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A B S T R A C T

Public policy, theory, and empirical research suggest that mathematical learning is supported in
U.S. elementary classrooms when students follow “horizontal” discourse patterns. In contrast, in
Chinese classrooms, where students have been reported to excel in mathematics, both tradition
and expectations necessitate that teachers remain in control and follow “vertical” discourse
patterns. The investigation reported here examined these two patterns and an additional, hybrid
pattern—teacher-facilitated horizontal discourse—in transcripts from 31 upper elementary U.S.
and Chinese fractions lessons. Using a generalized linear mixed model, results indicated that
although vertical discourse was the predominant pattern in both samples, horizontal discourse
was more common in U.S. classrooms and teacher-facilitated horizontal discourse was more
common in Chinese classrooms.

1. Introduction

Evidence suggests that, in general, Chinese students outperform U.S. students in mathematics (see, e.g., Gonzales et al., 2009;
Organisation for Economic Co-operation & Development, 2012a, 2012b, 2013; Wang & Lin, 2005). However, the question of why this
difference exists has not yet been settled and, although we do not intend to settle this issue in this report, we examine educational
practices that likely impact student learning. Among the competing hypotheses, we focus on those that implicate classroom practices
because these proximal causes are potentially malleable in ways that more distal causes (e.g., poverty, family composition, cultural
press for academic success) are not (e.g. Schleppenbach, Perry, Miller, Sims, & Fang, 2007). And, among the practices that have been
underexplored, we have chosen to examine one that has been promoted as productive in policy and theory, but which has only rarely
been examined from a cross-cultural perspective in practice: horizontal discourse, the practice in which students talk directly with each
other to work out mathematical ideas.
In general, reform efforts and research indicate that horizontal discourse supports student learning (e.g., Inagaki, Hatano, &

Moritas, 1998; Nathan & Knuth, 2003; National Council of Teachers of Mathematics, 2000, Ni et al., 2017; Zhao, Mok, & Cao, 2016).
Intriguingly, Chinese students are well known for their deep respect of their teachers, and we would expect their teachers, following
from the Confucius tradition (Leung, 2001; Wong, 2004), to be the main authority on mathematics in the classroom and to control the
classroom discourse. In classrooms like this, the discourse is presumed to be between the teacher and students, which has been
termed vertical discourse. In contrast, U.S. reform efforts and U.S. policy (e.g., Common Core State Standard Initiatives, 2014; National
Council of Teachers of Mathematics, 2000), which echoes U.S. democratic principles, push for student-centered learning and for U.S.
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students to have a voice in the lesson and share ideas, which would lead to relatively more student-to-student discourse when
compared to their Chinese peers.
A potential contradiction exists between what we expect theoretically—that horizontal discourse supports student learning and

that we should find more horizontal discourse in U.S. than in Chinese classrooms—and what we know empirically—that upper-
elementary Chinese students generally outperform their U.S. peers in mathematics. One hypothetical explanation for this contra-
diction is that our expectation does not correspond with what is actually happening in the classrooms. For example, research
comparing student talk in U.S. and Chinese classrooms (e.g., Sims, 2008) found that Chinese elementary students talk more and that
their talk is more mathematical than U.S. students, indicating that perhaps Chinese teachers encourage students to talk more than we
would expect (e.g., Li, 2011). In addition, although research has been conducted to investigate horizontal discourse and vertical
discourse within these cultures separately (e.g., Li, 2003, 2005; Nathan & Knuth, 2003; Wang & Cai, 2007), Chinese and U.S.
horizontal and vertical discourse have not been directly compared empirically. The current study examines these concomitantly, with
an explicit cross-cultural perspective.
A second explanation for this contradiction is that the dichotomous categorization of horizontal and vertical discourse could be

missing aspects of discourse not covered by this dichotomy. For example, research has highlighted that Chinese students rarely
respond directly to each other—that is, they rarely engage in horizontal discourse—unless sanctioned by the teacher (e.g., Chan,
1999; Li, 2003, 2005; Wang & Cai, 2007) and thus the teacher plays a prominent role in this discursive form. This may be a function
of the curriculum reforms implemented in China, which encourage interactive and open classroom discourse where conversation
between students and teachers varies more than before the curriculum reforms were implemented (see, e.g., Ni, Zhou, Li, & Li, 2014).
In the current study, we propose a relatively nuanced stance toward thinking about how teachers lead their students in mathematical
discourse. In particular, we examine both ends of the continuum—vertical, teacher-led discourse in which the students respond
directly to the teacher, and horizontal, student-student discourse in which students respond directly to each other—as well as a
practice that sits between these, a practice we label teacher-facilitated horizontal discourse.1 In this discursive form, we see the teacher
at the helm, directing students to respond not to the teacher but to other students.
A third explanation for the discrepancy would be that different structures of discourse could play different roles in different

cultures, which could lead to different levels of effectiveness of each discursive type in different cultures. For example, it has been
argued that Chinese teachers who command respect get students to pay attention to the teachers’ directives and this obedience leads
students to study hard and perform well (e.g., Li, 2001), which makes vertical discourse potentially a more effective practice to
promote learning in Chinese lessons than in U.S. lessons. Thus, different discursive moves should be examined and compared within
their respective cultures. The current study compares the use of vertical discourse, horizontal discourse, and teacher-facilitated
horizontal discourse, within both U.S. and Chinese lessons separately.
A final potential explanation would be that the discourse in Chinese classrooms has little to do with Chinese students’ academic

