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ABSTRACT 
 

Today, it is almost expected that students learn to precisely communicate their 

mathematical thinking. In fact, the CCSS stress the importance of precision when 

communicating with others (CCSSI, 2010). Due to this drive towards precise discourse, it 

is easy to lose sight of the original purpose for mathematical communication- to help 

students develop a better understanding of the mathematical concepts (NCTM, 2000). 

Self-explanation prompts are a common tool used to foster mathematical communication 

(Chi, 2000). Due to the increased popularity given to the use of self-explanation prompts, 

many have explored the mediating variables that may influence the effectiveness of this 

tool on student learning. Unfortunately, the effect of the precision of mathematics 

vocabulary used when responding has not yet been explored.  

Findings from this study support the use of both formal and informal expressions 

to explain a mathematical concept. The key is that students attempt to explain the 

concept- it does not seem to matter whether they do it formally or informally. The use of 

informal expressions may however allow the teacher to make a better judgment as to 

whether the student has a misunderstanding, since the correctness of informal expressions 

predict procedural knowledge, while the correctness of formal expressions do not. In 

addition, consistent attempts to use both formal and informal expressions is associated 

with higher self-explanation scores, and conceptual and procedural knowledge, 

suggesting that teachers should promote a consistent attempt to explains concepts, 

regardless of the type of language used. Finally, there is some evidence that the teachers’ 

stress of the importance of precise terminology use influences students’ actual use of this 

formal language.  
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

 

Twenty-five years ago, The National Council for Teachers of Mathematics (NCTM) 

published the Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989), 

marking one of the first pushes for the communication of mathematics in the classroom. In 

2000, NCTM suggested that students “communicate their mathematical thinking coherently 

and clearly to peers, teachers, and others; and use the language of mathematics to express 

mathematical ideas precisely” (NCTM, 2000, p. 348). Today, it is almost expected that 

students learn to precisely communicate their mathematical thinking. In fact, The Common 

Core State Standards stress the importance of precision when communicating with others 

(CCSSI, 2010). Many teachers are beginning to use more precise language in their 

classrooms and are expecting their students to do the same. Due to this drive towards precise 

discourse, it is easy to lose sight of the original purpose of mathematical communication- to 

help students develop a better understanding of the mathematical concepts (NCTM, 2000).  

Self-explanation prompts, which are questions that ask students to explain their 

reasoning, are a common tool used to promote mathematical communication (Chi, 2000). 

Often students are asked to study a worked-example and then prompted to explain the 

reasoning behind the procedure used to solve the problem. Research has found that when 

students are asked to explain their reasoning, their conceptual and procedural knowledge 

improve (McEldoon, Durkin & Rittle-Johnson, 2013). Due to the increased popularity given 

to the use of self-explanation prompts, many have explored the mediating variables that may 

influence the effectiveness of this tool on student learning. One of the most commonly 
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explored mediating variable is the response quality to such prompts (e.g. Matthews & Rittle-

Johnson, 2009). Most explored the differences between procedural and conceptual responses 

or correct and incorrect responses. Unfortunately, the effect of the precision of mathematics 

vocabulary used when responding has not yet been explored.  

Many feel that without an understanding of the vocabulary used in the math 

classroom, students cannot gain complete understanding of the topic (e.g. Miller, 1993; 

Monroe & Orme, 2002; Raiker, 2002). One of the central assumptions held by mathematics 

educators is that it is important to scaffold students from the use of  “everyday language 

[towards the use of] technical mathematics language in a planned and systematic way” 

(Leung, 2005, p. 127). In order words, the assumption is that in order for students to advance 

in mathematics, they must leave informal language behind and solely use formal 

mathematics language to explain their reasoning.  

 However, some students have described mathematics as a foreign language and 

countless articles have described the difficulties students encounter when learning these 

precise terms (e.g. Kidd, Madsen, & Lamb, 1993; Monroe & Orme, 2002; Renne, 2004; 

Pierce & Fontaine, 2009; Thompson & Rubenstein, 2000; Rubenstein, 2007). In fact, 

Topping, Campbell, Douglas and Smith (2010) suggest “children might learn words without 

really understanding the associated concepts” (p. 291). Research suggests that while students 

may use the correct formal terminology to describe a concept, they may still hold 

misconceptions about that concept (e.g. Raiker, 2002). The question becomes, when 

answering a self-explanation prompt, is it necessary for students to use the precise 

mathematical terminology to explain their reasoning or is the use of informal, everyday 

language sufficient? In order to begin to answer this question, a preliminary study was 



	  

3	  

conducted. Before describing the research questions and the results associated with this 

preliminary study, it is necessary to pause to define two key concepts used throughout this 

dissertation.  

 

Definition of Concepts 

 The main concepts prevalent in this study must be defined: (1) mathematical term and 

(2) formal and informal expressions of a mathematical concept. For the purposes of this 

dissertation, mathematical term refers to the label for a mathematical concept (Miller, 1993; 

Vacca & Vacca, 1996). For instance, the term square is a label for the concept square. There 

is more to a concept than just the term that represents it, therefore it is important to 

distinguish between term and concept. A student can have knowledge of a mathematical term 

without having complete conceptual understanding of the concept that term represents.  

 The second concept that requires an explanation before proceeding is the distinction 

between formal and informal expressions of a mathematical concept. As students attempt to 

describe a concept, they can use one of two strategies; they can either use formal 

mathematics terminology to describe the concept. For instance, they can use the term 

coefficient to describe the concept coefficient. Alternatively, students can use informal or 

everyday language to describe the same mathematical concept. For instance, a student can 

use the phrase the number next to x to describe the concept coefficient. Both phrases, whether 

formal or informal, accomplish the same goal of describing the concept.  

 

Preliminary Study 

With this understanding on the two concepts described above, I will describe the 
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preliminary study. In order to begin to explore students’ mathematics vocabulary use and to 

create and test a coding scheme on a smaller group of participants, the following study was 

conducted (see McGinn & Booth, under review). The purpose of this study was threefold. 

We first determined the rate at which students attempted to use formal and informal 

mathematics vocabulary and the extent to which they made errors when using this language. 

The second purpose was to explore the influence of precise language use on students’ ability 

to explain the concepts that underlie their lessons. Finally, we explored whether the precise 

use of language impacted students’ ability to solve procedural problems.   

 The assignments of fifty-one 8th grade Algebra I students (51% male; 64.7% 

Caucasian, 3.9% African American, 3.9% Latino, 5.9% Asian, 19.6% biracial, 2% other) 

were analyzed for the purposes of this study. The sample consisted of four classes (two 

teachers with two classes each) from a rural school district in the Southeastern United States. 

All students were in regular (non-advanced or remedial) classrooms.  

  This preliminary study used data from a larger study, using the assignments from the 

Graphing Linear Equations unit. The assignments required students to study a worked out 

example and answer a self-explanation prompt associated with the worked-example, then 

students were instructed to complete a procedural problem similar to the worked-example 

(the assignments and coding scheme will be described in more detail in chapter three).  

Results indicated that students were no more likely to make an error when they 

attempted to use the precise language compared with when they described the concept in 

their own words.  Based on the numerous articles that have described the difficulties students 

encounter when learning these precise terms (e.g. Kidd, Madsen, & Lamb, 1993; Monroe & 

Orme, 2002; Renne, 2004; Pierce & Fontaine, 2009; Thompson & Rubenstein, 2000; 
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Rubenstein, 2007), this finding was unexpected; it was hypothesized that students would 

make more errors when attempting to use formal language compared to informal. However, 

students were less likely to attempt to explain the key concepts using the precise language, 

compared with informal terms with the same meaning, which may explain why there was no 

difference in the number of errors between the two types of language. Students may be more 

likely to attempt to use the precise language only when they are confident in its meaning. In 

fact, Zazkis (2000) noticed that her students tended to only use formal mathematical terms 

when they were confident in their accusations, and resorted to using informal expressions 

when they were unsure of the answer.  

Although the correct use of both formal and informal expressions predicted positive 

self-explanation scores, the percentage of informal explanations used correctly explained 

more variance when compared to the percentage of formal explanations used correctly; it 

seems that the correct use of informal language (β = .472, p < .000) is a better predictor of 

self-explanation scores compared to the correct use of formal language (β = .305, p < .003).  

The most interesting finding in this set of analyses was that students who used the 

formal language correctly were less likely to answer the procedural items correctly (β = -

.269, p < .035). In contrast, students who used the informal language correctly were more 

likely to answer the procedural items correctly (β = .352, p < .011). In other words, students 

who used the correct formal language when explaining their reasoning tended to make more 

mistakes when answering the procedural problems; students who explained their reasoning in 

their own words were more likely to answer the procedural item correctly. See Tables 1.1 

and 1.2 for the regressions conducted in this preliminary study.  
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Table 1.1 

Preliminary Study: Multiple Regression on the Percent of Self-Explanation Prompts 
Answered Correctly 
 

 b S.E. β p 
# Formal attempted .008 .030 .026 .801 
% Formal correct .349* .113 .305* .003 
# Informal attempted .051* 0.15 .354* .002 
% Informal correct .532* .119 .472* .000 
* p < .05 
 

Table 1.2 

Preliminary Study: Multiple Regression on the percent of Procedural Problems Answered 
Correctly 
 

 b S.E. β p 
# Formal attempted .053* .021 .324* .015 
% Formal correct -.170* .078 -.269* .035 
# Informal attempted .008 .011 .103 .443 
% Informal correct .219* .083 .352* .011 
* p < .05 
 

In sum, although the Common Core’s emphasis for precise communication should not 

be ignored, it seems more important that students understand the concept behind the term it 

represents before being required to use the precise language, potentially without 

understanding. While these findings have clear and important implications for the nature of 

mathematics teaching and interpretation of the principles in the Common Core, gaps in our 

understanding of this phenomenon still exists. The preliminary study only measured learning 

during one unit of study; it is yet unknown whether the use of formal language might be 

more critical in other points in the learning process. Furthermore, the Algebra I students in 

this study were being exposed to the material for the first time, thus their use of formal 
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language was likely influenced by the novelty of the terms. As students become more 

proficient with the material, they may be more likely to attempt to use the related vocabulary, 

their ability to use the related terminology correctly may increase, and their ability to connect 

this knowledge to solve relevant problems may improve. Finally, it is important to note that 

students who did not attempt to use formal language when explaining their reasoning were 

not included in this analysis. Due to these reasons, it is unclear how vocabulary use develops 

across all cognitive levels. The current dissertation study seeks to determine if such 

developmental effects emerge.  

In addition, the methods the instructors use when teaching the topic may moderate the 

relation between informal and formal language use and proficiency with explaining 

mathematical concepts and solving mathematics problems. For example, if a teacher believes 

precise vocabulary use is essential to conceptual understanding, students may be more likely 

to attempt to use the formal terms compared to the students of a teacher who doesn’t stress 

the importance of writing precisely. The current study takes into account relevant 

characteristics about the teachers’ instructional strategies, such as the amount of time they 

directly spent teaching vocabulary and their views on the importance of mathematics 

vocabulary use. The present study not only seeks to replicate the findings of this preliminary 

study, but also attempts to fill the additional gaps associated with the developmental nature 

of vocabulary knowledge and of the teacher-related mediating effects.  

 

Present Study 

The current dissertation study has three main purposes. The first purpose is to 

replicate the three research questions from the preliminary study using a larger sample and 
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time span. I first determine the rate at which students attempted to use formal and informal 

mathematics expressions and the extent to which they make errors when using this language. 

Students may be more likely to attempt to use formal mathematics terms compared to 

informal expressions. Alternatively, consistent with our findings from the preliminary study, 

students may be more likely to use everyday language to describe mathematics concepts 

compared to the precise terminology. In addition, students may misuse the formal 

mathematics terms more often when explaining mathematics concepts than when using 

informal language. Instead, similar to our findings on the preliminary study, students may 

misuse informal expressions of the mathematics concepts as often as they do when using the 

formal terms.   

I then explore the influence of precise language use on students’ ability to explain the 

concepts that underlie their lessons. As stated above, there is ongoing debate as to whether 

the use of precise terminology constitutes possession of sound conceptual understanding, or 

whether it is independent of conceptual understanding.  In the present study, correct self-

explanation (regardless of the type of language used) requires sound conceptual 

understanding; thus, the correctness of the explanations is a measure of students’ conceptual 

understanding. If use of formal vocabulary is positively related to the correctness of the self-

explanations, it follows that formal language and conceptual understanding may go hand in 

hand. However, consistent with the findings from the preliminary study, informal language 

may be equally, if not more closely related to students’ ability to self-explain, suggesting that 

the use of formal language might not be necessary when measuring conceptual 

understanding.   

Finally, in order to replicate my original study, I explore whether the precise use of 
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language while self-explaining impacts students’ ability to solve procedural problems.  Most 

of the current research about mathematics vocabulary and procedural knowledge focuses on 

the terms found in the mathematics problems, rather than students’ use of the terms. It is 

understood that faulty conceptual understanding can lead to faulty procedural knowledge 

(Kilpatrick, Swafford, & Findell, 2001). Thus, if formal vocabulary use is representative of 

conceptual understanding, then it is likely that it will be predictive of students’ success 

solving procedural problems. However, if formal language is not related to success on 

procedural problems, it may not be necessary for promoting procedural knowledge, and may 

not be indicative of conceptual understanding of the features within the problems. 

The second purpose of this dissertation is to determine whether there are 

developmental effects associated with the use of precise vocabulary. Two research questions 

associated with this purpose are explored. First, I determine whether distinct vocabulary use 

growth trajectories exist. All students may develop similarly when it comes to their use of 

precise terminology. For instance, at the beginning of the school year students may be more 

likely to use informal terms to describe their thinking, but by the end of the year use more 

formal language. On the other hand, several growth patterns may exist.  For example, some 

students may consistently use formal terms throughout the school year, while others may 

follow the pattern described above. I seek to determine how many, if any, growth patterns 

exist.  

Second, I determine if there are significant differences among these groups on their 

ability to self-explain, their ability to solve procedural problems, and their overall algebra 

learning. Little research has been done to determine when it is best to introduce precise 

mathematics terms to the student. It may be important for students to use the precise 
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terminology throughout the entire school year in order to promote algebra learning. However, 

it may be more important for students to use their own words to explain their thinking when 

initially learning these new algebra concepts, and later transition to use of the precise 

terminology. In other words, it may be more important for students to correctly use the 

precise terminology towards the end of the year, but less important in the beginning when 

they are first introduced to these new algebra concepts.  

The third purpose of this study is to determine whether specific teacher related 

variables influence students’ use of precise language while self-explaining. For instance, a 

student may be more likely to attempt to use the precise language if his/her teacher stresses 

its importance. On the other hand, students may be more likely to explain a concept in their 

own words if the teacher generally allows this behavior in his/her classroom. In order to 

continue to fill the gaps in the research on the use of mathematics vocabulary, it is imperative 

to also explore the effects the teacher has on students’ vocabulary use.  

In short, the three purposes and corresponding research questions of this study are: 

1. Replicate the findings of the preliminary study (McGinn & Booth, under 
review). 

a. To what extent are students’ attempting to use formal and informal 
mathematics vocabulary when explaining their reasoning and to what 
extent are students making errors when using this language? Does this 
relationship change depending on the concept being described?  

b. Does the use of formal mathematics language while self-explaining 
predict self-explanation proficiency compared to the use of informal 
language? 

c. Does the use of formal mathematics language while self-explaining 
predict procedural proficiency compared to the use of informal 
language? 

2. Determine whether there are developmental effects associated with the use of 
precise mathematics vocabulary while self-explaining. 
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a. When self-explaining, do distinct vocabulary use growth trajectories 
exist?  

b. If so, is there a significant difference among these groups based on: 

i. Their ability to self-explain? 

ii. Their ability to solve procedural problems? 

iii. Their overall algebra learning?  

3. Determine teacher-related mediating effects on students’ vocabulary use while 
self-explaining.  

a. To what extent does the stress teachers put on the use of precise 
terminology affect the likelihood of students attempting to use formal 
and/or informal terminology while self-explaining and of making 
errors when using this language?  

b. To what extent does the amount of time spent directly teaching 
mathematics vocabulary affect the likelihood of students attempting to 
use formal and/or informal terminology while self-explaining and of 
making errors when using this language?  

c. To what extent do the instructional and learning strategies used by the 
teacher affect the likelihood of students attempting to use formal 
and/or informal terminology while self-explaining and of making 
errors when using this language? 

d. To what extent does the assessment of vocabulary knowledge affect 
the likelihood of students attempting to use formal and/or informal 
terminology while self-explaining and of making errors when using 
this language?   
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CHAPTER 2 

LITERATURE REVIEW 

 

In the following literature review, I will first lay out the theoretical framework and 

the literature connecting it to mathematics vocabulary. I will then review literature associated 

with the specific research questions mentioned in chapter one.   

 

Theoretical Framework 

 Siegler’s (1996) Overlapping Wave Theory (OWT) will be used to frame this analysis 

and interpretations of results. OWT is based on three assumptions: (1) at any point in time, 

students use a variety of strategies to solve a specific problem, (2) these various methods 

constantly compete with each other, and (3) cognitive development involves the gradual 

change in the rate at which each method is used (Siegler, 1996). Figure 2.1 provides a visual 

of this model. As the figure illustrates, at any given time, a student could use a number of 

strategies. As portrayed on the far left side of the graph, the student is using strategies 1, 2, 

and 4 at the same time. Furthermore, certain strategies are used for longer periods of time 

compared to others. Strategy 2 is used throughout the entire course of study, while strategy 3 

is used only for a short period of time. In addition, as time progresses new strategies are 

introduced, while other strategies cease to be used.  
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Figure 2.1. Overlapping wave theory model (Siegler, 1996). 

 

The model will help illustrate the development of mathematics vocabulary use from 

the use of informal, everyday expressions of a concept to more formal, precise expressions. It 

is illogical to assume that a student will transition from always using informal language to 

always using formal language to describe a mathematical concept. This “stage-like” model 

does not accurately represent the gradual nature of development. The OWT model allows for 

the overlap in types of language use, which is consistent with my hypothesis for this 

dissertation.  

Research focused on problem solving discusses the process students use to solve a 

problem (e.g. Bransford & Stein, 1984). We can use the same principles to describe this 

phenomenon. When solving a problem, a person must explore the range of possible solution 

strategies, then choose the most appropriate one depending on the particular goal. When it 

comes to self-explanation, the goal is to correctly describe a concept. There are two possible 

solution strategies, (1) the student can describe the concept using formal, precise 

mathematical terminology or (2) the student can use informal, everyday language to describe 
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the concept. The student must choose which strategy to use based on what they feel will be 

the most effective at that given point in time.  

Schleppegrell (2007) states “learning the mathematics register takes time, and 

teachers need to set goals that scaffold the development of precise ways of using language 

over lessons and units of study” (p. 154). The question becomes at what point during the year 

should we expect students to use this precise language when explaining their reasoning.  

A great deal of research has focused on the complexity of vocabulary development. 

One of the main aspects of this complexity is its incremental development, which is the 

notion that the development of word knowledge is not an all-or-nothing process- it is 

acquired at many degrees (Nagy & Scott, 2000). For instance, Beck and McKeown (1991) 

wrote a review of the literature focused on vocabulary development; their central question 

was “what does it mean to know a word?” (p. 791). For instance, does a student only need to 

recognize the word to “know it,” do they need to state the definition, or do they need to use 

the word outside of the context in which they learned the word? They point out that 

“knowing a word is not an all-or-nothing proposition: it cannot be the case that one either 

knows or doesn’t know the word” (Beck & McKeown, 1991, p. 791). They described the 

continuum in which vocabulary is acquired: “from no knowledge, to general sense, to 

narrow, content bound knowledge, to have knowledge but not being able to access it quickly, 

to rich, decontextualized knowledge of a word’s meaning, its relationship to others and its 

extension to metaphorical uses” (p. 792).  

Many other vocabulary researchers have discussed the complexity of incremental 

vocabulary development. For instance, Clark (2009), when writing about first language 

acquisition, has often discussed children’s gradual transition from incomplete language 
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understanding to a more adult like understanding. In addition, Carey (1978) wrote about the 

process of learning a single new word; she argues that there is a gradual transition from the 

“quick mapping” of a word’s meaning to an “extended mapping.” Dale (1965) discussed 

vocabulary measurement, developing four stages of vocabulary acquisition- “never saw it 

before, heard it but doesn’t know what it means, recognizes it in context as having something 

to do with…, and knows it well” (p. 898).  

While many researchers, including Beck and McKeown (1991) and Dale (1965), 

suggest specific stages of vocabulary acquisition, others have found evidence to support an 

even more fine-grained continuum. For instance, Durso and Shore (1991) found that college 

students were able to correctly distinguish between correct and incorrect uses of a word, even 

after they already indicated that they had never seen the word before (Dale’s first stage). This 

shows that there are even smaller measurable differences in word knowledge than Dale’s 

(1965) four stages. In addition, Beck, Perfetti, and McKeown (1982) found that even after 

students received over 40 instructional encounters with a word, they did not hit a ceiling in 

vocabulary knowledge, suggesting that although the students knew the word (Dale’s fourth 

and final stage), they still had room for growth.  

The incremental nature of general vocabulary development can be related to the 

development of mathematics vocabulary as well. One study specifically addressed the 

development of mathematical vocabulary. Lansdell (2010) conducted a qualitative case study 

with a 5-year-old student, focusing on her developing understanding of the concept change in 

relationship with her use of the word change. Lansdell (2010) concluded that at first the 

student was able to answer questions about the concept change by using informal, everyday 

language, then she began to use the formal term incorrectly, next she used the word in a 
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general sense (e.g. there will be some change), finally she began to use the formal word 

accurately. While this study was conducted on a single 5-year-old student, it demonstrates 

the development of conceptual understanding of a term in conjunction with the use of 

informal and formal expressions of that concept. This suggests that allowing for the gradual 

transition from informal to formal use of terminology is more natural than a sharp transition.  

The incremental nature of vocabulary development not only helps us understand the 

development of everyday vocabulary, but mathematics vocabulary as well. It suggests that 

students may be able to use the formal mathematical terminology in context of the 

assignments before acquiring full understanding of the concept behind the word, which may 

explain why some students are able to correctly use the vocabulary terms when self-

explaining, but continue to make errors associated with that concept with solving a 

procedural item. It is evident that vocabulary develops gradually; it is not an all-or-nothing 

phenomenon.  

 The questions that arise from this theoretical framework have to do with how change 

occurs. For instance, does change occur in the same way for all students or do distinct growth 

trajectories exist? In order words, do all students transition from using informal descriptions 

to more precise explanations in the same way, or does variation occur? Furthermore, what 

factors influence this change and how does this change affect other learning factors? This 

dissertation study strives to answer a few of these questions while using an OWT framework. 

The following sections will explore the relevant literature pertaining to the benefits of 

self-explanation, since this is the medium used to explore students’ vocabulary use. I will 

then discuses the literature that has investigated the quality of responses to such prompts and 

its effect on learning. As mentioned above, a gap in this research is the exploration of 
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vocabulary use when answering self-explanation prompts, therefore I will explore the 

relevant literature surrounding students’ use of mathematics vocabulary, followed by a 

description of the reported difficulties students have when using mathematics language. I will 

then discuss the evidence associated with the relation of vocabulary use to students’ ability to 

explain mathematic concepts and to solve procedural problems. Finally, I will explore the 

current literature focusing on the teacher-related mediating effects on mathematics learning.  

 

 The Benefit of Self-Explanation Prompts 

As explained in detail above, the main purpose of this study is to explore the effects 

of precise mathematics vocabulary use on mathematics learning, or more specifically, on the 

understanding of mathematics concepts. This study is situated within the context of self-

explanation because it is a tool commonly used to promote mathematical understanding. 

Self-explanation is defined as the act of explaining to oneself a newly learned concept (Chi, 

Bassok, Lewis, Reimann, & Glaser, 1989). For instance, a student may justify to him/herself, 

either verbally or in writing, the method used to solve a mathematics problem. While self-

explaining, students may use the precise terminology to explain a concept or more informal 

description of that concept. It is imperative to first explore the nature of self-explanation 

before determining the mediating effects of precise vocabulary use.  

Research shows that students benefit from the spontaneous generation of self-

explanations (Chi et al., 1989); however, not all learners will naturally self-explain (Renkl, 

1997). It is suggested that the self-generation of explanations requires high cognitive load, 

meaning that students must monitor their own understanding while attempting to make sense 

of the new information (Sweller, 1988; Sweller, van Merrienboer & Paas, 1998). Therefore, 
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many have suggested the use of self-explanation prompts in order to reduce cognitive load 

(e.g. Chi et al., 1989; Renkl, Stark, Gruber, & Mandl, 1998). Self-explanation prompts are 

questions that ask students to explain to themselves about what they have learned (Chi, 

deLeeuw, Chiu, & Lavancher, 1994). Many support the claim that students who are 

prompted to self-explain their reasoning develop a deeper understanding of the content 

compared to when they spontaneously generate explanations (e.g. Atkinson, Renkl & Merrill, 

2003; Berthold, Eysink, & Renkl, 2009; Chi et al., 1994; Chi, Siler, Jeong, Yamauchi, & 

Hausmann, 2001; Schworm & Renkl, 2007). 

