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ABSTRACT 

Researchers frequently fail to identify the effectiveness of teacher education in facilitating its 

graduates’ transfer of knowledge from learning context to teaching milieu. One of the reasons for 

the failure may be that they do not pay due attention to the specific content and context involved 

in transfer. This dissertation examines the transfer of preservice teachers’ specialized content 

knowledge about place value of whole numbers from learning to microteaching and teaching. It 

serves two goals: First, it investigates how well preservice teachers are able to acquire 

specialized content knowledge about place value in an elementary mathematics methods course. 

Second, it measures the extent to which they can transfer the specialized content knowledge 

developed in their methods course to microteaching and teaching practice in their practicum 

classrooms associated with the methods courses.  

To achieve the goals, this dissertation studies 37 preservice teachers’ learning and 

applying of specialized content knowledge about place value of whole number. Five sets of data 

are collected: 1) pre-test, 2) post-test, 3) microteaching plans, 4) microteaching videos, and 5) 

teaching practice videos.  

To analyze preservice teachers’ acquisition of specialized content knowledge, the 

difference between their performance on pre-test and post-test is calculated and tested using 

Wilcoxon signed-rank test. To determine the extent to which they transfer the acquired 

specialized content knowledge developed in methods course to microteaching and teaching 

contexts and from microteaching to teaching, further statistical analyses are executed including 

Fisher’s Exact Test and Spearman Correlation.   

The dissertation reveals a significant and positive growth in preservice teachers’ 

specialized content knowledge on the overall level and on its three specific sub-dimensions⸺ 
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using manipulatives, making explanations, and justifying student works in the mathematics 

methods course module. However, the transfers from knowledge development to microteaching 

and to teaching practice are not significant. From microteaching to teaching practice, the overall 

transfer effect is not significant either. Nevertheless, the transfer effect is significant on two sub-

dimensions of specialized content knowledge⸺ using manipulatives and making explanations.   

Keywords: preservice teachers, transfer, mathematical specialized content knowledge 
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CHAPTER I 

INTRODUCTION 

Teacher education has long been in doubt and under attack from policymakers and 

politicians for its unproductivity in preparing new teachers. For example, Duncan (2009) claimed 

that education schools in the United States act like the Bermuda Triangle of higher education 

where preservice teachers cannot get measurable training. A main driving force behind this scene 

is the lack of robust evidence indicating contribution of teacher education to new teachers’ 

teaching competency and student achievement. For example, Goldhaber’s (2019) literature 

review indicates that only a few studies conducted heretofore had investigated the association 

between the characteristics of teacher education programs and teacher workforce outcomes. In 

other words, more research should target at the connection between teachers’ training on 

university campuses and their teaching in school classrooms. This dissertation addresses the 

aforementioned research gap from the angle of transfer by focusing on preservice teachers’ 

learning and applying of specialized content knowledge of place value in their methods course, 

microteaching and teaching contexts.  

This dissertation is contextualized in mathematics education where researchers generally 

acknowledge the criticality of teachers’ mathematical knowledge of content and pedagogy in 

shaping their teaching practices (e.g., Ma, 1999; Shulman, 1986; 1987) although a consensus has 

yet to be achieved in terms of how to define and measure the quality of mathematics teaching 

due to the plethora of swaying factors (Schoenfeld, 1999). In partcilaur, a widely upheld 

assumption is that teachers’ mathematical knowledge for teaching including subject matter 

knowledge and pedagogical content knowledge impacts quality of their teaching, which in turn 

influences student learning (Charalambous & Pitta-Pantazi, 2015).  
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In recent years, empirical evidences are growing in supporting some connection of 

teachers’ mathematical content knowledge to teaching and from mathematical teaching to 

students’ mathematical achievement. For instance, by observing the connection between third 

grade teachers’ mathematical knowledge and their handling of students’ errors, Bray (2011) 

found that teachers with stronger content knowledge in multiplication are more likely to 

anticipate student mistakes and emphasize mathematics concepts when responding to those 

mistakes.  

Among the various forms of mathematical knowledge for teaching, specialized content 

knowledge is the focus of this dissertation. Specialized content knowledge is a special form of 

subject matter knowledge under the umbrella of mathematical Knowledge for teaching (Ball, 

Thames, & Phelps, 2008). Some studies have demonstrated the critical importance of specialized 

content knowledge to inservice teachers’ teaching. For example, Bray (2011) observed an 

intimate connection between third grade teachers’ mathematical knowledge and their handling of 

students’ errors: Teachers with stronger content knowledge in multiplication are more likely to 

anticipate student mistakes and emphasize mathematics concepts when responding to those 

mistakes. Some other studies have reported the relationship between inservice teachers’ 

specialized content knowledge and students’ academic achievement. For example, Hill, Rowan 

and Ball (2005) revealed that teachers’ mathematics specialized content knowledge positively 

predicts first and third graders’ mathematics achievement.  

Consequently, this dissertation uses the ideas of mathematical specialized content 

knowledge as a window to examine preservice teachers’ acquisition and transfer of mathematical 

knowledge for teaching. Several reasons account for this choice: First, preservice teachers may 

develop specialized content knowledge by taking relevant teacher education courses in university 
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classrooms where abundant teaching experience may not be available (Morris, Hiebert, & 

Spitzer, 2009). The possible acquisition of specialized content knowledge provides a basis for 

examining the transfer of this knowledge to other different contexts, such as microteaching and 

teaching in school classrooms.  

Second, many teacher education programs, including the one studied in this dissertation, 

are providing microteaching to their preservice teachers in order to help them transfer and apply 

the acquired knowledge to the teaching milieu. Studies have indicated that microteaching can 

facilitate preservice teachers’ mathematical knowledge transfer from the knowledge acquisition 

in university classrooms to contexts that are similar to school classrooms in terms of structure 

and function (Arsal, 2015). Incorporating microteaching into this study can increase the richness 

regarding the contexts of transfer, which in turn may provide richer findings about the transfer of 

specialized content knowledge in different transfer contexts.     

In addition, teacher education programs generally entail a teaching practicum section that 

gives preservice teachers an opportunity for teaching in school classrooms. The mathematics 

methods course studied in this dissertation also includes a teaching practicum. As a result, the 

effectiveness of an elementary mathematics methods course in facilitating preservice teachers’ 

knowledge acquisition and transfer it to teaching can be better examined given the methods 

course is associated with a practicum in which they can use what they learn in methods course in 

teaching.  

Finally, examining specialized content knowledge has advantages in research. As to be 

described in the next chapter, Mathematical knowledge for teaching includes six sub-domains, 

which are connected to one another and overlap to some extentent. Therefore, focusing on 

exclusively specialized content knowledge may make the dissertation readily manageable. In 
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addition, this focus may generate clearer picture about knowledge transfer than that by focusing 

on several knowledge domains at the same time given the simplicity in research design of this 

dissertation.  

The examination mentioned above is also significant for the practice and policymaking 

about teacher education. As for practice, an appropriate understanding of the relationship 

between preservice teachers’ specialized mathematical knowledge developed in coursework, 

microteaching, and teaching practice can offer the necessary knowledge bases for teacher 

educators to improve their teaching in the methods course. In addition, the knowledge bases are 

also important for teacher educators to help preservice teachers apply what they have acquired in 

the methods course to their microteaching and teaching relevant to mathematics education 

(Cochran-Smith & Zeichner, 2005). Regarding policymaking, clinically field experience-based 

policies for teacher preparation have been initiated (National Council of Accreditation for 

Teacher Education [NCATE], 2010). Many teacher preparation institutions in the U.S have been 

endorsing implmenting such policies with a focus on presrevice tehcers’ development and 

application of mahtemtical knowledge (e.g., Jacobson, 2017). Nevertheless, the empirical bases 

for this policy intitiative has yet to be soundly developed without which such a policy initiative 

can misguide the effots of teacher education practice following it.   

To examine preservice teachers’ transfer of specialized content knowledge developed 

from methods course to microteaching and teaching as well as from microteaching to teaching 

practices, place value is an appropriate mathematics topic for several considerations. First, place 

value is a core concept related to number and operations (National Council of Teachers of 

Mathematics, 2000) and a key numerical skill that children need to develop in early school years 

in mathematics curriculums (Aunio & Räsänen, 2016). Second, a good grip on the meaning of 
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ones, tens, hundreds, etc., in the base-ten numeration system is crucial for students’ development 

of the skills about composing and decomposing numerals and conducting the four basic 

arithmetic operations. Third, some more advanced mathematical skills, like decimal operations, 

also heavily rely on students’ solid understanding about place value (Thompson & Vicki, 1996; 

Wearne & Hiebert, 1994). Finally, many children in U.S. schools have difficulty in grasping this 

concept (Baroody, 1990; Fuson & Briars, 1990). Thus, preservice teachers should develop a 

knowledge bank encompassing profound specialized content knowledge about place value.  

In short, this dissertation focuses its examination on preservice teachers’ knowledge 

acquisition and transfer of specialized content knowledge about place value developed from their 

university mathematics methods course to microteaching, and then, from microteaching to 

teaching in school classrooms. In particular, it answers four questions relevant to the above 

focus:  

1. How well can preservice teachers acquire specialized content knowledge about place 

value in an elementary mathematics methods course? 

2. Whether and to what extent can preservice teachers transfer the specialized content 

knowledge that they have acquired in the university-based classroom to 

microteaching? 

3. Whether and to what extent can preservice teachers transfer the specialized content 

knowledge that they have learned in the university-based classroom to school-based 

teaching practice? 

4. Whether and to what extent can preservice teachers transfer the specialized content 

knowledge that they have demonstrated in microteaching to school-based teaching 

practice?  



 Texas Tech University, Guoxiang Wang, December 2021  

6 

 

CHAPTER II 

THEORETICAL FRAMEWORKS 

Specialized Content Knowledge about Place Value 

Specialized Content Knowledge 

Specialized content knowledge is used to frame the focus of this dissertation and the 

analysis of relevant data. Specialized content knowledge is an important dimension of 

mathematical knowledge for teaching that can be further divided into subject matter knowledge 

and pedagogical content knowledge. Subject knowledge and pedagogical content knowledge 

respectively subsume three sub-dimensions as shown in Figure 2.1 (Ball et al., 2008). 

Figure 2.1 

Domains of Mathematical Knowledge for Teaching 

 

 

As Figure 2.1 indicates, subject matter knowledge consists of three sub-dimensions. 

Common content knowledge is the mathematical knowledge and skills used by people in various 

contexts and professions. Horizon content knowledge refers to teachers’ awareness of the 

connections between mathematical topics over the span of mathematics. Since this dissertation 
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focuses on the sub-dimension specialized content knowledge, it is described in detail in the 

immediately following space.  

Specialized content knowledge refers to “the mathematical knowledge and skill unique to 

teaching” (Ball et al., 2008, p. 400). People in the teaching professional other than in other 

professions need this particular knowledge to carry out their teaching duties. For example, when 

teaching place value, mathematics teachers should know how to represent place value with 

manipulatives, explains how to conduct regrouping, and evaluate students’ work pertaining to 

place value. However, people outside the teaching profession are not supposed to do so. This 

reflects the specialty of this type of mathematical knowledge.  

According to Hill et al. (2005), specialized content knowledge includes three specific 

aspects— representation, explanation, and justification. First, solid specialized content 

knowledge supports teachers to represent mathematical facts using concrete, pictorial, or 

symbolic tools (Ding, 2016; Lai & Clark, 2018). In the case of place value, teachers should know 

how to use different base-ten blocks to represent the value that each digit indicates in different 

value places (Fuson, 1990): A small cube represents one in the ones place, a rod represents one 

ten in the tens place, and a flat represents one hundred in the hundreds place. In addition, they 

should know how to use the manipulatives to demonstrate the procedures of conducting relevant 

arithmetic operations, such as addition and subtraction of whole numbers.  

Second, solid specialized content knowledge makes it possible for teachers to explain 

clearly mathematical concepts and procedures. With sufficient specialized content knowledge, 

teachers should be able to explain the value that each position of a numeral represents and the 

actual value that the digit in a specific position carries. In addition, the teacher should be able to 
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explain the relationships between different value places and the procedures of conducting 

regrouping, which is the most important application of place value in arithmetic operations.  

Third, it allows teachers to justify the reasonableness of students’ mathematical works, 

such as statements, answers, and solutions. For example, to respond a teacher’s question about 

subtraction of whole numbers, 24 – 15, a student provided an answer 11. The teacher should be 

quickly determining that this student’s answer was wrong because that student did not conduct 

regrouping. What the student focused on was the face value that each digit represents. 

Based on the analysis above, it is clear that specialized content knowledge differs itself 

from common content knowledge and horizon content knowledge. The major difference is that 

common content knowledge and horizon content knowledge are the mathematical knowledge 

that people need to solve mathematical questions or tasks. In contrast, specialized content 

knowledge is the “content knowledge needed for the teaching of mathematics (Markworth, 

Goodwin, & Glisson, 2009, p. 69).   

Pedagogical content knowledge also encompasses three sub-dimensions: Knowledge of 

content and students combines teachers’ knowing students and knowing mathematics. 

Knowledge of content and teaching is the combination of teachers’ knowing teaching and 

knowing mathematics. Knowledge of content and curriculum is teachers’ knowledge about the 

programs for teaching particular subjects, relevant curriculum, and instructional materials used in 

particular circumstances.  

Based on the definitions above, it is clear that specialized content knowledge is different 

from pedagogical content knowledge as well. While specialized content knowledge centers on 

the knowledge of mathematics as a subject, pedagogical content knowledge and its sub-

dimensions focus on the knowledge about teachers’ teaching students, such as anticipating 
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students’ thinking and evaluating the advantages and disadvantages of a certain instructional 

strategy.  

I use the aforementioned representsation, explanation, and justification characterizing 

specialized content knowledge in measuring teachers’ instruction of the four properties of place 

value to develop coding rubrics to analyze the characteristics of preservice teachers’ knowledge 

developed in the methods course and demonstrated in microteaching and teaching practices. 

These properties are (Ross, 1989): 1) Positional property. The quantities represented by the 

individual digits in a whole numeral are determined by the position they hold. For example, the 

value that the digit “1” on the tens position in the numeral “111” is determined by the position 

tens instead of the digit “1”. 2) Base-ten property. The values of the positions increase in powers 

of ten from right to left. Ten units in a lower position are traded as one unit of the immediate 

higher position, i.e., regrouping. 3) Multiplicative property. The value of an individual digit is 

found by multiplying the face value of the digit by the value assigned to its position. 4) Additive 

property. The quantity represented by the whole numeral is the sum of the values represented by 

the individual digits. For example, the value of the numeral 25 is obtained by (1 × 5) + (10 × 2).  

Conception of Taxonomy of Transfer 

The conception of transfer taxonomy (Barnett & Ceci 2002) is used in this disseration to 

help develop the assumptions that this disstertation examines and interpt the results of analysis. It 

characterizes and interprets the transfer of knowledge and behaviors from one context to the 

other through two dimensions: content and context. The former refers to what is transferred and 

the accuracy of transfer. The latter means “when and where it is transferred from and to” 

(Barnett & Ceci, 2002, p.621).  

Content of Transfer 
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Content includes three sub-dimensions: 1) specificity-generality, 2) performance, and 3) 

memory demand. In the following space, I will explain them in turn. Their respective relations 

with transfer effect will be emphasized in particular and the assumption that each of these sub-

dimensions help develop of this dissertation.  

Specificity-Generality of Learned Skills. According to Barnett and Ceci (2002), learned 

skills are diverse: facts, routinized procedures, representations, principles, or heuristics. They 

have differing specificity. Along the continuum of specificity-generality, facts and procedures 

are most specific while principles or heuristics the most general. Barnett and Ceci argue skills of 

higher generality have stronger transfer effect than those of lower generality because the former 

is characteristic of deeper understanding whereas the latter of superficial understanding even 

though sometimes it is hard to accurately characterize the extent of generality of the transferred 

skills.  

Following this assumption of content specificity-generality transfer, it can be assumed 

that it will be more difficult for preservice teachers to transfer knowledge of representing and 

explaining than justifying regarding place value developed in methods course to microteaching 

and teaching because the former is more specific than the latter. 