performance. It could be that Chinese teachers are not promoting effective classroom discourse, but are doing well in other respects
(e.g., classroom management). Although this is certainly possible, this does not discount the importance of discourse, given that
numerous previous studies have associated student discourse with student learning (e.g., Nathan & Knuth, 2003). More importantly,
significant research has been generated through cross-cultural comparisons (e.g., Perry, Vanderstoep, & Yu, 1993), and new findings
may be discovered about classroom discourse in this context, which further necessitates the current study.
In sum, the present study asks what the structure of classroom discourse looks like in both U.S. and Chinese mathematics lessons,

and, more particularly, what sort of discursive structures promote student mathematical talk. We do this in light of recent theorizing
by Sfard (2017) in her framework for how students comport themselves in classrooms, following the structure that teachers provide,
by trying “to participate in the new discourse even if, at a given point in time, they can do it only by imitating the moves of an expert
participant” (p. 45). Following Sfard (2017), we take seriously the sociocultural position (e.g., Vygotsky, 1978) in which ideas that
develop within individuals have their roots in the socially accepted knowledge expressed in public discourse (also see, e.g., Ni et al.,
2017). We take our findings to develop conjectures about how the amount of mathematical talk plays a role in student learning.

1.1. Background: policy and historical views on student-student mathematical talk

In the United States, the Common Core State Standards Initiative (Common Core State Standard Initiatives, 2014), Standards for
mathematical practice—and prior to the CCSSI, the National Council of Teachers of Mathematics’ (National Council of Teachers of
Mathematics, 1991, 2000) Standards—have argued for students’ roles in contributing to the mathematical discourse in elementary
school classrooms, and for the discourse to be structured as student-to-student rather than student-to-teacher. The CCSSI Standards
for Mathematical Practice state that students should: “construct viable arguments and critique the reasoning of others”

1 Although the term we use here, teacher-facilitated horizontal discourse, is new, related discursive moves have been described and examined in
previous literature (including re-voicing and redirecting, e.g., Forman & Ansell, 2002; O’Connor & Michaels, 1993; Riley, 1981; Wright & Nuthall,
1970). However, what we describe here introduces a different discursive function. Re-voicing, in which the teacher restates a student’s idea, often
using more precise language, has the function of reinforcing a student’s contribution. We do not include re-voicing in our definition of teacher-
facilitated horizontal discourse. Redirecting, in which the teacher turns the same question to another student, functions to give another student a
chance to produce the correct response. Teacher-facilitated horizontal discourse includes redirecting, but goes beyond redirecting by also including
attempts to get students to evaluate, expand, or contradict another student, not just produce a correct answer when the first student failed to
produce a correct answer.
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(CCSS.Math.practice.MP3). They go on to say “Mathematically proficient students… justify their conclusions, communicate them to
others, and respond to the arguments of others…” (emphasis added).
This does not appear markedly different from what the National Council of Teachers of Mathematics (1991) and the National

Council of Teachers of Mathematics (2000) urged, prior to the CCSSI. For example, in their Principles and Standards of School
Mathematics, the National Council of Teachers of Mathematics (2000) stated:

To support classroom discourse effectively, teachers must build a community in which students will feel free to express their ideas.
… Starting in grades 3–5, students should gradually take more responsibility for participating in whole-class discussions and
responding to one another directly. They should become better at listening, paraphrasing, questioning, and interpreting others’ ideas
(p. 61, emphasis added).

Although there are other dimensions of discourse practices that promote student success, given the prevalence and consistency of
this recommendation over the years and across guidelines, we assume that currently, and at least for the past several decades, U.S.
elementary school teachers have been practicing in a national context that has promoted having students voice their understanding
directly to each other.
Similarly, Chinese Mathematics Curriculum Standards for Compulsory Education (MCSFCE, Ministry of Education of the People’s

Republic of China, 2011) also has specifications about classroom discourse and student interactions. For instance, students are
encouraged to “learn to collaborate with others,” and “form the habit of cooperation and communication.” The trial version of
MCSFCE was first published in 2001 and only a limited number of Chinese school districts initially participated in the curriculum
reform experiment. Furthermore, under the influence of deeply rooted Confucius tradition, teachers still are expected to control the
classroom discourse; in Chinese primary schools with an average class size of 39 students and lower secondary schools with an
average class size of 52 students (Organisation for Economic Co-operation & Development, 2012a, 2012b), unauthorized student
discourse can be easily interpreted as classroom management issues. In this context, teachers often talk to students, but encounter
difficulty advancing ideas through dialogic classroom discourse (Stein, Remillard, & Smith, 2007). Thus, we expect less student-
student talk in Chinese classrooms compared to U.S. classrooms, and the current study examines empirical instructional practices
against our understanding of policy and historical expectations across U.S. and Chinese cultures.