Self-explanation prompts have been found to benefit learners from many different age 

groups, such as elementary (e.g. Calin-Jageman & Ratner, 2005), middle years  (e.g. Chi et 

al., 1994), high school (e.g. Berthold & Renkl, 2009), college (e.g. Atkinson, et al., 2003; 

Schworm & Renkl, 2007) and adults learners (e.g. Renkl et al., 1998). Also, they have been 

used within many different learning environments, such as in the laboratory (e.g. Große & 

Renkl, 2007), in the classroom (e.g. Matthews & Rittle-Johnson, 2009; Lange, Booth & 

Newton, 2014), and through computer-based programs (e.g. Aleven & Koedinger, 2002; 

Atkinson et al., 2003; Berthold et al., 2009; Berthold & Renkl, 2009; Mayer, Dow, & Mayer, 

2003; Chou & Liang, 2009). In addition, they have been found to benefit learners from 

various educational domains, such as reading (e.g. Choe & Liang, 2009), electrical 

engineering (e.g. Johnson & Mayer, 2010), biology (e.g. Chi et al., 1994; Ainsworth & 

Loizou, 2003), physics (e.g. Chi et al., 1989; Mayer et al., 2003; Schworm & Renkl, 2006), 

computer programming (e.g. Bielaczyc, Pirolli & Brown, 1995), geometry (e.g. Aleven & 

Koedinger, 2002; Schworm & Renkl, 2006), probability (e.g. Berthold & Renkl, 2009; 

Renkl, 1997) and algebra (e.g. Booth, Lange, Koedinger & Newton, 2013). 
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The Benefits of Self-Explanation Prompts within Mathematics Education 

While it is clear that self-explanation prompts are widely used within the field of 

education, this dissertation focuses on the effects within mathematics education. The self-

explanation of mathematics problems is found to improve both conceptual and procedural 

knowledge. Conceptual knowledge is defined as the “comprehension of mathematical 

concepts, operations, and relations” (Kilpatrick et al., 2001, p. 5).  Self-explanation prompts 

can focus student’s attention on important mathematics principles, while repairing or 

enhancing existing knowledge (McEldoon et al., 2013). In addition, students often realize 

that they do not understand the concept as well as they thought they did when they are asked 

to explain it (Thompson & Chappell, 2007). Self-explanation questions encourage students to 

integrate new knowledge with what they already know; this practice helps students make 

new knowledge explicit (Chi, 2000; Roy & Chi, 2005). 

Procedural knowledge, or often referred to as procedural fluency, is described as the 

“skill in carrying out procedures flexibly, accurately, efficiently, and appropriately” 

(Kilpatrick et al., 2001, p. 5).  Many have documented mathematic procedural knowledge 

gains through the use of self-explanation prompts, especially increased procedural transfer, 

which is the transfer of knowledge to new contexts or problems (e.g. Rittle-Johnson, 2006). 

Students can also develop new procedures with the help of self-explanation (Lombrozo, 

2006; Rittle-Johnson, 2006; Siegler, 2002). 
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Null or Negative Results 

Although there are many positive findings supporting the use of self-explanation 

prompts within the field of mathematics education, a few studies have found null or negative 

results (e.g. Berthold & Renkl, 2009; Matthews & Rittle-Johnson, 2009; Mwangi & Sweller, 

1998); therefore, it is important to investigate the nature of this phenomenon. Many 

hypothesized that the positive results were due to students’ prior knowledge, suggesting that 

students with higher prior knowledge were self-explaining more often to begin with. 

However, this was unfounded; several studies determined that students with higher prior 

knowledge do not self-explain more often (e.g. Chi et al., 1994; Ainsworth & Loizou, 2003). 

Others proposed that the benefit of self-explanation is actually due to increased 

exposure to the material since self-explaining takes significantly more time than simply 

solving the problem (McEldoon et al., 2013); in addition, research supports that increased 

learning time improves learning outcomes (Bloom, 1974; Ericsson, Krampe & Tesch-Romer, 

1993; Logan, 1990; Stallings, 1980). However, Renkl (1997) found that students still 

benefited from self-explanation, even when time of exposure to the material was controlled. 

Since prior knowledge and time of exposure do not seem to mediate the effect of self-

explanation prompts, it is important to further explore student responses to such questions in 

order to determine how to best support students’ use of this strategy. Many have found that 

students’ responses to such prompts are often incorrect or incomplete (Renkl, 2002; Roy & 

Chi, 2005). Furthermore, several have suggested that these incomplete or incorrect self-

explanations may impede learning (Conati, 1999; Conati & VanLehn, 1999; Berthod & 

Renkl, 2009; Hilbert, Schworm, & Renkl, 2004; Renkl, 2002; Schworm & Renkl, 2002). In 

contrast, others have argued that as long as students attempt to improve their understand and 
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make sense of the material, even if their self-explanations are incorrect or incomplete, they 

will benefit from answering the prompts (Atkinson et al., 2003; de Bruin, Rikers & Schmidt, 

2007; Chi, 2000). Due to these conflicting opinions, it is important to look at the literature 

that sought to explore the quality of student responses and its effect on learning. The 

following section will review such studies.  

 

Quality of Responses to Self-Explanation Prompts 

Chi and colleagues (1989) were among the first researchers to explore the quality of 

spontaneous self-explanation. While this dissertation explores student responses to prompts, 

it is important to review this foundational study. Ten students participated in a pretest-

intervention-posttest experimental study. During the intervention, students studied worked-

examples and completed problem-solving tasks within the domain of physics. While studying 

the examples and solving the problems, students were given think-aloud protocols. The 

researchers explored the structure of the self-explanations, or the “form or purpose of what 

they [said]” (Chi et. al., 1989, p. 164), as well as the content of the explanations. They found 

that the extent to which students benefited from studying worked-examples depended on how 

well they explained their reasoning, coining the term “self-explanation effect” to describe 

this phenomenon. The ‘successful learners,’ which were operationalized as the top four out 

of ten performers on the chapter test, spent more time studying the worked-examples, 

elaborated more on the application conditions and operator goals, related the operators to the 

domain principles, and explained more comprehension problems, suggesting that the 

successful learners noticed when they understood the problems (Chi et al., 1989).  

While it was important to review such a fundamental study, it does not completely 
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align with the purpose of this dissertation. It was conducted by analyzing the spontaneous 

generation of explanations within the domain of physics, while this study explores students’ 

responses to self-explanation prompts within the domain of algebra. In addition, researchers 

arbitrarily defined successful and unsuccessful learners by using a median-split; this process 

eliminates our ability to analyze individual differences.  

 In response to Chi and colleagues’ (1989) findings, Renkl (1997) also sought to 

determine the effects of self-explanation quality within the domain of probability, which is 

more closely aligned to the purposes of this study. He used a larger sample size of 36 college 

freshman and did not use a median-split to differentiate between successful and unsuccessful 

learners. Within a laboratory setting, Renkl (1997) administered a pre-test, followed by 

instructions to study worked-examples while thinking aloud, and ending with a post-test.  His 

coding scheme was similar to Chi and colleagues’ (1989), coding for phrases that provided a 

“principle-based explanation,” of probability calculation, “goal-operator combinations,” 

“anticipated reasoning” (which occurred when the student computed a calculation before 

looking at the worked-example), “elaboration of problem situations,” “noticing coherence” 

(which refers to any instance the student relates the current example to a previous one), and 

“monitoring-positive” (which refers to instances in which the student indicated that he/she 

understood a solution step) (Renkl, 1997, p.8-9).  

Results indicated that the quality of self-explanations was positively correlated with 

learning, holding exposure time constant. Similar to Chi et al.’s (1989) findings, Renkl 

(1997) determined that successful learners assigned meaning to operators by identifying the 

underlying domain principle and by identifying the operator goals, and anticipated the next 

solution step; while the unsuccessful learners had a greater awareness of their own learning 
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difficulties. While the domain of this study more closely aligns to algebra learning, it still 

explored the effects of spontaneous explanation. The following studies will explore the 

quality of responses to prompts.  

 Große and Renkl (2007) sought to explore the relationship between correct and 

incorrect worked-examples, self-explanation prompts (rather than spontaneous explanations) 

and mathematics learning within the domain of probability. Prompts, such as “which solution 

step is not correct and why, can you give a problem formulation for which the presenting 

solution would be correct, and why is the indicated step not correct,” were asked (Große & 

Renkle, 2007, p. 617). One of their research questions was “do learning outcomes correlate 

with the quality of the self-explanations?” (Große & Renkle, 2007, p. 616). Unfortunately, 

quality was only coded as the correct or incorrect response to the self-explanation prompt. 

Große and Renkl (2007) found that there was significant difference between the percentage 

of students who correctly self-explained, incorrectly self-explained, and did not respond. 

Within the groups that received correct and incorrect worked-examples, correct self-

explanations were significantly correlated with procedural transfer; there were no transfer 

correlations for the students that only received correct examples. The authors interpret this 

finding to mean, “that the generation of self-explanations in order to correct errors is crucial 

when learning with incorrect solutions” (Große & Renkle, 2007, p. 621). They also found 

that not responding to the self-explanation prompt was negatively correlated with learning 

outcomes only within the correct and incorrect worked-example group, making it important 

for students to both attempt to answer the prompts and to answer them correctly when 

studying incorrect worked-examples in order to promote transfer (Große & Renkle, 2007).  

While this study does yield interesting results regarded students’ responses to 



	  

24	  

prompts and it is conducted within the field of mathematics, it does not truly examine 

response quality, meaning the researchers did not explore the types of phrases or language 

students used when responding; they solely focused on correct and incorrect self-

explanations. To them, a ‘high-quality’ self-explanation was a correct answer, while a ‘low-

quality’ self-explanation was an incorrect answer.  

 Again focusing on the self-explanation of worked-examples within the domain of 

probability, Berthold and colleagues (2009) explored the quality of self-explanation 

responses on learning outcomes, exploring the effects of two different types of self-

explanation prompts (assisted vs. open). Those who were given the assisted prompts were 

asked to fill in the blanks to a partially completed answer, while those who were given the 

open prompts were asked to type their full answer. The control group was simply given a 

place to type notes, but was not prompted to self-explain. Roy and Chi’s (2005) high-quality 

self-explanation categories were used (principle-based self-explanations and rational-based 

self-explanations). Principle-based explanations are explanations that identify and elaborate 

on the “underlying domain principle” (Berthold et al., 2009 p. 352). Rational-based 

explanations give “reasons for why the principle is as it is” (Berthold et al., 2009 p. 353). 

Results indicated that both types of prompts elicited significantly more principle-based 

explanations and increased procedural knowledge compared to the control group.  In 

addition, assisted self-explanation prompts yielded higher rational-based explanations and 

increased conceptual knowledge when compared to the open prompts and control groups. In 

sum, they determined that principle-based explanations mediated procedural learning, and 

rational-based explanations mediated conceptual learning. While this study increases our 

understanding about the nature of self-explanation prompt responses, it still does not increase 
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our understanding of effects of the language used when answering these prompts.  

 Matthews and Rittle-Johnson (2009) explored the effect of the type of instruction and 

self-explanation quality on math equivalence knowledge (2nd through 5th grade). One group 

of students was only taught the procedure to solve equivalence problems, while another 

group of students was taught the concept behind the problems. All students were then shown 

both correct and incorrect worked-example and asked to self-explain. They were asked to 

explain how the fictitious students got their answer and why the answer was either correct or 

incorrect.  Matthews and Rittle-Johnson (2009) coded the students’ why explanations for 

whether they was correct or incorrect. They also coded for procedural explanations (which 

did not provide any rationale, simply discussed the procedural steps), for conception 

explanations (which mentioned the need to make the two sides of the equation equal), and for 

other explanations (which were either vague or nonresponses). They found that students in 

the conceptual instruction group were significantly more likely to give conceptual 

explanations, while those in the procedural instruction group were significantly more likely 

to give procedural explanations. The frequency of conceptual explanations predicted 

procedural learning, procedural transfer, and conceptual learning. Interestingly, the frequency 

of procedural explanations did not predict procedural learning, and negatively predicted 

procedural transfer and conceptual learning (Matthews & Rittle-Johnson, 2009). In sum, it 

seems that it is more beneficial for students to give conceptual explanations when responding 

to self-explanation prompts. This study even further supports the idea that students should 

explain the concept behind the procedure when self-explaining, however it does not further 

our understanding of the type of language (precise or informal) they should use when 

explaining the concept.  
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McEldoon and colleagues (2013) expanded upon the previously reviewed study, 

again exploring the effect of self-explanation on math equivalency knowledge. Students 

studied a worked-example and were asked to self-explain both how the fictitious student got 

a certain answer and why it was correct or incorrect. A correct how explanation was coded as 

the identification of a correct procedure. The why explanations were categorized into five 

groups: (1) explanations about the procedure, (2) explanations about the concept of the equal 

sign (both sides are equal), (3) explanations that simply refer to the answer, (4) vague or 

nonsense explanations, and (5) non-responses, such as ‘I don’t know.’ They found that 

students were able to correctly identify the procedure 75% of the time, which was positively 

correlated with both conceptual understanding of the equal sign and procedural transfer 

(McEldoon et al., 2013). On other hand, students were not as successful when answering the 

why prompts; 57% of the why explanations focused on the procedure, 16% focused on the 

answer, 10% of the answers were vague or unintelligible, 11% stated that they did not know, 

and only 6% mentioned the concept (McEldoon et al., 2013). Overall, McEldoon and 

colleagues (2013) determined that students who were prompted to self-explain had greater 

conceptual and procedural knowledge compared to those who did not self-explain. Although 

the researchers support the improvement of explanation quality since so few students 

mentioned the concept when self-explaining, it is unclear whether the students who are able 

to correctly self-explain the concept outperform the students who are unable to self-explain 

the concept.   

After reviewing the current literature focusing on the benefits of self-explanation 

prompts and the impact of the quality of self-explanation prompt responses, it is clear that the 

act of answering self-explanation prompts is beneficial to learning.  In addition, it seems that 
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correct explanations lead to greater learning gains compared to incorrect or incomplete 

explanations, and conceptual explanations may be more beneficial than procedural 

explanations. While many of the studies claimed to explore the quality of responses to self-

explanation prompts, their definitions of ‘quality’ differ. In accordance with the newly 

implemented Common Core, quality goes beyond correct vs. incorrect; it may be better 

understood as communicating precisely to others. Unfortunately, none of the reviewed 

studies analyzed the quality of mathematical language used when responding, therefore the 

impact of the precise communication using mathematics language when self-explaining is 

still unclear.  

A number of studies have focused on the language of mathematics, mostly 

emphasizing the role of mathematics discourse (e.g. Cobb, Boufi, McClain & Whitenack, 

1997; Krussel, Springer & Edwards, 2004; Ryve, 2006; Sfard, 2013), while others promote 

the reading and writing of mathematics (Barwell, Leung, Morgan & Street, 2002; Adams, 

2003; Usiskin, 1996). A small number of researchers and teachers have discussed the 

importance of mathematics vocabulary to the development of mathematics language (e.g. 

Gay & White, 2002; Renne, 2004; Rubenstein, 2007; Monroe & Pendergrass, 2007; Pierce & 

Fontaine, 2009; Bay-Williams & Livers, 2009) and many believe that vocabulary 

development is crucial to anything involving language (e.g. Monroe & Orme, 2002). The 

following section focuses on literature that supports the importance of learning mathematics 

vocabulary to the learning of mathematics.  

 

The Importance of Mathematics Vocabulary 

Often, mathematical vocabulary represents abstract concepts, rather than concrete 
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objects (Miller, 1993; Vacca & Vacca, 1996). For example, words like equal, multiple, and 

divide do not represent real world objects, but concepts. As mentioned in the introduction, for 

the purposes of this study, mathematics vocabulary is defined as the words that represent or 

label mathematical concepts. It seems obvious to say that it is important for students to learn 

the language of mathematics. Many have discussed the importance of language in general to 

learning. One of the first to discuss the importance of language was Benjamin Lee Whoft, 

who is known for the Sapir-Whorf hypothesis. This hypothesis states that “language is 

required for higher level thinking, and language shapes one’s understanding” (Carroll, 1956). 

Lev Vygotsky also discussed the importance of language; he stated that the most basic unit of 

meaning is the word (Vygotsky, 1962).   

 Many believe that an important component in learning language is learning 

vocabulary (e.g. Monroe & Orme, 2010). For instance, there is a strong relationship between 

reading comprehension and vocabulary (Blachowicz & Fisher, 2002; Johnson & Pearson, 

1984). Similarly, Miller (1993) believes that a key aspect of learning mathematics is learning 

vocabulary. He states “without an understanding of the vocabulary that is used routinely in 

mathematics instruction, textbooks, and word problems, students are handicapped in their 

efforts to learn mathematics” (Miller, 1993, p. 312).  

 Thus far, I have reviewed the benefits of self-explanation prompts, the potential 

impact of the precise vocabulary use when responding to self-explanation prompts, and 

introduced the importance of mathematics vocabulary to learning. While it is clear that 

knowledge of mathematics vocabulary is important, students have described many 

difficulties with learning these foreign terms. Rubenstein and Thompson (2002) point out 

that in order for us to “be aware of, and sensitive to, issues of mathematical language 
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acquisition and to be more creative and persistent in finding ways to support children’s 

learning, teachers must first understand children’s difficulties in making sense of 

mathematical language” (p. 107). Before continuing to explore the potential benefits of the 

precise use of vocabulary, the following section will address some of these difficulties 

students encounter when attempting to use these terms and the research documenting the 

likelihood that students will attempt to use formal terminology.  

 

Difficulties Learning Mathematics Vocabulary 

According to Shuard and Rothery (1984), there are three types of mathematical 

words. There are technical terms, which are words specific to mathematics, such as divisor, 

axis, and square centimeter, which do not have meaning outside of mathematics. The second 

type of expressions are lexical words, which have a similar meaning in mathematics language 

and everyday language, such as remainder and origin.  The third type are everyday words, 

which occur in both mathematical language and everyday language, but have different 

meanings in both, such as point, change, and difference.  

There are a variety of issues that students have when attempting to learn these three 

types of mathematical terms.  First, students lack the opportunity to practice and do not have 

the necessary background knowledge to learn terms specific to mathematics, since they often 

only these words in the math classroom (Monroe & Orme, 2002; Rubenstein, 2007). For 

instance, students often only hear and use the term coefficient in the classroom, thus, they 

have few opportunities to connect the word with its meaning. In addition, since teachers often 

do not directly teach mathematics vocabulary in the classroom (Vacca & Vacca, 1996), 

students are unable to learn the terms in the classroom either. Further, many terms have 
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multiple meanings (Monroe & Orme, 2002; Rubenstein, 2007) and the mathematical 

meaning may differ from its everyday meaning (Noonan, 1990). For example, yard is a unit 

of measure, as well as a plot of land. Students may confuse the meaning of these terms, using 

them interchangeably. Finally, mathematical terms are often abstract making them difficult 

for students to grasp (Monroe & Orme, 2002; Vacca & Vacca, 1996). Words such as 

quotient, fraction, and factor are not concrete, but describe abstract concepts (Miller, 1993), 

making them more difficult for students to conceptualize. 

Unfortunately, most of these documented difficulties are based on teacher 

observations, rather than studied empirically. In addition, researchers rarely explore the rate 

at which students attempt to use formal mathematics terminology compared to informal 

descriptions of the concepts. One study did investigate pre-service teachers’ use of precise 

mathematics terms; Zazkis (2000) interviewed 21 pre-service teachers, finding only three of 

the 21 students consistently used mathematical terminology when explaining their reasoning. 

The others used formal and informal expressions interchangeably, however they tended to 

prefer the informal. For example, when describing the concept divisibility, college students 

often said goes into, can be put into, or can fit into. Zazkis (2000) noticed that her students 

tended to use informal expressions when they were unsure of the concept, and only used the 

formal terms when they were confident in their claims.  

Because of the lack of research documenting students’ attempted use of formal 

terminology, it is difficult to determine the extent to which students make mistakes when 

attempting to use this language. Without scientific documentation of students’ vocabulary 

use and errors, we are unable to determine the effect of mathematics vocabulary use on 

students’ overall mathematics learning. Research question 1a (To what extent are students 
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attempting to use formal and informal mathematics vocabulary when explaining their 

reasoning and to what extent are students making errors when using this language?) will help 

fill this gap in the current research.   

Especially since students have shown to have many difficulties in learning the foreign 

language that is formal mathematics terminology, it is essential to examine the effect that use 

of these mathematics terms has on students’ ability to explain the mathematical concepts and 

to solve procedural problems associated with those concepts. In addition, as previously 

described, self-explanation is shown to improve both conceptual and procedural knowledge, 

therefore it is important to determine if the mathematics language used when self-explaining 

mediates this effect. The following two sections will review the current literature exploring 

the relationship between vocabulary use, the ability to explain mathematics concepts, and the 

ability to solve procedural items.  

 

Explaining Mathematical Concepts 

The main purpose of this study focuses on the relationship between vocabulary use 

and the ability to explain mathematical concepts. There is much assertion about the 

importance of learning mathematics terminology (e.g. Adams, 2003; Barwell et al., 2002; 

Dimas, 2011; Topping et al., 2010; Harmon, Henrick, Wood, 2006; Larson, 2007; Miller, 

1993; Rubenstein & Thompson, 2002), however the question remains- what makes it 

important? What does the use of mathematics terminology improve? Does it improve 

students’ ability to explain the mathematical concepts or is the informal description of the 

mathematical concept sufficient? As described above, a ‘hot topic’ in mathematics education 

research is the self-explanation of concepts. Studies suggest that students’ conceptual 
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understanding can improve if students are given the chance to self-explain their 

understanding (e.g. Roy & Chi, 2005). However, it is still unclear whether the precise use of 

vocabulary is necessary when using this strategy.   

As mentioned above, I will refer to mathematics vocabulary as the terms that label 

mathematical concepts. Leung (2005) points out that “learning vocabulary involves thinking 

with and through the concepts associated with the word/s involved” (p 134). Today, policy 

stresses the importance of the precise use of language (CCSSI, 2010). Due to this, it seems 

many teachers are pushing students to use the formal terminology, rather than allowing them 

to initially express their ideas using everyday language. This practice assumes that students 

can only effectively explain the mathematical concepts if they use the precise language; 

however, many suggest that we should initially allow students to us everyday language to 

express mathematical ideas (e.g. Miller, 1993; Zazkis, 2000) and some research in 

mathematics education advises that the use of precise terminology does not necessarily 

demonstrate conceptual understanding (e.g. Raiker, 2002). Due to these conflicting 

viewpoints, it is important to look closely at the relevant literature. The following sections 

will review the literature that supports the importance to stress the use of precise mathematics 

language, literature that supports the gradual transition from informal to formal language, and 

finally the literature that supports the use of informal expressions of mathematical concepts.  

 

Support for the Use of Formal Language 

Many feel that it is imperative for students to use the formal mathematics terminology 

when explaining mathematical concepts. For instance, Harmon and colleagues (2005) feel 

that students need a thorough understanding of the vocabulary when reading in a content area 
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because the words are labels for concepts. They state “teachers should acknowledge the close 

relationship between conceptual understanding and vocabulary knowledge” (Harmon et al., 

2005, p. 268). In addition, Blachowicz and Fisher (2000) stress that content area vocabulary 

retention is necessary for the learning of the related concepts. Furthermore, Murray (2004) 

feels that measuring a student’s use of the mathematics terminology is a measure of 

conceptual understanding. In fact, she states, “the accurate use of the vocabulary is an 

effective measure of conceptual understanding” (p. 5).  

Some feel that students who attempt to use everyday language to explain their 

reasoning may make more mistakes compared to those who use the precise language. For 

instance, MacGregar (2002) spoke about the importance of mathematics vocabulary use of 

pre-service teachers, stating “a smooth transition from everyday to mathematical language is 

not always possible” (p. 78).  Certain expressions of everyday language, such as more than 

and times more than, “do not support construction of clear concepts and are not easily 

translated into conventional mathematical language” (p. 78). The conference proceeding by 

MacGregor and Stacey (1993, as cited in MacGregor 2002) presented results suggesting that 

high school students who used informal, unclear or immature language to describe a relation 

between numbers are unable to relate it to a mathematical operation. However, this analysis 

grouped informal, unclear and immature answers into one category. These are three very 

different types of language, and should have been looked at separately. Furthermore, these 

findings again refer to students’ verbal language, while this dissertation explores students’ 

use of written language. Difference between these two mediums must be considered. In fact, 

results from the master’s thesis completed by Solomon (2009) indicated that students were 

able to more effectively use mathematics terminology when speaking compared to when they 
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were writing.  

