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In this article, the authors report results from a small-scale study of the Mathe-
matics Learning Discourse (MLD) project that aimed to affect change in urban
mathematics classrooms. The project focused on enhancing students’ understand-
ing of mathematics through an emphasis on classroom discourse and higher or-
der thinking. Four teachers participated in a 3-day summer course and yearlong
collaboration that was organized around three principles for supporting a learn-
ing discourse in their respective classrooms: appropriate and effective develop-
ment of students’ academic language, student engagement in mathematical prac-
tices of justification and collective argumentation, and access for all students to
rigorous mathematics. The authors discuss the research base for the MLD pro-
gram, its implementation, and its effect—as well as promise—by analyzing stu-
dent scores on pre- and post-assessments both for mathematical performance and
for the development of students’ proficiency with academic language and justifi-
cation.
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In the current high-stakes testing climate, instruction in many urban public
school settings is becoming increasingly controlled and, in some places,
scripted, as basic skills are prioritized over higher levels of reasoning. This nar-
rowing of urban students’ intellectual diet ultimately increases the education gap
between these students and their more affluent counterparts (Anyon, 1997; Keiser,
2005). This education gap should not only be measured in mere test scores but
also in the opportunities students have to learn to think and express themselves
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mathematically and reason in ways that will support their participation in a de-
mocracy and further their individual pursuits (Goodlad, 1994; Michelli, 2005).

In this article, we report the results from the Mathematics Learning Dis-
course (MLD) project, a small-scale research and development project undertaken
with four teachers in two schools in an urban school district in Connecticut. The
purpose of this project was to support teachers in fostering a mathematics learn-
ing discourse in their urban classrooms. Specifically, teachers sought to create a
teaching and learning environment that developed students’ academic language;
promoted justification and argumentation (e.g., sense making); and provided all
their students access to participation in cognitively challenging mathematical ac-
tivities. Such an approach runs counter to typical pedagogy in urban settings
(Leonard & Evans, 2008; Manouchehri, 2004). It was expected that this approach
would enhance students’ engagement and mathematics learning (Boaler &
Staples, 2008; Brenner, 1998; Hiebert, Carpenter, Fennema, Fuson, Wearne, Mur-
ray, Oliver, & Human, 1997; National Research Council, 2001; Silver & Stein,
1996, Stein, Grove, & Henningsen, 1996; Wood, Williams, & McNeal, 2006),
which, in turn, would increase their proficiency at responding to open-ended
prompts, akin to those on the state standardized tests that often require higher
levels of reasoning. We first discuss the research base for the MLD program and
describe its implementation. We then evaluate the effect of the MLD project,
analyzing student scores on pre- and post-assessments both for mathematical
performance and for the development of students’ proficiency with academic
language and justification. We conclude with a discussion of the promise of the
program’s model and future next steps.

Focusing on a Mathematics Learning Discourse

We made several deliberate choices in developing the MLD program. One
choice was to focus on student discourse. This focus is appropriate for two rea-
sons. First, language is the predominant medium by which students learn and
demonstrate their understandings. Language mediates learning (Vygotsky, 2002).
Verbal discourse in classrooms (supported by symbolic representations, visuals,
hands-on materials, etc.) is used to introduce students to mathematical ideas and
provide opportunities to make sense of these ideas. How a teacher organizes her
or his instruction to provide students access to, and opportunities for, meaning
making and concept development is crucial to student learning. Acknowledging
the centrality of language, we take the stance that it is through participation in
practices such as justification and argumentation that students might expand their
mathematical knowledge.

Second, the focus on student discourse is appropriate because it is not un-
common in urban settings to have students who are at various levels of language
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proficiency including English language learners (ELLs). In the school district of
focus, nearly half of the public school students spoke a language other than Eng-
lish at home (Connecticut State Department of Education, 2008). As part of a
needs assessment done prior to the project, teachers who were interviewed re-
marked that language issues affected their students’ performance on state-
mandated mathematics assessments. As noted in the literature, many ELL stu-
dents have mastered conversational English, but have little exposure to academic
language (Cummins, 2008). Thus, they face the double challenge of mathematics
and language as they work on open-ended prompts. The development of students’
academic language is a central function of schooling (Schleppegrell, 2007;
Zwiers, 2008). Consequently, specific instructional practices within these schools,
and other urban schools with similar characteristics, should support ELLs and bi-
lingual students (Dalton & Sison, 1995).

The MLD Project: Research Basis and Rationale

The Mathematics Learning Discourse (MLD) project was undertaken during
the 2007-2008 school year. In a 3-day summer workshop, a group of teachers
from two urban public schools was introduced to the idea of a mathematics learn-
ing discourse. We presented this idea in terms of a model with three pillars (see
Figure 1)—a model developed through a review of relevant research literature.
We explored each pillar with the teachers through a series of activities and discus-
sions. Given the research literature, it was expected that teachers who organize
classrooms characterized by the three pillars might prove to be more effective
with their students.

Mathematics Learning Discourse

Appropriate and Student Engagement Access for All
Effective in Mathematical Students to Rigorous
Development of Practices of Mathematics on Some

Students’ Academic Justification and Level
Language Collective
Argumentation

Figure 1. Three pillars of mathematics learning discourse.

Appropriate and effective development of students’ academic language. A
key aspect of developing students’ academic language is to create a bridge from
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everyday, informal language toward academic language and use of the mathemat-
ics register (Halliday, 1978; Pimm, 1987; Zwiers, 2008). Too often, attention to
language in mathematics classrooms focuses almost solely on vocabulary. Lan-
guage-related instruction should move beyond simple vocabulary; it should in-
clude attention to how language is used to express mathematical ideas (functional
linguistics) and the development of the mathematics register (i.e., language asso-
ciated with the meanings of mathematics) (Halliday, 1978; Moschkovich, 2002;
Pimm, 1987; Schleppegrell, 2007). This goal is pertinent for all students, but par-
ticularly so for students whose first language is not English (Cummins, 2000;
Schleppegrell, 2007; Valdés, Bunch, Snow, Lee, & Matos, 2005). These students
may be socially fluent, yet may need strategic linguistic support for engaging
cognitively challenging mathematical tasks (Janzen, 2008), justification and high-
er order thinking.

Many classrooms, however, do not support such practices. Teachers remain
unaware of the language demands involved in learning mathematics, especially as
they pertain to justification and higher order thinking (Adler, 1999; Moschkovich,
2002; Pimm, 1987; Valdés et al., 2005). The effectiveness of attending to lan-
guage development has been demonstrated by many researchers, including those
who developed and implemented the SIOP® Model' (Echevarria, Vogt, & Short,
2007, 2010), which became one central feature of working on academic language
with this group of teachers. We drew on SIOPw strategies and techniques because
they have been proven effective for supporting the teaching of academic content
to ELLs (Echevarria, Short, & Powers, 2006).

Student engagement in mathematical practices of justification and collective
argumentation. Student participation in justification, meaning making, and
argumentation have been implicated as critical components for supporting
students in learning mathematics (see, e.g., Hiebert et al., 1997; National
Research Council, 2001; Silver & Stein, 1996; Stein, et al., 1996; Wood et al.,
2006). There is also some evidence that participation in these practices is
particularly effective in supporting the learning of lower attaining students and/or
ELLs (Boaler & Staples, 2008; Moschkovich, 2002). By justification and
argumentation, we mean engaging students in the processes of sense making
(Hiebert et al., 1997) and having them offer claims, supported by evidence and
warrants (Toulmin, 1958) in order to support a result and convince others of the
claim’s validity.