Performance change. Performance change “refers to the measure against which 

improvement is expected” (Barnett & Ceci, 2002, p. 622). There are three types of measures: a) 

the speed of execution of some activity; b) the quality and accuracy of execution; and c) what is 

executed (doing or not doing a particular thing). In this dissertation, the data about preservice 

teachers’ speed of execution of relevant activities is inaccessible, and therefore it will not be 

examined.  
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Following Barnett and Ceci’s definition, it assumes that preservice teachers can 

demonstrate significant growth in acquiring specialized content knowledge about place value 

from pre-test to the post tests. This assumption is measure of their knowledge acquisition are 

consistent — the items in the pre- and post-paper-and-pencil tests are all multiple-choice 

questions. Preservice teachers have to make a choice when answering the test. Thus, the 

measures are highly similar.  

Further, it assumes that the transfer effect from post-test to microteaching and from post-

test to teaching practice will not be significant. In microteaching and teaching contexts, they 

have even more freedom to develop their representations of place value ideas while in the post 

assessment context, they  had no freedom to develop their own questions and answer them.   

Memory Demands. This refers to the memory resources that people need to work on 

transfer tasks. Different kinds of transfer tasks require different memory resources. According to 

Benett and Ceci (2000), some tasks require people to merely execute a learned fact/activity 

(direct memorization), other tasks should be conducted with the assistance of hints as to the 

correct procedure to apply (assisted memorization), still other tasks need people to select the 

appropriate approach from a set of choices (recognition). Among the three kinds of tasks, tasks 

of direct memorization are of least memory demand and therefore mostly likely to transfer. 

Tasks of assisted memorization needs more memory resources, and the transfer effect can be 

weaker than direct memorization. Tasks of recognition are of the highest memory demand and 

therefore they are least likely to transfer. In short, the more memory demands that a task needs, 

the more difficult for it to be transferred.  

Memory demand has been widely studied by psychologists since memory is one of the 

most important concepts in cognitive psychology. Nevertheless, this dissertation will not 
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examine this dimension for two reasons: First, this dissertation belongs to teacher education, 

which emphasizes explicit transfer effects instead of the implicit cognitive processes. Second, 

relevant data about memory demands is inaccessible regarding different transfer tasks.  

Context of Transfer  

Barnett and Ceci (2002) posited six dimensions to characterize the distance between 

learning and transfer contexts. These six dimensions include knowledge domain, physical 

context, temporal context, functional context, social context, and modality. Each of them 

influences transfer in a unique way and thus leads to different assumptions on the transfer 

between the three contexts examined in this study⸺ the development of knowledge in methods 

course, microteaching, and teaching practice. In the following space, the six dimensions will be 

explained in turn. Their respective impact on the transfer of specialized content knowledge 

between different contexts will be explained. Following these explanations, assumptions for this 

study are proposed. To facilitate the writing of this section, Table 2.1. is presented so that the 

contextual information related to Barnett and Ceci’s framework.   

Table 2.1.  

Contextual Dimensions 

 Pre-test Post-test Microteaching Teaching  

Knowledge 

domain 
Mathematics Mathematics Mathematics Mathematics 

Physical 

context 

University 

campus 

University 

campus 

University 

campus 

School 

classroom 

Temporal 

context 
Week2 Week3 Week4 Week12 

Functional 

context 
Academic Academic Quasi Teaching Teaching 

Social 

context 
Solo study Solo study Solo study Group work 

Modality 
Written 

Multiple-choice 

Written 

Multiple-choice 

Manual, verbal, 

visual, auditory 

Manual, verbal, 

visual, auditory 
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Knowledge Domain Context. This dimension refers to the scope and nature of 

knowledge acquired in the learning context and that in the transfer context can be the same or 

different according to Barnett and Ceci (2002). The more different the knowledge domains 

become, the less likely the transfer will happen because of the distance between the knowledge 

domain becomes large and vice versus.  

Seen from Barnett and Ceci’s (2002) perspective, it can be assumed that preservice 

teachers’ specialized content knowledge for teaching place value can be significantly transferred 

from knowledge acquisition to microteaching because the knowledge domains are the same, 

specialized content knowledge about place value. By the same reasoning, there will also be 

significant transfer effect from knowledge acquisition to microteaching and from microteaching 

to teaching practice.  

Physical Context. This dimension indicates the physical locations where people acquire 

knowledge and then apply the acquired knowledge. The physical contexts can be similar or 

different. According to Barnett and Ceci (2002), the more different between the physical 

contexts, the less likely the transfer will happen. However, transfer is more likely to occur when 

the two physical contexts are similar.  

Following this idea of transfer, it can be assumed that preservice teachers’ specialized 

content knowledge for teaching place value can be more likely transferred from the context of 

knowledge acquisition in the mathematics methods course to microteaching because both 

activities occur in university classrooms. In contrast, such knowledge is hard to be transferred 

from knowledge acquisition to teaching practice and from microteaching to teaching practice 

because teaching practice is conducted in school classrooms, which results a far transfer distance 

between each pair of the two transfer contexts.  
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Temporal Context. This dimension focuses on the time gap between different transfer 

tasks. It assumes that there always exists certain distance between the timing when the 

knowledge acquisition occurs and that when its application is implemented. According to Barnett 

and Ceci (2002), if the gap between the two is small, the transfer is viewed as near and thus, 

more likely to happen. Or it is far and thus, the transfer is less likely to occur. 

Following this idea of temporal context, it can be assumed that there will be significant 

transfer from the context of specialized content knowledge acquisition to the context of 

microteaching because preservice teachers acquire the specialized content knowledge in the 

second and third weeks of the semesters and they conduct microteaching in the end of the fourth 

week. Hoverer, the transfer effect from methods course module to teaching practice and that 

from microteaching to teaching practice will be less likely because the gap in time is two months 

apart.   

Functional Context. This context refers to “the function for which the skill is positioned 

and the mind-set it evokes in the individual” (Barnett & Ceci, 2002, p. 623). As to this context, 

two questions are frequently asked: a) Is the transfer task explicitly a test, or is it embedded in 

some daily activity? b) Is the transfer task positioned as an academic activity or one belonging to 

the “real world” outside academia? Barnett and Ceci (2002) pointed out that knowledge and 

skills “learned and encoded for one purpose might not transfer equally well to another” (p. 623). 

In other words, when the purpose of the knowledge acquisition and that of its application are 

same or similar, transfer is highly likely to occur. The more different the purposes of the transfer 

tasks, the less significant the transfer effect. Alternatively, the less different the purpose of the 

transfer tasks, the more likely the transfer will happen.   



 Texas Tech University, Guoxiang Wang, December 2021  

15 

 

According to this idea of functional context, it can be assumed that preservice teachers’ 

specialized content knowledge for teaching place value can be less likely to be transferred from 

the knowledge acquisition to microteaching and to teaching practice because the function of the 

paper-and-pencil test measuring the knowledge acquisition is largely academic. However, 

preservice teachers are required to use the knowledge in microteaching and teaching practice. 

Although microteaching is not real teaching in classrooms, its purpose is to facilitate the 

application of specialized content knowledge to teaching. Consequently, the transfer from 

microteaching to teaching practice is more likely to occur because their functions are similar.  

Social Context. This context indicates whether the task learned and applied alone or in 

cooperation with others. According to Barnett and Ceci (2002), the learning tasks can be 

performed in different social contexts, such as independent work, small group work, or large 

group work. The more different between the social contexts in which learning tasks needs to be 

completed, the weaker the transfer effect will be between the two social contexts, and vice 

versus.  

According to this idea of social contexts, it can be assume that preservice teachers’ 

specialized content knowledge for teaching place value can be more likely transferred from 

methods course context to microteaching because in both contexts, they had to demonstrate their 

knowledge individually although they prepare their knowledge demonstrations by working with 

their pairs,  In contrast , such knowledge can be hard transferred from microteaching context to 

teaching contexts because in the microteaching context, preservice teachers need to demonstrate 

their knowledge independently while in teaching context, they had to demonstrate their 

knowledge by working closely with their students.  
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Modality. According to Barnett and Ceci (2002), the learning task in different contexts 

can be developed using different modes, including visual, auditory, written, verbal, etc. The 

more different the modalities involved in the learning tasks, the harder the transfer distance 

becomes and vice versus.  

According to this idea of modality contexts, it assumes that preservice teachers’ 

specialized content knowledge for teaching place value can be more likely transferred from 

microteaching to teaching contexts because preservice teachers in both contexts need to use 

similar modalities such as manual manipulation and verbal explanation. In contrast, such 

knowledge can be hard transferred from methods course to microteaching and teaching contexts 

because preservice teachers’ specialized content knowledge is demonstrated using paper-and-

pencil test of multiple-choice questions which are different those in the teaching and 

microteaching contexts. 

In the above space, I described the theories regarding specialized content knowledge 

about place value and knowledge transfer have been described. Based on those theories, I 

proposed some assumptions about the transfer of specialized content knowledge. Are these 

assumptions true or not true? I will examine them in this dissertation.  

  



 Texas Tech University, Guoxiang Wang, December 2021  

17 

 

CHAPTER III 

LITERATURE REVIEW 

Literature Search 

To understand how well the existing empirical literature understand each of the research 

questions in this dissertation, relevant empirical studies directly explore the relationship between 

preservice teachers’ acquisition and applications of specialized content knowledge to teaching 

place value were searched, selected and reviewed in the following ways.   

The searches were conducted in ERIC, PsyInfo, Education Full Text, and Social Sciences 

Citation Index as they pertained to one of the following three issues: 1) The impact of 

mathematics methods and/or content courses on preservice teachers’ acquisition of knowledge 

for teaching mathematics. 2) The impact of knowledge for teaching mathematics on preservice 

teachers’ microteaching and teaching. 3) The transfer of preservice teachers’ mathematical 

microteaching to their actual teaching. The following three sets of keywords were used in the 

above searches: 1) mathematics methods course. 2) mathematics content course. 3) preservice 

teachers (teacher candidates, prospective teachers, or teacher interns) plus transfer (transition or 

application) plus mathematics (or mathematical). Further, since this study hinges on the 

mathematics concept place value, relevant theoretical and empirical studies are also searched 

using the key word “place value” from the datasets mentioned above. Additional literatures were 

obtained using references of literature reviews, handbook chapters, and books about the topics as 

they were relevant to the three issues mentioned above. These searches generated 102 journal 

articles in total.       

Inspired by Wilson et al.’s (2001) criteria of selecting literature, I further select the 

searched studies by reviewing if they were based on empirical evidence (qualitative, quantitative, 
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or mixed methods) and published in peer-reviewed journals. Books, book chapters, dissertations, 

and conference papers were not considered for review due to most of these kinds of publications 

do not go through the rigorous peer review process (Wilson, Floden, & Ferrini-Mundy, 2001). 

The final selection based on the above screening led to 11 studies.  

Each of the 11 studies were then carefully reviewed. The review results were organized 

through referring to the four topics aligned with the research questions of the dissertation: 1) 

Preservice teachers’ acquisition of mathematical knowledge, including specialized content 

knowledge, in mathematics courses. 2) Preservice teachers’ transfer of mathematical knowledge 

including specialized content knowledge from acquisition to microteaching. 3) Preservice 

teachers’ transfer of mathematical knowledge including specialized content knowledge from 

acquisition to teaching. 4) Their transfer of mathematical knowledge, including specialized 

content knowledge, from microteaching to actual teaching.   

Preservice Teachers Learn Mathematical Knowledge 

Eight studies were idented that examined the development of preservice teachers’ 

mathematics knowledge for teaching various mathematics concepts in the mathematics methods 

course environment. These studies led to different findings.  

Three of these studies led to positive influences of methods course interventions on 

preservice teachers’ mathematics knowledge for teaching. For example, Welder and Simonsen 

(2011) reported that preservice teachers indicated significant improvement in specialized content 

knowledge by analyzing the pre- and post-assessment on their specialized content knowledge for 

teaching algebra from 48 elementary preservice teachers enrolled in a mathematics content 

course.  Auslander, Smith, Smith, Hart, and Carothers (2016) divided 12 preservice teachers in 

an Early Childhood Education program into two contexts. Half of participants were taught by an 
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instructor in the Early Childhood Education Department with close attention to the theories about 

student learning while the other half were taught by an instructor from the Mathematics 

Department without attention to the theories of student learning. The authors reported differences 

between the two groups in specialized content knowledge as assessed through the Learning 

Mathematics for Teaching (LMT) instrument. The former group significantly outperformed the 

latter group in the overall scale of specialized content knowledge and in that of number and 

operations and geometry while the differences between the two groups was not salient in 

patterns, functions, and algebra.  

Chapman (2007) analyzed the written work for the coursework and journals from 20 

elementary preservice teachers participating in three groups of word-problem-centered tasks 

following a reflection-inquiry-reflection learning model in inquiry-based mathematical 

coursework. He found that although having initial challenges in representing pictorially and 

concretely addition and subtraction, preservice teachers in the study developed mathematical 

knowledge for teaching word problems involving arithmetic operations relevant to whole 

numbers involving multiple meanings and representations after the intervention.  

Using a quasi-experimental design, Goodson-Espy, et al. (2014) examined the paper-and-

pencil test scores from 542 elementary and middle school preservice teachers under the impact of 

special instructional materials adapted from National Assessment of Educational Progress 

(NAEP) in a mathematics methods course. The researchers reported that preservice teachers’ 

mathematical content knowledge for teaching whole number operations and geometry as 

measured by Learning Mathematics for Teaching (LMT) instrument improved significantly.  

Two studies reported no impacts or negative influences of mathematics methods course 

interventions on the development of preservice teachers’ mathematical knowledge for teaching. 
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Reeder and Utley (2017) analyzed questionnaire answers from 41 preservice teachers in a 

mathematics methods course that asked them to respond to two tasks: explaining the meaning of 

fraction and identifying the largest fraction in a set of three fractions. They found that the 

preservice teachers did not benefit from taking the methods course in understanding the meaning 

of fraction. Their misunderstanding about fraction brought to the methods course hindered their 

learning therein. Ipek (2018) analyzed 16 self-invented questionnaire items from 42 Turkish 

secondary preservice teachers who had previously taken a mathematics methods course aimed to 

increase their specialized content knowledge. The study revealed that these preservice teachers 

did not have sufficient and balanced specialized content knowledge in the forms of 

representation, explanation, and justification and they had more difficulties in using linear model 

compared to using other representations.  

Two other studies reported mixed findings of the influences of mathematics methods 

course interventions on the development of preservice teachers’ mathematical knowledge for 

teaching. By analyzing interviews, course artifacts and reflection cards from four preservice 

teachers, Charalambous, Hill, and Ball (2011) disclosed that among the four participants, only 

one exhibited significant learning gains after they took the mathematics methods course, which 

might attribute to his originally strong academic background instead the mathematics course 

intervention. The other three did not grow in their specialized content knowledge in 

mathematical explanations. The mixed findings described above were corroborated by the study 

(Morris, Hiebert, & Spitzer, 2009), which examined 30 k-8 preservice teachers’ four written 

tasks that involved anticipating an ideal student response relevant to geometry and algebra, 

evaluating the student’s response, and analyzing a classroom lesson in a mathematics content 

course. The study found that while the majority of participants could identify sub-concepts of 
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learning goals in supportive contexts, they were unable to apply a strategy to use those sub-

concepts, such as identifying a quantity as “one” related to decimal number addition, to plan for 

or evaluate learning and teaching.  

The eight studies reviewed above provided quite inconsistent findings in terms of 

preservice teachers’ development of specialized content knowledge in general: Four studies 

reported quite positive findings; two studies made comparatively negative conclusions; still two 

studies reported mixed findings. As to the details, it seems that preservice teachers may have 

difficulties in development specialized content knowledge pertaining to each of its three 

dimensions: representing linear model, explaining fraction, and justifying student’s learning. 

How about preservice teachers’ development of specialized content knowledge about place 

value?  This dissertation will answer this question.  

