for instance, in a task related to the division operation of fractions more than one
key mathematical idea can be put forward, such as 1) understanding that the division involves
partitioning or measuring, 2) understanding that the quotient may be higher than dividend
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Table 4
Subcomponents of five practices

Score Indicators of planning subcomponents

Setting a goal

0  The key mathematical idea underlying the task wasn't identified.
1 A single key mathematical idea underlying the task was identified.
2 Multiple key mathematical ideas underlying the task were identified.

Anticipating possible solution strategies

0  No solution strategy was anticipated.
A single multiple solution strategy was anticipated.
2 Multiple solution strategies were anticipated.

—_

Anticipating possible misconceptions

0  No error or misconception was anticipated.
1 A single error or misconception was anticipated.
2 Multiple errors or misconceptions were anticipated.

Responding to possible solution strategies

0  No anticipation made how to respond to solutions.
1  Anticipated how to respond to a single solution.
2 Anticipated how to respond to multiple solutions.

Sequencing solution strategies in the planning

0  No sequencing made in the planning.
1  Solution strategies were randomly sequenced.
2 Solution strategies were purposefully sequenced.

Score Indicators of monitoring subcomponents

Duration of monitoring

0  No time was given to students to explore the task.
1  Less or more time was given to students to explore the task.
2 Adequate time was given to students to explore the task.

Scaffolding and questioning

0 Provided too much information, and there was a lack of questioning.
1  Provided too much information, or there was a lack of questioning.
2 Provided enough scaffolding and questioning.

Noting down solution strategies

0  Solution strategies were not noted down.
1  Solution strategies partially noted down.
2 Solution strategies noted down.

Social interactions

0  The students individually explored tasks.
1  The students partially explored tasks with pairs or with larger groups.
2 The students all explored tasks with pairs or with larger groups.

Score Indicators of selecting and sequencing subcomponents

Selecting solution strategies purposefully.

0  No solution strategy was selected.

1 A single solution strategy was selected purposefully, or multiple solution strategies were
selected randomly.

2 Multiple solution strategies were purposefully selected.

Sequencing solution strategies purposefully.

0  Solution strategies were not sequenced.
Solution strategies were randomly sequenced.
2 Solution strategies were purposefully sequenced.

—_
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Table 4 continued

Score Indicators of connecting subcomponents

Making connections between solution strategies and the goal(s) of the lesson

0  No discussion occurred, or no connection made between solution strategies and the goals of the

lesson.

1  During the discussion, a connection made between a single solution strategy and the goals of
the lesson.

2 During the discussion, connections made between multiple solution strategies and the goals of
the lesson.

Making connections among solution strategies

0  No discussion occurred, or no connection made among solution strategies.
1  During the discussion, a connection made between two solution strategies.
2 During the discussion, connections made among multiple solution strategies.

3) exploring the division algorithm. We coded as 2 points for this subcomponent if more than one
of these goals is stated, 1 point if one of these goals is stated, and 0 points if no goal is stated by
teachers in the planning document or transcripts.

Finally, we calculated the mean score of each subcomponent of the 5Ps to reveal the overall
performance of teachers, divided the range of 0-2 points into three equal segments (see Table 5),
and classified the following ranges (0 - 0.67) is low, [0.67 - 1.33) is partial, and [1.33 - 2] is high.

Table 5

The mean score of subcomponents of five practices

Level Low Partial High
Score Interval (0-0.67) [0.67 - 1.33) [1.33 - 2]

We carried out coding of CD levels and subcomponents of 5Ps together as researchers. We
separately coded CD levels of 96 tasks, 78 of which were implemented before the PD and 18
during PD, and found 91.8% coder reliability. We then discussed disagreed tasks until reaching a
consensus. The coding procedure of the sub-components of the 5Ps was much more
comprehensive because, for every subcomponent, we examined lesson plans, selecting-sequencing
forms, lesson videos, meeting documents, and student artifacts. As researchers, we coded 52
subcomponents of the first two tasks together out of 2 x 9 x 13 = 234 subcomponents. During this
period, we mostly focused on development of the rubric and eventually reorganized scoring
indicators of some sub-components. After reaching an agreement on the indicators of
subcomponents', the rest of the tasks coded by the first researcher.

3. Findings

The findings are presented under two headings as teachers' classroom practices before PD and
changes in teachers' classroom practices during the PD.

3.1. Teachers' Classroom Practices before Professional Development

In the current study, pre-PD observations and interviews showed us that both of the teachers
preferred teacher-centered instructions. They didn't prefer multiple approaches and focused on the
consolidation of formulas rather than the meaning behind concepts. Because of her beliefs about
her students” low capacity, Gizem usually aims to reinforce concepts by solving a lot of routine
examples, without digging up complex parts of the problems. In one excerpt, Gizem stated that "I
usually invite every student on the board to solve plenty of examples." In another one, "I'm talking too
much, but I'm sure that they couldn't get what all I said. I repeat by supposing that if someone missed,
maybe he/she would comprehend it in the second or in the third time." Compared to Gizem, Duru was
giving more time for students to explore tasks. However, she was careful about sustaining the
lesson as she planned in her mind; in other words, she didn't provide opportunities to try different
strategies or methods. The following excerpt from PD may confirm our statement: "In the PD
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meeting, I watched a part of my lesson before the PD, which badly impressed me. I noticed that I had been
cutting students' voices a lot, and I wasn't giving any opportunity to express their ideas."

Observations and interviews conducted before the PD showed that teachers did planning based
on selecting exercises rather than the possible student strategies related to the tasks. Before the PD,
teachers allowed time to explore some tasks. As shown in Table 6, Duru gave time in %58 of tasks
and spent 2.30 minutes per task on average. On the other hand, Gizem gave time in %24 of tasks
and spent 1.17 minutes per task on average. During these waiting times, teachers quickly checked
student solutions and gave evaluative feedback on whether their solution strategies are correct or
incorrect rather than monitoring their solution strategies to give formative feedback. Moreover,
any group work was observed before the PD.