Access for all students to rigorous mathematics on some level. In addition,
teachers need to ensure that all their students, who vary in their prior
mathematical background, language ability, and other characteristics, have access

! SIOP®, formerly known as the Sheltered Instruction Observation Protocol, is an instructional ap-
proach that offers teachers a framework for planning and implementing high quality instruction for
English language learners.
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to participate in the lesson’s mathematical activities (Goodlad, 1994; Michelli,
2005). Inequitable access and participation to mathematics during class leads to
inequitable learning opportunities and learning gains (Cohen, Lotan, & Leechor,
1989; Cohen & Lotan, 1997; Gee, 2003; Martin, 2003). Components of access for
all were conceptualized to include developing productive classroom norms for
discussion (Yackel & Cobb, 1996; Wood, 1999) and groupwork (Cohen, 1994a,
1994b), using manipulatives, and designing tasks that allow a range of students
access to engaging the task. These tasks were multi-dimensional (Cohen, 1994a;
Lotan, 2003) and cognitively demanding (Stein et al., 1996). In addition, access
for all attended to explicitly teaching what a good justification looks like and
providing formative feedback (Black & Wiliam, 1998) to support student
learning.

The MLD Project: Development and Practices

In the summer of 2007, a group of teachers from an urban school district
participated in 3 days of summer professional development (PD) that focused on
the three pillars. Teachers participated in a range of activities and discussions re-
lated to the following: strategies to support language development, with special
attention to ELL students (Echevarria, Vogt, & Short, 2007, 2010); analysis of
cognitively challenging tasks (Stein, Smith, Henningsen, & Silver, 2000), includ-
ing language demands related both to making sense of the task and offering justi-
fications; and strategies to support engagement and access for all students (e.g.,
strategic groupwork, formative feedback, etc.).

For example, we analyzed the cognitive demands of tasks by adapting an ac-
tivity from Stein et al.’s (2000) /mplementing Standards-based Mathematics In-
struction, and discussed various task features that could be modified to ramp up
the cognitive demands (contrasted with those that made a task more complicated
or harder to access). Before this activity, we discussed what higher order thinking
meant—a discussion we revisited throughout the summer sessions and academic
year.

Focusing more on language, a colleague in bilingual education worked with
the group to introduce them to the elements of the SIOP® Model—for example,
explicit inclusion of language objectives (along with content objectives) within
mathematics lesson plans. Additionally, she guided the group in analyzing the
linguistic demands of open-ended prompts from our state assessments. We also
introduced and modeled strategies such as math falk moves (Chapin, O’Connor, &
Anderson, 2003) and analyzed and discussed transcripts and videos from mathe-
matics classrooms (Boaler & Humphreys, 2005) considering how the classroom
discourse may promote conceptual understanding and higher order thinking.

Additionally, teachers participated in and reflected on cooperative problem
solving activities that were strategically designed and implemented to enhance ac-
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cess for all in mathematics classrooms. These activities pressed for higher order
thinking and included the use of “check points”—points in the task where the
teacher is called over and all members of the group need to be prepared to explain
the work and respond to questions. These check points provided an opportunity
for formative assessment (as the teacher interacted with the group) as well as lan-
guage development.

The summer experience was followed by ongoing collaborative work across
the course of an academic year involving the development, implementation, and
debriefing of higher order thinking (HOT) mathematics lessons. The HOT lesson
plans incorporated pedagogical strategies related to each of the three pillars (e.g.,
content and language objectives, verbal and written discourse that provided op-
portunities for higher order thinking and justification, and strategic support to al-
low all learners to engage in meaningful mathematics). The collaborative teams
included teachers, university teacher educators/researchers, and preservice ma-
thematics teachers who completed internships in the schools. The collaborative
meetings took place weekly (planning one week and debriefing the next), and the
HOT lessons occurred approximately twice each month lasting about 1 hour each.
The HOT lesson plans were archived for public use (see the following website for
archived lessons: http://www.crme.uconn.edu/lessons/). Along with developing,
implementing, and reflecting on HOT mathematics lessons, the teachers were en-
couraged to infuse the three pillars of mathematics learning discourse in their eve-
ryday teaching practices. (For examples of practices associated with each of the
pillars, see Truxaw & Staples, 2010.)

The MLD Project: Research

To document the possible impact of the project and evaluate the potential of
the underlying model, we address the following research questions:

1. What was the impact (if any) of the Mathematics Learning Discourse project on student
performance on open-ended math prompts?

2. What was the impact (if any) of the Mathematics Learning Discourse project on student
demonstrated proficiency with academic language and mathematical justification?

In examining these questions, we focus primarily on student learning data. These
research questions allow us to address a broader question of interest: Does the
MLD model seem to hold promise as an approach to professional development in
urban schools? In referencing the MLD model, we intend to indicate both the
conceptual underpinnings for the “content” of the work (the three pillars), and the
program’s structural design (summer sessions with yearlong follow up in collabo-
rative teams). We first report on findings related to the two research questions.
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We take up the question of the model’s promise in the Discussion and Implica-
tions section.

The project took place in five classrooms of four teachers in two urban
schools (one K-8 school and one high school) in Connecticut—one grade 4, one
grade 5, and three grade 9 classes (one teacher had two sections of algebra and
one had one section). The schools had partnered with the researchers’ university
on other projects so there was already some level of rapport established. The
grade 4 and 5 teachers had 18 and 29 years of teaching experience, respectively,
and the grade 9 teachers had two and three years of teaching experience. The
teachers volunteered to be involved with the project and received a small stipend
for their participation.

In the focus school district, 95% of students qualified for free or reduced-
priced meals and 94% of the students were categorized as “minority” students.
Additionally, at the two schools more than half of the students spoke a language
other than English at home (52% at the K—8 school and 71% at the high school)
(Connecticut State Department of Education, 2008).

Data Sources. The principal source of evidence to address the research
questions examined in this article was student pre- and post-assessment perform-
ance data on open-ended mathematics prompts from participating teachers’ class-
rooms as well as other classes within each school. For each of the grade levels,
the prompt was a released or sample item from the state tests that required higher
order thinking and/or a justification of the student’s response. The state assess-
ments include two open-ended prompts for grades 3-8 and four open-ended
prompts for grade 10. Students were given up to 30 minutes to complete the pre-
and post-assessment prompts. All prompts were embedded in some context (as
this is the priority of the state). We also administered a reflective survey after stu-
dents completed the assessments. We asked students to restate the problem in
their own words, circle confusing words and phrases, and identify other aspects of
the problem that were confusing or difficult for them.

To gauge whether changes in students’ performance in these classes were
beyond what could be expected in a typical year, we collected data from the same
single-item pre- and post-assessment from other classes at these schools. For
grade 9, we collected data from eight other ninth-grade classes. For grades 4 and
5, we administered the same prompts in the project teachers’ classes the year prior
to their involvement with the project.

We chose to use prompts from the state assessment for several reasons; most
notable of these was the tremendous pressure on teachers to improve student per-
formance on such assessment. The teachers also identified these prompts as chal-
lenges for their students. For instance, in 2008, 40% of 8th graders across the state
achieved “mastery” on this component of the state tests; in the urban school dis-
trict of focus, only 12% of 8th graders achieved mastery. In addition, these
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prompts are language intensive (generally both reading and writing are necessary)
and require higher order thinking. Thus, they aligned with the goals of the project.