Contributions. The reviewed studies have some affordances: Some studies recruited 

participants of considerable sample size (e.g., Goodson-Espy, et al., 2014). The findings based 

on this kind of samples may be of strong generality. Some studies employed several kinds of 

data sources (e.g., Charalambous et al., 2011). Findings reported by this kind of studies may 

reveal rich information about preservice teachers’ development of specialized content knowledge 

in mathematics courses. Some studies examined participants’ specialized content knowledge on 

one (e.g., Charalambous et al., 2011) or all of the three sub-dimensions, representation, 

explanation, and justification (Ipek, 2018). The researchers disclosed both the achievements and 

challenges that preservice teachers had experienced in developing mathematical knowledge for 

teaching, including specialized content knowledge. The consistency in definition of specialized 

content knowledge makes it possible to make comparisons between different studies conducted 

in different educational contexts.  
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Limitations. First, methods of analyzing data could be more detailed. Save the two 

studies by Charalambous et al. (2011) and by Morris et al. (2009), the other six studies did not 

present specifics in terms of how data were analyzed. For example, Reeder and Utley (2017) 

analyzed questionnaire answers from 41 preservice teachers in a mathematics methods course 

that asked them to explain the meaning of fraction and identify the largest fraction in a set of 

three fractions. However, the researchers did not list the specific grading criteria or rubrics of 

grading participants’ responses. Second, definitions about specialized content knowledge could 

be more consistent. Some researchers’ definition of specialized content knowledge differs from 

the ones used by other researchers. For example, Morris et al. (2009) defined specialized content 

knowledge as anticipating an ideal student response relevant to geometry and algebra, evaluating 

the student’s response, and analyzing a classroom lesson in a mathematics content course. This 

inconsistency makes it hard to compare relevant findings generated by different studies.  

To address the aforementioned limitations, this dissertation uses the following 

approaches. First, this dissertation lists in detail the methods of data analysis, including the 

rubrics of grading participants’ responses in paper-and-pencil tests, microteaching videos and 

plans, and teaching practice videos. In addition, how this dissertation also clearly describes how 

the scores are summed up and analyzed using specific statistical procedures. Second, this 

dissertation adopts the standard defintion introduced by Hill et al. (2005) to define the meaning 

of specialized content knowledge and its three sub-categories, representation, explanation, and 

justification.  

Transfer of Specialized Content Knowledge to Microteaching  
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Research on the transfer from these two contexts is yet to be conducted. Therefore, there 

exists a research gap in this respect. Since this study will specifically examine the transfer from 

the learning context to the microteaching context, its findings may fill the research gap.  

Transfer of Specialized Content Knowledge to Teaching 

Three empirical studies were located that examine the transfer from preservice teacher 

knowledge development in the methods course to their teaching practice. As to the findings, one 

reported a generally positive finding; other three papers all demonstrated that preservice teachers 

had challenges in transferring knowledge.  

Two of the three studies examined the transfer from preservice teachers’ development of 

mathematical knowledge in methods course to their lesson planning. Panaoura and Panaoura 

(2014) examined artifacts and lesson plans from 10 Cypriot preservice teachers in a mathematics 

methods course. They revealed that these preservice teachers improved mathematical for 

teaching knowledge mathematical in methods course regarding their understanding “the major 

ideas about the mathematical creativity and tried to transfer them into practice when they had 

specific instructions to follow” (p. 6). Nevertheless, when asked to create lesson plans for 

teaching mathematical concepts at the first and second grade levels, most of them preferred to 

use routine teaching activities presented in the textbooks, instead of following their creative 

ideas. Morris and Hiebert (2017) examined the lesson plans developed by 27 graduates from a K-

6 teacher education program and found that participants attended more often and more 

completely to the key concepts in their lesson plans covered in their mathematics content 

courses.  

Only one recent study examined the transfer from preservice teachers’ mathematical 

knowledge for teaching developed in the methods course to their teaching practices. Ding and 
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Heffernan (2018) examined the 75-minute lesson on associative property of multiplication taught 

by three preservice teachers to fourth graders after their six-day summer professional 

development. They found that these preservice teachers were able to unpack at least one word 

problem and discuss how to solve the word problem in teaching. However, in their teaching, they 

did not discuss the associative property of multiplication and use concrete representations for 

mathematical modelling and reasoning although they emphasized the importance of using 

concrete representations in the professional development session. The questions that they 

initially raised were basically “why” questions. In addition, they did not use sophisticated 

prompts to help students as they interacted with students in the rest of their lessons.  

The studies reviewed above have deepened our understanding that preservice teachers 

could transfer some of specialized content knowledge developed in their mathematics course and 

professional development to their lesson planning and teaching practices while experiencing 

challenges in terms of accuracy and flexibility. Nevertheless, none of these studies investigated 

the transfer issue by focusing on place value. Thus, a study focusing on place value is 

worthwhile of being conducted given its importance in elementary curriculum. In addition, 

except Ding and Heffernan’s study which only examined three preservice participants, the other 

studies were all conducted in non-direct, non-authentic teaching contexts with small sample 

sizes. This dissertation will address the aforementioned issues and research gap by using larger 

sample sizes to observe preservice teachers’ mathematical specialized content knowledge 

transfer in various educational contexts.  

Transfer of Microteaching to Teaching 

Research on the transfer from the microteaching context to the teaching context is 

unavailable. Therefore, there exists a research gap in this respect. Since this study will 
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specifically examine the transfer from the microteaching context to the teaching context, its 

findings may fill the research gap.  

A particular note on this section is about transfer context and microteaching. Due to the 

absence of microteaching from the whole transfer chain of context, the studies reviewed above 

basically did not possess rich, various transfer contexts. The researchers’ logic was quite 

straightforward and linear: From learning to teaching. As such, the richness and complexity of 

knowledge transfer might have been ignored. For example, Ding and Heffernan (2018) reported 

several challenges that preservice teachers experienced in transferring specialized content 

knowledge to teaching, such as they did not use concrete representations for mathematical 

modelling and reasoning although they emphasized the importance of using concrete 

representations in the professional development session. Although studies like this one indicated 

preservice teachers had difficulties in directly transferring specialized content knowledge from 

knowledge development to teaching practice, further research should be conducted to examine if 

preservice teachers could demonstrate a better transfer effect from knowledge development to 

contexts in a non-standard classroom teaching.  

By introducing microteaching to this dissertation, the understanding about preservice 

teachers’ transfer of specialized content knowledge could be deepened because microteaching 

may bridge the gap between knowledge development and application. Prior research not only 

indicates that preservice teachers could benefit from microteaching in teaching efficacy, reducing 

anxiety, sharpening teaching skills (Amobi, 2005; Arsal, 2014; Benton-Kupper, 2001; 

Fernández, 2005), but in rethinking and deepening their knowledge about content and teaching 

practice (e.g., Fernández, 2010). By introducing microteaching into this dissertation, not only can 
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the extent of transfer be examined, but the potential impact of contexts on transfer investigated. 

Thus, the issues with the prior research reviewed above might be dealt with.  
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CHAPTER IV 

METHODOLOGY 

This study examines preservice teachers’ acquiring specialized content knowledge in the 

mathematics course context, the extent to which the transfer of such specialized content 

knowledge to their microteaching and teaching practices, and the transfer from microteaching to 

teaching practice. To achieve these objectives, this study was designed as shown in Figure 4.1 

below.  

Figure 4.1 

Research Design 

 

In Figure 4.1, the three rectangles on top row demonstrate respectively the specialized 

content knowledge developed in the methods course and demonstrated in microteaching and 

teaching practice. The arrows on this row suggest the temporal flow of the three events. The four 

parallelograms on the second row represent the data sources contributed by the methods course, 

microteaching, and teaching practices. The arrows in this row indicate the directions of 

knowledge development and three transfer effects.  

Contexts of this Study  

This dissertation is contextualized in a 4-year elementary teacher certification program at 

a southwestern research university, which prepares K-6 teachers. This program requires 

preservice teachers to go through coursework’s of four years. Starting from the fall semester of 
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the third academic year, all preservice teachers are supposed to conduct a practicum one full day 

per week in school classrooms under the supervision of a mentor and meanwhile take their only 

program mathematics course associated with their practicum. 

Mathematics Methods Course 

The elementary mathematics methods course and the associated practicum are the 

contexts where the study is conducted. This course aims at helping preservice teachers acquire 

mathematical knowledge for teaching elementary mathematics. The whole course is partitioned 

into four modules with each module focusing on one or several important mathematical topics 

that the state’s curriculum standards emphasize: Module 1- Number and operations. Module 2- 

Fractions, Decimals, and Percentages. Module 3- Algebra. Module 4- Measurement and 

Geometry. The teaching and learning activities for each module are similarly and consistently 

implemented. Place value, the mathematics topic that this dissertation centers on, is one of the 

core mathematics topics in Module1.  

Knowledge Development 

Module 1 subsumes three parts. The learning of each part is finished in a 3-hour face-to-

face meeting per week in a university classroom. Prior to learning the content of a module, the 

teacher educator gives preservice teachers a pre-test through Moodle, an internet-based online 

interaction platform, to examine their baseline mathematical knowledge for teaching related to 

“number and operations” to be studied in the module. In a similar vein, the teacher educator 

gives them a post-test two weeks later to examine their mathematical knowledge for teaching 

whole number. The difference between the two tests, if any, is assumed to reflect preservice 

teachers’ development of knowledge under the impact of teaching and learning in the module.  
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The learning activities are diverse in the classroom: teacher educators’ demonstration, 

classroom discourse, one-on-one coaching, preservice teachers’ independent, paired or grouped 

seat work, et al. By engaging preservice teachers in these learning activities, teacher educators 

aim at fulfilling multiple objectives, among which increasing their specialized content 

knowledge related to making representation, conducting explanation, and doing justification. To 

improve their knowledge of making representations, teacher educators emphasize the concrete-

pictorial-abstract approach (Bruner, 1966)— from using concrete tools, then pictures or drawing, 

and finally mathematical symbols. To increase their knowledge of offering explanation, teacher 

educators explicate place value and stipulate them to develop clear verbal explanation. 

Additionally, teacher educators give student artifacts to preservice teachers to develop their 

knowledge in analyzing and evaluating student thinking.  

The three sub-dimensions of specialized content knowledge about place value in Module 

1 are studied intensely in the first two weeks. In the first week, the teaching and learning 

activities focus on developing representation and explanation. In the second week, the teaching 

and learning activities focus on developing justification. As mentioned below, a considerable 

time of the third week meeting is given for preservice teachers’ preparation for conducting 

microteaching.  

From the description about the mathematics course made above, this course provides an 

ideal platform and sufficient data for conducting this dissertation. It provides an opportunity for 

examining if preservice teachers can develop specialized content knowledge about place value. 

In addition, it also provides an opportunity for examining the transfer of preservice teachers’ 

specialized content knowledge from the paper-and-pencil test to microteaching and teaching 
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practice. As a result, the findings from dissertation based on the mathematics methods course 

may fill the research gap mentioned in the introduction chapter.  

Microteaching 

In the third meeting of Module 1, the teacher educator wraps up what has been taught in 

the previous two meetings and gives preservice teachers instructions about the Demonstrate and 

Explain assignment, a scaled-down version of microteaching. To complete the microteaching, 

preservice teachers fill out a planning form, videotape their respective microteaching and submit 

the videos to teacher educators for grading. This assignment aims at facilitating preservice 

teachers to demonstrate the specialized content knowledge that they have acquired to teaching.  

Teaching Practice 

Another important assignment, Application & Evaluation, requires preservice teachers to 

plan and conduct a small-scaled teaching drawing on what they had learned from the 

mathematics course and school-based observations from the later part to the end of the semester. 

This assignment aims at facilitating the transfer of their mathematical knowledge of teaching 

place value developed in the mathematics methods course to teaching on their practicum.  

To complete this assignment, first, preservice teachers each select a topic as covered in 

the methods course including place value and teach it to 3-6 students in a 15–20-minute lesson. 

Then, they use a self-created paper-and- pencil test to assess students’ knowledge and skill 

pertaining to that topic before their instruction. Next, by taking students’ academic performance 

into account, they create a lesson plan, teach the lesson, and videotape their lesson. Finally, they 

submit videotaped lesson for grading.  

Participants 
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Participants of this study include 37 preservice teachers enrolled in the various sections 

of the mathematics methods course from fall 2016 through spring 2018. They were selected 

because they chose to teach place value topic in teaching practicum. Note that the number of 

preservice teachers who chose to teach place value in their teaching practicum varied 

considerably in different academic semesters. Consequently, different numbers of participants 

were recruited from the four academic semesters (see Table 4.1). 

Table 4.1 

Information of Participants 

 Fall 2016 Spring 2017 Fall 2017 Spring 2018 Total 

Enrollment 51 71 25 22 169 

Participants 5 24 5 3 37 

 

They also completed the pre- and post-tests and microteaching assignment related to 

place value in the methods course. In this way, I was able to examine the transfer of their 

specialized content knowledge to their microteaching and teaching practices ad from 

microteaching to teaching. The participants were all female with 63.3% and 36.7% between the 

ages of 18-24 and 25-34 respectively. Of them 57% were White and the rest Hispanic and other 

races. These characteristics of the participants align with the typical preservice teacher 

population in many teacher education programs in the U.S.  

Data Sources 

Pre-Test and Post-Assessment 

The first kind of data used in this dissertation is the pre- and post-tests on participants’ 

mathematical knowledge for teaching place value including specialized content knowledge in 

Module 1. The pre-test took place before the module started while the post-test occurred at the 
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end of the second week of the module. These assessment data were used to detect the changes of 

their specialized content knowledge for teaching place value during the module as consistent 

with the first research question of this dissertation.   

The pre-test consists of 22 single-choice and multiple-choice questions on various aspects 

of mathematical knowledge for teaching whole numbers. Among them, 12 questions measure 

participants’ specialized content knowledge for teaching place value and its application. Four of 

the 12 question items are about representation of place value (items 1, 2, 3, 4), five are relevant 

to explanation (items 5, 6, 7, 8, and 9), and three about justification (items 10, 11, and 12). The 

following Figure 4.2 is a screenshot of a question term about making representation. All the 12 

question items were placed in Appendix A.  

Figure 4.2 

Sample Question Item 

 

The post-test also consists of 12 single-choice and multiple-choice questions measuring 

preservice teachers’ specialized content knowledge about place value and its application. Four 

items are about representation (items 1, 2, 3, 4), five about explanation (items 5, 6, 7, 8, and 9), 

and three about justification (items 10, 11, 12). The following Figure 4.3 is a screenshot of a 

question about making representation in post-test. All the 12 question items were placed in 

Appendix A.  
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Figure 4.3 

Sample Question Item 

 

The items in the pre-test and those in the post-test can be paired up according to the three 

sub-dimensions of specialized content knowledge. The four items about representation in the 

pre-test match the four items of representation in the post-test. In a similar vein, the items about 

explanation and justification in the pre-test also match respectively the items of explanation and 

justification in the post-test. Thus, not only can the growth of participants’ specialized content 

knowledge be examined on the overall level, but on the three sub-dimensions. The pairing-up 

secures the validity of relevant statistical analysis. One item in the pre-test and one item in the 

post-test are posted below to illustrates this paring-up.  

One of your students says that he has found an easier way to do addition. For example, 32 

+ 27 + 46. Using the meaning of place value, he explains that this sum is the same as 

saying that you have 9 tens and 15 ones. Then, since 15 ones is one ten and 5 ones, he 

explains that you can regroup to make a total of 10 tens and 5 ones. Then since 10 tens is 

one hundred, you have 105. What are your thoughts on his reasoning process? 

a. It is mathematically correct and works when adding all whole numbers. 

b. While it works with some numbers, it does not work adding all whole numbers. 

c. It is not mathematically correct. 

d. I do not know if it is mathematically correct. 
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An item in the post-test.  

One of your students says that he has found an easier way to do addition. For example, 32 

+ 27 + 46. Using the meaning of place value, he explains that this sum is the same as 

saying that you have 9 tens and 15 ones. Then, since 15 ones is one ten and 5 ones, he 

explains that you can regroup to make a total of 10 tens and 5 ones. Then since 10 tens is 

one hundred, you have 105. What are your thoughts on his reasoning process? 

a. It is mathematically correct and works when adding all whole numbers.   

b. While it works with some numbers, it does not work when adding all whole numbers.   

c. It is not mathematically correct.   

d. I do not know if it is mathematically correct.   

