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Abstract

The purpose of this study is to understand current math teaching practices in dual language
immersion (DLI) education by investigating a second—grade Chinese-English DLI teacher’s use
of instructional strategies in a math class taught in Mandarin Chinese. The students in the class
were all native English speakers. This study examined the teacher’s math instructional strategy use
through classroom observation. The teacher was observed over a six-week period, during which
three units were taught, resulting in a total of 1,680 minutes of math instructional data. Oxford’s
(1990) Taxonomy of Strategies was used as the framework to capture the teacher participant’s
strategy use in the classroom. The findings indicate that evaluating and paying attention were the
most frequently used. The strategy use identified in this study differs from that reported in other
DLI research. Explanations for and implications of these distinctive findings are discussed.

Introduction

Gaining math concepts at elementary school level is not only a predictive factor of students’
reading and math achievement, but also of their overall academic success later in life (Lewis et al.,
2020). Lewis et al. (2020) explained that it is because early math ability represents various skills
(e.g., reasoning, critical thinking, problem—solving, and conceptual understanding) needed in
multiple academic subjects. Mathematical practices can be defined as utilizing language and other
symbols to process thinking, speaking, and participating towards the goals of education
(Moschkovich, 2015). Hence, to be proficient in math, a student’s language knowledge plays an
important role. Oliveira et al. (2015) elaborated that language used in mathematics requires
students’ understanding of a specialized and context-specific variety of language rarely used in
real life; hence, good knowledge of the specific language and efficient communication through it
are fundamental for achieving mathematical proficiency. As the language of math often involves
complex concepts and diverse words and expressions, for students who receive math instruction
in a second language, their limited second language proficiency level could sometimes hinder their
level of math understanding. Ernst-Slavit and Mason (2011) gave a simple example of how the
math term, “mean”, containing multiple meanings, often created confusion for English language
learners in mathematics classrooms. Gottlieb and Ernst-Slavit (2013) thus claimed the critical role
of language in math as different aspects of mathematical skills greatly depend on language and are
challenging for second language learners. However, studies have reported that teachers who offer
math instruction in students’ second language (e.g., English as a second language learners,
bilingual learners in various types of dual language programs) often struggle to provide effective
math instruction. For example, a couple of studies (Celedon-Pattichis, 2010; Ross, 2014) found
that the teachers had a difficult time deciding the type of instructional approach to use to improve
their students’ math performance. Other studies (Gottlieb & Ernst-Slavit, 2013; Krause & Barko-
Alva, 2019) reported that the teachers were not capable of implementing math tasks that were
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challenging enough for students as such tasks usually have high language demand. As a result,
bilingual learners’ math performance suffered.

Although the current literature has identified math instruction offered in the students’ second
language as challenging, few studies have examined math instruction in one-way dual language
immersion (DLI) programs, a type of bilingual program in which all or the majority of students
learn academic subjects in two languages — their first language (e.g., English) and a target language
(e.g., Chinese). As one-way DLI programs gain popularity and expand rapidly across the United
States (Sung & Tsai, 2019), particularly with Mandarin Chinese now being the second most
commonly implemented program language in the United States (American Council for the
Teaching of Foreign Languages, 2021), research such as the present study is needed to better
understand current math teaching practices in these programs. Such work can help improve the
quality of DLI education and better serve the growing student population these programs support.
With this in mind, this study investigated the teaching strategies used by a second grade Chinese-
English one-way DLI teacher in a mathematics class in Utah, a pioneer state in implementing one-
way DLI programs.

Many studies (Sorto et al., 2014; Tavares, 2015; Yeh, 2017) on L2-medium math teaching,
which refers to teaching mathematics in a learner’s second language rather than their first language,
have found that the strategies instructors use to teach math in students’ second language resemble
those employed by second language teachers in language instruction. Given the essential role of
language in math instruction and the common finding that language strategies are often employed
in L2-medium math teaching, it is appropriate for this study to adopt Oxford’s (1990) Taxonomy
of Language Learning Strategies as the framework for capturing and interpreting the teacher
participant’s math teaching practices. Specifically, Oxford’s (1990) framework was used to
analyze the categories, frequencies, and effectiveness of math teaching strategies employed in the
observed classroom. The study’s findings help identify instructional strengths and weaknesses,
thereby informing future teacher training, instructional practices, and potential program policy
changes.