Although the analysis for this article focuses on the student performance da-
ta, other data collected for the project include: materials and field notes from the
summer PD; HOT lesson plans; student work samples from HOT lessons; audio-
recordings and field notes of lesson planning and debriefing sessions as well as
the implementation of HOT lessons; and teacher interviews.

Data Analysis. We analyzed the pre- and post-assessments from multiple
perspectives. Prompts were scored using the state rubrics for open-ended prompts;
two trained scorers independently scored each prompt. If scores differed, another
scorer scored the prompt. The scores were analyzed using descriptive statistics, as
will be presented in the Findings section. The analyses we conducted varied by
grade level depending on the data available. For the ninth-grade classes (two
teachers), we made two main comparisons. First, we considered all students who
completed the prompt and compared the scores of students in MLD classes with
those in non-MLD classes. Second, we considered only students who were in
MLD classes all year and compared their results with those students who were in
non-MLD classes all year. This reduced our sample size, but may provide a more
accurate picture of the possible effect of the project. For grades 4 and 5, we did
not have a large comparison group. Rather, we compared end-of-year scores on
identical prompts for the MLD teachers’ classes from the year prior to the project
and MLD teachers’ classes for the project year, allowing for group-level compari-
son between the two classes.

To directly target student academic language and justification, we developed
a rubric to score student work samples by applying research literature related to
argumentation and justification (e.g., Healy & Hoyles, 2000; Toulmin, 1958) and
academic language/mathematics register (e.g., Pimm, 1987; Schleppegrell, 2007).
The initial rubric described different levels of proficiency with respect to two
categories: use of academic language and argument/justification. For argu-
ment/justification, we used as a working definition: the process of sense making
(Hiebert et al., 1997) to remove doubt about a claim using logical reasoning, in-
cluding evidence of claims, warrants and evidence (Toulmin, 1958). For academic
language, we used the working definition: language appropriate to communicate
the mathematics involved in the context of the problem/situation, including proc-
esses, properties, functions and relations (Halliday, 1978; Pimm, 1987). Academic
language entails use of vocabulary that is important for expressing ideas precisely
and mathematically, as well as use of appropriate sentence structures, and so
forth, that are needed to express mathematical ideas (e.g., generalizations, justifi-
cations, identification of a counterexample, etc.).

We made some adjustments to the rubric as we applied it to student work
samples. For example, we realized that the overlap of justification and academic
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language was quite extensive on many prompts, as expressing a justification re-
lied upon using language to express causal relationships and inferences. This
overlap was particularly extensive with contextual problems that required little in
terms of specific mathematical terminology; therefore, most of the academic lan-
guage required to respond to the prompt was related to expressing the justifica-
tion. We modified the rubric (see Table 1) to indicate this overlap by showing a
middle band that we could not attribute to either academic language or justifica-
tion alone. The use of specific mathematical terminology (e.g., product, polygon)
was attributed exclusively to the Use of Academic Language category. The types
of inferences and soundness of the reasoning students used was attributed exclu-
sively to the Argument/Justification category.

Table 1
Academic Language and Justification (ALJ) Rubric

Score 3 2 1 0

Student uses appropri- Student uses appropri- Few uses of mathemati- Student work reveals

Use of ate mathematical termi- ate mathematical termi- cal terminology are pre- little or no command of
Academic nology consistently nology, as required by sent, as required by academic language or
Language (e.g., “equals” vs. prompt. prompt. use of mathematical
“makes”) terminology.
Student work reveals ~ Work reveals some ap- Work demonstrates Work reveals little or
Use of appropriate words propriate indicators of challenges with articu- no language that de-
Academic and/or phrases to indi- logical connection lating logical connec-  scribes requisite logical
cate logical connections and/or relationships;  tion and/or relation-  connection or relation-
Language and relationships; claim claim may or may not ships; claim is not ex- ships; claim is not ex-
and Argument/  is expressed for all re- be expressed for all re- pressed for all relevant pressed, or not ex-
Justification levant cases. levant cases. cases. pressed for all relevant
cases.
Claim holds for all Student offers a justifi- Student offers a claim  Student does not pro-
relevant cases; argu-  cation that includes a  and may have work that duce work that includes
ment demonstrates va- claim and/or a warrant supports the claim, but a justification or claim,
lidity for all relevant  and/or evidence; con- the student does not  or student only offers a
cases; student offers a nection between the ~ make the connection  minimal response as a
Argument/ justification that in- claim and evidence is  between these explicit. claim that could be seen
Justification cludes a claim and ex- partially articulated; as a guess.

plicitly identifies evi-
dence, as well as the
logical connection be-
tween the claim and
evidence.

justification may or
may not hold for all re-
quired cases.

For each task, we operationalized the rubric based on the demands of the
task and nature of required justification. Refinements were made as we considered
student work samples, and then rescoring was done using the refined criteria.
Based on the demands of the particular prompts we used, we opted to give a sin-
gle score (rather than separate scores for each category). Thus we scored holisti-
cally but accounted for all three categories of the rubric, as necessitated by the
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task. Twenty percent of prompts were double scored to ensure consistency across
scorers, and one scorer scored the remainder.

Limitations. Although the results we share are promising, we raise a caution
to the reader that these results suggest value in this model and approach, but are
not definitive. More work needs to be done. The results reported here are based
primarily on a single prompt, albeit open-ended and requiring extensive thought
and one that is drawn from the state assessment program and consequential for
students’ performance on state tests. Any one prompt may have unique features
that may unknowingly impact the particular results. For example, Solano-Flores
and Trumbull (2003) found that, for ELLs, “each [assessment] item poses a dif-
ferent set of linguistic challenges” and that “ELL performance varies considerably
not only across items but also across languages” (p. 8). Similar results may also
hold for non-ELL students who are developing their academic language and pro-
ficiency with justification.

With respect to gauging students’ proficiency with academic language and
with justification, it is important to note that content understandings are a con-
founding factor for any score related to justification or academic language (just as
academic language is a confounding factor for students’ demonstrated proficiency
with mathematical content on any question that requests a justification). Without
some level of content understandings and ability to read and comprehend, it is
impossible for a student to demonstrate her or his level of proficiency with aca-
demic language or justification on these contextual prompts. Thus, if a student
leaves a prompt blank, it may be that the student does not understand the material
or that the student could not access the problem (reading comprehension) and de-
termine the mathematical work required by the prompt. This complexity is near
impossible to sort, and is one reason why it is so challenging for teachers to focus
on student growth in these areas, which we discuss later.

Findings

In this section, we present evidence of student improvement in demonstrated
proficiency regarding both content and academic language/justification, and sub-
sequently argue for the value of this model for professional development to sup-
port students’ engagement in higher order thinking and the development of their
academic language.

Student Mathematical Performance

Prompt score gains. Students in participating classrooms in grades 4, 5, and 9
demonstrated improved performance on open-ended prompt scores. A score of 2
or 3 was considered in the “mastery” range (a term used by the state). Across the
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MLD classes, the level of mastery increased overall. Additionally, there were
marked decreases in scores of 0 across all three grade levels. We review the re-
sults for each grade level and offer evidence that the improvement was greater
than would be expected without the professional development program.