The pre- and post-test data were used to develop answers to the first research question of 

this dissertation: How well could preservice teachers acquire specialized content knowledge 

about place? Specifically, their answers to the 12 questions in pretest serve as the baseline data 

and that to the 12 questions in post-test are comparative data. Further, the post-test data were 

used as baseline data to answer the second research question of this dissertation, To what extent 

can preservice teachers transfer the specialized content knowledge that they acquired in the 

university-based classroom to microteaching? Similarly, the post-test data were also used as the 

baseline data to answer the third research question, To what extent can preservice teachers 

transfer the specialized content knowledge that they had learned in the university-based 

classroom to school-based teaching practice? The logic for using post-test scores instead of pre-

test scores is that the former could better represent participants’ specialized content knowledge 

for teaching place value in the module.  

Microteaching Plans 
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Participants’ microteaching plan is the second data source of this dissertation. At the end 

of the module each participant was asked to fill a planning form in which she answered a set of 

questions: 1) Identify the specific mathematics curriculum standards against which the 

microteaching regarding place value is planned. 2) Identify one or more mistakes that students 

may make regarding place value and explain the underlying reasons for the mistakes. The 

following Figure 4.4 is a screenshot from a participant’s planning form.  

Figure 4.4 

Sample Justification in Microteaching Planning Form 

 

In the same planning form, they were also asked to create a word problem based on their 

understanding of place values that meets the following requirements: 1) Contextualize arithmetic 

operations in base-10. 2) Among the numbers in the word problem, at least one digit of the 

minuend is zero and the minuend is non-divisible by 10. 3) Solve the word problem involves the 

process of regrouping at least twice.  

Microteaching Videos 

Their 6–8-minute microteaching lesson that the participants taught and videotaped is the 

third data source of this dissertation. In the microteaching participants were asked to: 1) Use 
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appropriate representations that can assist students in developing, comprehending, and applying 

the mathematical concept in the microteaching. 2) Explain how to solve the word problem using 

at least two mathematical models (i.e., set, linear, or area). 3) Submit the videotaped 

microteaching for grading. The following Figure 4.5 was collected from a participant’s 

microteaching video, in which she was demonstrating solving a word problem about whole 

number subtraction using base-ten blocks.  

Figure 4.5 

Sample Microteaching Video 

 

Teaching Practice Videos 

The final data source for this dissertation is participants’ 15–20-minute lesson in their 

practicum classroom.  For this assignment, first, participants were asked to complete the 

following tasks: 1) Prepare appropriate materials, such as base-10 blocks. 2) Teach a lesson. 3) 

Assess the effect of the teaching. Second, they were asked to demonstrate the following three 

kinds of specialized content knowledge: 1) Represent place value using appropriate models, 2) 

explain clearly concepts and procedures relevant to place value, and 3) justify student work. The 

following Figure 4.6 was collected from a participant’s teaching practice video, in which she 

was teaching students to solve number sentences using base-ten blocks.  
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Figure 4.6 

Sample Teaching Practice Video 

 

The correspondences between each of the above four data sources, and the question(s) are 

demonstrated in Table 4.2 below.  

Table 4.2 

The Correspondence Between Data Sources and Research Questions 

  

Initial Data Analysis and Coding  

To conduct the data analysis, a specific coding rubric was created to code each of the data 

described above. In the following space, the specific coding rubrics were presented in turn. For 

the convenience of referring, these rubrics were also place in Appendix II.  

Grading of Pre-Test and Post-Test Questions 
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To analyze the pre- and post-tests on specialized content knowledge for teaching place 

value, I conducted the following analyses initially. 1) If a participant answered each of the 12 

items correctly, I assigned the participant one point and if he/she gave an incorrect answer, I 

assigned 0 point. 2) The total points that they received for each of the three sub-categories of 

specialized content knowledge for teaching place value, representation, explanation, and 

justification, were summed respectively. 3) The total points that each participant received for all 

the 12 questions items were then summed.  

Coding of Microteaching Videos 

Each microteaching video was coded initially into two dimensions: frequencies of 

demonstrating the two sub-dimensions of specialized content knowledge for teaching place value 

(representation and explanation) and the quality of demonstrating each of the two sub-

dimensions by using the two sets of rubrics below. These coding rubrics were created based on 

Barnett and Ceci’s (2002) conceptualization about performance. For the frequency of each sub-

dimension, the following rubrics were used.   

Representations. The coding rubrics presented in this section includes two major parts⸺ 

using base-ten blocks and using place value charts. The former in turn consists of two sub-parts: 

1) base-ten blocks used or not and 2) quality of using base-ten blocks.  

Base-ten blocks used or not 

• 0 point was assigned if a participant did not use base-ten blocks. 

• 1 point was assigned if the participant used base-ten blocks.  

Quality of using base-ten blocks 
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• 1 point- Participant used base-ten blocks but made considerable mistakes. For 

example, when conducting regrouping a flat into ten rods, the participant produced 

nine rods. As a result, this manipulation made a wrong answer for the word problem.  

• 2 points- Participant used base-ten blocks but made some minor mistakes. For 

example, when subtracting 6 units from 12 units, the participant mistakenly removed 

7. However, the participant soon corrected the mistake as he/she discovered the 

mistake by counting the units.   

• 3 points- Participant clearly introduced the characteristics of the manipulatives, 

labeled correctly, and manipulated appropriately. 

Place value chart used or not 

• 0 point was assigned if a participant did not use place value chart.  

• 1 point was assigned if the participant used place value chart.  

Quality of using place value chart.  

• 1 point was assigned if the participant used place value chart but made considerable 

mistakes. For example, he/she placed manipulatives representing 10s in the hundreds 

place.  

• 2 points was assigned if the participant used place value chart but made some minor 

mistakes. For example, when using place value chart, the participant did not label 

value places.  

• 3 points was assigned if the participant clearly introduced the characteristics of the 

place value chart, labeled correctly, and manipulated appropriately.   
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Explanations. The coding rubrics presented in this section focus on participants’ verbal 

explanation about place value. It includes two parts: Explain place value or not and the quality of 

explanation about place value.  

Explain place value or not  

• 0 point was assigned if a participant did not explain the meaning of place value.  

• 1 point was assigned if the participant explained the meaning of place value.   

Quality of explanation about place value 

• 1 point was assigned if a participant’s explanation about place values was superficial. 

with the numeral 25, the participant merely pointed out 2 is in the tens place and 5 on 

the ones place.   

• 2 points were assigned if the participant’s explanation was offered and relevant to the 

major properties of place value as identified by Ross (1989) but not as complete. For 

example, with the numeral 25, the participant explained the positional property (2 in 

the tens place and 5 in the ones place) and base-ten property (2 represents two tens 

and 5 represents five ones). However, the participant did not explain the 

multiplicative property-two tens represent twenty and five ones represent five and 

they together constitute the value twenty five.  

• 3 points were assigned if the participant’s explanation was relevant to the meaning of 

value place and connected to the word problem meaningfully. For example, with the 

numeral 25, the participant explained all the three properties as described above.  

Coding of Microteaching Plans 

Participants’ specialized content knowledge in developing justification is coded from 

microteaching planning form in which each participant was supposed to identify and assess 
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student mistakes about place value. This coding rubrics as shown below were creased based on 

aforementioned Taxonomy of Far Transfer (Barnett & Ceci, 2002) about the two sub-dimensions 

of performance: 1) approach (do or not do) and 2) accuracy, i.e., the quality of doing things.  

Justification demonstrated  

• 0 point was assigned if a participant did not identify any mistake related to place 

value.  

• 1 point was assigned if the participant made statement about student mistakes. For 

example, the participant pointed out a mistake about place value when a student was 

conducting subtraction involving regrouping “A student was doing subtraction 23 -

16. She got the difference 13.” 

Quality of the justification 

• 1 point was assigned if a participant failed to develop a justification statement on 

student’s mistake relevant to place value properties as suggested by Ross (1989). For 

example, a participant’s reasoning of a student’s mistake about place value was like 

“The reason for the student’s mistake was because his teacher did not teach well.” 

• 2 points were assigned if the participant developed a justification statement on 

student’s mistake related to any property of place value but the statement was not 

specific. For example, regarding the mistake described above, a participant wrote 

“The mistake was become of regrouping.”  

• 3 points were assigned if the participant developed a justification statement clearly on 

student’s mistake related to any property of place value. For example, regarding the 

mistake described above, a participant explained “The student’s mistake was about 

regrouping. He should regroup one ten in the tens place into ten ones in the ones 
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place. He should add the regrouped ten ones together with the six ones on the ones 

place to make 13. Finally, he could do the subtraction 13 -6 in the ones place.”  

After coding the three sub-categories of specialized content knowledge for teaching place 

value based on participants’ microteaching plans and videos of teaching, I did the following to 

prepare for further analyses: 1) The points that each participant received on each of the three sub-

dimensions of specialized content knowledge about place value: representation, explanation, and 

justification. 2) The total points that each participant received on all the three sub-dimensions of 

specialized content knowledge about place value.  

Coding of Teaching Practice Videos 

Each participant’s actual teaching was coded for two dimensions, frequency of 

demonstration and quality of the demonstration, on each of three sub-categories of the 

specialized content knowledge for teaching place values using the rubrics shown below. These 

categories are: 1) Representation developed, 2) explanation offered, and 3) justification 

demonstrated. These rubrics were developed based on Barnett and Ceci’s (2002) exposition 

about performance of transfer.  

Representations. The rubrics presented in this sub-section focus on participants’ using 

base-ten blocks and place value charts. The former in turn consists of two parts: using or not 

using base-ten blocks and quality of using base-ten blocks. The latter in turn consists of two 

parts: using or not using place value charts and quality of using place value charts.  

Using or not using base-ten blocks 

• 0 point was assigned if a participant did not use base-ten blocks in representing whole 

numbers.  

• 1 point was assigned if the participant used or led her students use base-ten blocks.  
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Quality of using base-ten blocks 

• 1 point was assigned if a participant used base-ten blocks in representing any place 

value but with critical mistakes. For example, a participant used a rod to represent the 

value one in the ones place.    

• 2 points were assigned if a participant used based-ten blocks to represent any place 

value but with one or two minor errors. For example, when conducting subtraction 

using base-ten blocks, the participant did not identify the value that each kind of 

blocks represents respectively.  

• 3 points were assigned if a participant used base-ten blocks in representing place 

value correctly and meaningfully. The participant pointed out the value that each kind 

of blocks represents, used appropriate number of blocks to represent relevant 

numbers, manipulated the blocks correctly in solving problems.  

Using or not using place value chart 

• 0 point was assigned if the participant did not use place value chart in teacher 

practice, nor she let her students use.  

• 1 point was assigned if the participant used or let her students use place value chart.   

Quality of using place value chart 

• 1 point was assigned if the participants’ using or her instruction of using the place 

value chart was of considerable mistake. For example, a participant did not use the 

chart to frame the base-ten blocks he/she was using: She put rods representing 10s in 

the hundreds place.  

• 2 points were assigned if the participants’ using or her instruction of using the place 

value chart was of some minor mistakes. For example, the blocks that the participant 
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was using were out of the value places and he/she did not put them back into 

appropriate places.  

• 3 points were assigned if the participant’s using or instruction of place value chart 

was full, clear, and correct. For example, the participant clearly labelled the three 

values places as ones, tens, and hundreds. In the process of solving word problems, 

he/she correctly used the chart to frame base-ten blocks.  

Explanations. This sub-section includes two parts: explanation of place value offered or 

not and quality of explaining place value.   

Explanation of place value offered or not  

• 0 point was assigned if a participant did not explain the meaning of place value.  

• 1 point was assigned if a participant offered explanation about place value.   

Quality of explaining place value 

• 1 point was assigned if a participant offered an explanation about place value with 

critical mistakes.  For example, when explaining the meaning of place value, the 

participant incorrectly said that the places of base-ten blocks could be flipped without 

impacting the value that these blocks represent together. This was against the position 

property identified by Ross (1989) that each position represents different value from 

that of other positions.   

• 2 points were assigned if the participant if a participant offered an explanation about 

place value with one errors or incompleteness. For example, with the numeral 25, the 

participant explained the positional property (2 in the tens place and 5 in the ones 

place) and base-ten property (2 represents two tens and 5 represents five ones). 

However, the participant did not explain the multiplicative property-two tens 
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represent twenty and five ones represent five and they together constitute the value 

twenty five. Explanations like this were incomplete. 

• 3 points were assigned if the participant offered an explanation about place value 

correctly and meaningfully. For example, with the numeral 25, the participant 

explained all the three properties as described above. 

Justification. The rubrics presented in this sub-section includes two parts. The first part 

focuses on if participants demonstrated justification statement or not. The second part focuses on 

the quality of justification statement that participants demonstrate.   

Justification statement Demonstrated or not 

• 0 point was assigned if a participant did not recognize or just ignored student’ 

mistakes relevant to place values.  

• 1 point was assigned if the participant developed a justification statement for a 

student mistake about place value.  

Quality of justification statement demonstrated 

• 1 point was assigned if a participant failed to develop a justification statement on 

student’s mistake relevant to place value properties as suggested (Ross, 1989). For 

example, a student demonstrated a mistake about place value when conducting 

subtraction 23 -16, the participant just indicated that was wrong without further 

explanation. 

• 2 points were assigned if the participant developed a justification statement on 

student’s mistake related to any properties of place value, but the statement was less 

specific explication. For example, as a participant noticed the student mistake 

described above, he/she went further pointed out that the student should pay attention 
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to the rules about regrouping. However, the participant did not do more even the 

student was confused. 

• 3 points were assigned if the participant developed a justification statement clearly on 

student’s mistake related to any properties of place value meaningfully and 

specifically. For example, as a participant noticed the student mistake described 

above, he/she went further pointed out that the student should pay attention to the 

rules about regrouping: the digit in the ones place of the minuend was less than that of 

the subtrahend, therefore the student should consider regrouping a ten in the tens 

place so that subtraction could be carried out. 

After coding the three sub-categories of specialized content knowledge for teaching 

place value based on participants’ videotaped teaching, I did the following to prepare for further 

analyses: 1) The total points that each participant received for using each category were summed 

respectively. 2) The total points that each participant received for all three categories were 

summed as their overall score.  

Final Data Analysis 

Knowledge Development in Module  

To answer the first research question on the development of participants’ specialized 

content knowledge for teaching place value in the methods course module, I used Wilcoxon 

signed-rank test (Wilcoxon, 1945) to examine the difference between the participants’ 

performance on pre-test and that on post-test. The reason for choosing this statistics model is 

because the moderate sample size (n=37) and the distributions of relevant data are unclear so far. 

This analysis is to determine if assumption 1 stands: preservice teachers’ performance in post-



 Texas Tech University, Guoxiang Wang, December 2021  

47 

 

test is significantly better than that in the pre-test. In particular, to calculate participants overall 

mean scores difference and the level of difference, I did the following:   

First, the overall mean score difference between the pre- and post- assessments was 

calculated using sgn (x2, i - x1, i) in which sgn represents the overall mean differences, x2, i 

represents the i participant’s overall posttest mean score and x1, i represents i participant’s overall 

pretest mean score.  

Second, I excluded the participants whose difference between the two assessments was 0.  

Third, I ordered the remaining participants from the one with the smallest absolute mean 

score difference value to the largest absolute value. Ties get a rank equal to the average of the 

relevant ranks they span. The result of ordering is that each difference gets a rank, Ri.  

Third, I calculated the test statistic z using the following formula: 

𝑧 =
𝑊

𝜎𝑤
 

Where 𝑊 = ∑ [𝑠𝑔𝑛(𝑥2,𝑖 − 𝑥1,𝑖), 𝑅𝑖
𝑁
𝑖=1  

𝜎𝑤 = √
𝑁(𝑁 + 1)(2𝑁 + 1)

6
 

Fourth, I performed two-sided test to examine if there is significant difference between 

the participants performances on pre-test and post-test.  