In the United Kingdom, Raiker (2000) sought to use discourse analysis to explore the 

spoken language between teacher and student, and between students. She found that of the 

analyzed lesson plans from six teachers, none included key vocabulary, therefore while 

instructing, teachers failed to effectively convey the meaning of key terms. Teachers 

“demonstrated haphazard and confused use of vocabulary in their explanations and 

instructions” (p. 51). Raiker (2000) asserts, “the understanding of mathematical words is 

fundamental to the development of sound concepts and mathematical thinking” (p. 50). In 

other words, she believes that the understanding, and possibly the use of, formal 

mathematical terms is linked to conceptual understanding. 

Fletcher and Santoli (2003) also support the use of formal language, finding that the 

use of precise mathematical language helps students better comprehend mathematical 

concepts. They conducted an action research project with gifted Algebra I and gifted Pre-

Calculus classes in a public, suburban high school. The purpose was to determine the 

importance of reading and writing in understanding mathematical principles. Fletcher and 

Santoli (2003) feel that “the vocabulary of mathematics is not usually taught in schools” (p. 

6), finding that in general, students did not know the definitions to mathematics vocabulary. 

For example, most of their Algebra I students were unable to define sum and product. The 

experimental group received vocabulary quizzes, reading assignments and self-explanation 

problems, while the control group received traditional numerical problem solving instruction. 

Results indicated that the experimental group had significant increases in conceptual 

knowledge compared to the control group. While this study does discuss the importance of 

learning mathematics vocabulary, it is more focused on students’ ability to define terms, 
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rather than to use the terms when explaining the concept. In addition, the authors 

implemented many interventions at once; therefore we are unable to determine which 

intervention, or combination of interventions, caused the difference in learning.  

 

Support for the Transition from Informal to Formal Language 

There is not always a clear line drawn between those that support the sole use of 

formal mathematics language and those that support the gradual transition of informal to 

formal language, however the following section will review the relevant literature that seems 

to fall more on the transition side of the spectrum   

Schleppegrell (2007) stress the importance of “help[ing] students move from 

everyday, informal ways of constructing knowledge into the technical and academic ways 

that are necessary for disciplinary learning in all subjects” (p. 140). She continues by saying 

“if students only construct mathematics concepts in everyday language, the relationships that 

they construe may be technically incorrect” (Schleppegrell, 2007, p. 143). The purpose of her 

paper was to explore the linguistic challenges of mathematics learners by reviewing research 

from applied linguists and mathematics educators. Many of the same studies have been 

reviewed in this paper.  

Adler (1997) conducted a study in South Africa in order to explore the use of the 

participatory-inquiry approach in a multilingual secondary mathematics classroom. Adler 

(1997) was “aware of [the] dilemmas in shaping informal, expressive and sometimes 

incomplete and confusing language, while aiming towards the abstract and formal language 

of mathematics” (p. 236).  She continues by saying “ the language practices of the classroom 

(educational discourse) must scaffold students’ entry into mathematical discourse” (Adler, 
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1997, p. 238). The purpose of the study was not to determine the effects of mathematics 

language use on learning, but to improve mathematics language through the use of this 

particular teaching approach. However, it is clear that Adler held the opinion that teachers 

should scaffold students from the use of everyday language to the use of formal mathematics 

language. 

Furthermore, Zazkis (2000) also stresses the importance of moving from the use of 

informal to the formal mathematics language. In this article she “identifies and describes the 

discord between the formal mathematical language and the informal language used in the 

context of elementary number theory” (p. 38). The purpose of her study was to explore the 

effects of code-switching as a tool for learning mathematical language. Interestingly, Zazkis 

(2000) points out that there is a “widespread value judgment” made when saying that the 

“mathematical formal code is preferable since students’ non-mathematical informal code is 

frequently vague and inadequate for describing mathematical relationships” (p. 39). She 

continues by acknowledging “the non-mathematical code, at least initially for students, has a 

greater power to communicate their intended meaning” (p. 39). However, ultimately Zazkis 

(2000) agrees that at first students can benefit from using the informal language, but they 

should move to the use of formal mathematical language. Zazkis (2000) interviewed 21 pre-

service teachers from her first cohort of students. She found that only three of the 21 students 

consistently used mathematical terminology when explaining their reasoning. The others use 

formal and informal expressions interchangeable, however they tended to prefer the informal. 

For example, when describe the concept divisibility, college students often said goes into, can 

be put into, or can fit into. Due to the inconsistencies in vocabulary use from this class, 

Zazkis (2000) decided to implement the coding-switching strategy with her next cohorts. She 
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found that of the 19 students who volunteered to be interviewed from her fourth cohort, 11 

used formal mathematical language consistently, while the others intertwined formal and 

informal expressions. Zazkis (2000) noticed that her students tended to use informal 

expressions when they were unsure of the concept, and only used the formal terms when they 

were confident in their claims.  

Zazkis (2000) concluded her article with three main reasons to support the gradual 

transition from informal to formal language use. First, she feels that “learning mathematical 

language is a part of mathematical education, citing Lave and Wenger (1991), who “argue 

that learning in a community of practice involves learning the language of this community” 

(p. 41). Second, while she agrees that it may be “possible for a child to understand the idea of 

divisibility without the ability to express this idea in an appropriately mathematical fashion,” 

her students were pre-service teachers; therefore she feels they should be using the 

appropriate terminology at that level (p. 41). Finally, Zazkis (2002) resolves:  

informal forms of language, at least in [her] experience, go hand in hand with 

incomplete understanding of the concepts involved. Though there might be 

exceptions to this rule, ‘good language’ is usually an induction of good 

understanding. That is to say that while mathematical ideas and understanding can be 

expressed informally, I have not found indications of inadequate understanding 

expressing in a correct formal mathematical language (p. 42).   

While Zazkis’s (2000) three claims are compelling, they are not supported by empirical 

studies. In fact, the findings from the preliminary study described in chapter 1 contradict her 

third claim. We found that students, who correctly use the formal mathematical language 
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when explaining their reasoning tend to make more mistakes when solving procedural 

problems, indicating a gap in understanding (McGinn & Booth, under review).  

Kotsopoulos (2007) also supports the transition from informal to formal language use, 

pointing out that “at first, the language may not be precise, but as students continue to work 

together and talk with one another and the teacher, the underlying meaning of the words 

evolve” (p. 304). She suggests that teachers should be aware of how their use of technical 

mathematics terms may limit our students’ participation. Kotsopoulos (2007) suggests that 

students often don’t understand the teachers’ use of technical terms and everyday language to 

represent mathematics concepts; this disconnect interferes with students’ understanding of 

the concepts being taught. Kotsopoulos (2007) video-recorded and interviewed 9th grade 

Algebra students, asking them to verbally explain how they solved an order of operations 

problem. She found that “students often use everyday language inappropriately rather than 

using the language of the mathematical register” (p. 304). Mathematical register refers the 

highly formalized language unique to mathematics (Halliday, 1978; Pimm, 1987), similar to 

what I call formal or precise mathematical language. While this report brings up many 

interesting points about the development of the mathematics register, it was a single case 

study of one classroom. In order to explore this phenomenon more deeply, it is important to 

expand the sample. In addition, this study explored students’ spoken language, while this 

dissertation evaluates the effects of written language.  

 

Support for the Informal Expression of Concepts 

It is clear that many support the use of formal mathematics language, however a few 

researchers caution the sole use of formal language. Interestingly, as mentioned above, 
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Zazkis (2000) agrees that it may be “possible for a child to understand the idea of [a concept] 

without the ability to express this idea in a appropriately mathematical fashion” (p. 41).  The 

following section will review the relevant literature that supports the informal expression of 

mathematical concepts.  

Raiker (2002) used discourse analysis to explore the spoken language of students 

from six elementary classrooms. In addition to the spoken language data, students were asked 

to create a concept map based on the key mathematics vocabulary of the lessons. Raiker 

(2002) found that although the students were able to effectively use the mathematical 

terminology to construct a concept map, they revealed several misconceptions associated 

with the concept when verbally using the vocabulary in class. His findings support the 

hypothesis that correct use of formal mathematics vocabulary is not equivalent to conceptual 

understanding.  

Earp and Tanner (1980) conducted a short study with two classes of sixth grade 

students. The students were asked to pronounce and define a selection of words found in their 

textbooks. While students were able to successful pronounce both common words and 

mathematical terms (97% and 93% respectively), they were only able to correctly define 

common words (98%). Students were only able to define 50% of the select mathematical 

terms. It is important to note that Earp and Tanner wrote this article to promote the 

instruction of mathematics vocabulary; however, these finding are relevant to this argument, 

demonstrating that simply because a student is able to correctly use or say the mathematical 

term, it should not be equated with understanding the concept behind the term.  

Moschkovish (1999) states, “mathematical discourse is more than vocabulary and 

technical terms” (p. 18). She conducted a qualitative study exploring how to support ELL 
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students in the leaning of mathematics through the use of discourse. She concluded that we 

should shift away from focusing on vocabulary development, and move towards supporting 

the development of mathematical content and arguments. In a more recent article, 

Moschkovish (2007) makes the same point using an analogy: 

In order to look and act like one belongs in a biker bar, one has to learn much more 

than a list of vocabulary words. Knowing the names of motorcycle parts, makes, and 

the models may be helpful. However, it is clearly not enough. In the same way, 

knowing a list of technical mathematical vocabulary is not sufficient for participating 

in mathematical Discourse. (p. 28) 

In other words, it is not enough to use the formal terminology; students must be able to use 

these terms with understanding.  

It is important to note that some promote the use of both mathematics vocabulary and 

everyday language in the mathematics classroom. For instance, Boulet (2007) stresses that 

teachers should not allow students to use “just any kind of talk or… be content with just a 

specific kind of talk” (p. 8). She gives the example of not allowing students to continue to 

call circles ‘round things,’ but to allow them to say ‘take away’ rather than ‘subtract.’ In 

addition, Schleppegrell (2007) stresses that “in contextual and regulative contexts, teachers 

may foreground the more everyday language, while during procedural and conceptual 

discussion, more technical language [should be] highlighted” (p. 151). Furthermore, Leung 

(2005) supports the development of new mathematics terminology  “mediated through 

informal everyday language… Informal and everyday language can play an important 

facilitative role” (Leung, 2005, p. 134). In other words, some feel that everyday language is 

important in mathematics, but it should not replace the technical terms. However, the purpose 
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of this dissertation study is not to explore the inclusion of everyday language in the math 

classroom, but to determine whether the use of everyday language can sufficiently replace 

the technical terms to express mathematical concepts.  

 

Summary of Explaining Mathematical Concepts 

The literature exploring vocabulary use in relation to conceptual understanding tends 

to fall in one of three categories. Some feel that students should only use formal 

mathematical language, others stress the importance of transitioning from informal to formal 

language, while a few caution teachers to accept correct formal vocabulary use as sound 

conceptual understanding. 

Of those that stress the importance of formal mathematics terminology use, most feel 

that students needs to have an understanding of the vocabulary because they are labels for 

concepts (Harmon et al., 2006; Raiker, 2002). Others support that everyday language may 

incorrectly describe mathematics concepts (MacGregar, 2002). Some found that increased 

mathematics vocabulary knowledge increases conceptual understanding (Fletcher & Santoli, 

2003). Unfortunately, most of the literature supporting the use of formal language does not 

directly compare mathematics vocabulary knowledge with mathematics achievement. In 

addition, most do not explore students’ written use of the terminology; instead are based on 

students’ spoken use or their ability to define mathematics terms. Finally, a few studies group 

informal language with unclear or incorrect descriptions of concepts; rather than analyzing 

them separately.  

The second group of researchers supports the transition from everyday language to 

formal mathematics language (e.g. Schleppegrell, 2007; Kotosopoulos, 2007).  However, 
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similar to those that stress the sole use of formal language, many studies do not explore the 

effects of increased formal vocabulary use on conceptual or procedural knowledge. For 

instance, researchers explore methods to help students transition from everyday to formal 

mathematics language through the use of the participatory-inquiry approach (Adler, 1997) 

and code-switching (Zazkis, 2000), however they did not explore the effects of increased 

vocabulary knowledge on mathematics learning. Some do see the benefit in allowing 

students to initially use informal language, however ultimately feel students should transition 

to the use of formal terms (Zazkis, 2000); while others feels that students often use everyday 

language incorrectly, therefore must transition to the formal terms (Kotsopoulos, 2007). 

Again, most of these articles do not empirically study the benefits of transitioning from 

informal to formal vocabulary.   

The third group of researchers cautions the acceptance of correct formal vocabulary 

use as conceptual understanding (e.g. Raiker, 2002). Earp and Tanner (1980) determined that 

while students are able to pronounce mathematical terms, they are unable to define their 

meaning. This supports the idea held by Moschovish (1999/2007) that it is not enough to 

simply know a list of formal mathematical terms, you must understand the concept behind 

the term. Finally, a few promote the use of both informal and formal expressions of 

mathematical concepts (Boulet, 2007; Schleppegrell, 2007; Leung, 2005).  

Overall, most of these statements were not tested empirically, forming a major gap in 

our knowledge of the relationship between the use of mathematical terminology and 

conceptual knowledge. In addition, most studies focused on spoken language rather than 

written, forming yet another gap. The attempt to answer research question 1b (Does the use 

of formal mathematics language while self-explaining predict self-explanation proficiency 
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compared to the use of informal language?) will help reduce these gaps.  

 

Solving Procedural Problems 

The secondary focus of this study is to determine the relationship between students’ 

use of mathematics vocabulary when self-explaining and their procedural knowledge. As 

explained above, self-explanation is found to increase procedural knowledge, therefore it is 

important to determine if the use of mathematical language when self-explaining mediates 

procedural learning. The following section will review the current literature that explores the 

connection between the use of formal mathematics vocabulary and procedural knowledge. 

Most of the literature seems to fall into one of two categories, research that examines 1) the 

effect of vocabulary found in word problems and 2) the effect of vocabulary instruction on 

procedural knowledge.  

 

Mathematic Vocabulary Found in Word Problems 

 Since it is widely accepted that vocabulary knowledge influences reading 

comprehension (Davis, 1944; Freebody & Anderson, 1983), it makes sense that mathematics 

education researchers would also be interested in determining the relationship between 

vocabulary knowledge and solving word problems, since students are required to read these 

problems. Most of the current research on mathematics vocabulary and procedural 

knowledge has focused on the language factors found in mathematics word problems, i.e. 

students’ ability to read the mathematics word problem. For instance, Shaftel, Belton-

Kocher, Glasnapp, and Poggio (2006) sought to determine the effect of the language features 

in mathematics word problems on achievement. They analyzed approximately 200 items 
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from a state standardized test from grades 4, 7, and 10, randomly selecting the exams of 

approximately 2,000 students per grade. All items were multiple choice, word problems. 

Each item was coded for the following linguistic features: number of words, sentences and 

clauses; syntactic features such as complex verbs, passive voice, and pronoun use; and 

vocabulary in terms of mathematics vocabulary and ambiguous words. They found that 

difficult mathematics vocabulary in word problems had a significant negative effect on 

procedural achievement for all students (ELL, SWD, and general education students) at all 

grades studied (4th, 7th, and 10th). Interestingly, the only language feature that negatively 

influenced 10th grade scores was difficult mathematic vocabulary.  

Johnson and Monroe (2004) also explored the effects of simplified language on a 

state’s mathematics performance assessment for 7th grade students. Results indicated that 

special education students benefited from receiving items with simplified language, however 

general education and ELL students did not benefit. The researchers more closely examined 

the simplified items in order to determine why general education and ELL students did not 

benefit. They determined that “the key to successful simplified language is to retain key 

mathematics vocabulary and context while reducing the complexity of the sentence 

structure” (Johnson & Monroe, 2004, p. 43); finding that removing the formal mathematical 

language actually made the item more difficult for ELL students.  

Haag, Hepp, Stanat, Kuhl, and Pant (2013) explored the effects of academic language 

features on differential item functioning (DIF) between ELL and general education 3rd grade 

students on mathematics procedural items. A DIF shows a discrepancy in item difficulty for 

two groups of students at the same ability level. Formal mathematics terminology found in 

the math items did not significantly impact the DIF, meaning the presence of math 
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vocabulary did not cause the item to become more difficult for ELL students.  

Wolf and Leon (2009) also sought to determine the effect of language features on the 

DIF against ELL students. They analyzed three states’ accountability tests from grades 4, 5, 

7, and 8. They found that general academic language (words used across content areas) 

significantly impacted the DIF, while context-specific (everyday words that have specific 

meaning in certain contexts) and technical vocabulary (words specific to the content area) did 

not. Wolf and Leon (2009) proposed that teachers may directly teach context-specific and 

technical vocabulary, however fall to directly teach general academic vocabulary to ELL 

students; however, this is only a speculation.  

 

Vocabulary Instruction 

While limited, the second category of studies explores the effect of direct vocabulary 

instruction on procedural knowledge. Jackson and Phillips (1983) sought to determine 

whether the inclusion of vocabulary instruction improved seventh grade students’ ability to 

solve ratio and proportion problems. They found that students who received vocabulary 

instruction scored significantly better on the chapter test compared to the group that received 

typically instruction. However, this study does not discuss the implications of students’ use 

of the mathematics vocabulary, only the effect of vocabulary instruction. It is still unclear if 

vocabulary use predicts procedural knowledge. Given that the vocabulary instruction may 

have increased conceptual understanding, the gains in scores may have been due to increased 

conceptual knowledge, rather than an increase in vocabulary use.  

In addition, the master’s thesis study conducted by Schoenberger and Liming (2001) 

also sought to improve mathematics learning through vocabulary instruction. Two classes of 
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students participated in their study (one 6th grade general education class and one 9th grade 

special education class). Students were directly taught mathematics vocabulary by making 

dictionaries and using story problems. They found that enhancing mathematical vocabulary 

knowledge improved students’ ability to solve multi-step problems and word problems. 

Unfortunately, this study did not have a control group, therefore we are unable to determine 

if the improvement in student learning was due to the vocabulary instruction or some other 

factor. In addition, the researchers did not use statistical measures to analysis the data; they 

merely looked for trends based on the pre- and post-test results.  

The doctorate dissertation completed by Stegall (2013) sought to examine the effects 

of explicit mathematics vocabulary instruction on algebra problem solving for 10 students 

with learning disabilities. A pre-test – intervention – post-test method was used. During the 

intervention, students were taught 4 new vocabulary words per session, with a total of 6 

sessions, using explicit instruction and graphic organizers. Students were not taught the 

procedures for solving the algebra problems. For instance, students were taught the meaning 

of variable, but were not taught how to solve 12 – b = 10. While this study did not use 

statistical measures to determine significance, Stegall (2013) found that all students scored 

higher on the post-test than on the pre-test. This may suggest that the vocabulary instruction 

positively impacted the students’ procedural knowledge. Unfortunately, there was no control 

group, therefore we cannot determine causality.  

 

Summary of Solving Procedural Problems 

The relevant literature associated with the connection between mathematics 

vocabulary and procedural knowledge tends to focus on the effect of the vocabulary found in 
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mathematics problems, while a few explore the effect of vocabulary instruction on 

procedural knowledge. One study found that difficult mathematics vocabulary found in word 

problems has a negative effect on procedural scores for ELL students, students with 

disabilities, and general education students (Shaftle et al., 2006). While others found that 

mathematics vocabulary does not affect the difficulty of the problem (Haag et al., 2013; Wolf 

& Leon, 2009). In fact, one study determined that  “the key to successful simplified language 

is to retain key mathematics vocabulary and context while reducing the complexity of the 

sentence structure” (Johnson & Monroe, 2004, p. 43). Another line of research focuses on the 

instruction of mathematics vocabulary and its effect on solving mathematics problems, 

finding that vocabulary instruction may lead to improved procedural knowledge (Jackson & 

Phillips, 1983; Schoenberger & Liming, 2001; Stegall, 2013).  

Unfortunately, this literature is limited and provides mixed findings causing a need 

for further exploration. For instance, some believe that difficult mathematics vocabulary 

found in word problems causes the item to be more difficult, while others disagree. 

Furthermore, two of the three studies that focus on comparing vocabulary instruction to 

procedural knowledge did not contain a control group (e.g. Schoenberger & Liming, 2001; 

Stegall, 2013), therefore we cannot determine causality. In addition, none of the reviewed 

studies focused on the relationship between students’ use of formal mathematical language 

and their procedural knowledge. Based on these gaps, this dissertation study adds to the 

current literature by seeking to answer research question 1c (Does the use of formal 

mathematics language while self-explaining predict procedural proficiency compared to the 

use of informal language?).  
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Teacher-Related Mediating Effects of Mathematics Vocabulary Use 

 The third and final purpose of this dissertation strives to explore the teacher-related 

mediating effects of mathematics vocabulary use. Many have discussed the impact of the 

teacher’s personal mathematics language use (e.g. Boulet, 2007) and mathematical 

vocabulary instructional strategies (e.g. Bay-Williams & Livers, 2009; Gay & White, 2002; 

Monroe & Pendergrass, 1997) on student learning. In fact, Schleppegrell (2007) points out 

that “the explanations textbooks provide tend to be dense, so the teacher plays a key role in 

helping students learn to negotiate the symbols, diagrams, and technical language” (p. 147). 

If we are to accept that the development of mathematics vocabulary is important to overall 

mathematics learning, it is imperative to determine which teacher-related factors impact 

students’ vocabulary use. The final portion of this dissertation explores the effect of teacher 

and instructional related variables on students’ use of mathematics vocabulary.  

Several teacher-related variables relevant to vocabulary have been found to impact 

general mathematics learning. The following sections will review literature focusing on the 

impact of the stress the teacher puts on the importance to use precise language, the amount of 

instructional time per class period spent on vocabulary instruction, vocabulary instructional 

and learning strategies used, and the assessment of mathematics vocabulary knowledge. 

 

Stress the Teacher Puts on the Importance of Precise Language 

As explained above, there is a discrepancy as the whether teachers should stress the 

use of precise mathematics language or allow students to explain the concepts using their 

own everyday language. The gap in this research relates to the effects of teacher preference 

on students’ actual use of precise language. In other words, it is unknown whether the 



	  

49	  

teachers’ stress on use of appropriate mathematics language influences the students’ actual 

use of language. In other words, are students more likely to use the precise language if their 

teacher stresses the importance of its use or are these students just as likely to use the 

informal expression of concepts?  

One study explored classrooms in which the teacher promoted the use of precise 

language. Wachira, Pourdavood and Skitzi (2013) conducted a qualitative study exploring 

mathematics discourse in which the teacher promoted the use of precise terminology. They 

determined that the language students used is greatly influenced by their prior experiences, 

however the teacher’s instructional practices can transform this language. I was interested in 

determining if teacher preference for language use corresponds to students’ use of language 

(research question 3a) 

 

Amount of Vocabulary Instructional Time per Class Period  

There is an on-going debate about whether mathematics vocabulary should be 

directly taught or if it develops naturally. In general, many teachers will sacrifice the time for 

direct vocabulary instruction for more content instructional time. Bay-Williams and Livers 

(2009) describe this dilemma in detail. They suggest that if teachers start their lesson with 

direct vocabulary instruction, students will be given the “tools to participate effectively in the 

lesson” (p. 240). However, this takes time away from the actual lesson, especially if the new 

terms are very complex. Furthermore, if students do not preview the vocabulary before the 

lesson, they may need to waste time during the lesson looking up unknown words (Bay-

Williams & Livers, 2009).  
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As mentioned earlier, research has found a strong correlation with the amount of time 

spent directly teaching a topic and student learning of that topic (Bloom, 1974; Ericsson, 

Krampe & Tesch-Romer, 1993; Logan, 1990; Stallings, 1980). This dissertation explores the 

extent to which this relationship also occurs with mathematics vocabulary; 3b) does the 

amount of time spent directly teaching mathematics terminology influences students’ use of 

the precise language?  

 

Vocabulary Instructional and Learning Strategies 

Recently an increasing number of researchers are focusing on the vocabulary 

instructional strategies used in the mathematics classroom (e.g. Adams, 2010, Bintz, 2011; 

Rubenstein, 2007). This dissertation explores the strategies teachers report to use and 

determine if the type of strategies impacts students’ actual vocabulary use. Adams (2010) 

feels “infusing literacy strategies into [mathematics] instruction may provide a key” to 

promoting mathematical understanding (p. 372). She differentiated between two different 

types of vocabulary development approaches. The first focused on learning the concept 

definition. Teachers that use this method feel that students should learn the precise textbook 

definition to the mathematical terms. Teachers tend to present the formal definitions for the 

terms and ask students to use the textbook or dictionaries to find word meanings. The second 

approach focuses on the development of a concept image, which is “composed of the various 

mental images, processes, and associated properties brought to mind by an individual in 

considering a given concept” (p. 373). Teachers help students “make sense of each term in 

their own personal way” (p. 374). Unfortunately, Adams (2010) conducted an exploratory 
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analysis, only observing the different methods; she did not determine which method was 

more effective.  