1.2. Theoretical and empirical support for student-to-student discourse

The policy urging students to talk directly to each other is supported by constructivist theory (Piaget, 1926, 1985) and socio-
cultural perspective (Vygotsky, 1978). Theoretically, we have every reason to believe that learning is enhanced in an environment
where students work to create that knowledge compared to information that is told to students (e.g., Boaler, 2000; Imm & Stylianou,
2012; Inagaki et al., 1998). In the context of learning in classrooms, telling students what they need to know (structured as teacher-to-
student, or vertical, discourse) should be less effective than having students work through and develop their own understanding (e.g.,
Hiebert & Grouws, 2007). Discursive structures designed to enhance learning should have students working directly with each other
rather than directly responding only to the teacher.
A long history of empirical research both from Asian perspectives (Hatano & Inagaki, 1991; Inagaki et al., 1998) and from U.S.

perspectives (e.g., Ball, 1993; Bauersfeld, 1995; Hufferd-Ackles, Fuson, & Sherin, 2004; Lampert, 1990; Silver, Kilpatrick, &
Schlesinger, 1990) provide support for the theory that students who work together through mathematical ideas have superior
learning outcomes than when learning from teacher-led instruction. For example, Inagaki et al. (1998) found that learning was
enhanced for students who contributed to a class-level discussion of mathematical concepts. Additionally, in a classic study, Lampert
(1990) provided evidence for impressive learning opportunities when students were encouraged to work together to build a com-
munal body of knowledge and to support and defend publicly made claims. From these research findings, we would expect that
students who work together to create mathematical knowledge would outperform students who learn directly from a teacher. The
current study examines these empirical practices concomitantly, with an explicit cross-cultural perspective.

1.3. Measuring student engagement with the mathematics

Measuring student engagement has been difficult. For instance, Ding, Pepin, and Jones, (2015) pointed out that standardized tests
are inappropriate for measuring student engagement with mathematics, especially when it comes to Chinese classrooms, because
although Chinese students usually perform well on these assessments, they may not feel confident and interested in mathematics.
Accordingly, in this investigation, we were interested in the structure of the discourse not only as an end, but also as it may provide
supports to student engagement with the mathematics. As level of engagement with mathematical ideas is notoriously problematic to
measure (Gettinger & Walter, 2012), we chose an easy-to-recognize behavior as a proxy for engagement with the mathematics: use of
mathematical terms. The reason for this focus is that voicing mathematical ideas serves as both an opportunity for building a
community’s knowledge base and for formative assessment of what else students might need to know (Black & Wiliam, 1998; Clarke
& Xu, 2008). In contrast to the use of clear mathematical terms, the use of vague (and non-mathematical) terms may undermine
others’ access to interact and participate meaningfully (Lack, Swars, & Meyers, 2014).

1.4. Statement of the problem

Based on theory (e.g., Hiebert & Grouws, 2007), policy (e.g., National Council of Teachers of Mathematics, 2000), and empirical
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results (e.g., Lampert, 1990, cf. Nathan & Knuth, 2003), we might expect certain cultural practices to correlate with certain outcomes
in elementary mathematics classrooms. These converging practices might lead us to expect that U.S. elementary teachers would
encourage students to take on each other’s contributions and talk directly to each other, in horizontal discourse structures, and
Chinese students to address the teacher directly rather than each other, in vertical discourse structures. But does this happen? We have
little evidence about the frequency with which these practices are enacted in U.S. and Chinese classrooms, and thus we explore this
empirical issue by looking at how frequently students respond directly to students in horizontal discourse versus respond directly to
the teacher in vertical discourse structures.
To understand how these forms work, we take a comparative look at U.S. and Chinese classrooms because Chinese culture, with

its reverence for elders and authority, places the teacher at the helm of the class, with the responsibility to deliver content (e.g., Pratt,
1992). Because Chinese students have been outperforming U.S. students in mathematics for decades (see, e.g., Stevenson et al., 1990),
a potential contradiction exists between what we expect theoretically—that horizontal discourse supports student learning and that
we should find more horizontal discourse in U.S. than in Chinese classrooms—and what we know empirically—that upper-ele-
mentary Chinese students outperform their U.S. peers in mathematics.
We realize that the apparent contradiction may have been fueled by an overly simplistic dichotomy between horizontal and

vertical discursive structures (e.g. Hansson, 2010). Given this realization, we propose here a more nuanced stance toward thinking
about how teachers lead their students in mathematical discourse. In particular, we examine both ends of the continuum—vertical,
teacher-led discourse in which the students respond directly to the teacher, and horizontal, student-student discourse in which
students respond directly to each other—as well as a practice that sits between these, a practice we label teacher-facilitated horizontal
discourse. In this discursive form, we see the teacher at the helm, directing students to respond not to the teacher but instead to other
students.
If we are also questioning what should happen, in the sense of what is most likely to promote student learning, we need to ask

more than just how often we observe these discursive forms in elementary mathematics classrooms. Thus, we have chosen to look at
how students’ responses may differ, in their production of mathematical language, when the prompt for the response comes directly
from the teacher, directly from another student, or from another student but facilitated through the teacher. We chose this particular
way of examining student input based on research that connects student discussion (Hiebert et al., 2003; Stigler & Hiebert, 1999) and
student precise and explicit mathematical language (Clarke & Xu, 2008; Nathan & Knuth, 2003; Sfard & Kieran, 2001; Sims, 2008) to
successful mathematical lessons and to student learning.
The present study investigates both the frequency of these three types of discourse (horizontal, vertical, and teacher-facilitated

horizontal) in U.S and Chinese classrooms as well as the extent to which these types of discourse structures promote the production of
mathematical language, as a proxy for engagement with mathematics. More specifically, we ask two research questions:

1 What are the frequency differences between U.S. and Chinese lessons, and within each site, among the three types of discourse?
2 What are the frequency differences of mathematical terms—between U.S. and Chinese lessons, and within each site, among the
three types of discourse?