Finally, I conducted three more Wilcoxon signed-rank tests to see if participants’ mean 

scores in representation, explanation, and justification in the posttest were higher than that in the 

pretest at the significant level. The procedures of conducting the tests were the same as described 

above.  

Transfer from Knowledge Development to Microteaching   
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To answer the second research question on participants’ transfer of the specialized 

content knowledge developed in the methods course module to microteaching, I calculated four 

Spearman rank-order correlation coefficients (Bonett & Wright, 1997), which were used to 

determine if there are significant transfer effects: 1) the correlation coefficient from participants’ 

overall score on posttest to the overall score on microteaching plan and microteaching video. 2) 

the correlation coefficient from participant’s score of representation on posttest to their score of 

representation on microteaching video. 3) the correlation coefficient from participant’s score of 

explanation on posttest to their score of explanation on microteaching video. 4) the correlation 

coefficient from participant’s score of justification on posttest to their score of justification in 

microteaching plan. 

Table 4.3 

Data Analysis on the Transfer from Learning to Microteaching 

Dimensions 
Data Sources and Data 

Statistical Procedure 
Post-test Microteaching 

Representation 
Score on the questions 

of representation 

Combined score of using 

base-ten blocks and place 

value charts in video 

Spearman correlation 

coefficient 

Explanation 
Score on the questions 

of explanation 

Score of making explanation 

in video 

Spearman correlation 

coefficient 

Justification 
Score on the questions 

of justification 

Score of making justification 

in planning form 

Spearman correlation 

coefficient 

Overall 
Sum score in this 

column 
Sum score in this column 

Spearman correlation 

coefficient 

 

I chose Spearman rank-order correlation coefficients instead of Pearson product moment 

correlation coefficients because the numbers assigned to the participants’ specialized content 

knowledge in microteaching, 1, 2, and 3, are ordinal numbers. If a participant’s using base-ten 

blocks is graded as 1 and the other participant’s 3, a multiplicative relationship of three between 

the two cannot be called. If the Spearman correlation coefficient is significant, a strong transfer 
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effect exists. Otherwise, there is no significant transfer effect between participants’ knowledge 

development and microteaching.  

The algorithm for calculating Spearman correlation coefficients is as follows: 1) I sorted 

participants’ overall posttest scores and assign ranks from the lowest score to the highest score 

using 1, 2, 3, …n. 2) I sorted their overall microteaching scores and assign ranks from the lowest 

score to the highest score using 1, 2, 3, …n. 3) I calculated the difference (di) between the two 

ranks for each preservice teacher and square them (di
2). 4) Based on the above operations, I used 

the following formula to calculate the test statistic 𝜌, the Spearman correlation coefficient:  

𝜌 = 1 −
6∑𝑑𝑖

2

𝑛(𝑛2 − 1)
 

Then I used the t distribution to determine if the correlation coefficient 𝜌 is significant.  

Finally, using the same procedures as described above, I calculated and tested three more 

Spearman correlation coefficients to see if participants’ scores in representation, explanation, and 

justification in the posttest were significantly correlated to their scores in the same three sub-

categories on microteaching videos and microteaching plans.  

Transfer from Knowledge Development to Teaching Practice   

To answer the third research question on participants’ transfer of the specialized content 

knowledge developed in the methods course module to teaching practice, I calculated four 

Spearman rank-order correlation coefficients (Bonett & Wright, 1997), which were used to 

determine if there are significant transfer effects: 1) the correlation coefficient from participants’ 

overall score on posttest to the overall score on teaching practice videos. 2) the correlation 

coefficient from participant’s score of representation on posttest to their score of representation 

on teaching practice video. 3) the correlation coefficient from participant’s score of explanation 

on posttest to their score of explanation on teaching practice video. 4) the correlation coefficient 
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from participant’s score of justification on posttest to their score of justification in teaching 

practice.  

I chose Spearman rank-order correlation coefficients instead of Pearson product moment 

correlation coefficients because the numbers assigned to the participants’ specialized content 

knowledge in teaching practice, 1, 2, and 3, are ordinal numbers. If a participant’s using base-ten 

blocks is graded as 1 and the other participant’s 3, a multiplicative relationship of three between 

the two cannot be called. If the Spearman correlation coefficient is significant, a strong transfer 

effect exists. Otherwise, there is no significant transfer effect between participants’ knowledge 

development and teaching practice.  

The algorithm for calculating Spearman correlation coefficients is as follows: 1) I sorted 

participants’ overall posttest scores and assign ranks from the lowest score to the highest score 

using 1, 2, 3, …n. 2) I sorted their overall teaching practice scores and assign ranks from the 

lowest score to the highest score using 1, 2, 3, …n. 3) I calculated the difference (di) between the 

two ranks for each preservice teacher and square them (di
2). 4) Based on the above operations, I 

used the following formula to calculate the test statistic 𝜌, the Spearman correlation coefficient:  

𝜌 = 1 −
6∑𝑑𝑖

2

𝑛(𝑛2 − 1)
 

Then I used the t distribution to determine if the correlation coefficient 𝜌 is significant.  

Finally, using the same procedures as described above, I calculated and tested three more 

Spearman correlation coefficients to see if participants’ scores in representation, explanation, and 

justification in the posttest were significantly correlated to their scores in the same three sub-

categories on teaching videos. 

 

 



 Texas Tech University, Guoxiang Wang, December 2021  

51 

 

Table 4.4 

Data Analysis on the Transfer from Knowledge Development to Teaching  

Dimensions 
Data Sources and Data 

Statistical Procedure 
Post-test Teaching Practice 

Representation 
Score on the questions 

of representation 

Combined score of using 

base-ten blocks and place 

value charts  

Spearman correlation 

coefficient 

Explanation 
Score on the questions 

of explanation 

Score of offering 

explanation  

Spearman correlation 

coefficient 

Justification 
Score on the questions 

of justification 
Score of making justification  

Spearman correlation 

coefficient 

Overall 
Sum score in this 

column 
Sum score in this column 

Spearman correlation 

coefficient 

 

Transfer from Microteaching to Teaching Practice   

To answer the final research question on participants’ transfer of the specialized content 

knowledge demonstrated in microteaching to teaching practice, two kinds of statistical 

procedures will be conducted: 1) Fisher’s exact test (McDonald, 2014). 2) Spearman correlation 

test. The former is used to if there is consistency between participant’s doing or not doing the 

three sub-categories of specialized content knowledge in microteaching and that in teaching 

practice. The latter is used to examine if there is significant correlation between the quality of 

demonstrating specialized content knowledge on the overall level in microteaching and the 

quality of demonstrating specialized content knowledge on the overall level in teaching practice. 

In addition, the latter is used to test if there is significant correlation between the quality of 

demonstrating specialized content knowledge on the three sub-categories in microteaching and 

the quality of demonstrating specialized content knowledge on the three sub-categories in 

teaching practice. 

Several reasons account for using Fisher’s exact test: First, using or not using base-ten 

blocks in microteaching and teaching practice are of two nominal variables, constituting a 2 × 2 

contingency table, as shown in Table 4.5. Their independence can be examined by Fisher’s exact 
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test (Nussbaum, 2015). Second, it is not clear how many participants used or not used base-ten 

blocks in microteaching and teaching practice. Statistical test procedures like chi-square requires 

the expected frequency in each cell of a contingency table whereas Fisher’s exact test does not. 

Third, Fisher’s exact test is often used to deal with small sample sizes; this dissertation entails 37 

participants, a small sample.  

The procedures of conducting Fisher’s exact test on participants’ using or not using base-

ten blocks are as follows: First, I separated participants into four categories according to their 

using or not using base-ten blocks: 1) Participants using base-ten blocks both in microteaching 

and teaching practice (28). 2) Participants using base-ten blocks in microteaching, but not in 

teaching practice (5). 3) Participants using base-ten blocks in teaching practice, but not in 

microteaching (1). 4) Neither participants used base-ten blocks in microteaching, nor in teaching 

practice (3).  

Table 4.5 

Participants’ Using or not Using base-ten Blocks 

Teaching Practice  

Microteaching  
 

Yes No Total 

Yes 28 1 29 

No 5 3 8 

Total 33 4 37 

Second, I calculated the rows marginal totals (29 and 8) and columns marginal totals (33 

and 4), as shown in the above table.  

Third, I used the formula to calculate the P value 𝑝 =
33!4!29!8!

28!5!1!3!
 

Fourth, I made a decision about the p value regarding the consistency between 

participants’ using base-ten blocks in microteaching and that in teaching practice. The α level .05 

serves as the criterion for evaluating p value to determine the relationship between the two 
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events (Nussbaum, 2015): using or not using base-ten blocks in microteaching and using or not 

using base-ten blocks in teaching practice. If p ≥ .05, that means participants’ using or not using 

base-ten blocks in microteaching is independent of their using or not using base-ten blocks in 

teaching practice. In other words, they are not correlated significantly. Or if the p < 0.05, that 

means participants’ using or not using or not using base-ten blocks in microteaching is closely 

correlated to their using or not using base-ten blocks in teaching practice. To be more specific, if 

a participant uses base-ten blocks in microteaching, he/she is very likely to use base-ten blocks in 

teaching practice as well. If a participant does not use base-ten blocks in microteaching, he/she is 

very unlikely to use base-ten blocks in teaching practice.  

In the similar vein, I calculated a second p value based on the procedures described above 

to test the consistency between participants’ explanation in microteaching and that in teaching 

practice. Also, I calculated a third p value based on the procedures described above to test the 

consistency between participants’ justification in microteaching plan and that in teaching 

practice. 

I chose Spearman rank-order correlation coefficients instead of Pearson product moment 

correlation coefficients because the numbers assigned to the participants’ specialized content 

knowledge in microteaching, 1, 2, and 3, are ordinal numbers. If a participant’s using base-ten 

blocks is graded as 1 and the other participant’s 3, a multiplicative relationship of three between 

the two cannot be called. In the similar vein, Spearman rank-order correlation is suitable for 

dealing with the data gleaned from teaching practice videos.  

The algorithm for calculating Spearman correlation coefficients is as follows: 1) I sorted 

participants’ overall microteaching scores and assign ranks from the lowest score to the highest 

score using 1, 2, 3, …n. 2) I sorted their overall teaching practice scores and assign ranks from 
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the lowest score to the highest score using 1, 2, 3, …n. 3) I calculated the difference (di) between 

the two ranks for each preservice teacher and square them (di
2). 4) Based on the above 

operations, I used the following formula to calculate the test statistic 𝜌, the Spearman correlation 

coefficient:  

𝜌 = 1 −
6∑𝑑𝑖

2

𝑛(𝑛2 − 1)
 

I used the t distribution to determine if the correlation coefficient 𝜌 is significant.  

Finally, using the same procedures as described above, I calculated and tested three more 

Spearman correlation coefficients to see if participants’ scores in representation, explanation, and 

justification in the microteaching were significantly correlated to their scores in the same three 

sub-categories on teaching practice videos.  

Table 4.6 

Data Analysis on the Transfer from Microteaching to Teaching Practice 

Number Dimensions 
                                Data 

 Microteaching               Teaching Practice 
Statistics 

1 Using or not blocks Score in video Score in video 

Fisher’s Exact 

Test 

2 

Quality of using 

blocks Score in video Score in video 

Spearman 

Correlation 

3 Using or not charts Score in video Score in video 

Fisher’s Exact 

Test 

4 Quality of using charts Score in video Score in video 

Spearman 

Correlation 

5 

Offering or not 

explanation Score in video Score in video 

Fisher’s Exact 

Test 

6 

Quality of offering 

explanation Score in video Score in video 

Spearman 

Correlation 

7 

Making or not 

justification 

Score in planning 

form Score in video 

Fisher’s Exact 

Test 

8 

Quality of making 

justification 

Score in planning 

form Score in video 

Spearman 

Correlation 

9 

Overall Specialized 

Content Knowledge 

Sum of items 2, 4, 

6, 8 in this column 

Sum of items 2, 4, 6, 

8 in this column 

Spearman 

Correlation 
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CHAPTER V 

FINDINGS 

Participants’ Development of Specialized Content Knowledge 

A series of Wilcoxon Signed Rank tests were conducted to analyze the difference 

between participants’ overall and three individual performances on using representation, 

explaining place value, and justifying student work between the pretest and posttest. The results 

are shown in Table 5.1.  

Table 5.1 

Difference between the Dimensions of SCK on Pre-test and Pos-test  

 Negative Ranks Positive Ranks No Change Z 

Representation 1 21 15 4.08*** 

Explanation 6 25 6 3.81*** 

Justification 4 18 15 3.19*** 

Overall 3 30 4 4.79*** 

                   ***p<.01 

First, participants’ specialized content knowledge for teaching place value was 

significantly improved overall during the methods course module. As shown in Table 5.1, 30 

participants scored a higher rank on post-test than on pre-test; three participants scored lower 

ranks; four participants’ ranks did not change. The statistical analysis generated a significant 

difference between participants’ overall performance on pre-test and that on post-test, ZOverall = 

4.79, p <.01. 

Second, participants’ specialized content knowledge was significantly improved on each 

of the three sub-categories, representation, explanation, and justification. As indicated in Table 

5.1, on representation, 21 participants scored a higher rank on post-test than on pre-test; one 
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participant scored lower rank; 15 participants’ ranks did not change. The statistical analysis 

indicated that the difference between their performance on pre-test and that on post-test was 

statistically significant, ZRepresentation = 4.08, p <.01.  

In offering explanation, 25 participants’ ranks were higher on post-test than that on pre-

test; six participants were lower; six participants’ ranks did not change. The statistical analysis 

based on Wilcox Signed Rank procedures indicated that the ranks on the post-test were 

significantly higher than that on the pre-test, ZExplanation = 3.81, p <.01.  

As to developing justification, 18 participants scored a higher rank on post-test than that 

on pre-test; four participants scored lower ranks; 15 participants’ ranks did not change. The 

difference between the ranks was statistically significant, ZJustification = 3.19, p <.01.  

Transfer from Knowledge Development to Microteaching 

The results produced from my running of Spearman correlation between participants’ 

scores on specialized content knowledge for teaching place values in the post assessment and 

their scores of such knowledge received for microteaching plans and practice indicated two 

findings. First, at the overall level, participants’ specialized content knowledge for teaching place 

value developed in their methods course module was not able to affect their overall specialized 

content knowledge demonstration in microteaching. As shown in Table 5.2, participants’ overall 

mean score on the post-test was 9.59 and that on microteaching was 8.22. The correlation 

coefficient between the two scores was not statistically significant, rover all (37) = .12, p > .05.  

Second, participants’ specialized content knowledge for teaching place value developed 

in their methods course module was not able to affect their specialized content knowledge 

demonstration in microteaching in the respects of representation, explanation, and justification. 

Table 5.2 indicates that participants’ mean score on using representation on post-test was 3.95 
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and that on microteaching was 4.00. The correlation coefficient between the two scores was not 

statistically significant representation (37) = -.05, p > .05. Regarding offering explanation, the 

participants’ mean score on post-test was 3.11 and that on microteaching was 1.68. The 

correlation coefficient between the two mean scores was not statistically significant with 

rexplanation (37) = .15, p= .36. Their mean score for using justification on post-test was 2.54 and 

that on microteaching planning form was 1.86. The correlation coefficient between the two mean 

scores was not statistically significant rJustification (37) = -.01, p = .94. 

Table 5.2 

Correlations between the Dimensions of SCK on Post-test and Microteaching  

Factors 1 2 3 4 5 6 7 8 

1. Posttest-total ⸺        

2. Posttest-representation -.06 ⸺       

3. Posttest-explanation .87** -.18 ⸺      

4. Posttest-justification .64** -.19 .25 ⸺     

5. Microteaching- total .12 .06 .10 .16 ⸺    

6. Microteaching-representation .04 -.05 .02 .16 .75** ⸺   

7. Microteaching- explanation .25 -.06 .15 .28 .54** .41* ⸺  
8. Microteaching- justification -.14 .19 -.17 -.01 .30 -.16 -.08 ⸺ 

          ** p <.001    *   p <.05 
 

Transfer from Knowledge Development to Teaching 

The results produced from the Spearman correlation between participants’ specialized 

content knowledge for teaching place value developed in the methods course module and 

demonstrated in teaching lead to two findings. First, participants’ overall specialized content 

knowledge for teaching place value developed in their methods course module was not able to 

affect their overall specialized content knowledge demonstration in teaching practice. As shown 

in Table 5.3, their overall mean score on specialized content knowledge for teaching place value 
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from post-test was 9.59 and that from their teaching practice was 6.62. The correlation between 

the two mean scores was not statistically significant, rover all (37) = -.04, p = .81.  