Teachers and researchers have promoted a number of different instructional strategies 

in order to development students’ mathematical vocabulary knowledge. For instance, alpha-

boxes is a strategy used to record new terminology in which the student writes the new words 

in boxes under the appropriate first letter (Blintz, 2011). Word questioning is a strategy that 

allows students to define, analyze, synthesize, and evaluate the new terminology (Blintz, 

2011). Linear arrays (Blintz, 2011) and composite comparison charts (Renne, 2004) allow 

students to see the connection between words (Blintz, 2011). The Frayer model is another 

widely used method (Monroe & Pendergrass, 1997); this graphic organizer gives students 

space to record the term, its definition, examples and non-examples. The verbal and visual 

word associate strategy is among the more common Frayer model alternates (Gay & White, 

2002). Students use a box divided into four quadrants, writing the new term in one quadrant, 

drawing a picture of the term in another, writing the definition in the third, and providing an 

example in the last. Finally, Piece and Fontaine (2009) recommend the use of everyday 

language to define words and provide opportunities for students to deeply process the word 

meaning. Consistent with the wide range of endorsed methods for instructing vocabulary, this 

dissertation explores teachers’ use of a variety of different strategies to determine 3c) if any 

of these practices increase the likelihood with which students’ use precise vocabulary. 

 

Assessment of Mathematics Vocabulary Knowledge 

The final teacher related variable that is explored in this dissertation is the assessment 

of mathematics vocabulary knowledge. While many stress the importance of learning 
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mathematics vocabulary, it seems that few actually assess students’ vocabulary knowledge 

within the field of mathematics education; however, the rate at which mathematics teachers 

assess vocabulary knowledge does not seem to be documented. This dissertation seeks to 

determine this rate, as well as the relationship between it and students’ actual vocabulary use.  

Nier, Di Silivio and Malone (2014) support the use of assessment as a key factor in 

language building; one reason being that it provides a sense of accountability for the 

students. In fact, many have suggested that assessment during and after a lesson may be one 

of the most important factors attributing to student learning (Brown, 2004-2005; Bryan & 

Clegg, 2006; Havnes, 2004; McMunn, McColskey & Butler, 2004; Pophman, 2009; Taylor, 

2009; Yorke, 2001). In addition, recently there has been a very strong push for the use of 

formative assessment, or the “assessment for learning” (Cherem, 2011, p. 42). Assessments 

for learning are used to guide instruction, and have been to found to greatly improve student 

learning (Cherem, 2011; Shavelson, Young, Ayala, Brandon, Furtak, Ruiz-Primo, 2008). It 

has been almost expected that teachers use some form of formative assessment during their 

lesson. If this is the case, and since most agree that mathematics vocabulary development is 

essential to learning, one would expect teachers to also assess the learning of mathematics 

vocabulary.  

It is clear that researchers tend to agree that assessment improves learning. Since there 

is a push for the precise use of language, it is important to determine if teachers are actually 

assessing vocabulary knowledge, and 3d) if this assessment of mathematics vocabulary 

knowledge indeed improves the likelihood that students will use the precise language.  
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Summary of Literature Review 

This above literature review explored the benefits of self-explanation prompts on 

mathematics learning, and then discussed the literature that has investigated the quality of 

responses to such prompts and their effect on learning. As mentioned above, a gap in this 

research is the exploration of vocabulary use when answering self-explanation prompts. 

Therefore, I then explored the relevant literature surrounding students’ use of mathematics 

vocabulary, followed by a description of the reported difficulties students have when using 

this language. I continued by discussing the evidence associated with the two main focuses of 

this dissertation- the relation of vocabulary use to students’ ability to explain mathematics 

concepts and to solve procedural problems. Finally, I explored the current literature focusing 

on the last purpose of this dissertation- the teacher-related mediating effects on mathematics 

learning. 

After reviewing the current literature focusing on the benefits of self-explanation 

prompts and the impact of the quality of self-explanation prompt responses, it is clear that the 

act of answering self-explanation prompts is beneficial to learning. In addition, it seems that 

correct explanations lead to greater learning gains compared to incorrect or incomplete 

explanations, and conceptual explanations may be more beneficial than procedural. While 

many of the studies claimed to explore the quality of responses to self-explanation prompts, 

their definitions of ‘quality’ vary. In accordance with the newly implemented Common Core, 

quality goes beyond correct verses incorrect; it may be better understood as communicating 

precisely to others. Unfortunately, none of the reviewed studies analyzed the quality of 

mathematical language used when responding, therefore the impact of the precise 

communication using mathematics language when self-explaining is still unclear.  
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The second main section of this review discussed the importance of mathematics 

vocabulary, and the reported difficulties students encounter when learning this new language. 

There are a variety of issues that students have when attempting to learn mathematical terms.  

First, students lack the opportunity to practice using these terms and do not have the 

necessary background knowledge to learn these words. Students often only hear 

mathematical technical words in the math classroom (Monroe & Orme, 2002; Rubenstein, 

2007). In addition, since teachers often do not directly teach mathematics vocabulary in the 

classroom (Vacca & Vacca, 1996), students are unable to learn the terms in the classroom 

either. The mathematical meaning may differ from its everyday meaning (Noonan, 1990). 

Finally, mathematical terms are often abstract making them difficult for students to grasp 

(Monroe & Orme, 2002; Vacca & Vacca, 1996). 

Unfortunately, most of these documented difficulties are based on teacher 

observations, rather than studied empirically. In addition, researchers rarely explore the rate 

at which students attempt to use formal mathematics terminology compared to informal 

descriptions of the concepts. Research question 1a (To what extent are students’ attempting 

to use formal and informal mathematics vocabulary when explaining their reasoning and to 

what extent are students making errors when using this language?) will help fill this gap in 

the current research.   

The third section of this review discussed the relation of vocabulary knowledge to 

self-explanation. Researchers tend to fall in one of three categories. Some feel that students 

should only use the formal mathematical language to explain their reasoning. Most feel that 

students need to have an understanding of the vocabulary because they are labels for 

concepts (Harmon et al., 2006; Raiker, 2002). Others support that everyday language may 
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incorrectly describe mathematical concepts (MacGregar, 2002). Some found that increased 

mathematics vocabulary knowledge increases conceptual understanding (Fletcher & Santoli, 

2003). The second group of researchers stresses the importance of transitioning from 

informal to formal language. Some see the benefit in allowing students to initially use 

informal language, however ultimately feel students should transition to the use of formal 

terms (Zazkis, 2000); while others feels that students often use everyday language 

incorrectly, therefore must transition to the formal expressions (Kotsopoulos, 2007). The last 

group of researchers caution teachers to accept correct formal vocabulary use as sound 

conceptual understanding. Earp and Tanner (1980) determined that while students are able to 

pronounce mathematical terms, they are unable to define their meaning. This supports the 

idea held by Moschovish (1999/2007) that it is not enough to simply know a list of formal 

mathematical terms, you must understand the concept behind the term. Finally, a few 

promote the use of both informal and formal expressions of mathematical concepts (Boulet, 

2007; Schleppegrell, 2007; Leung, 2005). 

Overall, many of these statements were not tested empirically, forming a major gap in 

our knowledge of the relationship between the use of mathematical terminology and self-

explanation. In addition, most studies focused on spoken language rather than written, 

forming yet another gap. Exploring research question 1b (Does the use of formal 

mathematics language while self-explaining predict self-explanation proficiency compared to 

the use of informal language?) will help reduce these gaps.  

The fourth section of this review focused on the relevant literature associated with 

mathematics vocabulary and procedural knowledge. These studies tended to focus on the 

effect of the vocabulary found in mathematics problems, while a few explore the effect of 
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vocabulary instruction on procedural knowledge. One study found that difficult mathematics 

vocabulary found in word problems has a negative effect on procedural scores for ELL 

students, students with disabilities, and general education students (Shaftle et al., 2006), 

while others found that mathematics vocabulary does not affect the difficulty of the problem 

(Haag et al., 2013; Wolf & Leon, 2009). In fact, one study determined that “the key to 

successful simplified language is to retain key mathematics vocabulary and context while 

reducing the complexity of the sentence structure” (Johnson & Monroe, 2004, p. 43). 

Another line of research focuses on the instruction of mathematics vocabulary and its effect 

on solving mathematics problems, finding that vocabulary instruction may lead to improved 

procedural knowledge (Jackson & Phillips, 1983; Schoenberger & Liming, 2001; Stegall, 

2013).  

Unfortunately, this literature is limited and provides mixed findings causing a need 

for further exploration. For instance, some believe that difficult mathematics vocabulary 

found in word problems causes the item to be more difficult, while others disagree. 

Furthermore, two of the three studies that focused on comparing vocabulary instruction to 

procedural knowledge did not contain a control (e.g. Schoenberger & Liming, 2001; Stegall, 

2013), therefore we cannot determine causality. In addition, none of the reviewed studies 

focused on the relationship between students’ use of formal mathematical language and their 

procedural knowledge. Based on these gaps, this study adds to the current literature by 

seeking to answer research question 1c (Does the use of formal mathematics language while 

self-explaining predict procedural proficiency compared to the use of informal language?).  

The second purpose of this dissertation is to determine the developmental nature of 

mathematics vocabulary use. Literature associated with this aim was explored in the 
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theoretical framework section of this review. It is evident, based on research from both 

general and mathematical vocabulary development, that vocabulary knowledge increases 

gradually (Beck & McKeown, 1991; Lansdell, 2010). Given this understanding, it is 

important to fill the gaps in the literature surrounding the impact of this gradual development 

on students’ ability to self-explain and solve procedural problems. To date, there are no 

studies that determine this relationship. Answering the two research questions associated 

with the second purpose of this study (When self-explaining, do distinct vocabulary use 

growth trajectories exist? If so, is there a significant difference among these groups based on 

their ability to self-explain, to solve procedural problems, and on their overall algebra 

learning) will aid in filling these gaps.  

The final section of this review surveyed the literature surrounding the last purpose of 

this dissertation- to explore the teacher-related mediating effects of mathematics vocabulary 

use. Many have discussed the impact of the teacher’s mathematics language use (e.g. Boulet, 

2007) and mathematical vocabulary instructional strategies (e.g. Bay-Williams & Livers, 

2009; Gay & White, 2002; Monroe & Pendergrass, 1997) on student learning. Based on this 

literature, four variables may influences students’ use of mathematics vocabulary - the 

impact of the stress the teacher puts on the importance to use precise language (Wachira, 

Pourdavood & Skitzi, 2013), the amount of instructional time per class period spent on 

vocabulary instruction (Bay-Williams & Livers, 2009), vocabulary instructional and learning 

strategies (Adams, 2010, Bintz, 2011; Rubenstein, 2007), and the assessment of mathematics 

vocabulary knowledge (Nier, Di Silivio & Malone, 2014). 

Based on the gaps found in the literature review, this dissertation focuses on the 

following three purposes and corresponding research questions:  
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1. Replicate the findings of the preliminary study (McGinn & Booth, under review). 

a. To what extent are students’ attempting to use formal and informal 
mathematics vocabulary when explaining their reasoning and to what 
extent are students making errors when using this language? Does this 
relationship change depending on the concept being described?  

b. Does the use of formal mathematics language while self-explaining 
predict self-explanation proficiency compared to the use of informal 
language? 

c. Does the use of formal mathematics language while self-explaining 
predict procedural proficiency compared to the use of informal language? 

2. Determine whether there are developmental effects associated with the use of 
precise mathematics vocabulary while self-explaining. 

a.  When self-explaining, do distinct vocabulary use growth trajectories 
exist?  

b. If so, is there a significant difference among these groups based on: 

i. Their ability to self-explain? 

ii. Their ability to solve procedural problems? 

iii. Their overall algebra learning?  

3. Determine teacher-related mediating effects on students’ vocabulary use while 
self-explaining.  

a. To what extent does the stress teachers put on the use of precise 
terminology affect the likelihood of students attempting to use formal 
and/or informal terminology and of making errors when using this 
language while self-explaining?  

b. To what extent does the amount of time spent directly teaching 
mathematics vocabulary affect the likelihood of students attempting to use 
formal and/or informal terminology and of making errors when using this 
language while self-explaining?  

c. To what extent do the instructional and learning strategies used by the 
teacher affect the likelihood of students attempting to use formal and/or 
informal terminology and of making errors when using this language 
while self-explaining? 

d. To what extent does the assessment of vocabulary knowledge affect the 
likelihood of students attempting to use formal and/or informal 



	  

59	  

terminology and of making errors when using this language while self-
explaining?   
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CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

 

The Larger Study 

This dissertation study stems from a larger year-long study conducted during the 

2012-2013 school year. The purpose of the larger study was to determine the effect of 

worked-examples and self-explanation prompts on algebra learning. 518 students (51% male; 

27% Caucasian, 39% African American, 16.8% Latino, 7.7% Asian, 7.3% Biracial, and 4% 

other) and 12 teachers from five school districts across the United States participated in this 

study.  

At the beginning of the school year, all students were given a pre-test assessing their 

algebra knowledge; this test consisted of 12 items measuring both conceptual understanding 

and procedural knowledge. See Appendix A for a copy of the exam. Throughout the school 

year students were given four cumulative benchmark exams. The four exams were identical, 

however teachers were asked to only assign the test items taught to date, therefore students 

were not answering items containing content they were not already taught. This 18-item 

exam also assessed both procedural and conceptual algebra knowledge. See Appendix B for a 

copy of this assessment. At the conclusion of the year, students were given a post-test, 

consisting of 10 Algebra I standardized-test release items.  See Appendix C for a copy of this 

assessment.  

Teachers taught the algebra content using their own typical teaching methods; 

however, they were also asked to sporadically assign the study worksheets. Teachers gave 

their students up to 42 study-assignments at times they deemed appropriate during the year. 
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The teachers did not have to assign the worksheet if they did not cover that material in their 

curriculum. Teachers were asked to assign at least about 80% of the available assignments. 

Teachers were given the freedom to assign the worksheets in any order and were told to treat 

the assignments as they would any other assignment in their class, however they were 

instructed to have students complete the assignments during the class period, not for 

homework. Students were allowed to work together if the teacher typically permitted that 

behavior. Each assignment took about 20 minutes to complete. See Appendix D for a list of 

topic covered by the study-worksheets.  

Classrooms were randomly selected to participate in either the control or worked-

example group yielding 14 control classrooms (n= 260) and 14 worked-example classrooms 

(n= 258). Twelve teachers taught one class of each condition. However, two teachers 

instructed two classes of the control condition and one class of the worked-example 

condition, and two teachers instructed two classes of the worked-example condition and one 

of the control. The math problems were identical in both conditions, however the control 

classrooms only received typical procedural items, while the worked-example classroom 

received both worked-example and self-explanation prompts in addition to procedural items. 

Each worked-example assignment contained three to four sets of worked-examples and 

corresponding procedural problems. Students were prompted to study the worked-example 

and answer one or two follow-up self-explanation questions, then were directed to complete a 

procedural problem that was similar to the worked-example. See Figure 3.1 for a sample 

problem set. 
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Figure 3.1. Sample problem set with intervention elements highlighted.  

 

Participants 

Sixty-six students were analyzed for the purposes of this study. Fourteen classes 

(n=288) who participated in the worked-example condition were eligible for this analysis 

because these assignments allowed students to explain their reasoning, while the procedure-

based assignments did not. One class was dropped from the study due to a high frequency of 

missing workbooks, bring the size of the available sample to 265. 

 Due to nature of the growth curve model (GCM) analysis and the length of time it 

takes to code each item, a stratified sample of students were used. The assumptions 

pertaining to GCM will be described in more detail below, however it is suggested that the 

appropriate sample size is greater than or equal to 50 divided by the number of time points 

(Singer & Willett, 2003). This analysis consisted of four time points; therefore at least 13 

students should be analyzed, however in order to obtain a more representative sample I 

analyzed about 25% of the total available participants (n=66). The specific procedure used to 
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determine the sample of students will be discussed in more detail below, in the Stratified 

Sample Selection Procedure section. Data from all 11 teachers were also analyzed for the 

purposes of this study. All students were in regular (non-advanced or remedial) classrooms 

from five school districts across the United States.  

 

Materials and Coding Schemes 

 

Pre-Test 

This assessment consisted of 12 items, testing both conceptual and procedural pre-

algebra knowledge. Each item contained multiple parts, yielding a total of 69 sub-items. See 

Appendix A for a copy of the assessment.  

Items on this assessment were coded as either correct or incorrect. Each student’s 

overall pre-test score was calculated by dividing the number of correct items by the total 

number of items. The conceptual and procedural pre-test scores were also calculated by 

dividing the number of correct conceptual (or procedural) items by the total number of 

conceptual (or procedural) items.  

 

Quarterly Assessments 

These 18-item benchmark exams were cumulative in nature. Each student received 

the same exam four times throughout the school year. The teacher only assigned the items 

that contained material previously taught. Similar to the pre-test, each item contained 

multiple parts, yielding a total of 67 sub-items. These exams assessed the students’ 
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conceptual and procedural knowledge of the content found on the worked-example 

assignments. See Appendix B for a copy of the exam.  

Items on these assessments were coded as either correct or incorrect. For instance, 

each student’s overall Quarter 1 assessment score was calculated by dividing the number of 

correct items by the total number of items the students was asked to complete (this number 

was indicated by the teacher). This calculation was repeated for each of the four quarterly 

exams.  

 

Post-Test 

At the end of the year, students were given a 10-item post-test. This exam consisted 

of Algebra I standardized-test release items. See Appendix C for a copy of the assessment. 

Items on the post-test were coded as either correct of incorrect. Each student’s post-test score 

was calculated by dividing the number of correct items by the total number of items.   

 

Teacher Survey 

After the completion of the larger study, teachers were asked to complete a 10-item 

online-survey about mathematics vocabulary use. It is important to note that the researchers 

did not stress the use of mathematics vocabulary during the study; therefore teachers were 

not influenced to change their teaching practices surrounding mathematics vocabulary. This 

survey captured the teachers’ reported typical mathematics vocabulary teaching methods. See 

Appendix E for a copy of the survey.  
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Worked-Example Assignments 

Each assignment contained between three and four item sets (worked-example and 

corresponding procedural problems). Students were prompted to study the worked-example 

and answer one or two follow-up questions, then were directed to complete a procedural 

problem that was similar to the worked-example. See Figure 3.1 for a sample problem set. 

Student responses to follow-up questions that required students to self-explain a 

concept were coded for the analysis of this study. Each assignment had between three to 

eight self-explanation questions, yielding a total of 288 questions. Items were not analyzed if 

they did not require the student to self-explain a concept. For example, the follow-up 

question, “What is the correct slope?” did not require the student to self-explain. However, a 

student did need to self-explain a concept when answering the question “How did Daiquan 

know that the slope was -1 if there is no 1 in the equation?” Eighty-two of the 288 follow-up 

questions were thus eligible for analysis. Again, due to the nature of the analysis and the 

timeliness of coding, a targeted selection of items was analyzed. The specific procedure used 

to determine the sample of items will be discussed in more detail below, in the Stratified 

Sample Selection Procedure section.   

 

Worked-Example Assignment Coding Scheme 

This coding scheme was created and tested in the preliminary study described in 

chapter one. For the analysis of this study, key concepts were identified for each of the self-

explanation items; some items had more than one key concept. The formal or informal 

description of one of these concepts was necessary in order to answer the self-explanation 

item correctly. For example, the student needed to use a phrase that described the concept of 
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coefficient in order to answer the question, “When the equation is in slope-intercept form, 

where is the slope always located?” A student could have formally used the term coefficient 

or informally used the phase next to the x to answer this question. In addition, there are 

multiple ways to describe a concept, both formally and informally. For example, one of the 

items required the use of the concept coordinate. A student could use the words coordinate 

or ordered pair; both are considered formal versions of the concept coordinate. Students 

could also describe coordinate informally by writing numbers or x and y. See Table 3.1 for a 

sample of self-explanation questions, possible answers, key concepts and informal terms.  

 

Table 3.1 

Sample Self-Explanation Questions with Possible Answers, Key Concepts, and Informal 
Terms. 
 
Self-Explanation 
Question 

Possible Answer  
(key concept in 
bold) 

Sample Informal Terms Used to 
Describe the Key Concept 

When the equation is 
in slope-intercept 
form, where is the 
slope always located? 

The slope is always 
the coefficient of x.  

With the (x) 
Next to the (x) 
In front of (x) 
Before the (x) 
Attached to (x) 
Multiplied by (x) 
Beside the (x) 
Left to the (x) 

If Rasheena 
substituted the point 
(3, -2) for x and y, 
would she have been 
correct? Why or why 
not?  

She would not have 
been correct because 
that coordinate (or 
ordered pair) did 
not fall on the line. 

Numbers 
Points 
Pair 
Both of them 
Ys and Xs 

 

Each student response was coded for the use of these key concepts in terms of 

whether they attempted to use the formal or informal version of the concept and whether they 
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used the phrase correctly. When coding the attempt to use a key concept, the item was coded 

as ‘1’ if the student used at least one key concept. Students were not coded as ‘2’ for 

attempting to use multiple key concepts to answer the prompt. For example, to answer one of 

the items students could use the key concept constant or coefficient to answer this item 

correctly. Students who used both constant and coefficient in their answer were only coded as 

‘1’. If they did not attempt to use either concept, they were coded as ‘0.’    

I also coded the correctness of the concept, regardless of whether an informal or 

formal version of the key concept was used. Again, students were coded as ‘1’ if they 

described the key concepts correctly; students were not coded as ‘2’ if they describe both 

concepts correctly. If they only used one concept and described it correctly, they were coded 

as ‘1.’ If they attempted to use both concepts, but only described one correctly, they were 

coded as ‘.5.’ Students were given partial credit for this because it demonstrates that they 

have some understanding of the necessary concepts, but not full. If they did not describe 

either concept correctly, they were coded as ‘0.’ See Table 3.2 for a visual explanation of this 

coding scheme.  

Student answers on the self-explanation items and the corresponding procedural items 

were then coded as either correct or incorrect. Note that a student could answer the self-

explanation prompt correctly, but use the key concept incorrectly. For example, in the 

preliminary study, when describing the location of the slope in an equation, a student wrote, 

“behind the x, the coefficient” and had an arrow pointing to the 3 in 3x. The student did not 

use the informal phrase for coefficient (behind the x) correctly, but still answered the item 

correctly. A student could also answer the self-explanation prompt incorrectly, but use the 

key concept correctly. For instance, when describing why the slope is 1 when x does not have 
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a coefficient, a student wrote, “If there is nothing in front of x, it cannot be zero.” The student 

used the informal phrase for coefficient correctly (in front of x), however did not answer the 

item correctly.  

 

Table 3.2 

Key Concept Coding Scheme. 

 Key Concept 1 Key Concept 2 Code 
Attempt ATTEMPTED  ATTEMPTED 1 
 ATTEMPTED did not use 1 
 did not use  ATTEMPTED 1 
 did not use did not use 0 
Correctness CORRECT CORRECT 1 
 CORRECT INCORRECT .5 
 INCORRECT CORRECT .5 
 CORRECT did not use 1 
 did not use CORRECT 1 
 INCORRECT did not use 0 
 did not use INCORRECT 0 
 INCORRECT INCORRECT 0 
 did not use did not use (not coded) 
 

Multiple worksheet-based composite scores were created. Two dependent variables 

were used: percent of self-explanation questions answered correctly and percent of 

procedural questions answered correctly. These composites were created by dividing the 

number of items answered correctly by the number of items the student attempted to answer. 

Only the items the students attempted to answer were included because the purpose of this 

study is to predict whether the students will answer the item correctly, not whether they 

attempt to answer them in the first place. In addition, self-explanation and procedural scores 

were created for each quarter. These scores will contain the items that students completed 
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between each quarterly exam.  In sum, see Table 3.3 for a list of worksheet-related dependent 

variables.  

 

Table 3.3 

Worksheet-Related Dependent Variables.  

Self-Explanation Procedural 
Overall self-explanation score Overall procedural score 
Quarter 1 self-explanation score Quarter 1 procedural score 
Quarter 2 self-explanation score Quarter 2 procedural score 
Quarter 3 self-explanation score Quarter 3 procedural score 
Quarter 4 self-explanation score Quarter 4 procedural score 

 

Four vocabulary predictor variables were used: percent of formal explanations 

attempted, percent of formal explanations used correctly, percent of informal explanations 

attempted, and percent of formal explanations used correctly. See Table 3.4 for a description 

of how each composite was calculated. In addition, quarterly scores were created for each of 

the four vocabulary predictor variables. Each score represents the vocabulary used in 

between each quarterly exam. 

Table 3.4 

Composite Calculations.  