Grade 9 Results — State Scoring Rubric

The following prompt was administered in the ninth-grade classes, which
included the three MLD classes and eight other ninth-grade classes for purposes
of comparison:

For an original graphic design, Lee charges a fixed fee of $50 plus $25 for each hour
that he works. His main competitor charges a fixed fee of $40 plus $30 for each hour
that he works on a design. Lee’s competitor advertises that his rates are cheaper. Is
Lee’s competitor correct? Explain your reasoning. (The grid is provided in case you
decide to use a graph as part of your explanation.) Remember to show your work.
(2003 released item, Connecticut State Department of Education, 2009)

This prompt requires students to understand the fee structure for Lee and his
competitor and to determine a way to assess the validity of the competitor’s claim.
A full analysis reveals that Lee is cheaper for any job that takes longer than 2
hours; his competitor is cheaper for a job that takes less than 2 hours; and they
charge the same amount at 2 hours. Students can solve this problem in a wide va-
riety of ways, including graphing, using equations, generating specific points, and
analyzing the relative rates of change. We observed all strategies being used.

Table 2 reports the results of the fall administration (pre-assessment). These
data show that the students across the ninth-grade were not faring well on this
prompt and that students in the ninth-grade MLD classes were generally doing
more poorly. Eighty-eight percent of the students scored a 0; only 4% were con-
sidered at mastery level.

Table 2
Ninth-Grade Student Scores on Open-ended Prompt, Fall (Pre-Assessment)
Number of Percent
Students Score Mastery
Fall 0Os Is 2s 3s
MLD Classes 49 43 4 0 2 4%
(88%)  (8%) (0%) (4%)
Non-MLD Classes 131 99 14 10 8 14%
(76%) (11%)  (8%) (6%)
All Ninth-Grade 180 142 18 10 10 12%
Classes (79%) (10%) (6%) (6%)
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Table 3 reports the post-assessment scores showing the improvement of the
MLD classes and the relative steadiness of the results from the other ninth-grade
classes. Whereas the number of Os in the MLD classes decreased dramatically
from 88% to 47% and the percent mastery increased from 4% to 31%, the distri-
bution of scores of other ninth-grade students remained approximately the same
between fall and spring. Note that the attrition/retention rates for the MLD classes
are similar to those of the larger sample of ninth-grade students.

Table 3
Ninth-Grade Student Scores on Open-ended Prompt, Spring (Post-Assessment)
Number of Percent mas-
Students Score tery
Spring 0Os Is 2s 3s
MLD Classes 38 18 8 5 7 31%
(47%) (21%) (13%) (18%)
Non-MLD classes 100 71 14 10 5 15%
(71%) (14%) (10%) (5%)
All Ninth-Grade 138 89 22 15 12 20%
Classes (64%) (16%) (11%) (9%)

We also considered the scores of the subset of students who completed the
prompt in both the spring and the fall (30 students in the MLD classes and 76 stu-
dents in non-MLD classes, for a total of 106 students). The data showed the same
trends held when considering only that subset of students, although the overall re-
sults of this subset of students were slightly better, perhaps not surprisingly.
Overall, these are positive results for the ninth-grade MLD classes.

As we conducted our scoring, we looked for evidence of growth of aca-
demic language and student justification that might be captured by using the state
rubric. We found two indicators that students in the MLD classes were
outperforming those in the non-MLD classes with respect to justification and
academic language.

First, students in the MLD classes were more likely to maintain a connection
between the mathematics they were doing and the context of the prompt, and to
directly relate their mathematical work to making an argument about the competi-
tor’s claim. For example, in the spring, there were similar percentages of students
in the MLD and non-MLD classes using algebra, 33% and 35%, respectively.
This method is relatively sophisticated, requiring students to write two functions
modeling the two different price schemes. Students can then generate a table of
values, or can solve the system of equations (to find where the costs are equal).
To successfully answer the prompt question, students must make a connection be-
tween the solution of the system and its meaning in context of the problem. Many
non-MLD students offered no (or an erroneous) interpretation of the meaning of
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the results of their solution method. They simply wrote x = 2 (the correct result
obtained when solving the system of equations). In the MLD classes, more stu-
dents connected their mathematical work with the context and offered an interpre-
tation of their results. Of students using algebra, 46% of the MLD students re-
ceived a score of 2 or 3, compared to 24% of those in the non-MLD classes, a
score that could only be obtained with some interpretation of the results in the
context of the problem.

The second indicator was whether a student attempted a written response. A
blank response is often a sign of being overwhelmed or not being able to compre-
hend the word problem. Thus, a shift from a blank paper (or the response “I can’t
do this”) to some writing likely indicates increased comprehension of the prob-
lem. We conducted a simple count on the number of students who left the prob-
lem blank (no writing and no calculations). The percentage of students leaving the
problem blank decreased for both MLD and non-MLD classes, but considerably
more for the MLD classes. For the non-MLD classes, 21% left the problem blank
initially and 18% left the problem blank at the end of the year. For the MLD
classes, the initial percentage was 29%, and this was reduced to 10% at the end of
the year. For the 30 students in the MLD classes who completed both the spring
and fall prompt, 37% (11 of 30) offered some written explanation in the fall and
70% (21 of 30) offered some written explanation in the spring, nearly double the
fall numbers.

Although it is difficult to determine whether we should identify this result as
evidence of increased proficiency with academic language, we take it as a poten-
tial positive indicator of language use.

Grade 9 Results — Academic Language and Justification Scores

To explore changes in students’ proficiency with academic language and
justification in a more targeted way, we applied the Academic Language and Jus-
tification (ALJ) rubric (Table 1) to the Graphic Design prompt. We scored the
prompts of the 30 MLD students for whom we had both pre- and post-scores. One
important challenge that emerged related to tracking students’ academic language
was the nature of the Graphic Design problem itself. This particular prompt re-
quired academic language to structure a justification appropriately (stating claims,
warrant and evidence and linking those) and to use language of comparison
(which strongly overlaps with everyday language). There was little need, how-
ever, for students to use mathematical vocabulary (an aspect of academic lan-
guage), perhaps in part because the prompt is couched in a “real-world” context.
Thus, our scoring was based primarily on two of the three components—the one
that indicates the overlap of justification and academic language, and the justifica-
tion category. For example, a student could write, “I think Lee’s competitor is
wrong. For 5 hours, Lee’s competitor charges more. See my table below.”
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Mathematically, this is a complete justification. However, such a justification
does not require much use of mathematical academic vocabulary. As a second ex-
ample, a student might write, “My table shows that Lee is more expensive for 1
hour. They charge the same price for 2 hours. Lee is cheaper for more than 2
hours. So Lee’s competitor is not correct.”

We would like to highlight one difference with the state rubric that we found
particularly interesting. The prompt asks whether the competitor’s claim is cor-
rect. From a mathematical standpoint, as well as legal, the student needs to find
only one counterexample to Lee’s competitor’s claim that his (the competitor’s)
rates are cheaper to prove the statement false. A few students in the spring indeed
found one counterexample (e.g., at 3 hours) and claimed Lee’s competitor was in-
correct. Our interpretation of the state scoring rubric, however, indicates that the
assessors would award 1 out of 3 points for this response. The point would be
awarded for showing appropriate calculations for one data point. Although this
argument structure (specifically, showing one counterexample to prove a state-
ment false) is mathematically sound, and potentially reflects a sophisticated un-
derstanding of the problem and role of a counterexample, the state required stu-
dents to offer a full analysis of the situation (including identifying the “break-
even” point) to receive a score of 3. The problem, however, does not explicitly
indicate this requirement. Thus, we felt that some students who had a sophisti-
cated mathematical understanding may have scored low on the state prompt. The
justification rubric, however, counts this strategy as a valid approach to justifying
one’s response that the competitor is not correct.