Table 6
Duration of time given students during the professional development
The time given tasks/ The total duration of time given The total duration of time
All tasks tasks/time given tasks given tasks / All tasks
Duru 26 / 45 = % 58 113 dk / 26 =~ 4.20 dk 113 dk / 45 =~ 2.30 dk
Gizem 8/33= %24 4230 dk / 8 ~ 5.19 dk 42.30 dk / 33 ~1.17 dk

While Duru and Gizem selected students to share their solutions, respectively, in 53% and 39%
of tasks, both teachers focused on a single correct solution in all of these tasks. Students were
usually invited to the board to show the correct solution of a task. Therefore, no situation was
observed, such as purposefully selecting and sequencing different solutions or misconceptions.
Finally, there were hardly ever classroom discussions based on students' solution strategies. They
mostly focused on only one single solution strategy and made no connection between solution
strategies.

3.2. Cognitive Demand of Tasks before the Professional Development

Table 7 shows the changes in the CD of tasks in task selection, setup, and implementation phases
before the PD. These findings indicate that Duru selected more CDTs than Gizem, but she wasn't
able to maintain CD of tasks at a high level. On the other hand, while Gizem selected fewer CDTs,
she was mostly able to maintain the CD of tasks at a high level. As a result, Duru and Gizem,
respectively, were able to implement only 20% and 21% of tasks at a high level. Furthermore, none
of the teachers selected a task at a DM level.

Table 7

The cognitive demand of tasks before the professional development

DM ST SuT IT ST SuT IT ST SuT IT ST SuT IT ST SuT IT
PwC

PwoC

Mm

Duru 3 (%7) 23 (%51) 7 (%15) 3 (%7) 9 (%20)
Gizem 2 (%6) 22 (%67) 2 (%6) - 7 (%21)

Note. DM: Doing mathematics; PwC: Procedures with Connections; PwoC: Procedures without connections;
Mm: Memorization; ST: Selecting a Task; SuT: Setup of a Task; IT: Implementation of a Task

Of the 45 tasks implemented by Duru, 3 of them were at the level of Mm, 23 tasks were at
PwoC, and 19 tasks were at PwC level. However, Duru declined 3 out of 19 PwC tasks into PwoC
in the setup phase and 7 out of 19 PwC tasks into PwoC level in the implementation phase. On the
other hand, of the 45 tasks implemented by Gizem, 2 of them were at the level of Mm, 22 tasks
were at PwoC, and 9 tasks were at PwC level. However, Gizem declined 2 out of 9 PwC tasks into
PwoC in the implementation phase and maintained 7 tasks at a high level.



O. Bagdat & H. B. Yanik / Journal of Pedagogical Sociology and Psychology, 5(3), 89-111 99

3.3. Changes in Classroom Practices of Teachers during the Professional Development

In the current study, both teachers implemented nine tasks during a PD. We have examined the
extent to which teachers put in the practice the subcomponents of 5Ps. Table 8 shows the
progression of teachers in all of these subcomponents. As shown in Table 8, Duru has a higher
score (1.29) than Gizem (1.19) in the overall average. The subcomponents for which teachers scored
the lowest were responding possible solution strategies, sequencing solution strategies on
planning, noting down solution strategies, and making connections among solution strategies. On
the other hand, both of the teachers scored high for the subcomponents of goal setting, anticipating
solution strategies, duration of monitoring, scaffolding and questioning, selecting and sequencing
strategies purposefully. Duru also scored high in the subcomponent of making connections
between solution strategies and the goal(s) of a lesson.

When Gizem's scores were examined in detail, she particularly improved her scores for the
subcomponents of the duration of monitoring and scaffolding and questioning. She constructed a
better social environment compared to Duru. Besides, while she wasn't able to provide an
athmosphere for making connections between solution strategies and the goal of a lesson at the
beginning of the PD, she was able to provide it for at least one purpose within the process. Duru
provided adequate monitoring time in all tasks from the beginning of the PD, constructed a setting
based on questioning, purposefully selected, and sequenced multiple solution strategies in all
tasks. How these quantitative findings emerged qualitatively during the PD are explained in
detail in the further sections.

3.4. Planning

Before the PD, we observed that both teachers did planning to select questions to be solved in the
classroom rather than thinking about student ideas, possible solutions, and misconceptions that
may arise. In the meetings held together within the PD, we aimed to be made plans based on 5Ps.
Thus, we provided them resources to be read, led them to think especially on the goals and
cognitive demand of tasks and fill out the lesson planning forms. We asked them pay particular
attention to select CDTs involving multiple representations and multiple solutions that deepen
students' conceptual understanding. However, they sometimes had challenges in setting goals
despite examining sources. Considering their lack of content knowledge, we made extra lessons on
certain topics. For example, one of the most challenging subjects for teachers in setting goals was
expressing shape patterns algebraically in the Tiling A Patio Task, so we provided a sample lesson
video to facilitate their goal setting. Thus they determined multiple goals for the lesson.
Furthermore, the discussions at the meetings enabled teachers to set critical goals that they had not
considered before. For example, they thought that the position of "0" in the Air Temperature Task
and the Sea Coast Task might be a challenge for students. Therefore a goal should be set to
determine the position of 0 in the number line, and it should be discussed in a whole-class
discussion. As seen in Table 8, both of the teachers set multiple goals in many of the tasks. For
example, in the Division of Fractions and Milk Tasks, they set goals, such as understanding that
the division involves partitioning or measuring, realizing situations where the quotient may be
higher than the dividend, and discovering the division algorithm.

Before the PD there was no anticipation regarding any task, but along with PD, we asked
teachers to think about the possible solutions and misconceptions that may arise for designed
tasks. Moreover, we expected them to solve some of these tasks in detail, beyond detailed
anticipating, to consider which solutions would be discussed and how to connect these solution
strategies in an actual classroom setting. Teachers were able to express their ideas more
comfortably and consider multiple solutions, especially on subjects they had sufficient content
knowledge and that they did detailed research. While they were able to anticipate multiple
solution strategies in most of the tasks, they couldn't reach the desired attainment in the
subcomponent of anticipating misconceptions. For example, In the Air Temperature Task, in
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which teachers anticipated multiple solution strategies and misconceptions successfully, they
anticipated that students would use representations to place air temperatures such as
thermometer, and vertical and horizontal number lines. Furthermore, as shown in Figure 6, they
anticipated that students might not pay attention to the distances between big numbers
(e.g. +55, —40) when putting them on the number line, that they might have challenges on the
place of "0", and they might make mistakes when putting negative numbers on the number line.