2. Method

2.1. Data source

2.1.1. Background
The data reported here were collected as part of a larger project, in which we sought to develop effective ways to use video

records of classroom processes as a means to help teachers reflect on the processes of teaching and learning (Schleppenbach et al.,
2007). In this project, our colleagues videotaped one lesson from each of 31 fourth- and fifth-grade classrooms: 14 from the United
States (from 6 schools in and within a 30-mile radius of a university town in the Midwest) and 17 from China (from 8 schools in
Beijing). We readily admit that it is not fair to generalize from a relatively small cross-cultural data set to draw inferences beyond
these data. Still, we can hope to learn about what these patterns of discourse look like by taking a careful look within this relatively
small sample.

2.1.2. Classroom characteristics and length of observations
The average class size for the U.S. classes was 22 students. The U.S. teachers taught a variety of subjects including mathematics.

The average class size for the Chinese classes was 55 students. The Chinese teachers were responsible only for teaching mathematics.
We did not find any significant difference in the average length of U.S. lessons (40.24min, s.d.=7.86min) and Chinese lessons
(43.11min, s.d.=3.26min), t(15)= 1.23, p= .24.

2.1.3. Details of video recording
All of the lessons were video recorded in the spring semester, the second semester of the school year in both locales. In each

lesson, two videographers were present in the classroom so that the video records captured the class from both the teacher’s and the
students’ perspectives. These lessons were transcribed, and all of the Chinese lessons were translated to English and back-translated
for accuracy.
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2.1.4. Lesson topics
Before observing each lesson, the researcher arranged with the teacher to observe a lesson about equivalent or adding fractions.

Equivalent and adding fractions were chosen because these topics are central to mathematics curricula in both countries and are
relatively demanding for students in both countries. We also thought it was crucial to control for the topics because different topics
might differentially constrain discourse and we wished to curtail this potential confound as much as possible.
The Chinese teachers introduced these related topics exclusively in the fifth grade, whereas some of the U.S. teachers introduced

these in fourth and others in fifth grade. Although we realized that some of the observed differences might be due to differences in age
of students in the two sites, we reckoned that this was less important than keeping the topics consistent in our observations. In
addition, the NCTM lays out suggestions for communication over a range of grades, expecting all teachers, from third through fifth
grade, to approach teaching materials in similar ways (National Council of Teachers of Mathematics, 2000). Thus, we expected
students from both grades we observed, at least in the United States, to be similar with respect to their capabilities to communicate
mathematically, which was the focus of this investigation.

2.2. Coding

We used the videos and transcripts to code the data. To begin coding, the classroom discourse that involved classroom man-
agement and classroom routines was eliminated from analysis, because the focus of this study was to investigate student discourse
patterns when talking about mathematics. For example, when the teacher asked the student to close the book, and the student said
“okay,” this was not a case in our analysis, as it was part of classroom routines. Next, the lessons were divided into whole-class and
non-whole-class portions of the lesson. To compare the forms of discourse, only whole-class portions were used, for three reasons: (1)
it was often hard to hear conversations during non-whole-class time, which was typically spent with students working alone or in
small groups, so we could not be certain we were consistently hearing and coding whether the students were even talking to each
other, which could have rendered our results unreliable; (2) by only focusing on whole-class time, it was possible to observe each type
of discourse; it would have been impossible for vertical or teacher-facilitated horizontal discourse to occur during these non-whole-
class moments, thereby potentially inflating our reporting of horizontal discourse; and (3) if the majority of the class cannot hear a
particular discussion, then this type of interaction can influence only those students within earshot, and cannot have the effect of
influencing anyone else in the class. As further support for omitting non-whole-class time, we note that we did not disadvantage one
site over the other: we found no significant difference between the average length of the non-whole class portions between the
Chinese (4.70min, s.d.=4.10min) and U.S. lessons (1.92min, s.d.=3.86min), t(28)= 1.88, p= .07, which amounted to small
portions of overall class time in both locations. We noted that one U.S. class was conducted exclusively using non-whole class time.
Because we could not observe two of the three forms of discourse we were investigating here, we chose to exclude this class from our
analyses.

2.2.1. Whole-class interactions
In the portions of each lesson that were identified as whole-class time, we coded each student statement to identify to whom the

student was directing that statement. We identified three forms of discourse during whole-class interactions, which depended on to
whom the student was responding: vertical (the student statement was directed only towards the teacher), horizontal (the student
statement was directed towards another student), or teacher-facilitated horizontal (the student statement was directed by the teacher
to respond to another student). For clarity, we describe and exemplify these three forms of discourse.

2.2.2. Vertical discourse
This was coded whenever the teacher or student initiated and the other responded. Here is an example of vertical discourse in a

U.S. classroom:

Teacher: Krista, what did you find?
Krista: Two-fourths.
Teacher: So we can write down one-half equals….
Krista: Two-fourths.

Here is an example of vertical discourse in a Chinese classroom:

Jia: I choose four-ninths and two-ninths.
Teacher: Okay. Do you want to make up an addition or a subtraction problem?
Jia: Subtraction.
Teacher: Go ahead.
Jia: Four-ninths minus two-ninths equals two-ninths.