Table 4 reports sample student responses at each of the scoring levels, along
with a commentary that indicates some features noted for determining the score.

Table 4
Scoring Examples for the Graphic Design
Academic Language and Justification Rubric (Grade 9)

Score Examples Commentary

a. Left blank. These responses provide no indication that the stu-
b. Shows only an equation for each cost dent formulated an argument or could express it.
0 structure.
c. “Lee’s competitor is right”’; no other work
is shown.

“The competitor is right.” Shows computa-  Offers claim and evidence. Evidence is not linked to

tions of 40+30 = 70, labeled Competitor.  claim; warrant is implicit. No use of academic lan-
1 Shows computations of 50+25 = 75, labeled  guage such as “because.”

Lee.
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“His rates would be even, it depends on each ~ Claim is implicit (the competitor is not correct); in-
hour. So each one is not cheaper neither the  cludes a warrant (the rates can be even) and offers
highest amount. They both are the same evidence (showing computations) linking them by

amount counting each hour.” saying “they both are the same amount.” Includes
$50 + $25 + $25 =$100 some indication that who is cheaper varies by the
$40 + $30 + $30 = $100 hours worked (“it depends”).

“No Lee’s competitor is not correct because  Offers a claim, a warrant (there are jobs for which the
if it takes him three hours or more the price ~ competitor is more), and points to the evidence (“if it
is more expensive than Lee’s.” Work shows  takes him 3 hours or more” and includes a table).
3 table for hours and dollars for Lee and com-  Logical connectors used (because) and evidence ex-
petitor, with all values labeled. plicitly linked. The subordinate clause (if it takes...)
specifies the domain for which Lee’s competitor

costs more (3 hours or more).

Table 5 reports the students’ score results using the ALJ rubric for the 30
students in the MLD classes who completed both fall and spring prompts. In this
group of students, we see a clear trend towards higher levels of demonstrated pro-
ficiency with academic language and justification. In the spring, students were
more successful in constructing a valid and complete argument and in using ap-
propriate language to present their argument and response to the question. As
noted, content understandings are required to demonstrate proficiency in these ar-
eas; therefore, some of the increase in these scores is likely a product of improved
content understandings. Similarly, changes in scores could reflect an increase in
reading comprehension and understanding particular language such as “fixed fee,”
which surveys revealed many students did not understand. We cannot identify all
the factors that contributed to this change. We certainly expect an influence by the
work the MLD teachers were doing with their students. It could also be, however,
that students’ exposure to other learning opportunities, such as an outstanding
English course, had a considerable effect.

Table 5
Ninth-Grade Student Academic Language and Justification Scores on
Open-ended Prompt (Pre- and Post-Assessment, n = 30)

Score
0s Is 2s 3s
MLD Classes 17 8 3 2
Pre-Assessment (57%) (27%) (10%) (7%)
MLD Classes 9 6 5 10
Post-Assessment  (30%) (20%) (17%) (33%)

To see if we might more specifically identify and describe the nature of
changes between students’ fall and spring prompts, we also examined each pair of
student responses side by side. For the most part, we found that we were unable to

Journal of Urban Mathematics Education Vol. 3, No. 1 41



Staples & Truxaw MLD Project

make definitive judgments about whether differences noted in a student’s re-
sponses between the fall and the spring offered specific evidence of a change in
their proficiency with the practice of justifying, their use of academic language, or
their mathematical understandings. These areas are naturally interdependent and
our data were not sufficient to allow us to parse these components for all students.
There were some instances, however, where, due to the particular nature of the re-
sponses, we felt that we could make a claim about one of these three areas. We of-
fer some examples and analyze the nature of the changes we observed.

In the following example, we argue that we can see growth in a student’s
use of academic language in producing a justification. Below is the written com-
ponent of the student’s fall and spring responses:

Fall: His rate is cheaper cause if you add the Fee and 1 hour pay his charge of mon-
ey is larger.

Spring: So Lee’s competitor is not cheaper. It cheaper for the first hour. The second
they are even. But the next hours Lee is cheaper as you see on my graph.... (Student
11103)

In terms of language, we see that the first response does not explicitly name Lee
or the competitor. Each is referenced once by the term “his.” Thus, there is an in-
crease in the specificity of references. The first response also does not offer a
claim that directly addresses the question “Is Lee’s competitor correct?” whereas
the second response does in the first sentence. Mathematically, we see growth as
well. In the fall, the student only considered what happened at 1 hour, despite
seeming to understand (by the written response and her work) that there was an
hourly fee. In the spring, the student analyzed the situation, fully considering all
possible cases for the number of hours.

In the second example, we see a difference in a student’s mathematics,
which provides more evidence of the student’s academic language use. We are
not certain, however, if there is evidence of growth in both of these areas, or just
mathematics (which then provided us the opportunity to see more academic lan-
guage). One interesting feature of the following example is that both the fall and
spring responses have the same structure, namely, the student makes a claim, uses
the linking word because, and then provides evidence. Thus, we do not see a dif-
ference in how the student produces a justification.

Fall: No Lee’s competitor is not correct because Lee’s competitor is cheaper. (The
student’s calculation demonstrates computations for a 1-hour job for each.)

Spring: Lee’s competitor is not correct because when I did a line graph Lee’s com-
petitor line increased more than Lee’s. (The student has a graph for Lee and his
competitor, demonstrating costs for hours 1 through 5.) (Student 11109)
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Note that, mathematically, the first response is incorrect. The evidence does not
support the claim. Furthermore, the student only explored a 1-hour job. In the
spring, however, the student produced a set of values and a graph, referencing the
graph as well as a particular feature of the graph (the line increased more) as evi-
dence to support his claim. Through his academic language, we could “hear” him
interpret his graph using mathematical language.

Grade 4 Results — State Scoring Rubric

To gauge impact on student performance in grade 4, we report on scores
from identical fourth-grade prompts that were administered to the MLD teacher’s
non-MLD fourth-grade class prior to the MLD project (spring 2007) and to the
MLD fourth-grade class near the end of the project year (spring 2008). This com-
parison allows for a group-level comparison between the two classes. The prompt
is shown in Figure 2.

Hot Dog Buns

You estimate that you’ll need 40 buns for a class picnic.
Hot dog buns are sold in packages of 8 and packages of 12.

®  The package of 8 costs $1.00
®  The package of 12 costs $1.20

a. Show three different ways you could buy packages to get at least 40
buns.

b. Which packages would you buy if you wanted to spend the least mon-
ey? Show or explain how you arrived at your answer.

C. Which packages would you buy if you wanted exactly 40 buns?

(Sample Item, Connecticut State Department of Education, 2009)

Figure 2. Fourth-grade prompt.