Second, participants’ specialized content knowledge for teaching place value developed 

in their methods course module was not able to affect their specialized content knowledge 

demonstrated in teaching at the representation, explanation, and justification levels either. As 

shown in Table 5.3, participants’ mean score on developing representation on post-test was 3.95 

and that on teaching practice was 2.89. The correlation between the two mean scores was not 

statistically significant representation (37) = -.11, p > .05. Similarly, , participants’ mean score for 

explanation on post-test was 3.11 and that on teaching practice was 1.65. The correlation 

between the two scores was not statistically significant rexplanation (37) = -.06, p > .05. Finally, In 

terms of making justification, their mean score on post-test was 2.54 and that on teaching 

practice was 1.92. The correlation between the mean score on post-test and that on teaching 

practice was not statistically significant rJustification (37) = -.15, p > .05. 

Table 5.3 

Correlations between the Dimensions of SCK on Post-test and Teaching Practice  

Factors 1 2 3 4 5 6 7 8 

1. Posttest-total ⸺        

2. Posttest-representation -.06 ⸺       

3. Posttest-explanation .87** -.18 ⸺      

4. Posttest-justification .64** -.19 .25 ⸺     

5. Teaching- total -.04 .07 -.01 -.04 ⸺    

6. Teaching-representation -.09 -.11 -.06 -.05 .88** ⸺   

7. Teaching- explanation -.00 .15 -.06 .10 .72** .63** ⸺  

8. Teaching- justification -.04 .34* .01 -.15 .66** .36* .50** ⸺ 

               ** p <.001     
               *   p <.05 

 
Transfer from Microteaching to Teaching 
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My Spearman correlation between participants’ scores received for their specialized 

content knowledge for teaching place value in microteaching and in teaching lead to several 

findings. Overall, participants did not transfer significantly what they demonstrated in 

microteaching to teaching practice.  

The results shown in Table 5.4 indicate that participants’ overall scores of specialized 

content knowledge for teaching place value demonstrated in the microteaching plans and videos 

was 8.22 and their overall score of such knowledge demonstrated in videotaped teaching practice 

was 6.62. The correlation coefficient between the two overall mean scores was not statistically 

significant, r (37) = .30, p >.05.  

Table 5.4 

Correlations between the Dimensions of SCK on Microteaching and Teaching Practice  

Factors 1 2 3 4 5 6 7 8 

1. Microteaching-total ⸺        

2. Microteaching-representation .75** ⸺       

3. Microteaching-explanation .54** .41* ⸺      

4. Microteaching-justification .30 -.16 -.08 ⸺     

5. Teaching- total .29 .26 .31 .07 ⸺    

6. Teaching-representation .33* .43** .30 -.06 .88** ⸺   

7. Teaching- explanation .43* .45** .52** -.05 .72** .63** ⸺  

8. Teaching- justification .16 -.06 .05 .26 .66** .36* .50** ⸺ 

             ** p <.001 
             *   p <.05 

 
On the sub-dimension level, participants were able to transfer what they demonstrated in 

microteaching to teaching practice in terms of their frequency and quality of using representation 

and offering explanations. However, they were unable to transfer what they demonstrated in 

microteaching to teaching practice in using justification for students’ mistakes in terms of 

frequency and quality.  
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Making Representations 

The transfer effect on making representation was significant in two respects⸺ frequency 

of using manipulatives and the quality of using manipulatives. 1) The frequency and quality of 

using base-ten blocks. First, participants were able to transfer what they demonstrated in 

microteaching to teaching practice in terms of their frequency of using base-ten blocks. Based on 

the Fisher’s Exact Test procedures, a p = .03 was generated. Therefore, the Fisher’s Exact Test 

indicates that there was a significant association regarding participants’ frequency of using base-

ten blocks in microteaching and that in teaching practice, p =.03, < .05. This indicates a 

significant transfer effect.  

Second, participants were able to transfer what they demonstrated in microteaching to 

teaching practice in terms of their quality of using base-ten blocks. To examine the relationship 

between the quality of participants’ using base-ten blocks in microteaching and that in teaching 

practice, only the 28 participants who used base-ten blocks on both occasions were studied. This 

is understandable only focusing on the 28 participants where the other 9 were excluded because 

it would be irrelevant to include any participant if that participant did not use base-ten blocks in 

either occasion. The Spearman correlation coefficient between participants’ scores of using base-

ten blocks in microteaching and that in teaching practice indicates a significant correlation, r (28) 

= .45, p <.05. 

Table 5.5 

Correlation between Quality of Using Blocks in Microteaching and Teaching 

Factors 1 2 

1. Quality of Using Base-Ten Blocks in Microteaching ⸺ .45* 

2. Quality of Using Base-Ten Blocks in Teaching .45* ⸺ 

                 *   p <.05 
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2) The frequency and quality of using place value charts. First, participants were able to 

transfer what they demonstrated in microteaching to teaching practice in terms of their frequency 

of using place value charts. Based on the Fisher’s Exact Test procedures, a p value .00 was 

generated. This indicates that participants’ frequency of using or not using place value chart in 

microteaching and the frequency of using or not using place value chart in teaching practice were 

significantly correlated, p = .00, < .01. This indicates a significant transfer effect. 

Second, participants were able to transfer what they demonstrated in microteaching to 

teaching practice in terms of their quality of using place value chart. To examine the relationship 

between the quality of participants’ using place value charts in microteaching and that in 

teaching practice, only the 24 participants who used place value charts on both occasions were 

studied. This is understandable only focusing on the 24 participants because it is irrelevant to 

include any participant if that participant did not use place value charts in either occasion. A 

correlation coefficient was calculated by executing Spearman correlation procedures. The result 

indicates that participants’ score on making representation of place value chart in microteaching 

and that in teaching practice were significantly correlated, r (24) = .50, p <.05.  

Table 5.6 

Correlation between Quality of Using Charts in Microteaching and Teaching 

Factors 1 2 

1. Quality of Using Charts in Microteaching ⸺ .50 * 

2. Quality of Using Charts in Teaching .50 * ⸺ 

                   *   p <.05 

 
Making Explanations 
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First, the frequency of offering explanations. Participants were able to transfer what they 

demonstrated in microteaching to teaching practice in terms of their frequency of offering 

explanation. The Fisher’s exact test demonstrates that there was a significant association between 

the frequencies of explaining the meaning of place value in microteaching and the frequencies of 

explaining place value in teaching practice, p =.00, < .01. This indicates a significant transfer 

effect in offering explanations.  

Second, participants were able to transfer what they demonstrated in microteaching to 

teaching practice in terms of their quality of offering explanation. The Spearman correlation 

coefficient between the score of explaining place value in microteaching and that in teaching 

practice were statistically significant, r (26) = .45, p < .05. This reflects a significant transfer 

effect in terms of the quality of offering explanations from the microteaching context to the 

teaching practice context.  

Table 5.7 

Correlation between Quality of Explanation in Microteaching and Teaching 

Factors 1 2 

1. Quality of Explanation in Microteaching ⸺ .45 * 

2. Quality of Explanation in Teaching .45 * ⸺ 

                   *   p <.05 

 
Demonstrating Justification 

Participants failed to show significant transfer in using justification in microteaching to 

teaching practices in terms of frequency and quality. 1) Based on the Fisher’s Exact Test 

procedures, a p = 0.30 was generated. Therefore, the Fisher’s Exact Test indicates that there was 

a no significant association regarding participants’ frequency of demonstrating justification in 
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microteaching and that in teaching practice, p = 0.30, > .05. This indicates a nonsignificant 

transfer effect. 

2) To examine the relationship between the quality of participants’ demonstrating 

justification in microteaching and that in teaching practice, only the 30 participants who used 

place value charts on both occasions were studied. This is understandable only focusing on the 

30 participants because it is irrelevant to include any participant if that participant did not 

demonstrate justification in either occasion. The Spearman coefficient was not significant 

regarding participants’ score of making justification in microteaching and that in teaching 

practice, r (30) = .18, p >.05.  

Table 5.8 

Correlation between Quality of Justification in Microteaching and Teaching 

Factors 1 2 

1. Quality of Justification in Microteaching ⸺ .18 

2. Quality of Justification in Teaching .18  ⸺ 

 

In summary, this dissertation revealed several findings. First, participants demonstrated a 

significant improvement in specialized content knowledge, not only at the overall level but also 

at representation, explanation, and justification levels during their methods course module. 

Second, however, their specialized content knowledge developed in the methods course module 

was not able to be transferred to the microteaching and teaching contexts at the overall and at 

representation, explanation, and justification levels specifically. Finally, their specialized content 

knowledge for teaching place value demonstrated in the microteaching was not able to be 

transferred to their teaching practice at the overall level in the light of frequency and quality. 
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However, what they demonstrated in the microteaching could be transferred to teaching in terms 

of developing representation and offering explanation although the transfer effect on using 

justification was nonsignificant in terms of frequency and quality.  
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CHAPTER VI 

DISCUSSIONS 

Limitations 

This dissertation has several limitations with the sample, data sources, and data analysis. 

First, it only recruited 37 preservice teachers as participants, which is of a small sample size who 

were unevenly spread across the four academic semesters, with the spring 2017 semester has 24 

participants whereas with the other three semesters, participants are no more than 5, respectively. 

A larger sample size with participants evenly distributing in different semesters may generate 

findings with more certainty about the results. 

A limitation about data source should be mentioned. To glean the data regarding 

preservice teachers’ justification demonstrated in microteaching, I used the items in their 

microteaching planning form rather than the microteaching videos. I made this decision for the 

consideration that preservice teachers rarely made justification about students’ works in 

microteaching videos. Instead, they demonstrated the justification in microteaching planning 

forms by indicating what kind of mistakes that students might make about place value and the 

underlying reasons for those mistakes. Certainly, the justification that preservice teachers make 

in the planning forms were not equal to the verbal one that they make in videos. However, the 

planning forms were the only kind of data sources that I could access to evaluate preservice 

teachers’ specialized content knowledge about place value in microteaching.  

Another limitation about the scope of representation, an aspect of specialized content 

knowledge, examined in this dissertation. In the Theoretical Framework chapter, I described that 

representation can be in the forms of concrete manipulatives, visuals, and symbolic characters. 

However, in this dissertation, only manipulatives were examined. The reason for this choice was 
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also because of the lack of relevant data sources. In effect, when teaching place value, preservice 

teachers chose to use concrete base-ten blocks instead of using computer applications or writing 

symbols. The limitations will be addressed in further research.   

The microteaching lasted no more than 8 minutes and a teaching practice no more than 

20 minutes. Due to the short period of time, preservice teachers may not be able to fully 

demonstrate their specialized content knowledge in microteaching and teaching practice. Thus, 

caution should be exercised when generalizing the findings from this dissertation to 

microteaching and student teaching lasting longer period of time.  

As to data analysis, two limitations deserve attention. First, I myself developed both 

coding rubrics and coded the microteaching plans and practice and teaching practice videos like 

many dissertations of this kind. Thus, the validity and reliability of these coding rubrics and 

coding results using the rubrics may not be warranted. Finally, the data was mainly about 

preservice teachers’ specialized content knowledge on a single mathematics topic⸺ place value. 

Therefore, it should be cautious when translating the results of this dissertation to preservice 

teachers who are learning to teach mathematics topics other than place value. Nevertheless, this 

dissertation did offer several answers to each of the research questions.   

Development of Specialized Content Knowledge 

This dissertation indicates that preservice teachers could develop specialized content 

knowledge about place value at the overall and at representation, explanation, and justification 

levels in a carefully designed methods course module. As shown in this study, participants’ 

overall mean score of specialized content knowledge for teaching place values significantly 

improved from pre-test to post-test at the overall and the three specific levels. 
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This result extends the finding that preservice teachers were able to develop their 

mathematical knowledge for teaching in the methods course contexts using various topics with 

an example of specialize content knowledge for teaching place value. These topics in the existing 

literature include numbers (Auslander et al., 2016; Chapman, 2007; Goodson-Espy et al., 2014), 

algebra (Auslander et al., 2016; Welder & Simonsen, 2011), geometry (Auslander et al., 2016; 

Morris et al., 2009) as common content knowledge and as specialized content knowledge for 

teaching fraction (Charalambous et al., 2011; Reeder & Utley, 2017), integer (Ipek, 2018), and 

algebra (Morris et al., 2009).   

It also contributes the methodology used to capture both overall and sub-dimensions of 

specialized content knowledge developed in the methods course context. This approach to 

capture both overall and specific dimensions of specialized content knowledge for teaching a 

specific mathematics topic, such s place values, is pretty much absent in the existing literature 

(Ozuru, Briner, Kurby, & McNamara, 2013).  

This result substantiates Ball et al.’s (2008) theory that preservice teachers are able to 

acquire specialized content knowledge as a sub-dimension of subject matter knowledge on 

university campus. It suggests that such development of specialized content knowledge could be 

accomplished in a three-week course module. This is often seen impossible as assumed in the 

literature (Ipek, 2018; Reeder & Utley, 2017).    

Transfer from Knowledge Development to Microteaching  

This dissertation indicates that preservice teachers might not be able to easily transfer 

their specialized content knowledge for teaching place value   developed from methods course 

module to their microteaching at both the overall and the three specific dimensions levels. As the 

findings of this dissertation show, neither were the participants’ mean scores of overall 
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specialized content knowledge for teaching place value nor their mean scores of representation, 

explanation, and justification associated with those corresponding mean scores demonstrated in 

their microteaching plans and practices based on the Spearman correlation coefficients.  

This result contributes to the much-needed empirical understanding about the transfer of 

specialized content knowledge developed in the methods course to the microteaching context 

that is absent from the existing literature based on my review of the relevant literature earlier. 

However, this dissertation only tried this approach in the topic of place value, further research on 

different mathematics topics using this method is necessary so that this approach can be 

validated to capture preservice teachers’ specialized content knowledge development for 

teaching various topics in the methods course context.  

Based on Barnett and Ceci’s (2002) theoretical framework, these results are consistent 

with some assumptions and are inconsistent with some other assumptions about knowledge 

transfer. The result is in agreement with the performance assumption that preservice teachers 

knowledge shown on the post-test may not be transferred to their performance on microteaching 

due to their different ways to demonstrate the knowledge. Regarding the contexts of transfer, the 

results align with the functional context assumption and the modality assumption because the 

transfer distances on these two dimensions are far.  

However, the nonsignificant transfer effect is inconsistent with several assumptions. It is 

inconsistent with the generality-specificity assumption in that making representation, 

explanation, and justification did not reflect the assumed difference in the strength of transfer. In 

addition, several assumptions about contextual dimensions were also in question: knowledge 

domain, physical context, temporal context, and social context.  



 Texas Tech University, Guoxiang Wang, December 2021  

69 

 

The challenge to the generality-specificity assumption may be caused by the insufficient 

depth of specialized content knowledge about justification that preservice teachers had 

developed in this methods course. As described in the Methods chapter, teacher educators taught 

preservice teachers some basic principles for making justification as they noticed student 

mistakes, such as focusing on students’ conceptual understanding instead of procedures, giving 

them questions to inspire them. However, with these principles, they had not  necessarily 

developed deep knowledge about how to make justification. When the developed knowledge of 

making justification was not deep enough, it could not outperform making representation and 

offering explanation in transfer. Regarding the challenges to the contextual assumptions, the 

underlying reason might be that the functional context and modality play a more important role 

in determining the transfer effect than the other four contextual factors in the knowledge 

acquisition to microteaching transfer. 