Figure 6
Anticipated Misconceptions of Teachers for Air Temperature Task
L.B Olas1 Kavram Yamilgilar: ve Hatalar 1.B Possible Misconceptions and Errorrs

(* Inequal intervals)
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v (Inequal intervals )

g v (Negative numbers may be
v/ (Not contain zero ) misordered)
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v/ (Not contain negatif numbers)

In the PD, teachers were expected not only to anticipate possible solutions and possible
misconceptions but also to consider how to respond to these solutions and how to sequence the
solutions if they occur in an actual setting. However, they didn't consider how to respond to
students' multiple solution strategies in any of the tasks, but they considered how to respond to a
single solution strategy for only three tasks. Furthermore, they purposefully sequenced different
solution strategies in only two tasks. For instance, in Air Temperature Task, in which teachers
consider how to responded to students' single solution strategy and purposefully sequenced
solution strategies, teachers anticipated that students would have difficulty as which of the
numbers —3.5 and —3.75 are greater. They considered that it might be possible to respond by
asking such a question, "which is closer to —3 and which is closer to —4". They also sequenced
solution strategies to the planning document as 1) solutions, including misconceptions,
2) solutions, including the vertical number line, 3) solutions, including the horizontal number line,
to make a connection with the integer concept.

3.5. Monitoring

In the current study, we hadn't observed any subcomponents of monitoring in teachers'
classrooms before the PD. Along with the PD, we tried to improve their monitoring skills by
getting them to watch their classroom videos and discussing efficient follow-up questions. These
meetings provided essential changes in the sub-components of monitoring during PD. Table 9
shows the times given to the students in the monitoring phase by Duru and Gizem.

Table 9
Monitoring times given by teachers during professional development

Task LT DFT MT ATT SCT MET T GFT TPT MEAN

Duru 42.00 30.10 13.20  40.05 3710 2430 2755 25.25 32.50 30.22
Gizem 3325  29.05 2645 3640 2120 2620  47.35 44.50 33.00 34.20

Although Duru and Gizem, respectively, spent 30.22 and 34.20 minutes on average for
monitoring per task, time differences in the duration of the monitoring changed according to the
subjects and task context required for the students to explore. For instance, in the Lemonade Task,
Gizem explained the task to all students one by one by keeping the monitoring time longer than
necessary. This situation caused the monitoring time to be too long and, thus, to accelerate the
connecting phase. While Duru implemented all subcomponents of the Lemonade Task, Gizem
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wasn't able to complete the task, and she got 1 point because of keeping time longer than
necessary. Gizem stated that "If the students do not understand during the monitoring, they will have
challenges in making connection phase." Therefore, she frequently emphasized her students' low
academic achievement and considered monitoring as a practice where she would teach one-on-one
rather than a process where she provides students to explore tasks and produce strategies.
However, after watching students' reactions in Duru's video clips in the first meeting, she was
more careful in arranging the monitoring time. Thereby, the teachers carried out adequate
monitoring time in the remaining tasks.

Although teachers gave students time to explore the tasks in all tasks, it took time to build an
environment specific to monitoring and change in students' habits. In the pre-PD observations and
at the beginning of the PD, students tended to complete their solutions quickly and ask the teacher
whether their answers were correct in both teachers' classrooms. During the meetings, we
provided them to watch video clips of some pre-PD lessons and made discussions on teachers' and
students' behaviors. This approach had positive results in Duru's classroom from the very
beginning. As it can be observed from the scores she got, she avoided giving excessive feedbacks
and used explorative questioning to understand students' ideas. Unlike Duru, Gizem gave
excessive feedbacks to the students at the beginning of the PD and prompted them to the correct
answers. However, examining the video sections of teachers' classrooms led her to provide a
setting for more productive questioning.

We discussed the advantages of noting down solution strategies, introduced the selecting-
sequencing form (Smith and Stein, 2011), and did some exercises about it. For example, in some
cases, we examined all student strategies and selected ones by the teacher to compare and discuss
solutions that the teacher didn't choose but could be important, whether correct or incorrect.
However, as can be seen from the scores of the teachers, they weren't able to develop the norm of
noting down solution strategies regularly. Gizem explained why she could not use it with the
following sentences “I sometimes noted down solution strategies but sometimes I forgot it on my table.
Frankly, it takes a process to get used to maintain it but I couldn’t do it.” Figure 7 shows an example of a
selecting-sequencing form prepared for the Air Temperature Task, which is one of the two tasks in
which she scored 2 points.

Figure 7
Gizem's Sample Selecting-Sequencing Form
Student  Solution path Order
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Gizem selected solutions that contain horizontal-vertical lines and correct-incorrect solutions.
She sequenced them as beginning with incorrect vertical and horizontal lines and continuing with
correct sequenced solutions.
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Finally, we agreed with teachers that student collaboration would help discuss ideas and
develop new solution strategies. However, even though some students in both classes worked
with their groupmates, some resisted collaboration throughout the PD.

3.6. Selecting and Sequencing

While a discussion-based classroom setting was not very common before PD, we aimed with the
PD that teachers focus mainly on students' multiple solution strategies and make connections
based on student thinking. The cycle of planning-implementation-reflection has provided
successful improvements on teachers since the first meeting. We reminded them that selecting a
CDT does not guarantee the emergence of different solutions, so they should build a setting to gain
the habits of using multiple representations and trying multiple solutions. In the first meetings,
teachers argued that students were not used to different representations and solutions. Therefore,
during the monitoring phase, they purposefully encouraged students to use different
representations and solution strategies by asking questions such as "Can you find a different solution
strategy?", "Can you do it by using the number line?", " Can you show it by using a model?". Besides, we
argued that encouraging students who completed the task early to a second solution strategy
would prevent classroom management problems and provide different solutions. As can be seen
from Figure 8, Duru selected multiple solution strategies for all tasks, and purposefully sequenced
them all. On the other hand, Gizem didn't select multiple solutions for only one task, and she
didn't make a purposeful sequence for two tasks.