Theoretical Framework

Oxford (1990) claims that the use of language strategies greatly facilitates second language
learners’ communication in listening, speaking, reading, and writing in the target language, which
is integral to mathematical learning (Gottlieb & Ernst-Slavit, 2013). Oxford (1990) proposed six
categories of strategies grouped in two different types. One type of strategy is named direct
strategies including memory, cognitive, and compensation strategies that demand a learner to
mentally process and use the target language. In applying Oxford’s (1990) framework in a DLI
math classroom, for example, teachers can use repetition or chants to teach key math terms in the
target language (memory strategy), model step-by-step problem solving (cognitive strategy), and
use drawings or manipulatives when explaining math concepts (compensation strategy).

The other type of strategy is called indirect strategies, which consists of metacognitive, social,
and affective strategies, utilized to plan for communication tasks and evaluate language
performance. In a DLI math classroom, teachers may guide their students to reflect on which
strategies help them solve math problems (metacognitive strategy), use positive reinforcement to
build confidence in solving math problems in the target language (affective strategy), and create
group problem-solving activities to encourage the use of math discourse in the target language
(social strategy).
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In sum, the two types of strategies work collaboratively to assist learners’ communication in a
second language when learning math. Direct strategies provide learners with the linguistic and
cognitive tools necessary for math language use, while indirect strategies offer the regulatory and
supportive mechanisms that enable learners to apply these tools effectively in communicative
contexts. Empirical research (Bessai, 2018; Mohammadi & Alizadeh, 2014; Zou & Lertlit, 2022)
using Oxford’s (1990) framework to analyze strategy use has consistently shown that it is a reliable
and valid tool. The framework captures the multidimensional nature of language learning strategies
across different teaching contexts, and findings from these studies provide valuable pedagogical
insights for supporting diverse learners. Applying Oxford’s (1990) classification of strategies in
the analysis of DLI math instruction in this study offers a systematic lens for identifying how
teachers support both mathematical understanding and target-language development.

Empirical Literature Review

By using keywords such as “dual language immersion”, “DLI”, “math instruction”, “Mandarin
Chinese”, and “teaching strategies”, relevant studies were identified through a systematic search
of relevant databases. The inclusion criteria emphasized empirical works that investigate
mathematics instruction in DLI context, specifically addressing teaching strategies, their
effectiveness, or classroom methodologies. Both qualitative and quantitative studies published
within the past 20 years were considered. Titles, abstracts, and full texts were screened to ensure
the review included a representative and pertinent set of studies.

Types of Math Teaching Strategies

Previous studies on bilingual teachers’ math instructional practices have identified a few
teaching strategies. Several studies centered on the use of particular strategies. For example,
Somerville and Faltis (2019) investigated the effect of the translanguaging strategy on math
instruction in a fourth grade two-way Spanish-English dual language program. Through video
recordings of math lessons, participant observation, and interviews, the study found several
positive effects of translanguaging. For the teachers, translanguaging enabled them to respond to
the diverse linguistic repertoires of their students and facilitated meaningful teaching of the math
content. For the students, translanguaging served as a way for them to express complex math ideas
which required extended language use. Translanguaging aligns well with Oxford’s (1990) strategy
framework, which emphasizes using all available linguistic resources to support comprehension
(cognitive strategies), reduce anxiety, and enhance learners’ sense of identity (affective strategies).
Based on the findings, the researchers argued that translanguaging, an effective strategy for
developing bilingualism, should not be seen as a threat that takes away space for target language
use in the classroom. Instead, the authors suggested that it was time to move away from the dual
language instructional model, in which languages were taught separately by subject matter and
time of day, to move toward a model which supports translanguaging practices.

Similar to Somerville and Faltis’ (2019) study, Patthoff et al. (2021) also focused on
investigating teachers’ use of a particular strategy, the use of technology, in their study. The
researchers investigated three Spanish-English two-way elementary DLI teachers’ use of
technology as a strategy to facilitate mathematics learning. Through lesson observations,
interviews, and workshop discussions, the researchers found that the teacher participants’ use of
technology strategies was able to move away from engaging learners at a surface level (e.g., being
attentive and doing math drills) and move toward deep learning (e.g., linking concepts with
language, directing attention to specific content and grammatical feature of mathematics
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discourse). Viewed through Oxford’s (1990) strategy framework, these uses of technology
supported modeling and math concept connections (cognitive strategies), directed attention and
monitored comprehension level (metacognitive strategies), facilitated mathematical
communication (social strategies), and increased the visibility of students’ work (affective
strategies).