This prompt required that students work through multiple tasks and con-
straints, including mathematical, contextual, and linguistic challenges. The lan-
guage challenges included some unfamiliarity with “everyday” words and phrases
(e.g., package and purchase), as well as other words that are germane to the ma-
thematical work they are expected to engage. For example, phrases such as “at
least” and “the least” might seem familiar, but may be misinterpreted or not un-
derstood, leading to very different mathematical work. In terms of mathematical
content, students need to demonstrate facility with estimating, display fluency
with addition and multiplication of whole numbers and money amounts expressed
as decimals, and be able to compare and evaluate different solutions.
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To achieve a mastery score on the prompt (score of 2 or 3), according to the
state rubric, students needed to provide appropriate answers for at least 2 of the 3
parts to the prompt. For part a, they could show pictures, numbers, words, or dia-
grams to show the different ways to make at least 40 buns. For part b, it was rea-
sonable to make comparisons from responses to part a. Although the least cost
overall is $4.40 (2 packs of 12 buns + 2 packs of 8 buns 2>(2 x $1.20) + (2 x
$1.00) = $4.40), given the grade level, it was considered acceptable if students
compared from the three combinations made in part a, selecting the least of the
three, or if they articulated a reasonable cost per item explanation. However, it
was not acceptable if students simply stated that the packs of 8 buns cost less be-
cause $1.00 is less than $1.20 (the cost of 12 buns). For part ¢, the students
needed to show a combination equal to 40 buns exactly (e.g., 5 packages of 8
buns = 40 buns). This prompt was selected because it was typical of those used in
the state assessment; it required interpretation of everyday and academic lan-
guage, and, although it did not strictly require them, it provided opportunities for
written explanation and justification.

Table 6 reports the results of the administration of the prompt using the state
scoring rubric for the classes of our participating fourth-grade teacher in the year
prior to the project (spring 2007) and for the project year (spring 2008). Although
the two classes of students differed, the prompts were identical, both classes were
heterogeneously grouped, and both classes were taught by the same teacher. For
the MLD class, scores were considered only for students who were in the class the
full year. The spring 2008 (MLD) class demonstrated greater mastery (43%) than
the same teacher’s class prior to MLD involvement (22%)—nearly double the rate
of mastery of the students from the previous year. Further, the MLD class showed
a lower percentage of scores of 0 (14% MLD vs. 56% pre-project). The results
suggest an impact of the MLD project on student performance on open-ended
prompts.

Table 6
Fourth-Grade Student Scores on Open-ended Prompt, Spring (Post-Assessment)
Number of Percent
Students Score Mastery
0s Is 2s 3s
Pre-MLD Class 18 10 4 3 1
(Spring 2007) (56%)  (22%)  (17%)  (6%)  22%
MLD Class 21 3 9 5 4
(Spring 2008) (14%)  (43%)  (24%)  (19%) 43%

Note: Rounded to closest whole %; therefore, may not sum to exactly 100%.
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Grade 4 Results — Academic Language and Justification Scores

To explore growth in grade 4 students’ proficiency with academic language
and justification, we adapted the general ALJ rubric for use with this grade level
and for the specific prompt. The spring Hot Dog Bun prompt had three parts (a, b,
¢). Because part b (“Which packages would you buy if you wanted to spend the
least money? Show or explain how you arrived at your answer.”) included the
greatest opportunity for academic language and justification, it was the main fo-
cus of the ALJ scoring. Indicators for the ALJ rubric were identified that related
to this part of the prompt in particular, but that also considered the other two sec-
tions. For example, to justify part b, students typically needed to refer to work
done in part a (“Show three different ways you could buy packages to get at least
40 buns.”) and make an argument for which of their three ways was the least ex-
pensive. Table 7 shows sample responses at each of the scoring levels, along with
some commentary.

Table 7
Scoring Examples for Academic Language and Justification Rubric
Hot Dog Bun Prompt (Grade 4)

Score Examples Commentary
“I would buy the low price ones. This Little command of academic language; claim does
0 was my answer because I don’t want to  not have a logical connection to question being
waste my money.” asked; no relevant evidence or warrants.
“I would take the package of 8 because Includes a claim (minimal use of academic lan-
1 it cost $1.00 and $1.00 is less than guage), a “because” statement, but does not in-
$1.20.” clude logical connection to the context of the prob-
lem.
Student shows computation of prices Uses language—e.g., packs, compare, twelve. (In
for two different combinations of pack-  parts a and ¢, used “packages of.”) Claim is shown
ages. Show prices $4.40 and $5.00 and (‘2 of the 8 dog packs and 2 of the twelve”),
2 says, “easy compare” and shows the though not clearly labeled as “least expensive.”
claim, “2 of the 8 dog packs and 2 of Evidence (student work) and warrants (“easy
the twelve” (as the least expensive). compare”) are shown. The reader needs to infer
logical connections.
Student refers to own work from part ¢, Demonstrates ability to use academic and appro-
organized as 1, 2, and 3, presenting the priate contextual language to represent responses.
claim, “My third idea” followed by Claim is explicit (“My third idea” [is least expen-
3 “because it is $4.40 and my 2 and 1 sive]), provides a warrant “because it is $4.40 and

idea are a higher price.” The student
then lists the three prices, and circles
the lowest of the three.

my 2 and 1 idea are a higher price” (compares
with prices for other two cases), and evidence (re-
fers to work showing prices for each case).

Table 8 reports the ALJ scores for the fourth-grade classes of our participat-
ing fourth-grade teacher in the year prior to the project (spring 2007) and in the
project year (spring 2008). The MLD class (those who participated the full year)
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demonstrated higher percentages of mastery, scores of 2 or 3 (28%), as compared
with the class before MLD involvement (6%). Further, the MLD class demon-
strated lower percentages of scores of 0 (14% MLD; 39% pre-MLD). These re-
sults suggest that, overall, the MLD students demonstrated greater proficiency
with academic language and justification than students who did not participate in
the project—on the same prompt, at the same time of year, with the same teacher.

Interestingly, there was not a clear relationship between the state scoring
and ALJ scoring. For example, of the fourth-grade students who achieved mastery
(scores of 2 or 3) according to the state rubric, only 60% scored a 2 or 3 using the
ALJ rubric—suggesting that the state rubric does not attend directly to academic
language and justification, even on open-ended prompts. Overall, approximately
23% of the students scored lower on the ALJ rubric than the state rubric, ap-
proximately 18% scored higher on the ALJ rubric than the state rubric. These re-
sults suggest that rubrics such as ours might be necessary to unpack students’
proficiency with academic language and justification.

Table 8
Fourth-Grade Student Scores for Academic Language and Justification on
Open-Ended Prompt

Number of
Students Score
0s Is 2s 3s
Pre-MLD Class 18 7 10 1 0
(Spring 2007) (39%)  (55%) (6%) (0%)
MLD Class 21 3 12 3 3
(Spring 2008) (14%)  (57%) (14%)  (14%)

Note: Rounded to closest whole %; therefore, may not sum to exactly 100%.

Grade 4 Results —Student Perceptions of Prompt Challenges

As noted in the Data Sources section, students were asked to reflect in writ-
ing about the prompts. In grade 4, student reflections revealed some awareness of
contextual and linguistic challenges. For example, responses related to what was
confusing included: “I was get confused when they said if you wanted to spend
the least amount of money,” and, “another thing that was confusing to me is that
the question was telling me stuff I couldn’t understand.” Of course, not all stu-
dents were able to recognize and/or communicate what they did or did not know.
For example, many fourth-grade students who did not achieve mastery indicated
that they did not find anything confusing about the problem (e.g., “Nothing was
difficult for me.”). Others circled whole questions or the entire page. These are
indicators that parsing out what was confusing seemed challenging for many of
these students. This result is of concern given that students’ facility with unpack-
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ing academic and contextual language in problems can influence their ability to
make sense of what is required of them mathematically. This concern may be par-
ticularly pertinent for ELLs who are socially fluent but have not yet achieved aca-
demic fluency, as ELLs’ social fluency may mask their need for linguistic support
in academic contexts such as written prompts (Cummins, 2000).