Figure 8
Selected Solution Strategies of Duru in the Lemonade Task

Order Selected solutions

1 Lemon 1 2 3 4
Bottleofwater 3 6 9 12 15

2 Lemon 4 4+1 =5
Bottle of water 12 12+3=15

lemorrl should be explored, teachers

14+1+1
3+3+37

or even sketch graphs if successful students were encouraged. They also anticipated that several
. . . 12 1241 13 13+1 _ 14 ,
students might have misconceptions such as Y Tl o 5T 51T e fsa result, different
solutions occurred during the lesson, as expected. Duru selected multiple solution strategies, as
shown in Figure 8, and purposefully sequenced them. She firstly selected the solution of Student 1,

which illustrates the additive relationship via a table representation. She then selected the solution

For instance, in the Lemonade Task where the ratio of é for —.

anticipated that students might use table representations, make additive reasoning such as

of Student 2, which denotes the multiplicative relationship via a table. He found Z by simplifying
3

the fraction of 14—2 and found five by adding 1 to 4 and fifteen by adding 3 to 12. Duru then selected

the solution of Student 3 by saying, "Let's invite Student 3, who first put forward the idea of graphics."
In Gizem's classroom, students used only the table representation, and fewer solution strategies
emerged compared to Duru's classroom. Gizem firstly selected a solution involving a
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misconception and then three different solution strategies. Figure 9 illustrates the solutions
selected by Gizem.

Figure 9
Solution Strategies for Lemonade Task in Gizem's Class

Order Selected solutions
! 5 lemon 13 bottle of water
6 lemon 14 bottle of water
7 lemon 15 bottle of water
2 3 6 9 12 15
1 2 3 4 5
3 ?
12 15

Gizem purposefully sequenced these solutions with beginning a strategy involves a common
misconception in the classroom, then the table representation that illustrates the additive
relationship, and finally, a rarely occurred solution that represents the multiplicative relationship.

3.7. Connecting

Teachers' pre-PD classroom practices showed us that while Gizem didn't allow almost any
discussion, there were rare discussions in Duru's classroom. Therefore, in the meetings held in the
first weeks of the PD, we expected teachers to evaluate their and students' roles by getting them to
watch their video clips from the pre-PD classrooms. In these sections, we focused on teacher-
student and student-student interactions, teacher questioning and feedback, initiating discussion,
and students' participation. When teachers watched these video clips, they noticed that they
generally did not allow students to express their ideas. Duru said, "I was very impressed by my
classroom videos. I noticed that I was interfering a lot and didn't allow students to explain their ideas. The
student on the board wasn't writing without hearing my command." Since the first week of the PD, there
had been a significant change in Duru's lessons. Although Duru hadn't yet orchestrated
discussions purposefully at the beginning of PD, she provided a classroom setting based on
student ideas. Scoring at least 1 point from each task for the subcomponent of making connections
between solution strategies and the goals of the lesson shows that she discussed student's ideas in
all of the lessons. On the other hand, the fact that Gizem's insistence on teacher-centered approach,
especially at the beginning of the PD, prevented her from constructing a discussion-based
environment. Gizem's approach in the first few tasks was generally "show and tell the solutions one
by one," but watching clips affected Gizem. However, particularly since the Air Temperature Task
and the Sea Coast Task involving integers, absolute values, and the operations of integers, she was
able to make connections between the goals of the lessons but unable to make connections among
solution strategies. In Sea Coast Task, both teachers scored 2 points from the subcomponent of
making connections between the goals of the lesson. The following dialogue is from the Sea Coast
Task in Gizem's class:

[The fish is 30 meters below from sea level, the coral is 110 meters below from sea level, the bird is
110 meters above sea level, and the kite is 80 meters above sea level (which are in the same
direction).]

T: [She invited Student 1 to the board and asked] Where are the fish and coral?

[He subtracted 30 from 110]

T: S1, why did you subtract?

S1: I subtracted to find the distance between them.

T: We just subtracted, should we always subtract? We added to find the distance between the bird
[+110 meters] and the fish [-30m].

S2: We add up when both are positive, and we subtract when both are negative.
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T: Well, sometimes you added up, but sometimes subtracted numbers. They were correct, but you
didn't tell me why. Now, what's the distance between the bird and the fish?

S4: 140 m.

T: We found 140 and verified it by counting distance. Then you subtracted +110 from +80 to find the
distance between the kite and the bird. And here, you subtracted —30 from —110 and got +80. The
results are correct; you have already verified it by counting on the number line.

S5: We add up if both are negative, and subtract if both are positive.

T: Did we do it in negative numbers? We subtracted —20 from —120. S6, what is your opinion?

S6: If both are positive, we subtract. If one is negative and one is positive, we add up.

T: Why?

S7: It asked to find the distance between the bird and the kite.

S6: We add up if one is negative, and one is positive. If both are negative or both are positive, we
subtract.

Before the PD, we observed that teachers mostly aimed to reinforce routine algorithms rather
than underlying meaning. However, throughout the PD, as seen from the dialogue above, they
tried to initiate discussions leading students to make connections between the goals of the lessons
and to generalize the ideas behind routine algorithms. These discussions, which are more frequent
in Duru's classroom, allowed students to connect the goal(s) of the lessons. Gizem expressed her
ideas about the development of questioning skills and students' participation with the following
sentences:

"Compared to last year, there are lots of changes both in them and in me. For example, students
listening to each other's ideas or a student's reflection on another student's generalization are
completely learned behaviors."

Making connections between solution strategies was one of the most difficult subcomponents
for teachers. As can be seen from Table 8, both of the teachers made connections between two
solution strategies for only two tasks, and Duru, additionally, made connections among more than
two solution strategies in a Tiling a Patio Task, which adapted from Smith and Stein's (2011)
research. The Tiling a Patio task, as shown in Figure 10, asks the numbers of white tiles in an
unknown step.

Figure 10
A Pattern in Tiling a Patio Task (Adapted from Smith and Stein, 2011)

The following dialogue shows an exemplary classroom discussion on making a connection
between solutions for the Tiling a Patio Task.

T: Your friends found [2n+6], [2.(n+2)+2], and [3.(n+2)-n]. [All three solutions are on the board].
Well, do you all see the same pattern? For example, what did you find in the 3rd step for each
solution?

S1:12.

T: For the 10th step?

S2: 26.

T: Well, our algebraic expressions seem a little different; we got 2n+6, 2.(n+2)+2, and 3.(n+2)-n. Why
are they different? For example, let's write the 200th step for each pattern.