Composite Calculation 
Percent of formal 
explanations attempted 

Divided the number of formal explanations attempted by the 
number of SE items attempted  

Percent of informal 
explanations attempted 

Divided the number of informal explanations attempted by 
the number of SE items attempted  

Percent of formal 
explanations used 
correctly 

Divided the number of formal explanations used correctly by 
the number of formal explanations attempted.  

Percent of informal 
explanations used 
correctly 

Divided the number of informal explanations used correctly 
by the number of formal explanations attempted. 
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Data Matched to Research Question 

In order to get a better idea of which pieces of data are used to answer each research 

questions, see Table 3.5. 

 

Table 3.5 

Data Used to Measure Each Research Question.  

Research Question Data Used  
Purpose 1: Replicate the findings of the preliminary study (McGinn & Booth, under 
review). 
To what extent are students’ 
attempting to use formal and 
informal mathematics vocabulary 
when explaining their reasoning 
and to what extent are students 
making errors when using this 
language? Does this relationship 
change depending on the concept 
being described? 
 

• Workbook data 
o Variables: 

§ Overall formal attempts 
§ Overall informal attempts 
§ Overall formal correct 
§ Overall informal correct 
§ Overall formal attempts (by concept) 
§ Overall informal attempts (by concept) 
§ Overall formal correct (by concept) 
§ Overall informal correct (by concept) 

• Teacher Survey 
o Item 10 

Does the use of formal 
mathematics language while self-
explaining predict self-explanation 
proficiency compared to the use of 
informal language? 
 

• Workbook data 
o Variables: 

§ DV: Overall SE correct  
§ IV: Overall formal attempts 
§ IV: Overall informal attempts 
§ IV: Overall formal correct 
§ IV: Overall informal correct 

Does the use of formal 
mathematics language while self-
explaining predict procedural 
proficiency compared to the use of 
informal language? 
 

• Workbook data 
o Variables: 

§ DV: Overall procedural correct  
§ IV: Overall formal attempts 
§ IV: Overall informal attempts 
§ IV: Overall formal correct 
§ IV: Overall informal correct 
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Table 3.5 (continued) 

Research Question Data Used  
Purpose 2: Determine whether there are developmental effects associated with the 
use of precise mathematics vocabulary while self-explaining. 
When self-explaining, do distinct 
vocabulary use growth trajectories 
exist?  
 

• Workbook data 
o Variables: 

§ Quarter 1 – 4 formal attempts 
§ Quarter 1 – 4 informal attempts 
§ Quarter 1 – 4 formal correct 
§ Quarter 1 – 4 informal correct  

If so, is there a significant 
difference among these groups 
based on:  

 

Their ability to self-explain?  • Workbook data 
o Variables: 

§ DV: Quarter 1 – 4 SE correct 
§ IV: Quarter 1 – 4 formal attempts 
§ IV: Quarter 1 – 4 informal attempts 
§ IV: Quarter 1 – 4 formal correct 
§ IV: Quarter 1 – 4 informal correct 

 
Their ability to solve 
procedural problems? 

• Workbook data 
o Variables: 

§ DV: Quarter 1 – 4 procedural correct 
§ IV: Quarter 1 – 4 formal attempts 
§ IV: Quarter 1 – 4 informal attempts 
§ IV: Quarter 1 – 4 formal correct 
§ IV: Quarter 1 – 4 informal correct 

 
Their overall algebra 
learning?  

• Workbook data 
o Variables: 

§ IV: Quarter 1 – 4 formal attempts 
§ IV: Quarter 1 – 4 informal attempts 
§ IV: Quarter 1 – 4 formal correct 
§ IV: Quarter 1 – 4 informal correct 

• Quarterly Exam data 
o Variables: 

§ DV: Quarter 1 – 4 Exam Scores 
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Table	  3.5	  (continued)	  	  
	  
Research Question Data Used  
Purpose 3: Determine teacher-related mediating effects on students’ vocabulary use 
while self-explaining.  
To what extent does the stress 
teachers put on the use of precise 
terminology affect the likelihood 
of students attempting to use 
formal and/or informal 
terminology and of making errors 
when using this language while 
self-explaining?  

 

• Workbook data 
o Variables: 

§ Overall formal attempts 
§ Overall informal attempts 
§ Overall formal correct 
§ Overall informal correct 

• Teacher Survey 
o Items 5, 6, and 8 

To what extent does the amount of 
time spent directly teaching 
mathematics vocabulary affect the 
likelihood of students attempting 
to use formal and/or informal 
terminology and of making errors 
when using this language while 
self-explaining?  
 

• Workbook data 
o Variables: 

§ Overall formal attempts 
§ Overall informal attempts 
§ Overall formal correct 
§ Overall informal correct 

• Teacher Survey 
o Item 1 

To what extent do the instructional 
and learning strategies used by the 
teacher affect the likelihood of 
students attempting to use formal 
and/or informal terminology and of 
making errors when using this 
language while self-explaining? 

 

• Workbook data 
o Variables: 

§ Overall formal attempts 
§ Overall informal attempts 
§ Overall formal correct 
§ Overall informal correct 

• Teacher Survey 
o Items 3, 4, and 7 

To what extent does the 
assessment of vocabulary 
knowledge affect the likelihood of 
students attempting to use formal 
and/or informal terminology and of 
making errors when using this 
language while self-explaining? 

• Workbook data 
o Variables: 

§ Overall formal attempts 
§ Overall informal attempts 
§ Overall formal correct 
§ Overall informal correct 

• Teacher Survey 
o Item 9 
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Stratified Sample Selection Procedure 

Due to the high volume of incomplete worksheets, a specific procedure was used in 

order to choose a stratified sample of items and students. The goal was to determine a sample 

of students that attempted a similar number of self-explanation prompts in order to increase 

the reliability of the analysis. In order to increase the readability of this procedure, it is listed 

below: 

1. Eliminated self-explanation (SE) prompts that did not require students to reflect 
on a concept. The number of items went from 288 to 82.  

2. The data was sorted by class. The remaining steps were conducted for each of the 
13 classes of students. Note that one of the 14 original classes was eliminated 
from the study due to a substantial number of missing student workbooks.  

3. Eliminated SE prompts that were not assigned to class (0% of the class attempted 
to answer the item). 

4. Determined the percent of remaining SE prompts completed by each student. 

5. Eliminated students who completed < 50% of remaining prompts. 

6. Randomly selected 25% of students per class based on original sample size.  In 
other words, if the original class had 20 students (before eliminating those who 
completed < 50% of the prompts), 5 students were randomly selected using the 
random selection procedure within SPSS. 

7. Eliminated prompts completed by 0% of selected students. 

8. Grouped prompts by quarter based on quarterly exam date and date on worksheet.  

a. Prompts without dates or conflicting dates were eliminated. 

9. For each quarter, selected at most 10 items per class.  

a. Determined the percent of students who completed each prompt.  

b. Prompts with 100% completion were selected for analysis.  

i. If more than 10 items had 100% completion, randomly selected 10 
items from those with 100% completion.  
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c. Remaining items were randomly selected from the highest percentage 
group in order to yield a total of 10 items. 

i. For instance, if 5 prompts had 100% completion, 9 had 80% 
completion, and 2 had 60% completion, the first 5 were selected, 
and 5 of the next 9 were randomly selected, yielding a total of 10 
prompts.  

d. Some quarters did not have a total of 10 available prompts. 

i. In these cases, all of the available prompts were coded.  

1. If there were < 5 available prompts, the quarter was not 
analyzed. The score for this quarter was entered into Mplus 
as missing. This was done in order to ensure that the 
vocabulary score accurately represented students’ 
vocabulary use.  A score made up of < 5 items is not 
representative of a students’ quarterly vocabulary use.  

10. Stratified sample of students and items were coded and analyzed. See Table 3.6 
for a breakdown of selected students and items.  

 

Table 3.6 

Selected Students and Items.  
 
Class Total N  Selected N  Quarter 1 Quarter 2 Quarter 3 Quarter 4 
1 14 3 8 (8) 5 (5) 3 (0) 24 (10) 
2 21 5 3 (0) 1 (0) 37 (10) 7 (7) 
3 21 5 12 (10) 1 (0) 13 (10) 3 (0) 
4 15 4 20 (10) 10 (10) 8 (8) 0 (0) 
5 24 6 5 (5) 11 (10) 19 (10) 0 (0) 
6 25 6 20 (10) 16 (10) 16 (10) 17 (10) 
7 15 2 17 (10) 14 (10) 15 (10) 12 (10) 
8 30 8 28 (10) 16 (10) 17 (10) 15 (10) 
9 21 5 4 (0) 11 (10) 4 (0) 16 (10) 
10 20 5 10 (10) 7 (7) 23 (10) 4 (0) 
11 23 6 10 (10) 5 (5) 9 (9) 11 (10) 
12 24 6 24 (10) 6 (6) 0 (0) 10 (10) 
13 18 5 24 (10) 26 (10) 8 (8) 13 (10) 
* For each quarter, the number of “code-able” items are listed with the number of 
selected items in parenthesis.  
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Design Limitations 

 There are a number of limitations to the design of this study. The main limitation is 

the use of secondary data; the original study was not designed for the purposes of this 

dissertation. For instance, since the original purpose was not to analyze student responses to 

self-explanation prompts, all students were not required to answer the same set of self-

explanation prompts. Teachers only assigned the worksheets that were relevant to them. In 

other words, some students completed worksheets A, B, and C, while others completed 

worksheets B, D, and E. Therefore, each student’s overall and quarterly scores were 

calculated based on different items.  

 Furthermore, as mentioned above, since students were not required to complete all 

worksheet and worksheets were not graded (leaving students with a lack of motivation to 

fully complete the worksheets), many SE prompts were left unanswered. This left a 

significant proportion of missing data as seen in Table 3.6  

 Another limitation to the design of this study has to do with potential testing effects 

on the teacher surveys. Teachers were asked to self-report on their vocabulary teaching and 

evaluating strategies. Self-report can yield flawed results. We are assuming that a teacher’s 

report represents what is actually going on in the classroom, when a lot of the time the 

teacher misrepresents what is actually happening. Furthermore, the proximity of specific 

questions to others may have influenced their responses. For instance, questions 5 and 6, 

which asked teachers to reflect on their likelihood to require the use of precise language and 

their acceptance of informal explanations, may have influenced their responses to question 8, 

which asked them to grade a sample of self-explanation prompt. These limitations will be 

taken into account when interpreting the results of the following analysis.   
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CHAPTER 4 
 

RESULTS 

 

As described above, this study contains three main purposes with corresponding sub-

research questions. I will describe the results in order of purpose and research question.  

 

Purpose 1 

The first purpose of this dissertation is to replicate the findings of the preliminary 

study (McGinn & Booth, under review). This section consists of three research questions. As 

a reminder, the research questions associated with the first purpose of this study all refer to 

the students’ overall vocabulary use, not their vocabulary use during each quarter.  

 

Research Question 1a 

The first research question is: to what extent are students attempting to use formal and 

informal mathematics vocabulary when explaining their reasoning and to what extent are 

students making errors when using this language? Does this relationship change depending 

on the concept being described?  

I first determined the extent to which students attempted to use formal mathematics 

vocabulary when explaining their reasoning compared to using informal descriptions of the 

key concepts by running a paired sample t-test in SPSS between the percent of formal terms 

attempted and the percent of informal terms attempted. In order to compare students’ use of 

formal and informal terminology percentages were used, rather than the number of terms 

attempted, since each student attempted a different number of SE prompts.  
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Results indicated that there was not a significant difference between the percent of 

attempted formal explanations (M = .28, SD = .15) and the percent of attempted informal 

explanations (M = .32, SD = .14); t(65) = -1.71, p = .092. In other words, when students 

attempted to answer the SE prompts, they attempted to use formal terminology to explain the 

key concept 28% of the time and attempted to use informal explanations 32% of the time.  

While not significant, there is a trend towards the preference for informal explanations. See 

Figure 4.1 for a depiction of the results.  

I then determined the extent to which students made errors when using precise 

mathematics language compared to informal descriptions of the key concepts by running a 

second paired sample t-test in SPSS between the percent of formal explanations used 

correctly and the percent of informal explanations used correctly. As a reminder, these 

composites were calculated based on the formal/informal attempts. In others words, if a 

student attempted to use formal terminology to explain the key concepts, this variable 

represents whether or not they used it correctly. Students that did not attempt to describe the 

concept were not included in this analysis. 

Results indicate that there is a significant difference between the percent of correct 

formal explanations (M = .80, SD = .24) and the percept of correct informal explanations (M 

= .88, SD = .14); t(63) = -2.97, p = .004. In others words, when attempting to use formal 

terminology to explain the key concept, students used it correctly 80% of the time, while 

students who attempted to use informal terminology to explain the key concept used it 

correctly 88% of the time. Note that only 64 of the 66 students were included in this analysis; 

two students were dropped because they did not attempt to use any formal explanations 

throughout the entire school year. See Figure 4.1 for a depiction of the results. 
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Figure 4.1. Paired-sample t-test. 

 

These findings are not only consistent with the preliminary study (McGinn & Booth, 

under review), they confirm the assumption held by many teachers and researchers that 

students make errors when using precise mathematics terminology (Monroe & Orme, 2002; 

Rubenstein, 2007; Shuard & Rothery, 1984; Vacca & Vacca, 1996; Zazkis, 2000). As 

previously mentioned, teachers were asked to comment on the difficulties their students 

encounter when attempting to use mathematics terminology. One teacher noted, “The recall 

of words is frustrating. Students will usually attempt to explain the concept definition rather 

than using the word itself.” Interestingly, the overall pattern of results suggests that students 

do not seem to attempt to use a significant larger percentage of informal expressions. 

Consistent with the overall results, for the students analyzed from this particular teacher’s 
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class, formal descriptions were used 22% of the time and informal descriptions were used 

34% of the time (p = .158). 

I also determined the relationship between formal and informal terms by concept. In 

other words, I determined if this relationship differed depending on the concept the students 

were asked to explain. For instance, student may be more likely to use the formal 

terminology when describing the concept variable, but less likely when asked to describe the 

concept coefficient. I ran a series of paired-sample t-tests for each of the target concepts 

between the percent of attempts to use formal and informal phrases. I was unable to run 

paired-sample t-tests between the percentage of formal and informal phrases used correctly 

because students tended to use either formal or informal explanations, therefore they 

technically had “missing data” for the type of explanation they did not attempt to use and 

were dropped from the analysis, producing invalid results. Instead, I report the mean score 

for formal and informal phrases used correctly and discussed emerging trends. See Table 4.1 

for results.   

The second column of the table depicts the number of students who attempted a SE 

prompt that required the description of the specific concept. For instance, in the first row, 47 

of the 66 students attempted to answer a prompt that required a description of the concept 

simplest form. For that row, the next column represents the percent of students who 

attempted to use a formal description of simplest form (40%), followed by the percent of 

students who attempted to use an informal description of simplest form (55%). While not 

reported, the remaining students (5%) did not attempt to describe simplest form in any 

capacity. The fourth column indicates the p value for the t-test between formal and informal 

attempts. The last two columns represent the percentage of explanations used correctly. For 
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example, of the 40% of students who attempted to use formal phrases, 98% were used 

correctly. Furthermore, of the 55% of students who attempted to use an informal description, 

91% were used correctly.  

 The results from this analysis were broken into three categories: concepts that yielded 

a non-significant difference between formal and informal attempts, concepts that yielded 

trending or significant favor for formal expressions, and concepts that yielded trending or 

significant favor for informal expressions. Each category is also made up of a few subsets.  

The first category consists of concepts that had a similar percentage of formal and 

informal attempts. The first subset contains those that also had a similar percentage of correct 

formal and informal uses (simplest form, like terms, symmetrical parabola, point, equation, 

greatest common factor, square root, substitution, factoring, zero-product property, isolate, 

place value, parenthesis, exponent, and distributive property). The second subcategory that 

emerged are those that had a similar percentage of formal and informal attempts, however 

students tended to use the formal expression correctly more often than the informal. These 

concepts were growth rate, y-axis, irrational number and expression. The third subcategory 

is the opposite of the second; those that had a similar percentage of formal and informal 

attempts, however students tended to use the informal expression correctly more often than 

the formal. These concepts were property of equality, reciprocal, x and y coordinate, and 

growth or decay function.  
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Table 4.1 

Comparison of Formal and Informal Phrases by Key Concept. 

Concept N Formal 
Attempt 

Informal 
Attempt p Formal 

Correct 
Informal 
Correct 

Non-significant difference in attempts  
Symmetrical Parabola 21 .24 .36 .424 1.000 1.000 
Equation 16 .28 .22 .652 1.000 1.000 
Substitution 16 .06 .19 .333 1.000 1.000 
Factoring 14 .14 .43 .165 1.000 1.000 
Zero Product Property 13 .46 .15 .165 1.000 1.000 
Isolate 13 .08 .19 .387 1.000 1.000 
Simplest Form 47 .40 .55 .137 .977 .909 
Like terms 59 .38 .34 .680 .932 .905 
Greatest Common Factor 20 .30 .25 .772 .833 .80 
Square Root 21 .36 .14 .154 .833 .800 
Exponent 62 .29 .33 .572 .294 .331 
Distributive Property 66 .11 .10 .674 .103 .102 
Point 10 .20 .00 .168 .500 --- 
Place Value 16 .00 .06 .333 --- 1.000 
Parenthesis 5 .00 .20 .374 --- 1.000 
Property of Equality 18 .17 .50 .108 .625 1.000 
Reciprocal 42 .24 .31 .438 .533 .722 
x/y coordinate 54 .29 .35 .519 .778 .913 
Grow/decay function 5 .40 .20 .621 .500 1.000 
Growth Rate 14 .21 .21 1 1.00 .769 
Y- axis 27 .35 .24 .376 .857 .458 
Irrational Number  15 .40 .13 .164 .833 .000 
Expression 4 .25 .50 .638 1.000 .500 
Attempted to use formal expression more often 
Absolute Value 30 .47 .13 .016** .929 1.000 
Vertex 3 1 .00 .078* .000 --- 
Y-intercept 16 .56 .00 .001** .458 --- 
Axis of Symmetry 4 .75 .00 .014** .000 --- 
Negative Sign 29 .50 .00 .000** .867 --- 
Undefined vs. zero 11 .36 .00 .038** 1.000 --- 
Operation 48 .15 .06 .050** .733 .900 
Intersect 38 .63 .14 .000** .759 1.000 
Common Denominator 19 .43 .08 .015** .600 .000 
Attempted to use informal expression more often 
Inverse Operation 35 .09 .47 .000** 1.000 1.000 
Eliminate 33 .09 .42 .004** 1.000 .938 
Commutative Property 20 .10 .53 .011** 1.000 1.000 
Coefficient 42 .10 .66 .000** .889 .907 
Variable  28 .07 .29 .056* .750 .750 
Division 8 .00 .88 .000** --- 1.000 
Growth Factor 22 .14 .60 .009** 1.000 .769 
Order of Operations 40 .01 .16 .009** 1.000 .750 
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 The third category of concepts consists of those that were described informal more 

often. There are two subsets within this category. The first are concepts that were described 

informally more often, but there did not seem to be a difference in the likelihood they would 

be used correctly compared to the formal expression (coefficient, inverse operation, 

eliminate, variable, and commutative property). The second subset is made up of two 

concepts (growth factor and order of operations). These two concepts were described 

informally more often, but were more likely to be used correctly when described formally.   

It is important to note that many of the concepts were only explained by small 

number of students, therefore while it may seem that the mean scores for percent of attempts 

were substantially different, the t-test was not significant. It is important to take this into 

account when interpreting the results. Based on this initial analysis, it seems that there are a 

set of concepts that students may benefit from describing formally (growth rate, y-axis, 

irrational number, expression, undefined and zero slope, vertex, negative sign, axis of 

symmetry, y-intercept, common denominator, growth factor and order of operations). With 

all of the other concepts, it either doesn’t make a difference which type of description is used 

(simplest form, like terms, symmetrical parabola, point, equation, greatest common factor, 

square root, substitution, factoring, zero-product property, isolate, place value, parenthesis, 

exponent, and distributive property) or it is more beneficial to use an informal explanation 

(property of equality, reciprocal, x and y coordinate, growth or decay function, absolute 

value, operation, intersect, absolute value, operation, intersect, coefficient, inverse 

operation, eliminate, variable, and commutative property).  
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Finally, the following open-ended teacher survey item is associated with this research 

question:  

1. Please list some common issues/concerns that arise in your classroom when it 
comes to students’ mathematics vocabulary use? For example, ‘my students often 
confuse the meaning of coefficient and constant.’ 

 
See Table 4.2 for a list of teacher concerns. Connections between the observed errors and 

teacher concerns will be described below.   

While many of the described difficulties were not made evident in this analysis, those 

that were will be described. One teacher commented that for her students “basic operation 

vocabulary is often confused.” Interestingly, this observation was confirmed by this analysis. 

Results indicate that students were more likely to attempt to describe an operation informally 

(49%) compared to formally (9%); furthermore, whichever strategy they choose to use, they 

tended to use it correctly. Formal expressions of the concept operation include addition, 

subtraction, multiplication, and division. Informal expressions of operation include phrases 

such as putting together and taking away. It would seem that students are more comfortable 

using informal language to describe this concept; as the teacher suggested, students may be 

confused with the formal terminology surrounding the concept operation, and therefore 

choose to describe it informally.  

Another teacher noted the difficulties his/her students had with the vocabulary 

surrounding growth and decay functions. Results indicate that students are more likely to use 

the formal expression correctly when describing growth rate and factor. For instance, when 

describing growth factor, students often incorrectly described the concept by saying it meant 

the number is doubled. This is an example of an incorrect informal description.  
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Table 4.2 

Teacher Concerns about Mathematic Vocabulary.  

Concern Teacher Quotes  
Application of 
Terms  

“Sometimes students can learn a definition, but still not know how it 
applies to the grand scheme of mathematics. For instance, they know 
that slope describes the rate of change of a line. However applying that 
to context and realizing that means Jack was paid $10.00 per hour is 
still often a struggle.” 
 

Tendency to 
use informal 
language rather 
than formal 

“The recall of words is frustrating. Students will usually attempt to 
explain the concept definition rather than using the word itself.” 
 

Solving vs. 
Simplifying   

“What does it mean to solve? Find the value(s) of the variable that 
make equation true. What does it mean to simplify? Write in most 
efficient format. These occur a lot in Algebra I when I ask a student to 
simplify an expression like 5x + 3 + 4x -7 and they will answer x =5 by 
simplifying 9x -4 into x=5.” 

Factoring  “My students struggle to understand the difference between factor as a 
verb and as a noun.” 
 
“expanded form/factored form” 

Linear 
Equations 

“They also sometimes use "y-intercept form" when they should say 
"slope-intercept form".” 
 
“My students confuse the different forms of equations (slope-intercept 
form, point-slope form, etc.).” 
 
“Students struggle with y = mx + b form in trying to determine the 
slope and constant.” 
 
“Zero versus undefined” 
 
“They also have a difficult time with the word intercept, be it the x or y 
intercept.” 

Operations  “Basic operation vocabulary is often confused. "Is that a minus sign or 
a negative sign?" "Does that mean subtract or minus?" "I am minus-ing 
three"” 
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Table 4.2 (continued) 

Concern Teacher Quotes  
Quadratics “The meaning of quadratic relationships fully escapes many of my 

students, they can draw a quadratic, but they cannot verbalize WHAT it 
is.” 
 
“Quadratic vocab in its many forms can really be problematic when 
they try to determine standard form vs. vertex form.” 

Inequality  “Symbols of Inequality” 
 
“At most versus at least” 

Exponential 
Functions  

“Growth Rate/Growth Factor; Decay Rate/Decay Factor” 

Fractions and 
Decimals  

“They struggle with fractions to decimal and percent forms and vice 
versa” 

 

 

Research Question 1b 

The second research question is: Does the use of formal mathematics language while 

self-explaining predict self-explanation proficiency compared to the use of informal 

language? Before beginning this analysis, I determined whether a significant portion of the 

variance in students’ SE scores is between classes in order to determine if multilevel 

regression (MLR) should be used, rather than an OLS regression since this dissertation data 

consists of 13 classes.  

In order to determine if MLR was necessary, I ran a two-level basic analysis within 

Mplus in order to determine the intra-class correlation (ICC), which represents the percent of 

variance in self-explanation scores that is between classrooms. The ICC (0.278) was then 

used to estimate the design effect (2.133; average cluster size = 5.077), which determines if 

MLR is necessary. According to Muthen and Satorra (1995), MLR should be used if the 

design effect is greater than 2, therefore I will continue with the use of MLR within Mplus to 
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answer this research question.  

I started by running an intercept-only model in order to estimate the ICC for the 

dependent variable only (SE scores). I then ran a one-way random effect ANOVA model 

with student vocabulary scores at level-1 and classroom as the cluster variable, followed by a 

similar one-way random effects ANOVA, adding gender, prior knowledge (determined by 

students’ Start of Year Exam scores) and minority status as level 1 predictors. See Table 4.3 

for a comparison of these models. Model 2 is the best fit accounting for 88% of the variance 

in scores, with the larges ICCs and the smallest BICs and AICs. All four vocabulary 

variables predict SE scores.  