Based on the discussion above, two streams of further research should be conducted: 

First, researchers should pay closer attention to the evaluation about preservice teachers’ making 

justification. In paper-and-pencil test, preservice teachers’ justification was measured by their 

responses to multiple choices questions. In addition, in microteaching, their specialized content 

knowledge about making justification was measured by writing. It is unsure of the extent to 

which preservice teachers’ making justification could be effectively measured. Therefore, future 

researchers may consider adopting more effective, creative methods and tools to measure 

preservice teachers’ specialized content knowledge about making justification. Second, I 

examined the contextual factors individually. As a result, the overall impact of all the contextual 

factors on transfer is not clear. Further studies should be conducted by considering the overall 

impact of contextual factors on knowledge transfer.  
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Transfer from Knowledge Development to Teaching Practice 

This dissertation also demonstrates that preservice teachers might not be able to easily 

transfer from their specialized content knowledge for teaching place value developed from 

methods course module to their teaching in the practicum at both the overall and the three 

specific dimensions levels. As shown in the findings of this dissertation, the participants’ mean 

scores of overall specialized content knowledge for teaching place value and their mean scores of 

specific dimensions of representation, explanation, and justification were not significantly 

associated with those corresponding mean scores demonstrated in their teaching practices based 

the Spearman correlation coefficients.  

This result endorses the finding reported by Ding and Heffernan (2018) that preservice 

teachers had difficulty in transferring specialized content knowledge that they had learned to 

student teaching about the associative property of multiplication. It also echoes the findings 

reported by Osana and Royea (2011) that preservice teachers had difficulty in translating number 

sentences of fraction into word problems.  

It is inconsistent with the finding that teacher education graduates demonstrated a 

significant transfer effect of specialized content knowledge from learning context to teaching 

context (Morris & Hiebert, 2017). Two reasons may account for this discrepancy. First, Morris 

and Hiebert only identified key concepts from participants’ lesson plans that they developed in 

their mathematics content courses without attention to the quality of the concepts that they 

developed. This dissertation focused exclusively on the quality of developing and applying 

specialized content knowledge. The differences in methods of this dissertation and that used in 

Morris and Hiebert’s (2017) study could lead to different results. However, I argue that the 

future research should pay attention to the merits of both this dissertation and that of Morris and 
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Hiebert’s (2017). In other words, both occurrence and quality should be attended equally. 

Second, Morris and Hiebert only analyzed the transfer from their content knowledge developed 

in the content course to lesson planning for teaching while this dissertation examined the transfer 

from participants’ specialized content knowledge development to their teaching practice in 

practicum classrooms. Though lesson planning is an important part of teachers’ teaching, it is not 

teaching per se. Therefore, further research needs to be developed to examine if the above 

interpretations are valid as this dissertation did not collect lesson planning data necessary to 

verify the above interpretations.  

Based on Barnett and Ceci’s (2002) theoretical framework, these results align with some 

assumptions and disconfirm some other assumptions about knowledge transfer from the context 

of knowledge acquisition to teaching practice. It is consistent with the assumption that preservice 

teachers’ specialized content knowledge demonstrated on paper-and-pencil test may not be 

transferred to teaching practice due to the different ways to demonstrate it. Regarding the 

contexts of transfer, the results align with the physical, temporal, functional, social, and modality 

contextual factors because the transfer distances on these five dimensions are far.  

However, the nonsignificant transfer effect also challenges several assumptions. It is 

consistent with the generality-specificity assumption in that making representation, explanation, 

and justification did not reflect the assumed difference in the strength of transfer. In addition, the 

result is in discrepancy with the assumption on the knowledge domain.  

The challenge to the generality-specificity assumption may be caused by the insufficient 

depth of specialized content knowledge about justification that preservice teachers had 

developed in this methods course. As described in the Methods chapter, teacher educators taught 

preservice teachers some basic principles for making justification as they noticed student 
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mistakes, such as focusing on students’ conceptual understanding instead of procedures, giving 

them questions to inspire them. However, with these principles, they not necessarily had 

developed deep knowledge about how to make justification. When the developed knowledge of 

making justification was not deep enough, it could not outperform making representation and 

offering explanation in transfer. Regarding the challenges to the contextual assumption on 

knowledge domain, the underlying reason might be that this contextual dimension itself was not 

strong enough to impact the entire transfer dynamics.  

Further research should consider the issues about measuring preservice teachers’ 

specialized content knowledge in making justification. In addition, researchers may consider 

examining the contextual factors comprehensively instead of separately. These have been 

discussed in last section: First, researchers should pay closer attention to the evaluation about 

preservice teachers’ making justification. In paper-and-pencil test, preservice teachers’ 

justification was measured by their responses to multiple choices questions. In addition, in 

microteaching, their specialized content knowledge about making justification was measured by 

writing. It is unsure of the extent to which preservice teachers’ making justification could be 

effectively measured. Therefore, future researchers may consider adopting more effective, 

creative methods and tools to measure preservice teachers’ specialized content knowledge about 

making justification. Second, I examined the contextual factors individually. As a result, the 

overall impact of all the contextual factors on transfer is not clear. Further studies should be 

conducted by considering the overall impact of contextual factors on knowledge transfer.  

Transfer from Microteaching to Teaching  

This dissertation indicates that preservice teachers might not be able to easily transfer 

from their specialized content knowledge for teaching place value   demonstrated in their 
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microteaching to their actual teaching in practicum at both the overall and the specific 

justification dimension levels. However, they could transfer their specialized content knowledge 

demonstrate in their microteaching to their teaching practice at the specific dimension levels of 

using representation and explanation levels.  

As the findings of this dissertation suggests, on the one hand, participants’ mean scores of 

overall specialized content knowledge for teaching place value and their mean scores of using 

justification demonstrated in their microteaching plans and practices were not correlated 

significantly with the corresponding scores demonstrated in their teaching practices in the light 

of frequency and quality based the Spearman correlation coefficients. 

On the other hand, participants’ mean scores of using representation and explanation 

demonstrated in their microteaching videos were strongly associated with the corresponding 

scores demonstrated in their teaching practice videos in terms of frequency and quality based the 

statistics of Fisher’s exact test and Spearman correlation coefficients. 

Based on Barnett and Ceci’s (2002) theoretical framework, these results are consistent 

with some assumptions and are inconsistent with some other assumptions about knowledge 

transfer from microteaching to teaching practice. First, it is partially consistent with the 

performance assumption that preservice teachers’ performance in microteaching may be 

transferred to their teaching practice, but the transfer will not be significant. On the memory 

demands level, the results align with the assumptions on making representation and offering 

explanation. Regarding the contextual assumptions, the overall nonsignificant transfer effect and 

the nonsignificant transfer effect on making justification are consistent with the assumption that 

when the distance of transfer is far on the physical context, temporal context, and social context, 

transfer effect will not be significant from microteaching to teaching practice.  
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The results are inconsistent the generality-specificity assumptions regarding the 

knowledge transfer from microteaching to teaching practice. On contextual assumptions, the 

aforementioned nonsignificant transfer effect that this study revealed conflicts the assumption 

that a significant transfer effect should have been discovered given that the transfer distance is 

considered as near on knowledge domain, functional context, and modality. 

These discrepancies can be tentatively explained that the impact of the factors that 

constitute near transfer had been counteracted by the impact of the factors that constitute far 

transfer. Further, some factors may have more significant impact on representation and 

explanation than on justification.  

However, this dissertation did not collect the data that can be used to examine the impact 

of each individual contextual factor on the transfer from knowledge acquisition to teaching 

practice. Therefore, it is unable to verify if this interpretation can be true. Future research should 

systematically examine each contextual factor regarding their respective impact on transfer. Only 

in this way, can we develop a thorough understanding about the mechanism resulting in the non-

significant result of preservice teachers’ transfer of specialized content knowledge from 

microteaching to teaching. To develop this understanding, it is necessary to introduce more 

controls by which a single contextual factor is varied each time while all other factors are kept 

static. By this kind of research, the relative impact of each factor on transfer can be observed 

reliably.  
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CHAPTER VII 

CONCLUSION AND DISCUSSIONS 

This dissertation generates the following conclusion: By taking mathematics methods 

courses, preservice teachers can effectively develop specialized content knowledge for teaching 

place value at both overall and specific dimension levels if they are engaged in well-designed 

learning activities. However, they may have difficulty in transferring specialized content 

knowledge for teaching place value at the overall and specific dimension levels developed from 

their methods course module to their microteaching lesson plans and practices and to their 

teaching practices in the practicum including representation, explanation, and justification. It 

may stimulate teacher educators’ reexamination on relevant teacher education practices and 

policymakers’ innovation of relevant teacher preparation policies. In contrast, while preservice 

teachers might not be able to easily transfer from their specialized content knowledge for 

teaching place value demonstrated in their microteaching to their actual teaching at both the 

overall and the specific justification dimension levels, they could easily transfer their specialized 

content knowledge demonstrated in their microteaching to their teaching practices at the specific 

dimension level of using representation and explanation levels  

Teacher Education Practice Implications 

The above results lead to several implications for teacher educators. First, teacher 

educators should continue to emphasize the importance the learning activities and engage 

preservice teachers in developing important components of mathematical knowledge for teaching 

various mathematics topics including place values. These activities include engaging preservice 

teachers in using manipulatives such as base-ten blocks and place value chart, verbally 

explaining mathematics concepts and procedures, and analyzing student mistakes.   



 Texas Tech University, Guoxiang Wang, December 2021  

76 

 

In addition, teacher educators may consider using microteaching in the way that 

preservice teachers can apply the specialized content knowledge that they developed in their 

methods course in terms of using representation and explanation. Although preservice teachers 

did not demonstrate significant transfer effect on applying specialized content knowledge from 

post-test to microteaching and the transfer effect from microteaching to teaching practice was not 

significant on the overall level and on making justification, they did demonstrate significant 

transfer effect from microteaching to teaching practice on making representation and 

explanation. This indicates that microteaching can be useful to a certain extent in helping 

preservice teachers transfer their specialized content knowledge. Teacher education may improve 

the effectiveness of microteaching by adjusting the structure of microteaching. For example, 

teacher educators require preservice teachers to verbally make justification about student work in 

the video.  

Finally, teacher educators need to be cautious in thinking that the development of 

preservice teachers’ specialized content knowledge for teaching place vale will be automatically 

transferred to their microteaching and teaching practices. As indicated in the result of this 

dissertation, the effective transfer of preservice teachers’ specialized content knowledge 

developed in their methods course context to microteaching plan and practice and their teaching 

practices in practicum may not occur easily.  

Teacher Education Policy Implications 

The aforementioned conclusions of this dissertation lead to some implications for 

policymaking related to mathematics teacher education. Given that preservice teachers in this 

dissertation demonstrated significant growth in specialized content knowledge about place value, 

it is argued that teaching activities that the mathematics methods course entails are effective. 
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Therefore, mathematics teacher education policymakers should develop policy initiatives that 

support teacher education programs to incorporate some coursework and activities into teacher 

education policies:  

First, policymakers should emphasize the importance of specialized content knowledge 

by engaging preservice teachers in using concrete models. Second, policymakers should pay 

attention to the learning activities about analyzing and explaining in depth mathematics concepts 

and evaluating student artifacts. For example, giving preservice teachers opportunities to use 

base-ten blocks and place value charts to solve word problems about whole number addition, 

subtraction, multiplication, and division. As they manipulate these tools, teacher educators 

should encourage preservice teachers to verbally express their mental activities in using those 

tools. These ways may improve their specialized content knowledge about making representation 

and offering explanation.  

Furthermore, teacher educators may give preservice teachers student artifacts gleaned 

from real classrooms or created based on theories. Teacher educators should encourage 

preservice teachers to analyze students’ thinking from both the conceptual understanding 

perspective and the procedural perspective. In addition, teacher educators should encourage 

preservice teachers provide specific ways to improve students’ thinking. These activities may 

improve preservice teachers’ specialized content knowledge about making justification.  

In effect, the results have indicated that preservice teachers experienced significant 

improvement in terms their overall specialized content knowledge and the specific sub-domains, 

representation, explanation, and justification. Although I cannot conclude that the learning 

activities listed earlier in the mathematics methods course caused the improvement (Morris & 

Hiebert, 2017), the learning activities in the mathematics methods course were the most likely 
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contributor to the improvement. Therefore, teacher education policies may consider these 

activities to facilitate preservice teachers’ mathematical knowledge acquisition.  
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APPENDICES 

Appendix A 

Paper-and-Pencil Test Items 

A: PRE-TEST ITEMS 

1. A teacher is working with a group of students on exploring the concept of base 10 

place value with numbers up to 120. Which of the following activities would be the most 

effective in helping the students grasp the concept of place value? 

a. Using base 10 blocks. 

b. Using two hundred charts with multiples of 10 up to a 120 highlighted.  

c. Showing students how place value increase from right to left by powers of 10  

d. Using real world pennies, nickels, dimes, and dollar bills 

2. Bobby uses 8 units, 5 flats, and 3 rods to represent a whole number. If he subtracts 2 

units, 3 flats, and 2 rods, what does the result represent? Select one: 

a. 216     b. 621     c. 126      d. 612 

3. Lisa uses 9 units, 3 flats, and 5 rods to represent a whole number. If he subtracts 9 rods 

and 2 units, what does the result represent? Select one: 

a. 510    b. 564     c. 843     d. 267 

4. An effective representation for showing the relationship between addition and 

multiplication is using concrete equal-sized groups of objects being combined. Which 

representation model is this? Select one: 

a. None of the answers given. b. Linear model. c. Set model. d. area model.  
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5. Your students are working on subtraction by using place value. You have given them 

the problem: Find 45 – 18. One of your pupils says he has come up with a much simple method. 

He explains that 5 - 8 equals -3, and 40 - 10 equals 30, and -3 + 30 equals 27. 

Which of the following responses BEST matches how you would respond? Please 

answer this question to the best of your knowledge. You will receive full credit. Select one: 

a. I’d ask him to explain how he figured this out and why he thinks it works.  

b. I'd praise him, but point out that while his method works in this case, it might not 

always work.  

c. I'd discourage him from using it because it would confuse the rest of the class.  

d. I'd let him do subtraction this way.  

e. I'd tell him that I'd like him to concentrate on learning the standard way of doing it. 

6. One day, one of your students comes to class and excitedly tells you that he found that 

whenever you multiply any number by 10, all you have to do is "add a 0 to the right of the last 

digit of the number. For example, 32 x 10 = 320". What do you think of this student's 

generalization? Select one: 

a. While it works with some numbers, it does not work with all numbers.  

b. I do not know.  

c. It does not work for any numbers. 

d. It is mathematically correct and works for all numbers. 

7. When calculating two-digit addition, such as 13 + 18, as their homework, Mary, Jacob, 

Mark, and Luke found their answers with the following operations: 

Jacob: (18 + 2) + (13-2) 

Mark: (3 + 8) + (10 + 10) 
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Luke: (10+3) + (10+8) 

Mary: (13 + 7) + (18 + 7) 

Which of the following solutions are mathematically correct? Select one or more: 

a. Jacob’s   b. Mary’s   c. Luke’s    d. Mark’s 

8. Your students are working on subtraction by using place value. You have given them 

the problem: Find 45 – 18. One of your pupils says he has come up with a much simple method. 

He explains that 5 - 8 equals -3, and 40 - 10 equals 30, and -3 + 30 equals 27. What do you think 

about this? Select one: 

a. I think it is mathematically correct 

b. This is not mathematically correct  

c. I do not know if this is mathematically correct or not  

9. One of your students says that he has found an easier way to do addition. For example, 

32 + 47 + 26. Using the meaning of place value that he explains that this sum is the same as 

saying that you have 9 tens and 15 ones. Then, since 15 ones is one ten and 5 ones, he explains 

that you can regroup to make a total of 10 tens and 5 ones, or 105. What are your thoughts on his 

reasoning process? Select one: 

a. I do not know if it is mathematically correct or not  

b. It works in this case, but I'm not sure it would work in general  

c. I think it is mathematically correct 

d. This isn't mathematically correct 

10. Billy says that he has found an easier way to multiply 8 x 12. He states that he 

multiplies 8 times 10 and gets 80, multiplies 8 times 2 and gets 16, and then he adds 80 and 16 to 

get 96. What are your thoughts on Billy's reasoning process? Select one: 
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a. I do not know if this is mathematically correct or not  

b. It works in this case, but I'm not sure it would work in general.  

c. This is not mathematically correct  

d. I think it is mathematically correct.  