S1: 200 plus 2 equal to 202. 202 times 2 equals to 404, and 404 plus 2 equals to 406.

T: Do they all equal to 406? They look like different algebraic expressions. Are they all the same?

S1: Yes.

T: But why are these algebraic expressions different? Think about it at home. It is your homework.

In this dialogue, Duru discussed three different solutions of a task. She led students to discover
that different solution paths yield the same results by making connections between these solution
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strategies. Thus, she scored 2 points for the subcomponent of making connections among solution
strategies.

3.8. Changes in the Cognitive Demand of Tasks during the Professional Development

Before the PD, teachers mostly had selected low demanding tasks or had declined the CD of tasks
in the implementation phase. However, during the PD, they selected CDTs and implemented them
at a high level, except for a task in which Gizem declined its CD, as shown in Table 10.

Table 10
Changes in the cognitive demand of tasks during the professional development
Implemented at a high level Implemented at a low level
ST SuT IT ST suT  IT ST suT  IT
DM DM DM
PwC PwC PwC
PwoC PwoC PwoC
Mm Mm Mm
Duru Gizem Duru Gizem Duru Gizem
LT v v
DFT 4 v
MT v v
ATT v v
SCT v v
MET v v
TPT v v
GFT v
TT v v

The teachers implemented almost all of the tasks at a high level. Because teachers mostly
provided sufficient time for students to explore the tasks, used different representations such as
tables, models, graphics, number lines, and they encouraged students to justify their ideas.
However, Gizem gave excessive feedbacks and provided students too much time to explore the
Lemonade Task, which is the reason why she declined the level of the CD to the PwoC level. In the
Tiling a Patio Task, which is the only task implemented at the level of DM, students revealed three
different mathematical models by analyzing the relationship between the steps of a pattern,
reached a generalization, and explained their strategies.

4. Discussion and Conclusion

The purpose of this study was to examine the impact of a 5Ps-based PD on the classroom practices
and CDs of enacted tasks of two beginning middle school mathematics teachers. The findings of
this study showed that five practices based intervention provided significant changes in the
classroom routines of teachers that weren't observed before the PD. They maintained the level of
CDTs at a high-level in practice. While successfully implemented some subcomponents of 5Ps,
they had difficulties in implementing some of the others.

Studies indicate that while the CDs of mathematical tasks included in the classroom resources
are mostly high (Kotsopoulos et al. 2011; Ubuz et al., 2010), teachers were not able to maintain the
level of CDTs in the implementation phase (Dogan-Coskun & Isiksal-Bostan, 2019; Henningsen &
Stein, 1997; Stein et al., 2000; Ubuz & Sarpkaya, 2014). The findings before the PD, similarly,
indicated that teachers were only able to implement 20% of the tasks at a high level and had
typical classroom routines. Some of these routines can be listed as not giving students enough time
to explore the task, routinizing the problematic part of the task, focusing on only one correct
answer, giving excessive feedbacks and prompting students to the correct answer. Along with the
PD, teachers almost managed to maintain CD of all tasks at a high level and both of them
implemented one task at the level of DM that they had never experienced before. There are several
studies aiming awareness regarding the CD of tasks and the implementation of CDTs at a high
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level (e.g. Arbaugh & Brown 2005; Boston & Smith 2009). These studies are in line with the results
of this study and showed that PDs provided improvement in task implementation at a high level.
Enacting CDTs at a high level requires engaging process skills (MoNE, 2013; NCTM, 2000) into the
classroom setting. Stein and Henningsen (1997) and Wilson et al. (2015) stated that in such a
setting, students reason on a problem, discuss and connect their ideas, make an effort to find
different solutions, use multiple representations, shortly create a student-centered learning
athmosphere. In the current study and many of the studies (e.g. Clarke et al. 2014; Stein & Lane,
1996), similar classroom norms were observed where CDTs were enacted and maintained at a high
level.

In the current study, significant changes were observed in the practices of teachers, along with
the PD. The meetings held during the planning enabled teachers to think more in-depth
concerning the selection of CDTs and determining the goal(s) of the tasks. In particular, they paid
attention to consider key mathematical ideas underlying the tasks and a structure where students
can reason and come up with multiple solutions. Although teachers did not have challenges in
setting goals and planning subjects in which their content knowledge (CK) and pedagogical
content knowledge (PCK) were sufficient (e.g. area of triangle and integers), they demanded the
supported of the researchers in the subjects they had difficulties (e.g. absolute value and algebra).
Therefore, as Wilson et al. (2015) stated that PDs lead teachers to a research-based setting; our
teachers also researched the determined subjects with the support of the researchers. Although
this study did not have a direct goal to enhance teachers' CK and PCK, we observed that a PD
focused on improving classroom practices not integrated with CK and PCK would not be
sufficient to enhance teachers' practices.

Collaborative meetings contributed to the development of teachers, in particular, teachers'
reflections on each other's classroom videos and discussion of cases have led to significant changes
in their perceptions, beliefs, and subsequent practices. Borko et al. (2008) and McGraw et al. (2007)
stated that using video clips to improve the quality of classroom discussions and reflecting on
videos of their courses provided teachers to see their improvement, and watching colleagues'
videos helped them learn new pedagogical strategies.

In the planning phase, the teachers got achievement in setting the goal(s) of the lesson, selecting
a task, and anticipating possible solution strategies. However, they did not reach the desired level
in subcomponents of anticipating possible misconceptions, responding possible solution strategies,
and sequencing solution strategies that require detailed anticipation. Eskelson (2013) also found a
similar result in his study that teachers could not go beyond writing the objectives identified in the
curriculum while preparing a lesson plan and did not make detailed anticipation. On the other
hand, in a few studies, teachers made progress (Pang 2016; Silver et al., 2005; Wilson et al. 2015)
concerning detailed anticipation. In this study, it can be asserted that the teachers' lack of PCK
based on student thinking prevents them from making sufficient anticipation.