Grade 5 Results — State Scoring Rubric

To gauge impact on student performance in grade 5, we report on scores
from identical fifth-grade prompts that were administered to the MLD teacher’s
non-MLD fifth-grade class prior to the MLD project (spring 2007) and to the
MLD fifth-grade class near the end of the project year (spring 2008), allowing for
a group-level comparison between the two classes. The prompt is shown in Figure
3. This prompt was selected because it had similar demands to those described for
the fourth-grade prompt; that is, it included the need to consider and work through
multiple tasks and constraints that included mathematical, contextual, and linguis-
tic challenges. In order to achieve a mastery score on the prompt, according to the
state rubric, students needed to demonstrate reasonable estimates for the number
of burgers and rolls based on the information given (approximately 85 hamburg-
ers and 65 rolls), along with determining how many of each item is “enough” to
meet the estimates (should be equal to or greater than estimates—within a reason-
able range). Additionally, students needed to calculate the cost of the packages
and total cost accurately based on the number of each type of package purchased.
A limitation of the prompt in terms of the ALJ scoring was that, although it says
to “show how you arrived at your answer,” academic language was not required.
Consequently, we were unable to apply the ALJ rubric to analyze the fifth-grade
prompts. We report here only the scores from the state rubrics and some themes
drawn from the students’ written reflections.

Table 9 reports the results of the administration of the prompt using the state
rubric for the classes of our participating fifth-grade teacher in the year before the
project (spring 2007) and for the project year (spring 2008). Although the two
classes of students differed, the prompts were identical and were taught by the
same teacher. For the MLD class, scores were considered only for students who
were in the class the full year. The spring 2007 class (pre-MLD) was ability
grouped (high ability); the spring 2008 group (MLD) was heterogeneously
grouped. This “ability” grouping would suggest the likelihood that the pre-MLD
class’ scores would surpass those of the MLD class. The mastery level of the
MLD class (43%) that was not ability grouped was higher than the same teacher’s
class the prior year (33%) that was identified as a high ability group. Further, the
MLD class showed a lower percentage of scores of 0 (13%) than the pre-MLD
class (29%).
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Hamburger Rolls

You are going to have a Fourth of July picnic for friends and family. You estimate that:
® 25 people will have 2 hamburgers and 2 rolls each;

® 15 people will have 1 hamburger and 1 roll each;

® 20 people will have 1 hamburger and no roll each.

Hamburgers and rolls are sold two ways each:

Hamburgers Rolls
8 hamburgers for $1.75 6 rolls for $0.75
12 hamburgers for $2.15 18 rolls for $1.80

Use this information to order enough hamburgers and rolls for the people coming
to your picnic. Show how many packages of each size of hamburgers and rolls
you will buy. Compute the final cost of all the items. Show how you arrived at
your answer.

Items Number of Packages Cost

8 hamburgers/$1.75

12 hamburgers/$2.15

6 rolls/ $0.75

18 rolls/$1.80

Total Cost:

(Sample Item, Connecticut State Department of Education, 2009)

Figure 3. Fifth-grade prompt.

Table 9
Fifth-Grade Student Scores on Open-ended Prompt, Spring (Post-assessment)
Number of Percent
Students Score Mastery
0s 1s 2s 3s
Pre-MLD Class 18 6 8 2 5 339,
(Spring 2007) (29%) (38%) (10%)  (24%)
MU? Class 23 3 10 6 4 43%
(Spring 2008) (13%) (43%) (26%)  (17%)

Grade 5 Results — Student Perceptions of Prompt Challenges

The students’ written reflections on the prompts revealed similar trends to
those reported in grade 4. An interesting, though perhaps not surprising finding,
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was that students who had difficulty restating the question in their own words
(e.g., “I don’t know” or “It was about hamburgers and rolls”) tended to score be-
low the mastery level; those who could restate the problem (e.g., “I think the main
idea was to get the amount of food they need but don’t need to be perfect” or “To
find out how many packages of each size of hamburgers and rolls that you will
need to buy”) tended to perform well overall. Again, we see connections between
language and mathematical performance. Being able to make sense of the written
text and unpack the purpose of the problem was a challenge for many students
and critical to performance.

Discussion and Implications
Promise of the Model

This small-scale implementation and study of the Mathematics Learning
Discourse project offers promising results. Overall, we take these results to indi-
cate that this model for promoting a mathematics learning discourse, grounded in
the three pillars, is a productive one. Students in MLD classes demonstrated im-
provement in their proficiency responding to open-ended prompts beyond what
was typical for their teacher or school. Analyses that focused specifically on aca-
demic language and justification also indicated improvement. Although we cannot
claim that the MLD project was solely responsible for the observed differences, or
that the model can be successful in all environments, urban or otherwise, at any
scale, it is reasonable to assert that the teachers’ participation in the program like-
ly had an impact on student performance and that further exploration of the mod-
el’s effectiveness is warranted. In this discussion, we reflect on some of the com-
ponents of the program that seemed critical given that these were teachers work-
ing in an urban setting, as well as some of the contextual factors that seemed to
support this successful case.

As we reflect on the model and its value, we are drawn to its emphasis on
promoting the development of academic language, which, when coupled with jus-
tification, seems to address an important gap—especially for mathematics instruc-
tion in urban schools with linguistically diverse students. Language is a critical
part of mathematics teaching, learning, and assessing. The results from the pro-
ject, as well as informal conversations with the teachers, indicate that this focus
was productive in bringing to the fore ideas related to language that extended be-
yond the learning of vocabulary words and low-level drilling of computation, as-
pects perhaps over-emphasized out of a lack of know-how for engaging students
in other kinds of more cognitively and linguistically challenging mathematical ac-
tivities. As noted earlier, before the project, we had the opportunity to conduct a
needs assessment with approximately 10 teachers at one of the participating
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schools. Teachers focused their discussion of the language challenges on students
not knowing enough vocabulary words. This “deficiency” was important to them
because they felt that their students often missed an open-ended prompt on the
state assessment because they did not know specific vocabulary like museum or
scuba diver. In addition to highlighting the critical nature of this work, it indicates
how significant a shift it may be for teachers of mathematics to make as they be-
gin to see the full scope of the role of language in teaching and learning mathe-
matics. The work of language and mathematics extends well beyond vocabu-
lary—whether everyday or mathematical terminology—and includes engaging
students in expressing mathematical ideas and core mathematical practices such
as justification.

The model’s focus on higher order thinking has also seemed to play a criti-
cal role. Rather than focusing narrowly on more routine skills, as is often the case
in urban schools (Anyon, 1997; Keiser, 2005), and which was certainly empha-
sized in the schools we worked with as well, this project called attention to higher
order thinking that may expand students’ opportunities to learn to think mathe-
matically. Principals and curricular directors prioritize as they try to respond to
the pressures of high-stakes tests. We have heard numerous times that, in some
schools, students’ scores on the open-ended response items (a relatively small
portion of the test in elementary grades) are so low, that teachers are told to not
spend (i.e., “waste”) time trying to address these areas. The “cost” to produce a
measurable change is too high. The MLD project’s design allowed the teachers to
not only focus regularly on higher order thinking but also to have resources and a
community with which to work in order to build their capacity to design and im-
plement these lessons.