2.2.3. Horizontal discourse
In horizontal discourse, students responded directly to each other, without teacher intervention. Here is an example of horizontal

discourse in a U.S. lesson (we include the question from the teacher, which provides context for the horizontal response by Kimberly):

Teacher: 2.7, right?
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Jonathan: Don’t you have to put a zero there? [as in 2.70]
Kimberly: No.

Here is an example of horizontal discourse in a Chinese lesson (here, again, we provide the comment from the teacher as context):

Teacher: Very good. The third question is a little bit difficult. Who would like to try it? Be more active. Xiu Li.
Xiu Li: Four-fifths minus one-sixth equals twenty-four thirtieths minus six-thirtieths, which equals eighteen-thirtieths.
Zhi: No, it’s wrong.

In both of these examples, the second student responded directly to the first student, without any intervention from the teacher.

2.2.4. Teacher-facilitated horizontal discourse
We identified this discursive form when, instead of the student responding directly to the teacher or directly to another student,

the teacher intervened and asked for one student to respond to another student. This form of discourse includes the initial student’s
statement, the teacher’s facilitation discourse, as well as another student’s response. Here is an example from a U.S. lesson (with the
initial student’s comment and the responding student’s comment noted in bold):

Teacher:Art, how many centimeters is one inch?
Art: Three and two-tenths.
Teacher: He says it’s three and two-tenths. Tom’s shaking his head “no.” Tom what do you say?
Tom: Three and a half.

In this excerpt, the students were not talking directly to each other, but communicating with each other through the teacher.
Here is an example from a Chinese lesson:

Teacher: Can you tell me the rationale of consistent quotient?
Jing: The quotient will stay consistent if two numbers are multiplied or divided by the same number.
Teacher: Sit down, please. Does anyone have different opinions? You, please.
Shi: The quotient will stay consistent if two numbers are multiplied or divided by the same number at the same time.
Teacher: Ok. Anything else? You, please.
Chun: Except zero.

In this example, two instances of teacher facilitations were involved: (1) “Does anyone have different opinions? You, please,” and
(2) “Ok. Anything else? You, please,” so we coded two separate instances of teacher-facilitated horizontal discourse. In this excerpt,
the second student, Shi, responded to the first student, Jing, with the teacher’s facilitation. Also, the third student, Chun, responded to
the first two students, and made a complement to the first two students’ answers, with the teacher’s facilitation. In these instances, the
teacher was intervening in the discussion to ask a student to respond to the ideas of another student, which is what we intend to
capture when coding teacher-facilitated horizontal discourse.

2.3. Reliability

Two authors coded a random 25 % of the lessons (4 Chinese and 3 U.S. lessons). Disagreements were discussed with a third author
until all three of us came to an agreement. Reliability for identifying the student statements as vertical, horizontal, or teacher-
facilitated horizontal, using Cohen’s (1960) kappa, was 0.86.

2.4. Analytic plan

We conducted analyses in two phases. First, we identified and counted the frequencies of the three forms of discourse. Using a
generalized linear mixed model with log transformation, we then looked for significant differences in the frequencies between U.S.
and Chinese classrooms. We performed log transformations because the residuals were not normally distributed and the residual
variance was not constant. We chose a mixed-effects model because this allowed us to take into account the clustering feature of the
data set (different forms of discourse, nested within classes). Our mixed-effects model consisted of fixed-effect terms (country and
discursive form) and a random-effect term (classes). By treating the classes as a random effect, we allowed variations among the
classes, but without estimating an effect for each class. We report both the between and within degrees of freedom because the counts
of discourse differed greatly across lessons.
Second, following Clarke and Xu (2008), we settled on using the number of different mathematical terms provided in the student

utterance as our outcome measure. We operationalized mathematical terms as the number of words that were numbers, operations,
and mathematical vocabulary included in the student’s response. Our intent in doing this was to take a more careful look at the how
each of the three discursive structures was related to student engagement with the mathematics, using the prevalence of mathe-
matical terms used by students in their responses as a proxy for engagement with the mathematics.
As an example, when a teacher asked “is 2/6 equivalent to 1/3?” one student answered “yes, that is exactly what I got. 2/6 can be

considered the same as 1/3” (15 words total, 3 mathematical terms, 20 % of words are mathematical terms), while the other student
answered, “the numerator and denominator are divided by 2 simultaneously, so the fraction stays the same” (15 words total, 5 math-
ematical terms, 33.33 % of words are mathematical terms). Both responses were examples of vertical discourse, but the second
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student provided much richer mathematical information than the first student. Thus, by examining the density of mathematical terms
in the student responses, we hope to capture some measure of the student’s engagement with the mathematics.

3. Results

3.1. Overview

We found a total of 3605 instances of discourse: 1335 in the 13 U.S. lessons and 2270 in the 17 Chinese lessons. The over-
whelming majority of these were vertical. We found a total of 3226 instances of vertical discourse: 1220 in U.S. lessons and 2006 in
Chinese lessons. We found relatively few instances of horizontal discourse. Only 59 were horizontal: 45 in U.S. lessons and 15 in
Chinese lessons. We also discovered 320 instances of teacher-facilitated horizontal discourse: 70 in U.S. lessons and 250 in Chinese
lessons. See Table 1 for a summary of frequencies and proportions of these discursive forms.