One of the most crucial practices was monitoring phase. As Wilson et al. (2015) stated, the
monitoring phase focuses on students' solution strategies beyond "answers." Although one of the
teachers had difficulty at the beginning of the PD, both teachers generally took care of productive
questioning that encouraged students to think about different solution strategies, and they avoided
giving excessive feedbacks to prompt the answers. As one teacher in Larsson's study (2015) stated,
"It's quite hard, but it's extremely important that you don't tell if it's right or wrong because then
you have removed what's the problem in the problem (p. 102)". Wilson et al. (2015) remarked that
focusing on misconceptions and multiple solutions for tasks in planning enabled teachers to carry
on successful monitoring. Unlike our study, Pang (2016) indicated that one of the most challenging
parts of teachers' practice was monitoring and that teachers could not realize the changes in
student solutions. In the current study, teachers were unable to transform the subcomponent of
"noting down student solutions," which Smith and Stein (2011) emphasized, into a classroom
norm, except for one or two tasks. On the contrary, in the study of Heyd-Metzuyanim et al. (2018),
teachers conducted successful monitoring by noting down student solutions.
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During the PD, teachers purposefully selected and sequenced solution strategies in most of the
tasks. They followed numerous sequencing strategies, such as those from erroneous solutions or
misconceptions to correct solution strategies, frequent solutions to infrequent ones, commonly
used representations to less-used representations, concrete to abstract solution strategies, and
incomplete solutions to complete solutions (Larsson, 2015; Meikle, 2014). In the study of Silver et
al. (2005), teachers stated that sharing erroneous solutions may have the potential to confuse
students; however, these debates can reveal important misconceptions and are pedagogically
valuable. Besides, Boaler and Humpreys (2005) and Larsson (2015) indicated that it is an influential
approach for students to correct their erroneous solutions on the board themselves. Such an
approach has also appeared in some cases in the current study.

In this study, one of the teachers created a discussion-based classroom athmosphere based on
student solution strategies from the very beginning of the PD. The other one insisted on
emphasizing mathematical procedures with a teacher-centered approach, particularly at the
beginning of the PD; nevertheless, she succeeded in creating a discussion-based classroom setting
along with PD. Teachers were often able to create an atmosphere of discussion to connect at least
one goal of the lesson. Tyminski et al. (2014) found a similar result that the prospective teachers
achieved 75%-80% success in setting specific goals for students to make connections among
strategies made choices that could support these goals. Pang (2016), on the other hand, indicated
that the most challenging practice of teachers was the connection phase. Eskelson (2013) also
concluded in his study that teachers were unable to make connections because they did not make
detailed anticipation in planning. In the current study, one of the main reasons for teachers'
success in making connections with the goal(s) of the lesson is setting the goal(s) of the lesson
clearly during the planning and then implementing CDTs on these goal(s).

One of the fundamental practices that Smith and Stein (2011) emphasized is making
connections among different solutions or representations. They stated that detailed anticipation is
a prerequisite for teachers to make a successful connection. In this study, teachers were mostly
unable to show the desired achievement in the subcomponents requiring detailed anticipation, as
responding to possible solutions or misconceptions and sequencing solution strategies concerning
planning documents. Therefore, the teachers' lack of doing detailed planning prevented them from
internalizing anticipated acting scenarios based on making connections between solution
strategies.

5. Limitations and Future implications

In the current study, although worthwhile changes were observed in the classroom practices of
two beginning teachers, some limitations affected the research. Accessibility of researchers to two
far districts and sometimes the challenges of teachers' participation in meetings restrained the data
collection process. We, indeed, anticipated such problems and completed the process by making
additional meetings and observations. Besides, the students' low academic achievement, especially
in Gizem'’s classroom, significantly affected the diversity and quality of the solution strategies of
students. If the current study was carried out in a school with a higher academic success with a
similar design, different results might emerge. On the other hand, the limitations of this study can
also be considered as a significance of this study. Although academic success was low in such
settings, we can transparently state based on the results of the study that when students have an
opportunity to think and explore in mathematics lessons, significant changes may occur in the
classroom athmosphere and perceptions, including teachers' beliefs and practices. The current
study showed us that 5Ps could be used as a systematic tool both in undergraduate training and
PDs for beginning teachers. This study also revealed the importance of making detailed planning
based on student thinking and sustainable peer collaboration. For future studies, research focusing
only on one or more components of 5Ps can be done, and the scope can be narrowed to a single
learning domain.



O. Bagdat & H. B. Yanik / Journal of Pedagogical Sociology and Psychology, 5(3), 89-111 109

Acknowledgements and Funding: This work is produced by the first author’s doctoral
dissertation and funded by Anadolu University Scientific Research Project Department

Declaration of interest: No conflict of interest is declared by authors.

References

Arbaugh, F., & Brown, C. A. (2005). Analyzing mathematical tasks: A catalyst for change?. Journal of
Mathematics Teacher Education, 8(6), 499-536. https:/ /doi.org/10.1007 /s10857-006-6585-3

Bauml, M. (2014). Collaborative lesson planning as professional development for beginning primary
teachers. The New Educator, 10(3), 182-200. https:/ /doi.org/10.1080/1547688X.2014.925741

Bayazit, 1. (2012). Quality of the tasks in the new Turkish elementary mathematics textbooks: The case of
proportional reasoning. International Journal of Science and Mathematics Education, 11(3), 651-682.
https:/ /doi.org/10.1007 /s10763-012-9358-8

Boaler, J., & Humphreys, C. (2005). Connecting mathematical ideas: Middle school video cases to support teaching
and learning. Heinemann.

Borko, H., Jacobs, J., Eiteljorg, E., & Pittman, M. E. (2008). Video as a tool for fostering productive discussions
in mathematics professional development. Teaching and Teacher  Education, 24(2), 417-436.
https://doi.org/10.1016/j.tate.2006.11.012

Borko, H., & Putnam, R. T. (1996). Learning to teach. In D. C. Berliner & R. C. Calfee (Eds.), Handbook of
educational psychology (pp. 673-708). Prentice Hall International.

Boston, M. D., & Smith, M. S. (2009). Transforming secondary mathematics teaching: Increasing the cognitive
demands of instructional tasks used in teachers' classrooms. Journal for Research in Mathematics Education,
40(2), 119-156.