 

Research Question 1c 

The third research question is: Does the use of formal mathematics language while 

self-explaining predict procedural proficiency compared to the use of informal language? 

Before beginning this analysis, I determined whether a significant portion of the variance in 

students’ procedural scores is between classes in order to determine if multilevel regression 

(MLR) should be used, rather than an OLS regression. In order to determine if MLR was 

necessary, I ran a two-level basic analysis within Mplus in order to determine the intra-class 

correlation (ICC), which represents the percent of variance in self-explanation scores that is 

between classrooms. The ICC (0.114) was then used to estimate the design effect (1.465; 

average cluster size = 5.077), which determines if MLR is necessary. According to Muthen 

and Satorra (1995) MLR should be used if the design effect is greater than 2, therefore MLR 

is not necessary, however I still used it in order to be consistent with the analysis conducted 

for research question 1b. 
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Similarly to the SE model, I started by running an intercept-only model in order to 

estimate the ICC for the dependent variable only (procedural scores). I then ran a one-way 

random effect ANOVA model with student vocabulary scores at level-1 and classroom as the 

cluster variable, followed by a another one-way random effects ANOVA adding gender, 

prior knowledge (determined by students’ Start of Year Exam scores), and minority status as 

level 1 predictors. See Table 4.4 for a comparison of these models. 

Model 3 is the best fit accounting for 54% of the variance in scores, with the largest 

ICCs. Unlike SE scores, it seems that of the vocabulary variables, attempting to describe the 

concept (whether formally or informally) and using informal expressions correctly accounts 

for a significant proportion of the variance; prior knowledge and gender also account for a 

significant proportion of the variance.  
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Table 4.3. 

Multilevel Models of SE Scores on Vocabulary Predictors.  

 Model 1 Model 2 Model 3 
  Intercept-only One-way Random 

Effects ANOVA 
Model 

One-way Random 
Effects ANOVA 
Model (with 
covariates) 

Student-level     
Formal Attempt   0.765*** 0.0679*** 

(0.075) (0.063) 
Formal Correct   0.150*** 0.158*** 

(0.022) (0.020) 
Informal Attempt    0.708*** 0.589*** 

(0.055) (0.045) 
Informal Correct   0.294*** 0.299*** 

(0.045) (0.042) 
Prior Knowledge 
(SOY) 

  0.223*** 
  (0.064) 

Gender    -0.007 
  (0.015) 

Minority Status   -0.001 
  (0.015) 

Intercept    -0.315*** -0.387*** 
(0.044) (0.047) 

 Residuals       
Student-level 0.023*** 0.003*** 0.003*** 
Class-level 0.009 0.002** 0.001** 
ICC 0.278 0.049 0.038 
R2   0.881 0.889 
BIC -36.286 -137.196 -122.356 
AIC -42.854 -152.308 -142.961 
     * p < .10  
  ** p < .05  
*** p < .001 
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Table 4.4 

Multilevel Model of Procedural Scores on Vocabulary Predictors.  

 Model 1 Model 2 Model 3 
  Intercept-only One-way Random 

Effects ANOVA 
Model 

One-way Random 
Effects ANOVA 
Model (with 
covariates) 

Student-level     
Formal Attempt   0.439** 0.396** 

(0.200) (0.186) 
Formal Correct   0.006 0.003 

(0.081) (0.075) 
Informal Attempt   0.612*** 0.361** 

(0.121) (0.168) 
Informal Correct   0.261* 0.289** 

(0.146) (0.113) 
Prior Knowledge 
(SOY) 

  0.574*** 
  (0.118) 

Gender    -0.067** 
  (0.025) 

Minority Status    0.017 
  (0.036) 

 
Intercept .600*** 

(0.29) 
0.045 -0.185* 
(0.136) (0.109) 

 Residuals      
Student-level 0.031*** 0.022*** 0.016*** 
Class-level 0.004 0.003 0.005 
ICC 0.114 0.095 0.121 
R2   0.348 0.543 
BIC -22.317 -26.516 -25.415 
AIC -28.886 -41.628 -46.019 
    * p < .10  
  ** p < .05  
*** p < .001 
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Purpose 2 

The second purpose of this study is to determine whether there are developmental 

effects associated with the use of precise mathematics vocabulary while self-explaining. 

There are two research questions associated with this purpose. For this analysis, I will apply 

growth mixture modeling (GMM) using Mplus 7.2 software. Before describing the analysis 

and results for each question, I will discuss the advantages of using growth curve modeling 

and specially the advantages of growth mixture modeling, as well as the criteria that must be 

met in order to use this method. 

First, growth curve modeling (GCM) has more statistical power compared to linear 

models, such as multiple regression, therefore a smaller sample size is sufficient. Second, 

GCM can easily handle missing data. During this study, many students did not attempt to 

answer certain items; the use of full information maximum likelihood (FIML) within Mplus 

will control for this limitation. Third, GCM can estimate nonlinear growth patterns.  

For this study, I will specifically use growth mixture modeling (GMM), which allows 

for the identification of subgroups, or classes, within the larger sample. In other words, 

GMM allows for the identification of subgroups so that students within a group have more 

similar growth trajectories than students between groups. Traditional GCM assumes that one 

growth trajectory can adequately represent the entire sample. However, based on my 

theoretical framework, OWT, distinct subgroups of students potentially exist. For instance, 

one group of students may initially attempt to use a large number of informal vocabulary 

terms and gradually decline in use, while another group may attempt to use a small number 

of informal vocabulary terms throughout the entire school year.  Understanding these 

different patterns is essential when attempting to answer the research questions. 
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A few criteria must be met in order to use GCM. First, the data must be longitudinal 

in nature- this study measured the same set of students throughout the school year. Second, 

the same dependent variables must be used at each time point; this study measured self-

explanation ability, procedural knowledge, and overall algebra learning (through the 

quarterly exams) throughout the school year. Finally, in order to use GCM, at least three time 

points must be used- this study uses four.  

 

Research Question 2a 

The first research question within the second purpose is: When self-explaining, do 

distinct vocabulary use growth trajectories exist? For each vocabulary predictor, I first ran a 

single-class model in order to determine the most appropriate change function (linear, 

quadratic or cubic). All factors were fixed at zero. A variety of combinations of fixed and 

random slope and intercepts were estimated, however fixing factors at zero allowed for 

successful convergence. FIML was used as the estimation method in order to handle missing 

data.  

After running several single-class models, using different change functions, the best-

fit model was chosen to use in order to determine if latent classes exist. There are multiple 

methods used to determine the best-fit change function. I used Chi Square, Root Mean 

Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual 

(SRMR), Bayesian (BIC) and Akaike (AIC). A significant Chi Square p-value indicates a 

significant discrepancy between the model and the data (Geiser, 2010), therefore a p-value 

greater than .05 indicates a good-fit model. RMSEA takes into account the number of 

estimated parameters; values less than .05 indicate good-fit (Geiser, 2010). SRMR represents 
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the average values across all standardized residuals; values less than .05 indicate good fit 

(Geiser, 2010). Finally, BIC and AIC are used to compare models; the model with the 

smallest value is the better-fit (Geiser, 2010).   

Next, I determined if distinct growth trajectories existed within the best-fit change 

function model. RMSEA, SRMR, BIC and AIC values were again used to determine fit. In 

addition, the Vuong-Lo-Mendell-Rubin test (VLMR) and bootstrap likelihood ratio test 

(BLRT) were also used. These tests determine if there is a significant difference between a 

model with G classes and a model with G-1 classes, therefore a p-value < .05 indicated good 

fit (Jung & Wickrama, 2008). A high entropy value (near 1), which measures the quality of 

classification, is another indicator of good fit (Geiser, 2010).  It is also suggested to not 

choose a model if a class sample is less than 1% of the total sample (Geiser, 2010). Finally, 

posterior probabilities should be high (near 1); this is a measure of the probability that 

students actually belong to the class in which they were assigned (Jung & Wickrama, 2008). 

It is suggested to not solely use these tests, but also base the decision on theory and 

successful convergence (Jung & Wickrama, 2008). It is suggested that if the results are 

replicated using the best loglikelihood value, local solutions were most likely not found and 

convergence was successful (Jung & Wickrama, 2008).  

 

Formal Attempts 

See Table 4.5 for fit statistics and Figure 4.2 for visuals of formal attempt single-class 

models. Based on the goodness-of-fit parameters, a quadratic model was used to determine 

the number of latent classes. See Table 4.6 for LCGM results. Based on the described criteria 

for goodness-of-fit, a 2- class model is the best fit for this set of data. The best loglikelihood 
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value was replicated, indicating successful convergence. A random-intercept two-class model 

was also tested (BIC = -75.626; AIC = -101.902), however a fixed intercept is a better fit.  

Based on the 2-class quadratic model, about two-thirds of the sample attempted to use 

formal expressions 40% of the time throughout the entire school year. The remaining one-

third of the sample started the year attempting to use formal expressions about 25% of the 

time, dipping in attempts during the 2nd and 3rd quarters, and finally ended again at about 

25%. See Table 4.7 for model estimates and Figure 4.3 for a depiction the latent classes. 

 

Table 4.5 

Fit Statistics for Single-Class Formal Attempt Models (N=66) 
 
Model of 
Change  

BIC CFI TLI RMSEA SRMR x2 df AIC 

Criteria for Good-
Fit  

Smallest  >.95 >.95  <.05   <.05  p >.05             Smallest  

Intercept-only -53.894 .000 -.199 .239  .282 .000 9 -64.842 
Linear  -50.026 .000 -.375 .256  .283 .000 8 -63.164 
Quadratic -63.563 .053 .188 .197  .220 .0008 7 -78.891 
Cubic -59.374 .000 .000 .218 .220 .004 6 -76.891 
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Figure 4.2. Graphs of single-class formal attempt models 

 

Table 4.6 

Formal Attempt Quadratic LCGMs 

  Criteria 
for good 
fit 

1 Class Model 2 Class Model 3 Class Model  

x2 >.05  .0008     
RMSEA <.06 .197     
SRMR <.10 .220     
BIC smallest -63.563 -79.714 -68.223 
AIC smallest -78.891 -114.344 -101.068 
VLMR <.05   .008 .589 
BLRT <.05   .000 .375 
Entropy Near 1; 

>.01 
  .782 .672 

Posterior 
Probabilities  
  

>.01   .629 .343 
    .371 .310 
      .347 

Proportions 
for Latent 
Class 

Near 1   .953 .790 
    .903 .877 
      .871 

Intercept	  Only	   	   	   Linear	  

	  
	  
Quadratic	   	   	   	   Cubic	  	  
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Table 4.7 

Formal Attempt Two-Class Quadratic Model. 

 Class 1 Class 2 
N 41 25 
Quarter 1 .403 .263 
Quarter 2 .435 .094 
Quarter 3 .376 .086 
Quarter 4 .407 .257 
Intercept  .270** .405** 
Linear Slope -.263** -.003 
Quadratic Slope .086** -.001 
  * p < .05 
** p < .001 
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Figure 4.3. Formal attempt two-class quadratic model.   

Class	  1	  
	  

	  
	  
Class	  2	  

	  
	  
Overall	  
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Informal Attempts  

See Table 4.8 for fit statistics and Figure 4.4 for visuals of the informal attempt 

single-class models. Based on the goodness-of-fit parameter, a cubic model was used to 

determine latent classes. See Table 4.9 for LCGM results. Based on the described criteria for 

goodness-of-fit, a three-class cubic model is the best fit for this set of data.  The best 

loglikelihood value was replicated. A random-intercept three-class model was also tested 

(BIC = -50.315; AIC = -91.919), however a fixed-intercept model is a better fit. 

Based on the three-class cubic model, it seems that the majority of the sample attempt 

to use informal expressions consistently throughout the school year; one group attempts them 

about 25% of the time, while the other group attempts to use them about 45% of the time. A 

small portion of the sample has a spike in informal attempts during the second quarter. See 

Table 4.10 for model estimates and Figure 4.5 for a depiction of the latent classes. 

 

Table 4.8 

Fit Statistics for Single-Class Informal Attempt Models (N=66) 
 
Model of 
Change  

BIC CFI TLI RMSEA SRMR x2 df AIC 

Criteria for Good-
Fit  

Smallest  >.95 >.95 <.05 <.05 >.05  smallest 

Intercept-only -48.447 .000 -.518 .156 .194 .005 9 -59.395 
Linear  -44.345 .000 -.816 .170 .194 .003 8 -57.483 
Quadratic -47.719 .000 -.186 .138 .155 .027 7 -63.047 
Cubic  -46.962 .000 .000 .126 .132 .055 6 -64.479 
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Figure 4.4. Graphs for single-class informal attempt models. 
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Table 4.9 

Informal Attempt Cubic LCGMs 

  Criteria for 
good fit 

1 Class 
Model 

2 Class 
Model 

3 Class 
Model  

4 Class 
Model  

x2 >.05  .055      
RMSEA <.06 .126      
SRMR <.10 .132      
BIC smallest -46.962 -53.718 -55.038 -42.399 
AIC smallest -64.479 -83.184 -94.454 -92.761 
LMR <.05   .001 .126  
BLRT <.05   .000 .000  
Entropy Near 1;    .870  .718 .724 

>.01  
Posterior 
Probabilities  
  
  

Near 1   .999 .846 .900 
    .962 .846 .802 
      1.00 .786 

     1.00 
Proportions 
for Latent 
Class 
  
  

>.01   .106 .515 .197 
    .894 .379 .258 
      .106 .439 

     .106 
 

Table 4.10 

Informal Attempt Three-Class Cubic Model. 

 Class 1 Class 2 Class 3 
N 34 25 7 
Quarter 1 .218 .364 .235 
Quarter 2 .217 .451 1.00 
Quarter 3 .276 .404 .258 
Quarter 4 .175 .512 .060 
Intercept  .237** .346** .241** 
Linear Slope -.125 .310* 2.180** 
Quadratic Slope .150 -.260 -1.766** 
Cubic Slope -.038 .058 .340** 
  * p < .05 
** p < .001 

   

 



	  

100	  

 

Figure 4.5. Informal attempt three-class cubic model 

Class	  1	  

	  
	  
Class	  2	  

	  
	  
Class	  3	  

	  
	  
Overall	  
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Formal Correct 

See Table 4.11 for fit statistics and Figure 4.6 for visuals of the formal correct single-

class models. Based on the goodness-of-fit parameters, a quadratic model was used to 

determine latent classes. See Table 4.12 for LCGM results. Based on the described criteria 

for goodness-of-fit, a two-class model is the best fit for this set of data. The three-class was 

not used because the best loglikelihood value was not replicated, therefore the solution may 

not be trustworthy due to local maxima. The number of random starts was increased, 

however results were the same. With the two-class model, the best loglikelihood value was 

replicated, indicating successful convergence. A random-intercept two-class model was also 

tested, however the latent variable covariance matric in both class 1 and 2 were not positive 

definite.  

Based on the two-class quadratic model, it seems as if the majority of students tend to 

drop during the 2nd and 3rd quarter, using less formal expressions correctly. While a small 

percentage of students tend to rise during the 2nd and 3rd quarters, using more formal 

expressions correctly. See Table 4.13 for model estimates and Figure 4.7 for a depiction of 

latent classes. 

 

Table 4.11 

Fit Statistics for Single-Class Formal Correct Models  
 

Model of 
Change  BIC CFI TLI RMSEA SRMR x2 df AIC 

Criteria for  
Good-Fit Smallest >.95 >.95 <.05 <.05 >.05  Smallest 
Intercept-
only 85.384 .000 1.00 .039 .232 .360 9 74.59 
Linear  86.764 1.00 1.00 .000 .227 .525 8 73.81 
Quadratic 89.633 1.00 1.00 .000 .216 .506 7 74.52 
Cubic 93.278 1.00 1.00 .000 .221 .506 6 76.01 
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Figure 4.6. Graphs for single-class formal correct models. 

 

Table 4.12 

Formal Correct Quadratic LCGMs 

  Criteria for  
good-fit 1 Class Model 2 Class Model 3 Class Model  

x2 >.05  .506     
RMSEA <.06 0     

SRMR <.10 .216     
BIC smallest 89.633 71.258 61.474 
AIC smallest 74.52 47.51 29.091 

VLMR <.05   .1273 .176 
BLRT <.05   .000 .000 

Entropy 
Near 1;  

  .902 .901 >.01 
Posterior 

Probabilities  
  
  

Near 1   .993 .983 
    .898 .988 
      .950 

Proportions 
for Latent 

Class 
  
  

>.01   .797 .093 
    .203 .734 

      .172 

 

	  	  Intercept	  Only	   	   	   Linear	  

	  
	  
Quadratic	   	   	   	   Cubic	  
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Table 4.13 

Formal Correct Two-Class Quadratic Model. 

 Class 1 Class 2 
N 51 13 
Quarter 1 .903 .643 
Quarter 2 .739 .852 
Quarter 3 .776 .808 
Quarter 4 .814 .600 
Intercept  .915** .451** 
Linear Slope -.260** .687** 
Quadratic Slope .089** -.251** 
  * p < .05 
** p < .001 
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Figure 4.7. Formal correct two-class quadratic model 
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Informal Correct  

See Table 4.14 for fit statistics and Figure 4.8 for visuals of the informal correct 

single-class models. While an intercept-only model seems to be the best-fit, a linear model 

was used to determine latent class based on theory, since it is believed that vocabulary use 

will change over time. See Table 4.15 for LCGM results. Based on the described criteria for 

goodness-of-fit, a three-class linear model is the best fit for this set of data. The four-class 

model was not used because the standard errors of the model parameter estimates may not be 

trustworthy due to a non-positive definite first-order derivative product matrix; this was 

found even after increasing the start value. With the three-class model, the best loglikelihood 

value was replicated. A random-intercept three-class linear model was also tested for fit, 

however the latent variable covariance matric in both class 1 and 2 were not positive definite.  

Based on the three-class linear model, it seems as if the majority of students 

consistently use informal expressions correctly about 90% of the time throughout the entire 

school year. A small percentage of students start by using informal expression correctly 

about 75% of the time and end by using them correctly about 93% of the time and a third 

group begins by using informal expressions correctly only 12% of the time and end by using 

them correctly 83% of the time. See Table 4.16 for model estimates and Figure 4.9 for a 

depiction of latent classes. 
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Table 4.14 

Fit Statistics for Single-Class Informal Correct Models  
 

Model of 
Change  BIC CFI TLI RMSEA SRMR x2 df AIC 

Criteria for  
Good-Fit Smallest >.95 >.95 <.05 <.05 >.05  Smallest 
Intercept-
only -9.436 1.00 1.00 .000 .121 .736 9 -20.38 
Linear  -5.420 1.00 1.00 .000 .123 .515 8 -18.55 
Quadratic -3.044 1.00 1.00 .000 .115 .614 7 -18.37 
Cubic -.679 1.00 1.00 .000 .103 .736 6 -18.20 
 

 

 

Figure 4.8. Graphs for single-class informal correct models. 
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Table 4.15 

Informal Correct Linear LCGMs. 

  Criteria for  
Good-fit 1 Class Model 2 Class Model 3 Class Model  

x2 >.05  .515     
RMSEA <.06 .000     
SRMR <.05 .123     
BIC smallest -5.420 -27.259 -51.429 
AIC smallest -18.55 -46.965 -77.705 
LMR <.05   .268 .620 
BLRT <.05   .000 .000 

Entropy Near 1    .621 .897 

Posterior 
Probabilities  
  
  

Near 1   .877 .952 
    .905 1.000 
      1.000 

Proportions 
for Latent 
Class 

>.01   .833 .833 
    .167 .136 

      .030 
 

 

Table 4.16 

Informal Correct Three-Class Linear Model. 

 Class 1 Class 2 Class 3 
N 55 9 2 
Quarter 1 1.00 .724 .125 
Quarter 2 .885 .944 1.00 
Quarter 3 .842 .759 .500 
Quarter 4 .912 .933 .833 
Intercept  .998** .726** .135 
Linear Slope .040** .027* .252** 
  * p < .05 
** p < .001 
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Figure 4.9. Informal correct three-class linear model. 
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Formal and Informal Attempt Groups  

 The purpose of this study is to determine the relationship between the use of formal 

and informal expressions. In order to do this, groups of students were created for each 

formal/informal growth trajectory combination. For instance, students from formal attempt 

class 1 and informal attempt class 1 become one group, while students from formal attempt 

class 1 and informal attempt class 2 become a second. Six new groups were created. See 

Table 4.17 and Figure 4.10 for a breakdown of the new Formal/Informal Attempt groups. 

Note that the mean vocabulary attempt scores used are based on these new subgroups, rather 

than original LCGM estimates. As seen in the chart, the majority of students fall into groups 

1, 4, and 5, representing 24%, 27%, and 26% of the sample.  

 

Table 4.17 

Formal/Informal Attempt Groups 

Overall 
Attempt 
Groups 

LCGM 
Formal 

Attempt 
Classes 

LCGM 
Informal 
Attempt 
Classes N 

Quarter 
1* 

Quarter 
2* 

Quarter 
3* 

Quarter 
4* 

1 1 1 16 
.400 .456 .357 .421 
.310 .324 .354 .225 

2 1 2 8 
.450 .402 .474 .380 
.264 .289 .246 .260 

3 1 3 1 
.100 .500 .125 .400 
.400 .300 .250 .300 

4 2 1 18 
.318 .125 .124 .236 
.328 .386 .284 .434 

5 2 2 17 
.180 .081 .037 .254 
.242 .530 .310 .186 

6 2 3 6 
.283 .050 .063 .289 
.167 .439 .532 .332 

* Percent of formal attempts listed above percent of informal attempts for each class 
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Figure 4.10. Formal/Informal Attempt Groups  
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Formal and Informal Correct Groups  

 The same procedure was used to create distinct groups for expressions used correctly. 

Similar to the previous set, six new groups were created. See Table 4.18 and Figure 4.11 for 

a breakdown of new Formal/Informal Correct groups. Note that the mean correct scores used 

are based on these new subgroups, rather than original LCGM estimates. In addition, this 

grouping is based on 64 students, rather than 66 because 2 students did not use any formal 

expressions throughout the entire school year. As seen in the chart, the majority of students 

fall into group 1, representing 69% of the sample. Only one student fell into group 6. This 

student did not attempt to explain the concepts for a majority of the school year. Due to the 

amount of missing data, this student’s graph is not depicted below.  

 

Table 4.18 

Formal/Informal Correct Groups 

Overall 
Correct 
Groups 

LCGM 
Formal 
Correct 
Classes 

LCGM 
Informal 

Correct 
Classes N 

Quarter 
1* 

Quarter 
2* 

Quarter 
3* 

Quarter 
4* 

1 1 1 44 
.922 .712 .810 .935 
1.00 .811 .953 .953 

2 1 2 6 
.900 .554 .667 1.00 
.703 1.00 1.00 1.00 

3 1 3 1 
1.00 .800 1.00 1.00 
.25 1.00 .500 .667 

4 2 1 9 
.318 .125 .124 .236 
.328 .386 .284 .434 

5 2 2 3 
.500 .833 1.00 .500 
.767 .833 .250 .667 

6 2 3 1 
.000   .500 
.000 1.00  1.00 

* Percent of formal correct listed above percent of informal correct for each class 

 



	  

112	  

 

 

Figure 4.11. Formal/Informal Correct Groups  
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Research Question 2b 

The second research question is: If distinct classes exist, is there a significant 

difference among these groups based on their ability to self-explain, their ability to solve 

procedural problems, and their overall algebra learning? 

As seen above, six distinct groups of students exist for both students’ attempts to 

explain a concept and the correctness of their explanations. I ran a repeated-measure 

MANOVA for each category, using group assignments as the grouping variable and the four 

self-explanation, procedural, and quarterly exam summary scores at each quarter (quarters 1 

through 4) as the dependent variables. As mentioned before, worksheet-based self-

explanation scores and procedural scores, and quarterly exam-based conceptual and 

procedural scores were all measured at four times points throughout the school year. Only 

between-class effects are reported since the purpose of this research question is to determine 

group differences, rather than growth in algebra scores over time. In addition, groups made 

up of only one student were eliminated from this analysis in order to run post-hoc analyses. 

Finally, due to a large amount of missing data, each algebra outcome variable was run 

separately in order to increase the sample size for each analysis.  

 

Formal and Informal Attempt Groups  

Tests of Between-Subject Effects found significant or substantial differences for all 

four algebra variables. See Table 4.15 for results and Figure 4.12 for a depiction of each 

dependent variable growth pattern.  