11. One of your students says that he has found an easier way to do addition. For 

example, 32 + 47 + 26. Using the meaning of place value that he explains that this sum is the 

same as saying that you have 9 tens and 15 ones. Then, since 15 ones is one ten and 5 ones, he 

explains that you can regroup to make a total of 10 tens and 5 ones, or 105. 

Which of the following responses BEST matches how you would respond? Please 

answer this question to the best of your knowledge. You will receive full credit. Select one: 

a. I'd discourage him from using it because it would confuse the rest of the class.  

b. I'd let him do add this way 

c. I’d ask him to explain how he figured this out and why he thinks it works 

d. I'd praise him, but point out that while his method works in this case, it might not 

always work.  

e. I'd tell him that I'd like him to concentrate on learning the standard way of doing it. 

12. Billy says that he has found an easier way to multiply 8 x 12. He states that he 

multiplies 8 times 10 and gets 80, multiplies 8 times 2 and gets 16, and then he adds 80 and 16 to 

get 96. 

Which of the following BEST matches how you would respond to Billy? Please answer 

this question to the best of your knowledge. You will receive full credit. Select one: 

a. I'd let him multiply this way.  
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b. I'd praise him, but point out that while his method works in this case, it might not 

always work.  

c. I'd discourage him from using it because it would confuse the rest of the class.  

d. I'd tell him that I'd like him to concentrate on learning the standard way of doing it.  

e. I'd ask him to explain how he figured this out and why he thinks it works 

B: POST-TEST ITEMS 

1. William uses 3 units, 5 flats, and 5 rods to represent a whole number. If he subtracts 9 

rods and 2 units, what does the result represent? 

a. 461.   b. 164.    c. 614. d. 146 

2. Lily uses 9 units, 4 flats, and 7 rods to represent a whole number. If she subtracts 8 

units, 2 flats, and 4 rods, what does the result represent?? Select one: 

a. 231     b. 123     c. 321      d. 312 

3. A teacher is working with a group of first grade students on exploring the concept of 

ten. Which of the following activities would be the most effective in helping the students grasp 

the concept of grouping by ten? Select one:  

a. Coloring in the even numbers on a hundreds chart. 

b. Estimating the number of chocolate chips in a bag. 

c. Writing the numerals for one to ten on dry-erase boards 

d. Putting one bean in each square of a grid containing ten squares 

4. An effective representation showing the relationship between addition and 

multiplication is using equal-sized groups of objects being combined to form a larger group. 

Which representational model is this?  

a. Linear model. b. None of the answers given. c. area model. d. set model.  
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5. You are teaching multiplication by 10. One of your students, Andrew, says that all you 

have to do is add a 0 to the right of the last digit of any number to get the answer. What do you 

think about Andrew’s solution and process? Select one: 

a. It is mathematically correct and works for all numbers.  

b. While it works with some numbers, it does not work with all numbers.  

c. It is not mathematically correct for any numbers.  

d. I do not know if it is mathematically correct.  

6. When calculating two-digit addition, such as 12 + 15, Mary, Jacob, Mark, and Fanni 

proposed the following solution methods: 

Mary: Subtract 8 from 15 and join it with 12 to make 20. Then add 7.  

Jacob: Subtract 5 from 12 and join it with 15 to make 20. Then subtract 7.  

Mark: Add 2 and 5 to make 7 in the ones place of the solution. Then add 1 and 1 to make 

2 in the ten’s places of the solution. 

Fanni: Add 1 and 1 to make 2 in the tens place of the solution. Then add 2 and 5 to make 

7 in ones place of the solution. 

Which of the above methods are mathematically correct? 

a. Mary’s method  b. Jacob’s method  c. Mark’s method    d. Fanni’s method 

7. Philip says that he has found an easier way to multiply single digit and multidigit 

whole numbers. For example, to find 8 x 243 he multiplies 8 times 200, 8 times 40, and 8 times 

3. He then adds those partial products together. What are your thoughts on his reasoning 

process? Select one: 

a. It is mathematically correct and works when multiplying all whole numbers. 
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b. While it works in this case, it does not work in general when multiplying all whole 

numbers. 

c. It is not mathematically correct. 

d. I do not know if it is mathematically correct. 

8. Your students are working on whole number subtraction with "regrouping." You have 

given them the problem: 36 -19. One of your students says she has come up with a much simpler 

method. She explains that 6 – 9 equals -3, and 30 - 10 equals 20, and -3 + 20 equals 17. What do 

you think about this student’s solution method? Select one: 

a. It is mathematically correct. 

b. While it works in this case, it does not work in general. 

c. It is not mathematically correct. 

d. I do not know if it is mathematically correct. 

9. One of your students says that he has found an easier way to do addition. For example, 

32 + 27 + 46. Using the meaning of place value that he explains that this sum is the same as 

saying that you have 9 tens and 15 ones. Then, since 15 ones is one ten and 5 ones, he explains 

that you can regroup to make a total of 10 tens and 5 ones. Then since 10 tens is one hundred, 

you have 105. What are your thoughts on his reasoning process? Select one: 

a. It is mathematically correct and works when adding all whole numbers. 

b. While it works with some numbers, it does not work when adding all whole numbers. 

c. It is not mathematically correct. 

d. I do not know if it is mathematically correct. 

10. You are teaching multiplication by 10 and place value. One of your students, Andrew, 

says that all you have to do is add a 0 to the right of the last digit of any number to get the 
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answer. Which of the following responses BEST matches how you would respond to Andrew? 

Select one: 

a. I'd praise him, but point out that while his method works for some numbers, it does not 

always work. 

b. I'd discourage him from using it because it would confuse the rest of the class. 

c. I'd ask him to explain how he figured this out and why he thinks it works. 

d. I'd tell him that I'd like him to concentrate on learning the standard way of doing it. 

e. I'd let him multiply this way. 

11. Philip says that he has found an easier way to multiply single digit and multidigit 

whole numbers. For example, to find 8 x 243 he multiplies 8 times 200, 8 times 40, and 8 times 

3. He then adds those partial products together. Which of the following responses BEST matches 

how you would respond? Select one: 

a. I'd tell him to concentrate on the standard way of doing it, because it is mathematically 

incorrect. 

b. I'd ask him to think about a count-example because it is mathematically incorrect. 

c. I will tell him that his method works in this case, but it does not always work. 

d. I'd ask him to explain how he figured this out and why he thinks it works, because it is 

mathematically correct. 

12. Your students are working on subtraction with "regrouping." You have given them 

the problem: 36 -19. One of your students says she has come up with a much simpler method. 

She explains that 6 – 9 equals -3, and 30 - 10 equals 20, and -3 + 20 equals 17. Which of the 

following responses BEST matches how you would respond? Select one: 
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a. I'd tell her to concentrate on the standard way of doing it, because it is mathematically 

incorrect.  

b. I'd ask her think about a count-example because it is mathematically incorrect. 

c. I would tell her that her method works in this case, but it does not always work. 

d. I'd ask her to explain how she figured this out and why she thinks it works, because it 

is mathematically correct. 

e. I'd let her do subtraction this way. 
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Appendix B 

Coding Rubrics 

A. Grading Rubrics for Pre-Test Questions 

1 point. If a participant answered each of the 12 items correctly, 1 point was assigned.  

0 point. If the participant gave an incorrect answer, 0 point was assigned. 

B. Grading Rubrics for Post-Test Questions 

1 point. If a participant gave a correct answer to a question item, 1 point was assigned.  

0 point. If the participant gave an incorrect answer to a question item, 0 point was 

assigned. 

C. Coding Rubrics for Microteaching Videos 

Representations. The coding rubrics presented in this section includes two major parts⸺ 

using base-ten blocks and using place value charts. The former in turn consists of two sub-parts: 

1) base-ten blocks used or not and 2) quality of using base-ten blocks.  

Base-ten blocks used or not 

• 0 point was assigned if a participant did not use base-ten blocks. 

• 1 point was assigned if the participant used base-ten blocks.  

Quality of using base-ten blocks 

• 1 point- Participant used base-ten blocks but made considerable mistakes. For 

example, when conducting regrouping a flat into ten rods, the participant produced 

nine rods. As a result, this manipulation made a wrong answer for the word problem.  

• 2 points- Participant used base-ten blocks but made some minor mistakes. For 

example, when subtracting 6 units from 12 units, the participant mistakenly removed 
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7. However, the participant soon corrected the mistake as he/she discovered the 

mistake by counting the units.   

• 3 points- Participant clearly introduced the characteristics of the manipulatives, 

labeled correctly, and manipulated appropriately. 

Place value chart used or not 

• 0 point was assigned if a participant did not use place value chart.  

• 1 point was assigned if the participant used place value chart.  

Quality of using place value chart.  

• 1 point was assigned if the participant used place value chart but made considerable 

mistakes. For example, he/she placed manipulatives representing 10s in the hundreds 

place.  

• 2 points was assigned if the participant used place value chart but made some minor 

mistakes. For example, when using place value chart, the participant did not label 

value places.  

• 3 points was assigned if the participant clearly introduced the characteristics of the 

place value chart, labeled correctly, and manipulated appropriately.   

Explanations. The coding rubrics presented in this section focus on participants’ verbal 

explanation about place value. It includes two parts: Explain place value or not and the quality of 

explanation about place value.  

Explain place value or not  

• 0 point was assigned if a participant did not explain the meaning of place value.  

• 1 point was assigned if the participant explained the meaning of place value.   

Quality of explanation about place value 
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• 1 point was assigned if a participant’s explanation about place values was superficial. 

with the numeral 25, the participant merely pointed out 2 is in the tens place and 5 on 

the ones place.   

• 2 points were assigned if the participant’s explanation was offered and relevant to the 

major properties of place value as identified by Ross (1989) but not as complete. For 

example, with the numeral 25, the participant explained the positional property (2 in 

the tens place and 5 in the ones place) and base-ten property (2 represents two tens 

and 5 represents five ones). However, the participant did not explain the 

multiplicative property-two tens represent twenty and five ones represent five and 

they together constitute the value twenty five.  

• 3 points were assigned if the participant’s explanation was relevant to the meaning of 

value place and connected to the word problem meaningfully. For example, with the 

numeral 25, the participant explained all the three properties as described above.  

D. Coding of Microteaching Plans 

Justification demonstrated  

• 0 point was assigned if a participant did not identify any mistake related to place 

value.  

• 1 point was assigned if the participant made statement about student mistakes. For 

example, the participant pointed out a mistake about place value when a student was 

conducting subtraction involving regrouping “A student was doing subtraction 23 -

16. She got the difference 13.” 

Quality of the justification 
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• 1 point was assigned if a participant failed to develop a justification statement on 

student’s mistake relevant to place value properties as suggested by Ross (1989). For 

example, a participant’s reasoning of a student’s mistake about place value was like 

“The reason for the student’s mistake was because his teacher did not teach well.” 

• 2 points were assigned if the participant developed a justification statement on 

student’s mistake related to any property of place value but the statement was not 

specific. For example, regarding the mistake described above, a participant wrote 

“The mistake was become of regrouping.”  

• 3 points were assigned if the participant developed a justification statement clearly on 

student’s mistake related to any property of place value. For example, regarding the 

mistake described above, a participant explained “The student’s mistake was about 

regrouping. He should regroup one ten in the tens place into ten ones in the ones 

place. He should add the regrouped ten ones together with the six ones on the ones 

place to make 13. Finally, he could do the subtraction 13 -6 in the ones place.”  

E. Coding of Teaching Practice Videos 

Representations. The rubrics presented in this sub-section focus on participants’ using 

base-ten blocks and place value charts. The former in turn consists of two parts: using or not 

using base-ten blocks and quality of using base-ten blocks. The latter in turn consists of two 

parts: using or not using place value charts and quality of using place value charts.  

Using or not using base-ten blocks 

• 0 point was assigned if a participant did not use base-ten blocks in representing whole 

numbers.  

• 1 point was assigned if the participant used or led her students use base-ten blocks.  
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Quality of using base-ten blocks 

• 1 point was assigned if a participant used base-ten blocks in representing any place 

value but with critical mistakes. For example, a participant used a rod to represent the 

value one in the ones place.    

• 2 points were assigned if a participant used based-ten blocks to represent any place 

value but with one or two minor errors. For example, when conducting subtraction 

using base-ten blocks, the participant did not identify the value that each kind of 

blocks represents respectively.  

• 3 points were assigned if a participant used base-ten blocks in representing place 

value correctly and meaningfully. The participant pointed out the value that each kind 

of blocks represents, used appropriate number of blocks to represent relevant 

numbers, manipulated the blocks correctly in solving problems.  

Using or not using place value chart 

• 0 point was assigned if the participant did not use place value chart in teacher 

practice, nor she let her students use.  

• 1 point was assigned if the participant used or let her students use place value chart.   

Quality of using place value chart 

• 1 point was assigned if the participants’ using or her instruction of using the place 

value chart was of considerable mistake. For example, a participant did not use the 

chart to frame the base-ten blocks he/she was using: She put rods representing 10s in 

the hundreds place.  

• 2 points were assigned if the participants’ using or her instruction of using the place 

value chart was of some minor mistakes. For example, the blocks that the participant 
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was using were out of the value places and he/she did not put them back into 

appropriate places.  

• 3 points were assigned if the participant’s using or instruction of place value chart 

was full, clear, and correct. For example, the participant clearly labelled the three 

values places as ones, tens, and hundreds. In the process of solving word problems, 

he/she correctly used the chart to frame base-ten blocks.  

Explanations. This sub-section includes two parts: explanation of place value offered or 

not and quality of explaining place value.   

Explanation of place value offered or not  

• 0 point was assigned if a participant did not explain the meaning of place value.  

• 1 point was assigned if a participant offered explanation about place value.   

Quality of explaining place value 

• 1 point was assigned if a participant offered an explanation about place value with 

critical mistakes.  For example, when explaining the meaning of place value, the 

participant incorrectly said that the places of base-ten blocks could be flipped without 

impacting the value that these blocks represent together. This was against the position 

property identified by Ross (1989) that each position represents different value from 

that of other positions.   

• 2 points were assigned if the participant if a participant offered an explanation about 

place value with one errors or incompleteness. For example, with the numeral 25, the 

participant explained the positional property (2 in the tens place and 5 in the ones 

place) and base-ten property (2 represents two tens and 5 represents five ones). 

However, the participant did not explain the multiplicative property-two tens 
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represent twenty and five ones represent five and they together constitute the value 

twenty five. Explanations like this were incomplete. 

• 3 points were assigned if the participant offered an explanation about place value 

correctly and meaningfully. For example, with the numeral 25, the participant 

explained all the three properties as described above. 

Justification. The rubrics presented in this sub-section includes two parts. The first part 

focuses on if participants demonstrated justification statement or not. The second part focuses on 

the quality of justification statement that participants demonstrate.   

Justification statement Demonstrated or not 

• 0 point was assigned if a participant did not recognize or just ignored student’ 

mistakes relevant to place values.  

• 1 point was assigned if the participant developed a justification statement for a 

student mistake about place value.  

Quality of justification statement demonstrated 

• 1 point was assigned if a participant failed to develop a justification statement on 

student’s mistake relevant to place value properties as suggested (Ross, 1989). For 

example, a student demonstrated a mistake about place value when conducting 

subtraction 23 -16, the participant just indicated that was wrong without further 

explanation. 

• 2 points were assigned if the participant developed a justification statement on 

student’s mistake related to any properties of place value, but the statement was less 

specific explication. For example, as a participant noticed the student mistake 

described above, he/she went further pointed out that the student should pay attention 
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to the rules about regrouping. However, the participant did not do more even the 

student was confused. 

• 3 points were assigned if the participant developed a justification statement clearly on 

student’s mistake related to any properties of place value meaningfully and 

specifically. For example, as a participant noticed the student mistake described 

above, he/she went further pointed out that the student should pay attention to the 

rules about regrouping: the digit in the ones place of the minuend was less than that of 

the subtrahend, therefore the student should consider regrouping a ten in the tens 

place so that subtraction could be carried out. 

 

 