There were contextual factors that seemed to support the success of the
MLD project. First, prior partnerships between the schools and university likely
facilitated aspects of the project. This familiar relationship also gave us the oppor-
tunity to place three teacher education interns at these schools. The interns pro-
vided additional classroom support in the MLD classrooms, for example, organiz-
ing manipulatives, collaborating on the lesson design, or helping with responding
to student work. In the context of the teachers’ incredibly full work lives, these
contributions helped keep the core idea of the MLD project on their radar. Sec-
ond, though receiving a small stipend, these teachers volunteered for the project.
Thus, they had some prior level of commitment for engaging in this kind of work.
Finally, the fact that the state-mandated assessments included open-ended
prompts that required language and higher order thinking provided an “in” for the
project in urban schools where “adequate yearly progress” is central to the think-
ing of administrators; not all states include similar items on their mandated as-
sessments.
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Future Steps

Overall, this project’s implementation has led us to conclude that the model
for promoting a mathematics learning discourse, grounded in the three pillars,
provides beginnings from which to build. Although the MLD project was a suc-
cessful case, there is still much room for improvement as the majority of students
still were not at mastery level. There are many challenges still to be addressed as
well. For example, although not a main finding of this project, we did identify that
some students struggled to articulate what they did and did not understand when
reading an open-ended prompt (and subsequently deciding what mathematics to
do). As part of the MLD project, we did very little with teachers regarding reading
strategies and how students make sense of open-ended prompts. Rather, we fo-
cused on building background with students before engaging them in such a
prompt and student production of mathematical language (verbal and written) and
arguments. Such reading and comprehension activities seem important to attend
to in moving forward as a key piece of students’ success is interpreting from a
word problem what mathematics one is to do. For example, following work done
by Ratner and Epstein (2009), we could incorporate activities where a teacher
asks a student to follow a think-aloud protocol as the student reads through an
open-ended response, pausing to comment on what she knows, is questioning, or
thinking about. This kind of activity could reveal to the teacher more about how
students approach and make sense of these prompts, and how they then infer the
nature of mathematical work they need to do. Such information could then guide
the teacher in planning targeted instructional activities.

Another challenge is that we need to better understand the key components
of teacher learning with respect to this model and the project’s design so that we
can scale up the intervention. In this first year, we were able to work closely with
this group of teachers and we had additional school-based support with teacher
education interns. Such a model is likely too human-resource intensive to repli-
cate on a larger scale. Based on follow-up work, we suggest that it may be possi-
ble to scale up the work through a combination of professional development and
grade-level team collaboration (e.g., using a modified lesson study protocol) that
support teachers’ sustained work on these issues with a lower level of additional
personnel support (Staples & Truxaw, in press). The effort must be one of overall
capacity building for a building-based community.

In conducting this work, we have become acutely aware that, as a commu-
nity of education researchers, we need to develop better frameworks and methods
for understanding and capturing growth in academic language in mathematics and
proficiency with justification. If teachers are expected to actively promote the de-
velopment of student proficiency in these areas, they need to have concrete ways
to describe and understand proficiency at any moment, as well as ways to track
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growth over time. This issue is also one for researchers, as we need to find ways
to do the same kind of documentation and description of growth.

The ALIJ rubric developed for this project is perhaps a productive first step.
Once adapted to a particular task, we found it useful for focusing our attention
beyond students’ content understandings. As we adapted the rubric to a task, we
found it made us carefully examine the actual demands of the task and more fully
deliberate what would be considered a complete justification and the range of
ways students might approach a justification. We also had to look at the opportu-
nities there were to express mathematical ideas and use academic language and
compare that to what was required of the prompt. Although we did not directly
engage teachers in using these rubrics for scoring, we have worked with teachers
in PD sessions on identifying claims, warrants and evidence, and whether students
articulate the links among these. These efforts seem like a productive route to
continue to pursue. Future work should explore how to generate teacher- and/or
student-friendly versions of such rubrics.

Thinking about change over time, however, may require different tools. We
found that the set of tasks that teachers developed and implemented over the
course of the year varied greatly in their demands and opportunities to demon-
strate proficiency with language and justification. Consequently, it was quite chal-
lenging to understand whether variation over time was because of the task de-
mands and opportunities or because of changes in students’ proficiencies. The
variation in the demands of the tasks seemed to make comparisons challenging.
For example, the competitor’s claim in the Graphic Design prompt can be shown
false with one counterexample. This argument structure is very different from
other standard justification tasks, for example, where students might be asked to
generalize and offer a method for computing the perimeter of the nth figure in a
given pattern. This latter type of task requires students to be able to express a
claim about all relevant cases (a generalization) and offer a justification that likely
requires coordination between a visual model and claim. These justifications
make for very different mathematical work.

To our knowledge, there are no frameworks that look at mathematics aca-
demic language development and/or the development of proficiency with justifi-
cation. Given the centrality of these two proficiencies to students’ success in
mathematics (consequential for both understanding and ability to demonstrate un-
derstanding), the development of such a framework seems quite worthwhile. To
address this issue, one route to consider is the development of tasks, or sets of
tasks, that would vary in their demands, but which, when taken together, paint a
more complete picture than is possible with any single prompt at one point in
time. These tasks potentially could allow us to better identify whether an observed
change is most related to a growth in mathematical understanding, language pro-
ficiency, or proficiency with justification. These more developed measures and
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frameworks are also potentially valuable tools to support teachers as they work to
improve students’ proficiencies by providing a clearer sense of the “target” and a
sense of different levels of proficiency. At this point, we seem to have an under-
developed sense of what developing proficiency might look like over time. Thus,
generating such tools might also require basic research into these areas as well.

Given the growing consensus that mastery of academic language is subject
specific and critical to students’ education and future success (Moje, Dillon,
O’Brien, 2000; Shanahan & Shanahan, 2008), and given the influence of state as-
sessments on teachers’ classroom practice (and administrator directives), we also
think it would be constructive for the state assessment system to explicitly value
academic language and practices such as justification. As noted in our data, we
found that the state rubrics do not explicitly attend to the students’ use of aca-
demic language or expression of a justification. Yet, at the same time, the open-
ended prompts on the state assessments demand these on some level: the prompts
are couched in a “real-world” scenario where students must read and interpret
verbal and other information in order to make sense of the situation, determine the
mathematics they must do to address the question, and make some kind of claim
(supported by evidence) about the correct result. There is almost an irony here.
An effort has been made to not judge students explicitly along these dimensions
(academic language and justification), perhaps trying to not disadvantage students
unduly for language competencies, yet the prompt inherently demands great atten-
tion to language—academic (explain how you know) and otherwise (vocabulary
terms)—in order for the student to begin to engage in the mathematics purpose-
fully. Changes to the system could take the form of a rubric similar to the ALJ ru-
bric or supporting materials that offer more explicit documentation of the de-
mands placed on students for reading, interpreting, and responding to these open-
ended prompts. It is important to stress that this call is not only about decoding or
reading comprehension. Inferring from a contextual problem what mathematics
one must work on to address the problem is highly mathematical work that ex-
tends beyond familiarity with each word on the page. To provide more equitable
learning opportunities for students in urban schools, it is important that greater at-
tention to the intersection between mathematics and language be given on all lev-
els.
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