Based on this analysis, group 2 tends to outperform the other groups on all algebra 

measures. See the post-hoc results in Table 4.19 for exact significant differences. Group 2 is 
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made up of those students who consistently attempted to use both formal and informal 

expressions throughout the entire school year. There are not major dips or increases of 

attempts during any quarter. Furthermore, students in this group attempt to use formal 

expressions more often than informal.  

 

Table 4.19 

Formal and Informal Attempt Repeated-Measures MANOVA with Post-Hoc Results 

 Group 1 Group 2 Group 4 Group 5 Group 6   

 N M 
(SD) N M 

(SD) N M 
(SD) N M 

(SD) N M 
(SD) 

F  
(df, e) p Partia

l η2 Tukey’s HSD 

Worksheet-Based 
SE 4 .675 

(.170) 
4 .625 

(.150) 
6 .661 

(.136) 
10 .378 

(.200) 
4 .450 

(.100) 
8.027 
(4, 23) 

.000 .598 1, 2  > 5 

Proc 5 .694 
(.190) 

5 .886 
(.111) 

6 .635 
(.183) 

9 .602 
(.213) 

4 .700 
(.260) 

2.644 
(4, 23) 

.060 .315  

Quarterly Exam-Based 
Con 10 .608 

(.127) 
5 .867 

(.156) 
9 .572 

(.231) 
11 .692 

(.133) 
3 .600 

(.264) 
6.762 
(4, 33) 

.016 .302 2 > 1, 4, 5 

Proc 10 .315 
(.257) 

5 .732 
(.270) 

13 .296 
(.229) 

11 .298 
(.201) 

3 .375 
(.125) 

4.030 
(4, 37) 

.008 .303 2 > 1, 4, 5  
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Figure 4.12. Algebra Measures by Formal/Informal Attempt Groups  
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Formal and Informal Correct Groups  

Tests of Between-Subject Effects found no significant differences between groups. 

See Table 4.20 for results and Figure 4.11 for a depiction of each dependent variable growth 

trajectory.  

Based on this analysis, while not significant, the only substantial difference was 

found between group 1 and group 4 within self-explanation scores. Group 1 is made up of 

those students who consistently use both formal and informal expressions correctly, while 

group 4 is made up of those who consistently use both formal and informal expressions 

incorrectly. Therefore, it is not surprising to find that group 1 tends to score higher on self-

explanation items than group 4. 

 

Table 4.20 

Formal and Informal Correct Repeated-Measures MANOVA with Post-Hoc Results 

 Group 1 Group 2 Group 4   

 N M 
(SD) N M 

(SD) N M 
(SD) 

F  
(df, e) p Partial 

η2 Tukey’s HSD 

Worksheet-Based 
SE 21 .564 

(.181) 
3 .467 

(.058) 
2 .350 

(.495) 
2.216 
(2, 23) 

.132 .162 1 > 4; p = .111 

Proc 20 .704 
(.202) 

4 .767 
(.086) 

2 .417 
(.354) 

1.299 
(2, 23) 

.292 .102  

Quarterly Exam-Based 
Con 25 .670 

(.237) 
5 .667 

(.125) 
5 .543 

(.150) 
.929 
(2, 32) 

.405 .055  

Proc 27 .369 
(.273) 

5 .425 
(.338) 

6 .345 
(.199) 

.188 
(2, 35) 

.829 .011  
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Figure 4.13. Algebra Measure by Formal and Informal Correct Groups  
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Purpose 3 

The third and final purpose of this study is to determine teacher related effects on 

students’ vocabulary use while self-explaining. I use qualitative analyses in order to answer 

the final set of four research questions.  

 

Research Question 3a 

The first research question is: To what extent does the stress teachers put on the use 

of precise terminology affect the likelihood of students attempting to use formal and/or 

informal terminology and of making errors when using this language while self-explaining? 

Teachers were asked the following three questions related to this research question:  

1. How important is it that students use precise mathematics vocabulary? 
a. Extremely important 
b. Very important 
c. Moderately important 
d. Slightly important 
e. Not important  

2. How likely are you to allow students to explain concepts in their own words 
without using the precise vocabulary?  

a. Extremely likely 
b. Very likely 
c. Moderately likely 
d. Slightly likely 
e. Not likely 

3. If your students were describing the concept of slope, please indicate which of the 
following answers you would accept as reasonable. Mark whether you would give 
the student full, partial, or no credit.  

 
QUESTION: When an equation is in slope-intercept form where is the slope 

always located? 
a. Next to the x 
b. The coefficient of x 
c. With the x 
d. Beside the x  
e. Multiplied by the x 
f. After the equals sign 
g. Always after y 
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I first explored the relationship between teacher responses to the first two questions. 

See Table 4.21 for results. It was expected that teachers would answer these questions 

inversely. For instance, if answering extremely or very important to one question, answering 

slightly or not likely to the other. Interestingly, only three of the 11 teachers responded in this 

manner, seeming to prefer precise language over informal expressions. Most of the others 

seem to fall in the middle of this continuum, accepting both formal and informal descriptions. 

One teacher’s responses suggested a preference towards informal language.  

 

Table 4.21 

Teacher Responses to Items 1 and 2. 

Teacher 
How important is it that students use 
precise mathematics vocabulary? 

How likely are you to allow students 
to explain concepts in their own words 
WITHOUT using the precise 
vocabulary? 

1 Extremely Slightly 
2 Extremely Slightly 
3 Very Slightly 
4 Very Moderately 
5 Very Moderately 
6 Very Moderately 
7 Very Moderately 
8 Very Very 
9 Very Very 

10 Moderately Very 
11 Moderately Extremely 

 

Next, I compared teachers’ responses to questions 1 and 2 and how they graded the 

sample item in question 3. I consider the coefficient of x to be a formal response to this item, 

next to the x, with the x, beside the x, and multiplied by the x to be informal expressions, and 
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after the equal sign, and always after y to be incorrect answers. See Table 4.22 for results. It 

was expected that all teachers would give no credit to after the equal sign and always after y, 

and full credit to the coefficient of x.  Almost all teachers responded as expected. However 

one teacher gave partial credit to the expected incorrect answers; interestingly, this teacher 

indicated that he/she was very likely to accept informal expressions, giving full credit to all 

formal and informal expressions.  In addition, another teacher gave partial credit to the 

expected correct answer; this teacher made a few other unexpected responses, which will be 

discussed below.  

It was expected that teachers who seemed to have a strong preference towards precise 

terminology based on their responses to questions 1 and 2, would give full credit to formal 

expressions and no credit to informal expressions. This was unfounded. Teacher 1 did not 

grade many of the sample answers, but gave partial credit to a few informal expressions. 

Teachers 2 and 3 seem to have very different grading approaches. Though both seemingly 

find formal expressions important, for the most part teacher 2 did not give credit to informal 

expressions, while teacher 3 gave full credit. Teacher 3 gave contradicting responses to these 

three survey questions.  

It was expected that teachers who seemingly accept both formal and informal 

expressions based on questions 1 and 2, would give full credit to both formal and informal 

answers. This expectation was again unfounded. Only three of the seven teachers gave full 

credit to all sample answers. The others gave a combination of full, partial, and no credit.  

Finally, it was expected that teachers who seemingly prefer informal expressions 

would give full credit to informal expressions and, following the same logic, partial credit to 

formal expressions (although unlikely). Teacher 11 follows a very odd pattern. This teacher 
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indicated that they were extremely likely to accept informal expressions and only moderately 

likely to stress the importance of precise terminology, however this teacher only gave partial 

credit to two sample answers (the coefficient of x and multiplied by the x) and indicated that 

they would give no credit to all other responses. This grading pattern greatly contradicts 

his/her response to questions 1 and 2.  

 

Table 4.22 

Comparison of Items 1, 2 and 3. 

T Formal  Informal  The 
coefficient 
of x 

Next to 
the x 

With the x Beside the 
x 

Before the 
x 

Multiplied 
by the x 

After the 
equals 
sign 

Always 
after y 

1 Extr. Slightly Full       Partial Partial     
2 Extr. Slightly Full No No No No Full No No 
3 Very Slightly Full Full Full Full Partial Full No No 
4 Very Mod. Full Full Full Full Full Full No No 
5 Very Mod. Full Partial Partial Partial No Full No No 
6 Very Mod. Full Partial No No Full Full No No 
7 Very Mod. Full Partial No Partial No Full No No 
8 Very Very Full Partial No Partial Partial   No No 
9 Very Very Full Full Full Full Full Full No No 
10 Mod. Very Full Full Full Full Full Full Partial Partial 
11 Mod. Extr. Partial No No No No Partial No No 

 

Next, I compared teachers’ responses to items 1 and 2 to their students’ actual 

vocabulary use. See Table 4.23 for results. Similar to the research question from the first 

purpose of this study, paired-sample t-tests were run to determine if there was a significant 

difference between the percent of attempted formal expressions and the percent of attempted 

informal expressions. 

It was expected that students of the teachers, who feel it is extremely/very important 
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to use the formal vocabulary and slightly/not likely to accept the use of informal terms, use 

more formal language than informal to explain the concepts. Furthermore, it was expected 

that students of the teachers, who seemingly accept both forms of language, use a similar 

percentage of formal and informal expressions. Finally, it was expected that students of the 

teachers, who feel it is slightly/not very important for students to use the formal vocabulary 

and extremely/very likely to accept the use of informal terms, use more informal language 

than formal to explain the concepts. 

Results indicated that two of the three groups of students, whose teachers expect 

formal expressions, did attempt to use formal expressions slightly more often than informal. 

Interestingly, the third group of students in this category attempted to use an almost 

significantly greater percentage of informal expressions. Of the seven groups of students who 

were expected to use both formal and informal expressions, only one attempted to use 

slightly more formal expressions. The other six attempted to use slightly more informal 

expressions (one group hitting significant levels). Finally, the group that was expected to use 

more informal expressions did use slightly more.  

Overall, there does seems to be some evidence that the stress the teacher puts on the 

importance of using precise language does influence students’ actual vocabulary use. All 

three groups that used slightly more formal expressions compared to informal had teachers 

who stressed the importance of formal language over informal expressions.  

The second part of this research questions aims to compare teachers’ expectations to 

the errors students make when attempting to use formal and informal expressions of 

mathematical concepts. It was expected that students of the teachers who feel it is 

extremely/very important for students to use the formal vocabulary and are slightly/not likely 
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to accept the use of informal terms, would use formal language correctly more often than 

informal language. Furthermore, it was expected that students of the teachers who seemingly 

accept both forms of language would use a similar percentage of formal and informal 

expressions correctly. Finally, it is expected that students of the teachers who feel it is 

slightly/not very important for students to use the formal vocabulary and are extremely/very 

likely to accept the use of informal terms would use informal language correctly more often 

than formal language. I was unable to run t-tests to compare means since students typically 

attempted to use one type of language and correctness could not be coded for the un-

attempted form. Therefore, I present descriptive statistics for each category and describe the 

trends. Percentages presented in purple show a slight preference for formal expressions. 

Percentages presented in orange show a slight preference for informal expressions. Finally, 

percentages presented in red show a significant or substantial preference for informal 

expressions.  

Overall, there does seems to be some evidence that the stress the teacher puts on the 

importance of using precise language does influence students actually vocabulary use. While 

not significant, all groups that attempted to use formal language more often or used formal 

language correctly more often (depicted in purpose) had teachers who seem to prefer formal 

expressions over informal.  
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Table 4.23 

Comparison of Teachers’ Responses to Items 1 and 2 and Students’ Actual Vocabulary Use.  

T Q1 Q2 N 

Percent of 
Formal 

Attempts 

Percent of 
Informal 
Attempts p 

Percent of 
Formal 
Correct  

Percent of 
Informal 

Correct  
1 Extr. Slightly 10 .387 .264 .101 .756 .925 
2 Extr. Slightly 5 .156 .339 .060* .850 .880 
3 Very Slightly 6 .325 .283 .697 .981 .979 
4 Very Mod. 4 .216 .341 .158 .840 .827 
5 Very Mod. 8 .359 .390 .599 .778 .850 
6 Very Mod. 8 .368 .270 .110 .914 .925 
7 Very Mod. 5 .200 .334 .144 .855 .852 
8 Very Very 3 .237 .320 .497 .446 .802 
9 Very Very 6 .218 .537 .001** .728 .891 
10 Mod. Very 6 .121 .180 .386 .833 .875 
11 Mod. Extr. 5 .226 .297 .549 .570 .843 

 

Research Question 3b 

The second research question is: To what extent does the amount of time spent 

directly teaching mathematics vocabulary affect the likelihood of students attempting to use 

formal and/or informal terminology and of making errors when using this language while 

self-explaining? Teachers were asked the following survey question related to this research 

question:  

How much time do you allocate to teaching mathematics vocabulary per class period? 
a. 0 minutes 
b. 1 – 5 minutes 
c. 6 – 10 minutes 
d. 11 – 15 minutes 
e. 16- 20 minutes  
f. more than 20 minutes 

 

It was expected that teachers who spend more minutes directly teaching vocabulary 

would have a greater percentage of formal attempts and formal correct expressions compared 
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to informal attempts and correct expressions.  See Table 4.24 for results.  

Interestingly, seven of the eleven teachers indicated that they only spend 1-5 minutes 

per class period directly teaching mathematics terminology, four spend between 6-10 

minutes, while only one teacher spends between 11-15 minutes.  Based on this analysis, there 

does not seem to be a relationship between the amount of time spent directly teaching 

mathematics vocabulary and students’ actual use. There seems to be an even distribution of 

attempts and correct expressions among those directly instructing for 1-5 minutes and those 

instructing for 6-10 minutes per class period. Furthermore, the students of the teacher, who 

reported spending more time directly teaching vocabulary (11-15 minutes), do not seem to 

attempt to use or use one form of vocabulary correctly more often than the other; if anything 

they lean towards the use of informal expressions.  

 

Table 4.24 

Teacher Responses Related to Amount of Time Spent Directly Teaching Vocabulary. 

T Time N 

Percent 
of 

Formal 
Attempts 

Percent 
of 

Informal 
Attempts p 

Percent 
of 

Formal 
Correct  

Percent 
of 

Informal 
Correct  

1 1 - 5 min 10 .387 .264 .101 .756 .925 
6 1 - 5 min 8 .368 .270 .110 .914 .925 
7 1 - 5 min 5 .200 .334 .144 .855 .852 
8 1 - 5 min 3 .237 .320 .497 .446 .802 
9 1 - 5 min 6 .218 .537 .001** .728 .891 

10 1 - 5 min 6 .121 .180 .386 .833 .875 
11 1 - 5 min 5 .226 .297 .549 .570 .843 

2 6 - 10 min 5 .156 .339 .060* .850 .880 
3 6 - 10 min 6 .325 .283 .697 .981 .979 
5 6 - 10 min 8 .359 .390 .599 .778 .850 
4 11- 15 min 4 .216 .341 .158 .840 .827 
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Research Question 3c 

 The third research question is: To what extent do the instructional and learning 

strategies used by the teacher affect the likelihood of students attempting to use formal and/or 

informal terminology and of making errors when using this language while self-explaining? 

The four open-ended survey items are associated with this research question:  

1. How do you decide which words to teach? 
2. What instructional strategies do you use to teach mathematics vocabulary? 
3. Do you teach your students any vocabulary learning strategies? If so, what 

strategies do you use? 
4. Do the methods used to teach mathematics vocabulary differ depending on the 

topic being taught? If so, explain.  
 

 Each question will be analyzed separately, looking for trends and relations to 

students’ actual vocabulary use. See Table 4.25 for responses to item 1. Three apparent 

trends emerge. Most teachers seem to choose the words they teach based on the lesson or 

objective, the textbook, or curriculum/standards, none of which seem to have a particular 

influence of students’ actual vocabulary use. Within the three trending strategies, there seems 

to be a pretty even split between formal and informal expression attempts and correctness.  

The second and third items are analyzed together since there seems to be a 

considerable amount of overlap in teacher responses. See Table 4.26 for results. A few 

common strategies emerged: repetition/practice of word, write or show the definition, 

students discovering their own meaning of the terminology, and the use of visuals.  
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Table 4.25 

Teacher Response Related to Choose of Terms to Teach. 

 N 

Percent 
of 

Formal 
Attempts 

Percent 
of 

Informal 
Attempts p 

Percent 
of 

Formal 
Correct  

Percent 
of 

Informal 
Correct  

Words associated with lesson or objective 
T1- "new words" in the 

current lesson 
10 .387 .264 .101 .756 .925 

T3- all of which pertain 
to the lesson at hand 

6 .325 .283 .697 .981 .979 

T4- whichever ones 
will further the learning 

goal 

4 .216 .341 .158 .840 .827 

T6- new words that are 
necessary to 

understanding the 
lesson 

8 .368 .270 .110 .914 .925 

T8- determined by the 
material to be covered 

3 .237 .320 .497 .446 .802 

Curriculum or standards 
T2- our county's 
curriculum map 

5 .156 .339 .060* .850 .880 

T5- the state content 
standards 

8 .359 .390 .599 .778 .850 

T7- CMP2 highlights 
vocabulary 

5 .200 .334 .144 .855 .852 

Words in textbook 
T2- I use the key words 

that are highlighted in 
the textbook 

5 .156 .339 .060* .850 .880 

T6- vocabulary that is 
highlighted in the text 

as critical to the lesson 

8 .368 .270 .110 .914 .925 

Words from previous lesson not yet mastered 
T6- words from earlier 

units that have not been 
used for a while 

8 .368 .270 .110 .914 .925 

	  
	  
	  
	  
	  
 



	  

128	  

Table 4.25 (continued) 

 N 

Percent 
of 

Formal 
Attempts 

Percent 
of 

Informal 
Attempts p 

Percent 
of 

Formal 
Correct  

Percent 
of 

Informal 
Correct  

Personal choice 
T9- I just teach the 
main words I want 
everyone to know: 
slope, y-intercept, 

factor, x-intercept, etc. 
The big ones. 

6 .218 .537 .001** .728 .891 

Repeated appearance  
T10- I typically focus 

on the vocabulary 
words that will 

continue to pop up 
through their study 
through math (like 
linear relationship) 

6 .121 .180 .386 .833 .875 

As they come up or student asks 
T11- I teach them as 

they come up in group 
problems. Usually 

when the word is new 
to the students and they 

ask what it means. 

5 .226 .297 .549 .570 .843 

 

There are a few interesting relations to students’ actual vocabulary use. One strategy 

seems to allude to the preference of the use of informal expressions (teacher allows students 

to determine their own meaning of the formal terms), however there are mixture results in 

students’ actual vocabulary use. Interestingly, of the teachers that used this method (teachers 

3, 10, and 11), two clearly do prefer informal expressions based on their responses to the 

items from research question 3a, however teacher 3 indicated that the precise use of language 

is very important to him/her and they are slightly likely to accept informal expressions, 

which contradicts this teaching strategy.  



	  

129	  

Two strategies seem to allude towards the preference of formal expressions (correct 

students who use informal expressions, and encourage precise terminology use). 

Interestingly, the only two classes showing a significant preference towards informal 

expressions had teachers who used these strategies.  

 

Table 4.26 

Teacher Responses Related to Strategy Use 

 

N 

Percent 
of Formal 
Attempts 

Percent of 
Informal 
Attempts p 

Percent 
of 
Formal 
Correct  

Percent 
of 
Informal 
Correct  

Write or show Definition 
T3- Flash cards 6 .325 .283 .697 .981 .979 

T5- Definition; fold-ables 8 .359 .390 .599 .778 .850 
T8- I either speak and or 

show the definition 
3 .237 .320 .497 .446 .802 

T9- Notes on vocab words 6 .218 .537 .001** .728 .891 
T11- We write it down 

together in our math 
journals 

5 .226 .297 .549 .570 .843 

Repetition/Practice 
T2- Throughout the lesson I 

have the students reuse the 
words; Repetition and 

incorporate in our daily 
talking and review sessions 

5 .156 .339 .060* .850 .880 

T3- Make the kids say the 
words 

6 .325 .283 .697 .981 .979 

T4- Utilizing the words that 
we have learned in an 

example or activity; 
Relevant repetition that is 

meaningful to the learning 

4 .216 .341 .158 .840 .827 

T8- Give the students a 
chance to say the word a 

few time 

3 .237 .320 .497 .446 .802 
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Table	  4.26	  (continued)	  
	  
 

N 

Percent 
of Formal 
Attempts 

Percent of 
Informal 
Attempts p 

Percent 
of 
Formal 
Correct  

Percent 
of 
Informal 
Correct  

Students determine own meaning of terminology 
T3- Have them figure out 

what the words mean based 
off their own observations. 

6 .325 .283 .697 .981 .979 

T11- Once a group of 
students has derived a 

pattern or notices a trend, 
we talk about what that 

means. A vocabulary word 
usually follows. They make 

sense of the definition 
before knowing the word 

5 .226 .297 .549 .570 .843 

T10- Re-write the definition 
in their own words 

6 .121 .180 .386 .833 .875 

Visuals 
T3- Pictionary 6 .325 .283 .697 .981 .979 

T6- Making pictures 8 .368 .270 .110 .914 .925 
T10- Visual example of the 

word 
6 .121 .180 .386 .833 .875 

Reading Strategies  
T4- Marking the text. 4 .216 .341 .158 .840 .827 

T6- Reading in context and 
underline the words 

8 .368 .270 .110 .914 .925 

Correct students who use informal expressions 
T1- Politely correct them 

when they speak. For 
example I will ask them to 

call "that thing" a radical 
symbol 

10 .387 .264 .101 .756 .925 

T9- Informal reinforcement 
during class discussions 

6 .218 .537 .001** .728 .891 

Encourage precise terminology use 
T1- I try to consistently 

encourage the students to 
use the right vocabulary 

10 .387 .264 .101 .756 .925 

T2- Must use them correctly 
when they speak in my class 

5 .156 .339 .060* .850 .880 
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Table	  4.26	  (continued)	  
	  
 

N 

Percent 
of Formal 
Attempts 

Percent of 
Informal 
Attempts p 

Percent 
of 
Formal 
Correct  

Percent 
of 
Informal 
Correct  

Reflections 
T5- Mathematical 

reflections  
8 .359 .390 .599 .778 .850 

T10- Sometimes I will have 
them write about these 

specific words in chapter 
reflections. 

6 .121 .180 .386 .833 .875 

Concept map 
T5- Concept mapping/ 

Word webs 
8 .359 .390 .599 .778 .850 

T10- I have students create 
anchor charts 

6 .121 .180 .386 .833 .875 

Word Wall/ Posters 
T6- Word walls 8 .368 .270 .110 .914 .925 

T11- Make a poster 5 .226 .297 .549 .570 .843 
Begin lesson with vocabulary lesson 

T2- I begin new lessons by 
asking the students if they 

know what the word means, 
and then we go over it fully 

as a class together 

5 .156 .339 .060* .850 .880 

Vocabulary sort 
T5- Vocabulary sort 8 .359 .390 .599 .778 .850 

Example/Non-example 
T5- Example/ non-example 8 .359 .390 .599 .778 .850 

Association 
T7- When talking about the 

word quadrilateral, we try to 
associate with other "quad" 

words. "Slope" associates 
with mountain. 

5 .200 .334 .144 .855 .852 

Guided Notes 
T1- Fill in the blank for 

vocab words on the guided 
notes handouts 

10 .387 .264 .101 .756 .925 

Assessment 
T1- Occasionally will ask 

for definitions on the 
assessments. 

10 .387 .264 .101 .756 .925 
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The last item associated with this research question asks teachers to reflect on their 

strategy use by concept. In other words, do they use different strategies depending on the 

concepts being taught? See Table 4.27 for results. One main trend emerged: most did not 

alter their strategy use depending on the concept. Others noted that with certain terms they 

were more likely to use visuals, or choose strategies based on students’ knowledge level, 

whether the term had a common meaning, or if many terms had the same meaning. Again, no 

apparent relationships emerged between strategy and actual vocabulary use; formal and 

informal attempts and correctness seems to vary across all strategy chooses.  

 

Table 4.27 

Teacher Responses to Variations in Strategy Choose Based on Specific Terminology  

 N 

Percent 
of Formal 
Attempts 

Percent 
of 
Informal 
Attempts p 

Percent 
of 
Formal 
Correct  

Percent 
of 
Informal 
Correct  

Methods do not change 
T1- Not really.  10 .387 .264 .101 .756 .925 

T2- No 5 .156 .339 .060* .850 .880 
T6- No 8 .368 .270 .110 .914 .925 
T7- No 5 .200 .334 .144 .855 .852 

T11- Not particularly  5 .226 .297 .549 .570 .843 
Diagrams / Visuals  

T3- Yes, geometry involves 
more diagrams for 

explanations. Pictures help 
illustrate geometry vocab 

very well. 

6 .325 .283 .697 .981 .979 

T8- Some words may lend 
themselves to more visual 

aids then others, but the 
process is pretty consistent. 