3.2. Between-country findings

Because we made multiple comparisons, we corrected our analyses using Bonferroni adjustments and all p-values we report
include these corrections. Accordingly, given that we conducted analyses to compare three types of discourse—horizontal, vertical,
and teacher-facilitated-horizontal discourse—the p-values resulting from the generalized linear mixed model were multiplied by 3.
We did not find significant differences in vertical discourse between the U.S. lessons and the Chinese lessons, F(1, 56)=1.36, p=

.74. We did, however, find significantly more horizontal discourse in the U.S. lessons than in the Chinese lessons, F(1, 56)=8.53,
p= .015. We found significantly more teacher-facilitated horizontal discourse in the Chinese lessons than in the U.S. lessons, F(1,
56)=17.09, p < .001, (see Table 1). We present the estimated generalized linear mixed model for these findings in the Appendix.

3.3. Production of mathematical terms found in each discursive pattern

We also sought to characterize the degree to which student responses included mathematical talk. In particular, we were in-
terested in how student responses to each other might be affected by teacher intervention. To examine this issue, we relied on an
index capturing the student’s adherence to mathematical discourse by counting the number of distinct mathematical terms the
student uttered in a response.
Using generalized linear mixed models and lsmeans statements in SAS, we examined differences between U.S. and Chinese lessons

in instances of vertical2, horizontal, and teacher-facilitated-horizontal discourse (see the Appendix). We began by looking at dif-
ferences between sites. We did this to examine whether production of mathematical terms in student responses was notably different,
even when responding within the same discursive structure, between U.S. and Chinese students. We then looked at differences within
site, depending on whether the students responded to the teacher, responded directly to each other, or responded to each other via
their teacher’s intervention. We report Bonferroni-adjusted p-values because we made multiple comparisons.

3.4. Production of mathematical talk in U.S. and Chinese classrooms

3.4.1. Vertical discourse
We found significantly more mathematical terms in the Chinese students’ responses made directly to their teachers than in the

U.S. students’ responses made directly to their teachers, F(1, 38)= 24.80, p < .001 (see Table 2 and Appendix Table A2).

3.4.2. Horizontal discourse
When considering responses that students provided directly to other students, without teacher intervention, we found no sig-

nificant differences between U.S. and Chinese students in the number of mathematical terms, F(1, 38)= 1.80, p= 1.0 (see Table 2

Table 1
Descriptive Statistics for Number of Instances of Three Discursive Forms in U.S. and Chinese Mathematics Lessons.

Vertical Horizontal* Teacher-Facilitated Horizontal*

Country N (%) M (SD) N (%) M (SD) N (%) M (SD)

U.S. 1220 (91.39) 93.85 (45.26) 45 (3.37) 3.46 (7.09) 70 (5.24) 5.38 (5.98)
China 2006 (88.37) 118.00 (33.58) 14 (0.62) 0.82 (1.01) 250 (11.01) 14.71 (8.41)

Note. Reported percentages indicate conditional proportions (i.e., percent within the data from each country).
* p < .001, comparing U.S. and Chinese classrooms.

2 Given the vast amount of vertical discourse, and the multitude of ways in which it might be used, we chose not to examine all vertical discourse
in our sample but rather only vertical discourse that was adjacent to teacher-facilitated horizontal discourse, as we reckoned that this would be a fair
comparison between discourse elicited by the teacher that was either directed back to the teacher vs. to another student.
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and Appendix Table A2). This lack of significant distinction in horizontal discourse between the two sites indicates that, although the
absolute frequency of this form of discourse differed, the way in which students talked when speaking directly to other students did
not differ in their production of mathematical terms.

3.4.3. Teacher-facilitated horizontal discourse
We found significant differences in the number of mathematical terms used in response to another student when the teacher

intervened, with U.S. students producing significantly fewer mathematical terms than Chinese students, F(1, 38)= 52.71, p < .001
(see Table 2 and Appendix Table A2). This indicated that the U.S. students were less likely than the Chinese students to demonstrate
responses with many mathematical terms when the teacher facilitated students talking to each other.

3.5. Production of mathematical talk within sites

3.5.1. Comparing vertical with horizontal discourse within U.S. lessons
U.S. students responded similarly, whether responding directly to the teacher (vertical discourse) or directly to each other

(horizontal discourse) in their use of mathematical terms, F(1, 38)= 0.03, p= 1 (see Table 2 and Appendix Table A2).

3.5.2. Comparing vertical with teacher-facilitated horizontal discourse within U.S. lessons
We were also interested in seeing whether students responded differently when prompted by the teacher to respond directly to the

teacher (vertical discourse) or to another student (teacher-facilitated horizontal discourse). We found no differences in the number of
mathematical terms, F(1, 38)= 0.45, p= 1 (see Table 2 and Appendix Table A2).

3.5.3. Comparing horizontal with teacher-facilitated horizontal discourse within U.S. lessons
When responding to each other, U.S. students produced comparable amounts of mathematical terms, whether they responded

directly to each other or whether the teacher intervened, F(1, 38)= .18, p= 1 (see Table 2 and Appendix Table A2).

3.5.4. Comparing vertical with horizontal discourse within Chinese lessons
Chinese students produced comparable amounts of mathematical terms, whether responding directly to the teacher (vertical

discourse) or directly to each other (horizontal discourse), F(1, 38)= 2.43, p= 1 (see Table 2 and Appendix Table A2).