Boston, M. D., & Smith, M. S. (2011). A task-centric approach to professional development: Enhancing and
sustaining mathematics teachers' ability to implement cognitively challenging mathematical tasks. ZDM,
43(6-7), 965-977. https:/ / doi.org/10.1007/s11858-011-0353-2

Boston, M. D. (2013). Connecting changes in secondary mathematics teachers' knowledge to their
experiences in a professional development workshop. Journal of Mathematics Teacher Education, 16(1), 7-31.
https:/ /doi.org/10.1007 /s10857-012-9211-6

Clarke, D., Roche, A., Cheeseman, J., & van der Schans, S. (2014). Teaching strategies for building student
persistence on challenging tasks: Insights emerging from two approaches to teacher professional
learning. Mathematics Teacher Education and Development, 14(2), 1-22.

Darling-Hammond, L. (1995). Changing conceptions of teaching and teacher development. Teacher Education
Quarterly, 22(4), 9-26.

Dogan-Coskun, S., & Isiksal Bostan, M. (2018). The analysis of a novice primary teachers' mathematical
knowledge in teaching: Area measurement. International Journal for Mathematics Teaching and
Learning, 19(1), 1-21. https:/ /doi.org/10.4256 /ijmtl.v19i1.13

Dogan Coskun, S., & Isiksal Bostan, M. (2019). An in-service primary teacher's implementation of
mathematical tasks: the case of length measurement and perimeter instruction. International Journal of
Mathematical Education n Science and Technology, 50(4), 486-505.
https:/ /doi.org/10.1080/0020739X.2018.1522675

Eskelson, S. L. (2013). Exploring the relationship between teachers' participation in modified lesson study cycles and
their implementation of high-level tasks [Unpublished Doctoral Dissertation]. University of Pittsburgh,
Pittsburgh.

Feiman-Nemser, S., & Parker, M. B. (1992). Mentoring in context: A comparison of two US programs for beginning
teachers. National Center for Research on Teacher Learning. https:/ /doi.org/10.1016/0883-0355(93)90010-
H

Ginns, 1., Heirdsfield, A., Atweh, B., & Watters, J. J. (2001). Beginning teachers becoming professionals
through action research. Educational Action Research, 9(1), 111-133.
https:/ /doi.org/10.1080/09650790100200140

Guler, M., Taylan, R. D., Baki, M., Demirel D., Celik, D., Guzel, E. B., Aslan-Tutak, F., Ozaltun Celik, A.
(2023). Supporting novice mathematics teachers: The impact of an e-mentoring and video-based
professional development program on teachers’ noticing skills. International Electronic Journal of
Mathematics Education, 18(2), em0737. https:/ /doi.org/10.29333 /iejme /13091


https://doi.org/10.1007/s10857-006-6585-3
https://doi.org/10.1080/1547688X.2014.925741
https://doi.org/10.1007/s10763-012-9358-8
https://doi.org/10.1016/j.tate.2006.11.012
https://doi.org/10.1007/s11858-011-0353-2
https://doi.org/10.1007/s10857-012-9211-6
https://doi.org/10.4256/ijmtl.v19i1.13
https://doi.org/10.1080/0020739X.2018.1522675
https://doi.org/10.1016/0883-0355(93)90010-H
https://doi.org/10.1016/0883-0355(93)90010-H
https://doi.org/10.1080/09650790100200140
https://doi.org/10.29333/iejme/13091

O. Bagdat & H. B. Yanik / Journal of Pedagogical Sociology and Psychology, 5(3), 89-111 110

Harrison, J., Dymoke, S., & Pell, T. (2006). Mentoring beginning teachers in secondary schools: an analysis of
practice. Teaching and Teacher Education, 22(8), 1055-1067. https:/ /doi.org/10.1016/]j.tate.2006.04.021

Henningsen, M., & Stein, M. K. (1997). Mathematical tasks and student cognition: Classroom-based factors
that support and inhibit high-level mathematical thinking and reasoning. Journal for Research in
Mathematics Education, 28(5), 524-549. https:/ /doi.org/10.2307 /749690

Heyd-Metzuyanim, E., Smith, M., Bill, V., & Resnick, L. B. (2019). From ritual to explorative participation in
discourse-rich instructional practices: a case study of teacher learning through professional
development. Educational Studies in Mathematics, 101(2), 273-289. https://doi.org/10.1007/s10649-018-
9849-9

Hong, D. S., & Choi, K. M. (2014). A comparison of Korean and American secondary school textbooks: The
case of quadratic equations.  Educational  Studies in  Mathematics,  85(2),  241-263.
https:/ /doi.org/10.1007 /s10649-013-9512-4

Jones, D. L., & Tarr, J. E. (2007). An examination of the levels of cognitive demand required by probability
tasks in middle grades mathematics textbooks. Statistics Education Research Journal, 6(2), 4-27.
https:/ /doi.org/10.52041/serj.v6i2.482

Kotsopoulos, D., Lee, J., & Heide, D. (2011). A pair-wise analysis of the cognitive demand levels of
mathematical tasks used during classroom instruction and those assigned for homework. Canadian
Journal of Science, Mathematics and Technology Education, 11(4), 348-364.
https:/ /doi.org/10.1080/14926156.2011.624819

Larsson, M. (2015). Incorporating the practice of arguing in Stein et al. 's model for helping teachers plan and
conduct productive whole-class discussions. In O. Helenius, A. Engstrom, T. Meaney, P. Nilsson, E.
Norén, J. Sayers, & M. Osterholm (Eds.), Proceedings from MADIF9: The Ninth Swedish Mathematics
Education Research Seminar (pp. 3065-3071). HAL Open Science.

Lewis, G. M. (2014). Implementing a reform-oriented pedagogy: Challenges for novice secondary
mathematics teachers. Mathematics Education Research Journal, 26(2), 399-419.
https:/ /doi.org/10.1007 /s13394-013-0092-5

McGraw, R., Lynch, K., Kog, Y., Budak, A., & Brown, C. A. (2007). The multimedia case as a tool for
professional  development.  Journal of  Mathematics  Teacher  Education,  10(2),  95-121.
https:/ /doi.org/10.1007 /s10857-007-9030-3

Meikle, E. (2014). Preservice teachers' competencies to select and sequence students' solution strategies for
productive whole-class discussions. Mathematics Teacher Educator, 3(1), 27-57.
https:/ /doi.org/10.5951/ mathteaceduc.3.1.0027

Merriam, S. B., & Tisdell, E. ]J. (2015). Qualitative research: A guide to design and implementation. John Wiley &
Sons.