3 .237 .320 .497 .446 .802 
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Table 4.27 (continued) 

 N 

Percent 
of Formal 
Attempts 

Percent 
of 
Informal 
Attempts p 

Percent 
of 
Formal 
Correct  

Percent 
of 
Informal 
Correct  

Based on level of knowledge  
T4- Yes. All teaching 

strategies should be relevant 
to the students needs and 

guided by the learning goal. 

4 .216 .341 .158 .840 .827 

T9- Well, the method 
depends more on where in 

the cycle of learning a 
concept we are. At the 

beginning of a concept, I do 
not introduce the vocabulary-

-students can explain it in 
any way they want. For 
example, slope could be 

"how much it keeps going up 
by." After a few days, I 

formalize those concepts for 
the students, and they must 

use proper vocabulary. 

6 .218 .537 .001** .728 .891 

Common Definitions  
T5- Definitions and 

examples/ non-examples are 
used with words like 

function very that there is a 
common understanding as to 

what it means 

8 .359 .390 .599 .778 .850 

T10- Particular vocabulary 
words that are on a finite 

topic I might focus as 
directly on the words versus 

the topics on connected to 
others 

6 .121 .180 .386 .833 .875 

Many terms that mean the same thing 
T5- Concept mapping is used 

with vocabulary such as 
slope where there are 

multiple terms that students 
need to recognize that mean 

the same thing. 

8 .359 .390 .599 .778 .850 
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Research Question 3d 

The fourth and final research question is: To what extent does the assessment of 

vocabulary knowledge affect the likelihood of students attempting to use formal and/or 

informal terminology and of making errors when using this language while self-explaining? 

The following survey item is associated with this final research question: 

How often to you assess mathematics vocabulary knowledge on tests or quizzes? 
a. Always 
b. Often 
c. Sometimes 
d. Rarely 
e. Never 

 
See Table 4.28 for results. Interestingly, all teachers indicated that they only 

sometimes or rarely assess mathematics vocabulary knowledge. Due to the lack of variability 

in survey answers, the relation between assessment frequency and actual vocabulary use 

could not be determined, though for both teachers who rarely assess mathematics vocabulary 

knowledge, students in their classes are more likely to utilize informal language and to use 

them correctly.  
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Table 4.28 
 
Teacher Responses Regarding Mathematics Vocabulary Assessment.  

 

 
  

T 

How often do you 
assess 
mathematics 
vocabulary 
knowledge on tests 
or quizzes? N 

Percent 
of Formal 
Attempts 

Percent of 
Informal 
Attempts p 

Percent 
of Formal 

Correct  

Percent 
of 

Informal 
Correct  

1 Sometimes 10 .387 .264 .101 .756 .925 
2 Sometimes 5 .156 .339 .060* .850 .880 
3 Sometimes 6 .325 .283 .697 .981 .979 
4 Sometimes 4 .216 .341 .158 .840 .827 
5 Sometimes 8 .359 .390 .599 .778 .850 
6 Sometimes 8 .368 .270 .110 .914 .925 
7 Sometimes 5 .200 .334 .144 .855 .852 
8 Sometimes 3 .237 .320 .497 .446 .802 
11 Sometimes 5 .226 .297 .549 .570 .843 
9 Rarely 6 .218 .537 .001** .728 .891 
10 Rarely 6 .121 .180 .386 .833 .875 
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CHAPTER 5 

DISCUSSION 

 

 This study sought to fill a major gap in our current understanding about the 

effectiveness of self-explanation prompts. Based on the current literature, it is clear that the 

act of answering self-explanation prompts is beneficial to learning; it seems that correct 

explanations lead to greater learning gains compared to incorrect or incomplete explanations 

(Große & Renkle, 2007), and conceptual explanations may be more beneficial than 

procedural explanations (Matthews & Rittle-Johnson, 2009). In accordance with newly 

implemented Common Core, quality goes beyond correct vs. incorrect and conceptual vs. 

procedural; it may be better understood as communicating precisely to others. This 

dissertation allowed for the exploration of the impact of using precise mathematics language 

when self-explaining. A summary of the findings from each purpose of this study and their 

implications will be explained below, followed by an explanation of the connection to the 

theoretical framework, limitations and questions for future research. 

 

Purpose 1 

As a final reminder, the first purpose of this dissertation was to replicate the findings 

of the preliminary study (McGinn & Booth, under review). This section consists of three 

research questions. The first research question was: To what extent are students attempting to 

use formal and informal mathematics vocabulary when explaining their reasoning and to 

what extent are students making errors when using this language? Does this relationship 

change depending on the concept being described?  
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Results indicate that students attempt to use a similar percentage of informal and 

formal expressions (32% and 28%, respectively). However, students are using significantly 

more informal expressions correctly compared to formal expressions (88% and 80%, 

respectively).  

Not only are these findings consistent with the preliminary study (McGinn & Booth, 

under review), they confirm the assumption held by many teachers and researchers that 

students make errors when using precise mathematics terminology (Monroe & Orme, 2002; 

Rubenstein, 2007; Shuard & Rothery, 1984; Vacca & Vacca, 1996; Zazkis, 2000). As 

previously mentioned, teachers in this study were asked to comment on the difficulties their 

students encounter when attempting to use mathematics terminology. One teacher noted, 

“The recall of words is frustrating. Students will usually attempt to explain the concept 

definition rather than using the word itself.” Interestingly, the overall pattern of results 

suggests that students do not seem to attempt to use a significantly larger percentage of 

informal expressions, however they do use informal expressions correctly more often, 

suggesting that students may be using the incorrect formal term when attempting to explain a 

concept precisely.  

I also determined if this relationship differed depending on the concept the students 

were asked to explain. Based on this initial analysis, it seems that there are a set of concepts 

that students may benefit from describing formally (growth rate, y-axis, irrational number, 

expression, undefined and zero slope, vertex, negative sign, axis of symmetry, y-intercept, 

common denominator, growth factor and order of operations). With all of the other concepts, 

it either doesn’t make a difference which type of description is used (simplest form, like 

terms, symmetrical parabola, point, equation, greatest common factor, square root, 
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substitution, factoring, zero-product property, isolate, place value, parenthesis, exponent, 

and distributive property) or it is more beneficial to use an informal explanation (property of 

equality, reciprocal, x and y coordinate, growth or decay function, absolute value, operation, 

intersect, absolute value, operation, intersect, coefficient, inverse operation, eliminate, 

variable, and commutative property).  

As noted in the literature review, researchers have described the specific difficulties 

students encounter when learning formal mathematics terminology. Students have difficulties 

learning this precise mathematics language because they lack the opportunity to practice 

using these terms and do not have the necessary background knowledge to learn these words 

(Monroe & Orme, 2002; Rubenstein, 2007). Further, many terms have multiple meanings 

(Monroe & Orme, 2002; Rubenstein, 2007); therefore, the mathematical meaning may differ 

from its everyday meaning (Noonan, 1990). Finally, mathematical terms are often abstract 

making them difficult for students to grasp (Monroe & Orme, 2002; Vacca & Vacca, 1996).  

Based on the literature, it would have been expected that abstract terms and terms with 

multiple meanings would have been used incorrectly more often when described using the 

precise terminology, however no such patterns seem to arise. A more extensive study of 

students’ vocabulary use by concept would need to be conducted in order to explore the 

mediating factors associated with explaining specific mathematical concepts. 

The second research question was: Does the use of formal mathematics language 

while self-explaining predict self-explanation proficiency compared to the use of informal 

language? Similar to the findings from the preliminary study, all four vocabulary variables 

predict self-explanation scores. In other words, students who attempt to use either formal or 

informal expressions of the concept and use them correctly answer significantly more self-
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explanation prompts correctly.  

The third research question is: Does the use of formal mathematics language while 

self-explaining predict procedural proficiency compared to the use of informal language? 

Unlike the self-explanation regression, it seems that of the vocabulary variables, attempting 

to describe the concept (whether formally or informally) and using informal expressions 

correctly accounts for a significant proportion of the variance; prior knowledge and gender 

also account for a significant proportion of the variance. It does not seem to matter whether a 

student uses the formal expression correctly. Again, these findings are similar to the 

preliminary study, in that attempting to explain a concept and using the informal expression 

correctly predict procedural scores. The preliminary study found a negative correlation 

between using a formal expression correctly and procedural scores; while this study did not 

find the same relationship, correct formal explanations do not significantly predict procedural 

scores.  

Overall, students use informal expressions correctly more often than formal 

expressions. When it comes to self-explaining, not surprisingly, all vocabulary indicators 

predict scores; meaning that students can use either formal or informal expressions of a 

concept in order to explain their reasoning. Finally, when it comes to solving procedural 

problems, attempting to describe the concept (either formally or informally) and using the 

informal expression correctly predict scores; it does not seem to matter whether they use the 

formal expressions correctly. Based on these findings, it seems that if a student attempts to 

use an informal expression and does so incorrectly, they also have trouble solving a 

procedural problem. In these cases, it is clear that a student has a misunderstanding about a 

concept that directly affects their ability to solve a related problem. Furthermore, if a student 
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attempts to use a formal expression of a concept, whether or not they use it correctly does not 

predict whether they will solve the procedural item correctly. This creates a bit of a mismatch 

between concept and procedure. The student clearly has a misunderstanding when it comes to 

meaning of the formal terminology, but it does not seem to affect their ability to solve a 

problem. One possible explanation is that the student has memorized the relevant 

terminology and/or the procedure, but does not understand how they relate to each other or 

what they mean conceptually.  

Based on the literature review, researchers seem to fall in one of two camps when it 

comes to the expression of mathematical concepts- those that stress the importance of precise 

language use and those that accept informal expressions of a concept. For instance, Murray 

(2004) feels that measuring a student’s use of the mathematical terminology is a measure of 

conceptual understanding. In fact, she states, “the accurate use of the vocabulary is an 

effective measure of conceptual understanding” (p. 5). Furthermore, Raiker (2000) suggests, 

“the understanding of mathematical words is fundamental to the development of sound 

concepts and mathematical thinking” (p. 50). In other works, both believe that the use of 

formal mathematical terms is linked to conceptual understanding. 

Based on the findings from this study, both formal and informal expressions can be 

used to explain a concept, and it some cases informal expressions may allow the teacher to 

identify a misconception more effectively since correct precise language does not predict 

correct problem solving, while correct formal language does not.  
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Purpose 2 

The second purpose of this study was to determine whether there are developmental 

effects associated with the use of precise mathematics vocabulary. There are two research 

questions associated with this purpose: When self-explaining, do distinct vocabulary use 

growth trajectories exist? Second, if distinct classes exist, is there a significant difference 

among these groups based on their ability to self-explain, their ability to solve procedural 

problems, and their overall algebra learning? 

When exploring the relationship between attempting to explain a concept either 

formally or informally, six distinct groups emerged. See Figure 5.1 for a reminder of these 

groups. As seen in the graphs, the majority of students were from either group 1, 4, or 5. 

Furthermore, significant difference did exist between these groups. Group 2 seemed to 

outperform all other groups on all four outcome measures. Significant results were found for 

self-explanation scores (1, 2 > 5), exam-based conceptual scores (2 > 1, 4, 5) and exam-based 

procedural scores (2 > 1, 4, 5). Overall, it seems that students benefit more from using a 

consistent percentage of formal and informal expressions throughout the school year (using 

formal expressions slightly more often than informal).   

When exploring the relationship between using formal and informal expressions to 

explain a concept correctly, again, six distinct groups emerged. See Figure 5.2 for a reminder 

of these groups. As seen in the graphs, the majority of students were from group 1. Group 6 

is not depicted below because it consisted of one student; this student had a significant 

amount of missing data, therefore I was unable to construct a graph. Interestingly, no 

significant differences were found between groups. It does not seem to matter what pattern 

students follow when it comes to using formal and informal expressions correctly. 
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Figure 5.1. Formal/Informal Attempt Groups 

 

	   	  

	  

	  



	  

143	  

 

 

Figure 5.2. Formal/Informal Correct Groups  
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 As described many times before, there does not seems to be a consensus among 

teachers and researchers about what type of mathematics language use is most effective.  For 

example, many suggest that teachers should initially allow students to use everyday language 

to express mathematical concepts and gradually transition to formal language (e.g. Miller, 

1993; Zazkis, 2000). However, findings from this study suggest that students should attempt 

to use both types of explanations throughout the entire school year, potentially focusing 

slightly more on formal expressions. Zazkis (2000) agrees that it may be “possible for a child 

to understand the idea of [a concept] without the ability to express this idea in an 

appropriately mathematical fashion” (p. 41). This would explain why both types of 

expressions predict learning.  

 

Purpose 3 

The third and final purpose of this study is to determine teacher related effects on 

students’ vocabulary use while self-explaining. There are four research questions associated 

with this purpose. The first research question is: To what extent does the stress teachers put 

on the use of precise terminology affect the likelihood of students attempting to use formal 

and/or informal terminology and of making errors when using this language while self-

explaining? Teachers were asked to rate themselves in regards to the stress they put on the 

importance of precise language and their likelihood of accepting informal expressions. They 

were also asked to grade a sample self-explanation item. It was expected that teachers’ self-

report would reflect their grading choices. While most teachers followed the expected 

pattern, a fair number of teacher responses conflicted each other. For instance, one teacher 

said that he/she was extremely likely to accept informal expressions, however he/she marked 
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all but one of the informal expressions incorrect.  

Next, I compared teachers’ reported preference towards formal and informal language 

to their students’ actual vocabulary use. There does seem to be some evidence that the stress 

the teacher puts on the importance of using precise language does influence students’ actual 

vocabulary use. For instance, while not significant, all groups that attempted to use formal 

language more often or used formal language correctly more often had teachers who seem to 

prefer formal expressions over informal.  

The second research question is: To what extent does the amount of time spent 

directly teaching mathematics vocabulary affect the likelihood of students attempting to use 

formal and/or informal terminology and of making errors when using this language while 

self-explaining? Research has found a strong correlation with the amount of time spent 

directly teaching a topic and student learning of that topic (Bloom, 1974; Ericsson, Krampe 

& Tesch-Romer, 1993; Logan, 1990; Stallings, 1980). Interestingly, seven of the eleven 

teachers indicated that they only spend 1-5 minutes per class period directly teaching 

mathematics terminology, four spend between 6-10 minutes, while only one teacher spends 

between 11-15 minutes.  Based on this analysis, there does not seem to be a relationship 

between the amount of time spent directly teaching mathematics vocabulary and students’ 

actual use.  

 The third research question is: To what extent do the instructional and learning 

strategies used by the teacher affect the likelihood of students attempting to use formal and/or 

informal terminology and of making errors when using this language while self-explaining?  

When asked to reflect on how they choose the mathematics terms to focus on, three apparent 

trends emerge. Most teachers seem to choose the words they teach based on the lesson or 
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objective, the textbook, or curriculum/standards, none of which seem to have a particular 

influence of students’ vocabulary use.  

Teachers were also asked to reflect on the specific mathematics vocabulary teaching 

and learning strategies they use within their classroom. A few common strategies appeared: 

repetition/practice of word, write or show the definition, students discovering their own 

meaning of the terminology, and the use of visuals.  

There are a few interesting relations to students’ actual vocabulary use.  First, of all of 

the mentioned strategies, those that use repetition or practice seem to yield to the most 

number of classes who use formal terms correctly slightly more often than the informal 

terms. Many theorists focus on the importance of practice for learning, including Piaget, 

Vygotsky, Thorndike, Schema theories, and Information Processing theories. It is interesting 

that this strategy seems to promote the use of formal expressions more than any of the others.   

The fourth and final research question is: to what extent does the assessment of 

vocabulary knowledge affect the likelihood of students attempting to use formal and/or 

informal terminology and of making errors when using this language while self-explaining? 

Interestingly, all teachers indicated that they only sometimes or rarely assess mathematics 

vocabulary knowledge. Due to the lack of variability in survey answers, the relation between 

assessment frequency and actual vocabulary use could not be determined. Many educators 

and researchers support the use of assessment as a key factor in language building; one 

reason being that it provides a sense of accountability to the students (e.g. Nier, Di Silivio & 

Malone, 2014). It is interesting that while a majority of the teachers in this study report that 

they find the use of precise language important, most do not assess students’ knowledge of 

mathematical terminology. 
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Connections to Theoretical Framework 

 As a reminder, OWT is based on three assumptions: (1) at any point in time, students 

use a variety of strategies to solve a specific problem, (2) these various methods constantly 

compete with each other, and (3) cognitive development involves the gradual change in the 

rate at which each method is used (Siegler, 1996).  

When answering a question, a person must explore the range of possible solution 

strategies, than choose the most appropriate one depending on the particular goal. When it 

comes to self-explanation, the goal is to correctly explain a concept. There are two possible 

solution strategies, (1) the student can describe the concept using formal, precise 

mathematical terminology or (2) the student can use informal, everyday language to describe 

the concept. The student must choose which strategy to use based on what they feel will be 

the most effective at that given point in time. As previously explained, results from this 

analysis found that students tend to use both formal and informal expressions to explain a 

concept. Furthermore, variability existed between students; in other words, not all students 

follow the same growth trajectory. According to Chen and Siegler (2000), a similar model 

has been found in a variety of other domains, such as tic-tac-toe, arithmetic, time telling, 

spelling, and reading, creating a need for an OWT framework to learning. 

OWT names five component processes present during the development of a skill 

(Chen & Siegler, 2000).  I will describe each process, explain how it can be used to interpret 

the results of this study, how it can be used to develop future research questions, and 

describes the ways in which the findings from this study extend the framework.  

The first process is acquiring new strategies (Chen & Siegler, 2000).  The one-year 

time-frame and the level of analysis used in this study did not allow us to determine when 
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new strategies were acquired. For instance, at the beginning of the school year, students were 

using both formal and informal strategies to describe mathematical concepts. Furthermore, 

this study captured students overall vocabulary use, rather than their strategy choice by 

concept. In the future, researchers should explore a student’s development of vocabulary 

based on a single concept. This level of analysis may allow for the observation of strategy 

acquisition.  

The second process is mapping the strategy to novel situations (Chen & Siegler, 

2000).  Chen and Siegler (2000) describe this process in terms of vocabulary acquisition; the 

student must be able to use this new word in all cases in which it is appropriate and avoid 

using it in cases where it is not. Evidence of this struggle is seen in the correctness of 

expressions growth patterns. While most students tend to express the concept correctly, 

others do not. There are clear dips during the school year in the students’ ability to correctly 

use the precise terminology or informal expressions to describe a concept. For instance, in 

the study, students often incorrectly stated that the solution of a system of linear equations 

was at the intercept, rather than the point at which the two lines intersect.  

The third and forth processes are strengthening the newly acquired strategy and 

refining choices among other versions of a strategy (Chen & Siegler, 2000).  OWT, like 

many learning theories, postulate that some strategies are more advanced than others. When 

it comes to explaining mathematical concepts, it is often thought that the use of precise 

language is more advanced, therefore that is the strategy teachers should focus on 

strengthening. However, this study found that the use of both formal and informal 

expressions predict conceptual and procedural knowledge; it seems more important that 

students understand the concept behind the term. Chen and Siegler (2000) point out that 
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students often fail to rely on new strategies and revert to using the older alternative. When it 

comes to mathematics vocabulary use, students may choose to use informal expressions 

because they either cannot recall the precise term or they feel that can better explain their 

understanding of the concept using language they are more familiar with. We may want to 

move from viewing the use of precise language as more advanced than the use of everyday 

language, to viewing correct explanations (whether formal or informal) as more advanced 

than incorrect explanations; then once correct conceptual understanding is present, we can 

move to strengthen the use of precise language.  

The final process is increasingly effective execution; it is thought that students’ 

accuracy can improve as they gain practice using a strategy (Chen & Siegler, 2000).  Since 

this study allowed for both the formal and informal expression of concepts, it is assumed that 

students attempt to use the strategy that they are more confortable with, therefore rarely using 

it incorrectly. This would explain why most students consistently expressed their ideas 

correctly. Future studies should explore the effectiveness of execution when required to use 

only formal expressions. We may find that with practice, students gradually use this strategy 

effectively more often.  

  

Limitations and Future Research 

 While the findings of this study shed an interesting light on the effects of the use of 

mathematics vocabulary, there are still many aspects of this phenomenon that are unknown. 

Many gaps can be explained by the limitations of this study. The major limitation to this 

analysis is that the original study was not designed to answer these specific research 

questions. Further research must be conducted with research questions focused on 
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mathematics vocabulary as the primary interest.  

 Since the purpose of the original study was not to explore vocabulary use, a strong 

emphasis was not put on the completion of self-explanation prompts. Students were not given 

any incentive to put effort into answering the prompts to the best of their ability, resulting in 

a large amount of unanswered or partially answered prompts. In the future, researchers 

should monitor the completion of prompts more closely.  

 Furthermore, in this study, teachers were given the opportunity to choose which 

worksheets to assign to their students and were able to assign them in any order. This made it 

difficult to compare across mathematical concepts. In order to gain a better understanding of 

students’ vocabulary use by concept, in the future, all students should be asked to explain the 

same set of concepts in the same order throughout the school year.  

Another limitation to the design of this study has to do with potential testing effects 

on the teacher surveys. Teachers were asked to self-report on their vocabulary instructional 

and evaluation strategies. Self-report can produce flawed results as we are assuming that a 

teacher’s report represents what is actually going on in the classroom, when a lot of the time 

the teacher misrepresents what is actually happening. As we saw in the analysis, many 

teachers reported conflicting answers, especially when it came to how much they stress the 

importance of precise terminology and their likelihood of accepting informal expressions. 

Future studies should take these testing effects into account by actually observing the 

classrooms throughout the school year.  

While no definite conclusions can be made based on teacher reflections within the 

survey, a few interesting trends were found that should be taken into account when designing 

a future study. For instance, researchers should empirically study the relationship between 
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teacher beliefs about the importance of vocabulary use and students’ actual use. Common 

vocabulary instructional strategies, such as those mentioned in this analysis, should be tested 

for effectiveness in promoting precise terminology use. Finally, the effects of assessing 

vocabulary knowledge should also be explored.  

 In sum, future studies should continue to explore the effects of the quality of self-

explanations, with a particular emphasis on exploring mathematics vocabulary. More control 

should be put on the completion of assignments, as well as the concepts students are being 

asked to explain. Finally, classroom observations, which explore relevant teacher-related 

mediating factors, should be included as part of the data collection procedure.  

 

Summary of Educational Implications 

Findings from this study support the use of both formal and informal expressions to 

explain a mathematical concept. The key is that students attempt to explain the concept- it 

does not seem to matter whether they do it formally or informally. The use of informal 

expressions may however allow the teacher to make a better judgment as to whether the 

student has a misunderstanding, since the correctness informal expressions predict procedural 

knowledge, while the correctness formal expressions do not. In addition, consistent attempts 

to use both formal and informal expressions is associated with higher self-explanation scores 

and conceptual and procedural knowledge, suggesting that teachers should promote the 

regular attempt to explain concepts, perhaps putting slightly more emphases on formal 

expressions. Finally, there is some evidence that the teachers’ stress of the importance of 

precise terminology use in their classroom influences students’ actual use of this language. 
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Figure 6.1. Pre-test 
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APPENDIX B 
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Figure 6.2. Quarterly Assessment  
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Figure 6.3. Post-test 
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APPENDIX D 
 

LIST OF 42 STUDY WORKSHEETS 
 

Table 6.1  
 
List of 42 Study Worksheets  
 
Absolute Value Combining Like Terms Decimals 
Distributive Property Fractions  Order of Operations 
Reasonable Answers Graphing Linear Equations Slope 
Slope Intercept Form Writing Equations in Slope 

Intercept Form 
Solving 1 and 2 Step 
Equations 

Solving Multi-step 
Equations 

Solving Multi-step 
Equations with Fractions  

Writing Proportions  

Solving Proportions Writing Expressions and 
Equations from Words 

Solving Systems of 
Equations by Graphing 

Solving Systems of 
Equations by Elimination 
(Linear Combination) with 
Multiplication  

Solving Systems of 
Equations by Elimination 
(Linear Combination) with 
Addition and Subtraction 

Solving Systems of 
Equations by Substitution 

Adding and Subtraction 
Inequalities  

Multiplying and Dividing 
Inequalities 

Graphing Inequalities 

Compound Inequalities Writing Inequalities from 
Words  

Multiplication and Division 
Properties of Exponents  

Power to Power Properties 
of Exponents 

Zero and Negative 
Properties of Exponents 

Multiple Properties of 
Exponents 

Graphing and Tables of 
Exponents 

Growth and Growth Rate Decay and Decay Rate 

Decay and Growth Rate 
Problems 

Adding and Subtraction 
Polynomials  

Multiplying Monomials by 
Polynomials 

Factoring Binomials Multiplying Binomials Quadratic Formula 
Solving Quadratics by 
Factoring  

Solving Quadratics Using 
the Square Root 

Graphing Quadratic 
Functions 
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APPENDIX E 
 

TEACHER SURVEY 
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Figure 6.4. Teacher Survey 
 
	  