3.5.5. Comparing vertical with teacher-facilitated horizontal discourse within Chinese lessons
Chinese students responded with more mathematical terms when the teacher directed students to respond to each other (in

teacher-facilitated horizontal discourse) compared to when the teacher expected the students to respond directly to the teacher (in
vertical discourse), F(1, 38)= 17.81, p < .001 (see Table 2 and Appendix Table A2).

3.5.6. Comparing horizontal discourse with teacher-facilitated-horizontal discourse within Chinese lessons
When responding to each other, Chinese students’ responses contained more mathematical terms when the teacher intervened, in

teacher-facilitated-horizontal discourse, than when speaking directly to each other, in horizontal discourse, F(1, 38)= 8.64, p < .05
(see Table 2 and Appendix Table A2).

4. Discussion

In some ways, the results are not surprising. For example, we rarely saw horizontal discourse in Chinese classrooms, and we saw
more horizontal discourse in U.S. lessons. This is consistent with our cultural expectations in U.S. and Chinese lessons. In other ways,
what we found was striking: teacher-facilitated horizontal discourse was common in Chinese classrooms. This approach appears to
capture the intent that horizontal discourse is designed to play in U.S. classrooms. This hybrid form may potentially be significant in
helping to understand how Chinese teachers appear to engage their students to learn mathematics successfully, in ways theoretically
supported, but at the same time maintaining control of classroom discourse, in concert with cultural expectations.
Before considering the implications of these findings, we return to the contradiction we raised at the beginning of this report: a

contradiction exists between what we expect theoretically—that horizontal discourse supports student learning and that we should
find more horizontal discourse in U.S. than in Chinese classrooms—and what we know empirically—that upper-elementary Chinese

Table 2
Production of Mathematical Terms in Different Discursive Structures.

Vertical* Horizontal Teacher- Facilitated*
Country M (SD) M (SD) M (SD)

U.S. 1.43 (1.26) 1.47 (1.95) 1.67 (1.39)
China 3.71 (4.17) 2.29 (4.07)† 5.55 (5.44)†

* p < .001, comparing U.S. and Chinese lessons.
† p= .01, comparing responses within site.

S. Wang, et al. International Journal of Educational Research 99 (2020) 101493

8



students generally outperform their U.S. peers in mathematics. Our thought about this contradiction, after examining the data and
findings from our study, is that purely horizontal discourse is rare and teacher-facilitated horizontal discourse appears to be an age-
appropriate medium for having elementary-school students voice their ideas and engage with their peers about mathematical ideas.
One implication of these findings is that teacher-facilitated horizontal discourse potentially provides students with opportunities

to interrogate each other’s mathematical ideas without taking the responsibility of initiating the challenge. Theoretically, this hybrid
form may act like horizontal discourse, in that students must reckon with each other’s ideas and, in this way, provoke cognitive
discord that provides fertile ground for cognitive change (Piaget, 1985).
This implication—that teacher-facilitated horizontal discourse provides support that allows students to wrestle with each other’s

ideas without some of the downsides of actual horizontal discourse—has several corollaries. For example, teacher-facilitated hor-
izontal discourse may permit students to concentrate on the mathematics and alleviate them from the potentially socially awkward or
problematic position of challenging a peer directly. Alleviating the associated stress could allow students to perform to their po-
tentials rather than taking up valuable space in working memory (Beilock & Carr, 2005; Häggström, 2008). Future research could
examine the extent to which students feel more comfortable challenging another student’s ideas when the teacher invites this
challenge compared to when students must take on this role without the explicit and direct support of the teacher, and whether this
impacts successful mathematics performance.
A further potential benefit is that, by having the teacher shape the student’s response, the student can borrow the structure and

sophistication from the teacher’s prompt, thereby having the opportunity to augment their own contribution. This sort of phe-
nomenon has been documented in informal teaching situations (e.g., Wood, Bruner, & Ross, 1976) and may be supporting student
learning formally, in elementary mathematics classrooms. We have not examined our data for this, but it certainly is possible and thus
deserves further exploration.
Another implication is that the differences we located—especially in which the Chinese students produce more mathematical talk

when the teacher entreats students to respond to each other than when students respond directly to each other or when responding
directly to the teacher—contributes to students’ understanding and use of mathematics. The students’ responses in horizontal dis-
course, whether in U.S. or in Chinese classrooms, seemed remarkably similar. And, when the teacher intervened in the U.S. lessons,
there was no real change in student responses. However, when the teacher intervened in the Chinese lessons, we found dramatic
differences in student responses: the responses included more than twice as many mathematical terms. Thus, the Chinese teachers’
interventions appeared to elevate student responses in a way that the students appeared to become more engaged with the
mathematics than if they responded directly to each other or directly to the teacher (see, e.g., Ni et al., 2014). Exactly why this
happened in the Chinese sample, but not in the U.S. sample, and how the production of mathematical terms affects student learning is
curious and certainly demands further inquiry.
Our final thoughts relate to the issue of whether different structures of discourse play different roles in different cultures. In our

careful reading of these truly horizontal discourse moments in U.S. classrooms, students add quick quips, but do not typically appear
to engage deeply in serious mathematics. As a counterpoint, Chinese teachers seem to have found a way to follow the spirit of this
practice, while, at the same time, adhere to traditional Asian cultural practices. In teacher-facilitated horizontal discourse, teachers
invite students to parlay with each other and continue to explore a mathematical point through to its logical conclusion. The teacher
often appears to act as a legitimizer of conversation about the issue, while supporting students talking to each other.
In this study we examined differences between theoretically derived practices, providing a basis for understanding the differences