Ministry of National Education [MoNE]. (2013). ilkd§retim matematik dersi 6gretim programi: 4., 5., 6., 7., ve 8.
siniflar [Elementary mathematics teaching curriculum for primary education grades 4, 5, 6, 7, and 8].
Author.

Ministry of National Education [MoNE]. (2014). 5.sinif matematik ders kitabi [5th grade math textbook].
Author.

National Council of Teachers of Mathematics [NCTM]. (1991). Professional standards for teaching mathematics.
Author.

National Council of Teachers of Mathematics [NCTM]. (2000). Principles and standards for school mathematics.
Author.

National Council of Teachers of Mathematics [NCTM]. (2014). Principles to actions: Ensuring mathematical
success for all. Author.

Pang, J. (2016). Improving mathematics instruction and supporting teacher learning in Korea through lesson
study using five practices. ZDM, 48(4), 471-483. https:/ /doi.org/10.1007 /s11858-016-0768-x

Sfard, A. (2008). Thinking as communicating. Cambridge University Press.
https:/ /doi.org/10.1017/CB0O9780511499944

Silver, E. A., Ghousseini, H., Gosen, D., Charalambous, C., & Strawhun, B. T. F. (2005). Moving from rhetoric
to praxis: Issues faced by teachers in having students consider multiple solutions for problems in the
mathematics classroom. The Journal of Mathematical Behavior, 24(3-4), 287-301.
https:/ /doi.org/10.1016/j.jmathb.2005.09.009

Smith, M. S, Silver, E. A., & Stein, M. K. (2005a). Improving Instruction in rational numbers and proportionality.
Teachers College Press.

Smith, M., Silver, E. A., & Stein, M. K. (2005b). Improving instruction in algebra. Teachers’ College Press.


https://doi.org/10.1016/j.tate.2006.04.021
https://doi.org/10.2307/749690
https://doi.org/10.1007/s10649-018-9849-9
https://doi.org/10.1007/s10649-018-9849-9
https://doi.org/10.1007/s10649-013-9512-4
https://doi.org/10.52041/serj.v6i2.482
https://doi.org/10.1080/14926156.2011.624819
https://doi.org/10.1007/s13394-013-0092-5
https://doi.org/10.1007/s10857-007-9030-3
https://doi.org/10.5951/mathteaceduc.3.1.0027
https://doi.org/10.1007/s11858-016-0768-x
https://doi.org/10.1017/CBO9780511499944
https://doi.org/10.1016/j.jmathb.2005.09.009

O. Bagdat & H. B. Yanik / Journal of Pedagogical Sociology and Psychology, 5(3), 89-111 111

Smith, M. S., Silver, E. A., & Stein, M. K. (2005c). Improving instruction in geometry and measurement. Teachers
College Press.

Smith, M. S,, Bill, V., & Hughes, E. K. (2008). Thinking through a lesson: Successfully implementing high-
level tasks. Mathematics Teaching in the Middle School, 14(3), 132-138.
https:/ /doi.org/10.5951/MTMS.14.3.0132

Smith, M., & Stein, M. K. (2011). Five practices for orchestrating productive mathematics discussions. NCTM.

Stein, M. K., Grover, B. W., & Henningsen, M. (1996). Building student capacity for mathematical thinking
and reasoning: An analysis of mathematical tasks used in reform classrooms. American Educational
Research Journal, 33(2), 455-488. https:/ /doi.org/10.3102/00028312033002455

Stein, M. K., & Lane, S. (1996). Instructional tasks and the development of student capacity to think and
reason: An analysis of the relationship between teaching and learning in a reform mathematics project.
Educational Research and Evaluation, 2(1), 50-80.

Stein, M. K., Smith, M. S., Henningsen, M. A., & Silver, E. A. (2000). Implementing standards-based mathematics
instruction: A casebook for professional development. Teachers College Press.

Taneri, P. O., & Ok, A. (2014). The problems of novice classroom teachers having regular and alternative
certificates. Education and Science, 39(173), 418-429.

Turkish Ministry of National Education Research and Development Department. (2008). Determining
professional development requirements of classroom teachers. MoNE.

Tyminski, A. M., Zambak, V. S., Drake, C., & Land, T. ]. (2014). Using representations, decomposition, and
approximations of practices to support prospective elementary mathematics teachers' practice of
organizing  discussions.  Journal  of  Mathematics = Teacher = Education,  17(5),  463-487.
https:/ /doi.org/10.1007 /s10857-013-9261-4

Ubugz, B., Erbas, A. K., Cetinkaya, B., & Ozgeldi, M. (2010). Exploring the quality of the mathematical tasks in
the new Turkish elementary school mathematics curriculum guidebook: The case of algebra. ZDM, 42(5),
483-491. https:/ /doi.org/10.1007 /s11858-010-0258-5

Ubuz, B., & Sarpkaya, G. (2014). The investigation of algebraic tasks in sixth grades in terms of cognitive
demands: Mathematics texbook and classroom implementations. Elementary Education Online, 13(2), 594-
606.

Van de Walle, K., & Karp, K. S. Bay-Williams (2013). Elementary and middle school mathematics: Teaching
developmentally. Pearson.

Wang, J., Odell, S. J., & Schwille, S. A. (2008). Effects of teacher induction on beginning teachers' teaching: A
critical ~review of the literature.  Journal of  Teacher  Education, 59(2), 132-152.
https:/ /doi.org/10.1177/0022487107314002

Wilson, P. H., Sztajn, P., Edgington, C., & Myers, M. (2015). Teachers' uses of a learning trajectory in student-
centered teaching practices. Journal of Teacher Education, 66(3), 227-244.
https:/ /doi.org/10.1177/0022487115574104

Yanik, Bagdat, Gelici, & Tastepe (2016). The challenges facing beginning middle school mathematics
teachers. The Journal of Mustafa Kemal University Social Sciences Institute, 36, 130-152.

Yin, R. K. (2003). Case study research: Design and methods. Sage.


https://doi.org/10.5951/MTMS.14.3.0132
https://doi.org/10.3102/00028312033002455
https://doi.org/10.1007/s10857-013-9261-4
https://doi.org/10.1007/s11858-010-0258-5
https://doi.org/10.1177/0022487107314002
https://doi.org/10.1177/0022487115574104