between U.S. and Chinese students in their development of mathematical understanding and mathematics classrooms norms. Because
we conducted the study using classroom observations, we cannot draw causal conclusions. Future explorations could examine causal
relationships between structures of discourse and student achievement by means of carefully designed experimental or quasi-ex-
perimental studies. In addition, although we found variations in the use of classroom discourse structures in these two sites, we
realize that the contexts and contents of discourse also play non-negligible roles. Thus, future analysis may include student back-
ground characteristics, such as age and gender, as well as teacher background characteristics, including education and teaching
experience, in statistical models to increase prediction accuracy; detailed qualitative discourse analysis may also provide a benefit to
our understanding of classroom discourse.
In sum, looks can be deceiving. The look and feel of a Chinese classroom is of a teacher-centered, not learner-centered, approach

(see Schuh, 2004). But, by taking into account the nuances of the approach that Chinese teachers use, we come to a different
conclusion: that the Chinese teachers are adept at holding control of the class while, at the same time, inviting students to respond to
each other’s ideas. Teachers who provide the structure for students to consider each other’s ideas may be teaching their students not
only how to respond, but also providing the structure for developing more sophisticated mathematical knowledge.
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Appendix A

Table A2
Generalized Linear Mixed Model Fixed Effects for Mathematical Terms.

Effect Level B SE t p Exp (B)

Intercept 0.34 .18 1.92 .07 1.40
Discourse Type Vertical 0 – – – 1.00

Horizontal 0.04 .25 .16 .87 1.04
TFH 0.14 .21 .67 .51 1.15

Country U.S. 0 – – – 1.00
China 0.98 .20 4.98 < .01 2.66

Interactions Vertical*U.S. 0 – – – 1.00
Horizontal*U.S. 0 – – – 1.00
TFH*U.S 0 – – – 1.00
Vertical*China 0 – – – 1.00
Horizontal*China −0.51 .39 −1.30 .20 .60
TFH*China 0.26 .23 1.12 .27 1.30

TFH=Teacher-facilitated-horizontal discourse.
Interpretation for this table is the same as Table A1. In this analysis, we arbitrarily chose to set the United States and vertical discourse as the
reference points for country and for discourse type.

Table A1
Generalized Linear Mixed Model Fixed Effects for Frequency of Discourse.

Effect Level B SE t p Exp (B)

Intercept 4.5 .18 24.81 < .01 90.00
Discourse Type Vertical 0 – – – 1.00

Horizontal −3.59 .27 −13.64 < .01 .03
TFH −3.02 .23 −13.05 < .01 .05

Country U.S. 0 – – – 1.00
China 0.28 .24 1.17 .25 1.32

Interactions Vertical*U.S. 0 – – – 1.00
Horizontal*U.S. 0 – – – 1.00
TFH*U.S 0 – – – 1.00
Vertical*China 0 – – – 1.00
Horizontal*China −1.45 .41 −3.74 < .01 .23
TFH*China 0.88 .29 3.45 < .01 2.41

TFH=Teacher-facilitated-horizontal discourse.
We performed log transformations during statistical modeling to achieve better model fit. The Bs represent the coefficients for the model with the log
values; Exp (B) are the exponentiated values of B, which we use to interpret frequencies and predicted counts.
Because we needed to select a reference for the fixed effects, we arbitrarily chose to set the United States and vertical discourse as the reference
points for country and for discourse type. Following convention, these were set at 1. To make the table clearer, we will explain how we interpret and
use these values, using teacher-facilitated-horizontal discourse responses in China as the example. In the Generalized Linear Mixed Model, we report
that the estimate for teacher-facilitated-horizontal discourse in Chinese lessons is 2.41 (see the last line in the table presented above), which is
actually the exponentiated estimate of the interaction between Chinese lessons and teacher-facilitated-horizontal discourse responses. (Note that we
performed log transformations on the predicted values for better model fit and because of the particularities of the distribution, we exponentiated
the log value to provide more interpretable values.) Coefficients that are added in the log-linear model must be multiplied once they have been
exponentiated. Thus, to obtain the estimates for teacher-facilitated-horizontal discourse in Chinese lessons, we multiplied the intercept (90.27) with
the estimate for teacher-facilitated-horizontal discourse responses (across both countries, 0.05), with the estimate for all responses in Chinese
lessons (1.32), and with the estimate for the interaction between teacher-facilitated-horizontal discourse and responses in Chinese lessons (2.41), or
90.27*0.05*1.32*2.41=14.36. The result, 14.36, indicates that it is predicted that on average in the Chinese lessons (population), there are 14.36
teacher-facilitated-horizontal discourse episodes per lesson. In the sample data, we actually have a total of 250 teacher-facilitated-horizontal dis-
course episodes in Chinese lessons, and we have 17 Chinese lessons. Thus in our sample, we have an average of 250/17=14.7 teacher-facilitated-
horizontal discourse instances in Chinese lessons. The difference between the predicted value (14.36) and the actual sample value (14.7) is ex-
tremely small, which is an indication that our model has good accuracy.
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Appendix B. Supplementary data

Supplementary material related to this article can be found, in the online version, at doi:https://doi.org/10.1016/j.ijer.2019.10.
003.
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