While the aforementioned studies identified effective teaching strategy use, Krause and Barko-
Alva’s (2019) classroom observation-based case study with a focus on a fourth grade Spanish-
English two-way DLI teacher’s math questioning strategies found that, although the teacher tried
to use questioning to help develop students’ conceptual understanding of math and create
opportunities for mathematical understanding and cross-linguistic connections, the language used
in questioning was simplified. In the context of Oxford’s (1990) strategy framework, this suggests
a limitation in the teacher’s use of cognitive strategies (e.g., supporting deeper processing) and
social strategies (e.g., facilitating rich discourse), as the simplified language reduced opportunities
for students to engage in more complex mathematical and linguistic practices. The researchers
caution that math questioning strategies used in bilingual classrooms need to be more strategically
formulated than what were observed in the case study. For instance, the authors suggested that
bilingual teachers should not simplify the language while asking math questions in order to foster
an active bilingual math learning environment.

Frequently Used Math Teaching Strategies

Other studies on bilingual teachers’ math instructional practices expanded their investigations
to look into teachers’ use of multiple strategies. For instance, Li et al. (2022) investigated the
effects of three math instructional strategies they observed in the teacher participants’ classrooms,
namely, explicit teaching (cognitive strategy), guided practice (metacognitive strategy), and peer
interaction (social strategy), on more than 300 third to fifth grade Spanish-English DLI learners’
reading comprehension and math performance. The study results suggested that the three strategies
positively influenced the students’ reading comprehension, which is tightly correlated with their
math performance as math involves not only symbols and numbers, but also word problems (Fuchs
etal., 2015). Kasule and Mapolelo (2005) conducted a questionnaire and interview study regarding
primary school teachers’ mathematics teaching strategies in a second language in Botswana. The
teacher participants proposed a few categories of strategies, such as linguistic strategies, games,
and organizational strategies, which, after the researchers analyzed the details of how they were
carried out in the classrooms, were determined to be inefficient to the diverse students’ needs. For
instance, the researchers mentioned that one of the linguistic strategies, classroom discussions
(social strategy), were initiated by the teacher participants who controlled the topics to be discussed,
and decided which student to respond and when to end the discussion. According to the researchers,
this type of classroom discussion, which follows a predictable sequence called initiate-response-
feedback, can potentially diminish learners’ active participation and productivity. The suggestion
made based on the result of Yeh’s (2017) study was aligned with Kasule and Mapolelo’s (2005)
finding. Yeh (2017) conducted a three-year longitudinal study on two Spanish-English DLI
teachers’ mathematics teaching. The study found that the two teacher participants utilized similar
teaching strategies such as supporting their students through scaffolding and practice (cognitive
strategies) to acquire math skills. However, the author pointed out that one of the teacher
participants misused the teaching strategy by teaching math terms independently of their
applications. The author further explained that a more balanced model of learning should consist
of not only acquiring math skills, but participating through meaningful interactions. An example
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highlighted by the author was the use of classroom discussions to build individual and collective
understandings.

In sum, some of the previous studies on bilingual teachers’ math instructional practices named
a few strategies (e.g., translanguaging and use of technology) that are especially effective in the
bilingual learning context while the other studies found that the ways the teachers employed certain
strategies were not effective (e.g., class discussions and scaffolding). Even though these studies
offer valuable insights into commonly used strategies in DLI math classrooms and their levels of
effectiveness, their findings may not be fully generalizable to other types of DLI programs or target
languages (e.g., Mandarin Chinese one-way programs), as nearly all were conducted in Spanish-
English two-way DLI settings in the United States. In addition, many of the studies only researched
the use of a single strategy. More information is needed on bilingual teachers’ comprehensive use
of strategies in carrying out math instruction in the classroom. Considering the limitations
identified in the previous studies, the present study investigated a second-grade Mandarin Chinese-
English one-way DLI teacher’s math instructional strategies in the classroom.

Methodology
DLI Math Instruction in the Utah Context

The state of Utah passed Utah Senate Bill 41 in 2008, which enabled funding for the
implementation of K—12 one-way DLI programs in various languages including Mandarin Chinese.
According to the state, the benefits of the DLI program are being highly proficient in a critical
language, performing well on standardized tests, being culturally competent, developing higher
cognitive and problem-solving skills, and being well-prepared for the global job market (Utah Dual
Language Immersion, 2022). The majority of the students in the program are English-speaking
monolingual white students. When the current study was conducted, there were 38 one-way
Mandarin Chinese programs in 12 different school districts in eight different counties (Asia
Society, 2019). The Utah one-way program adopts the 50:50 model, in which students receive
instruction for half of their school day in English taught by an English-speaking teacher and the
other half in the target language taught by a target language-speaking teacher. With respect to the
medium of instruction of specific subjects, if a subject is taught in one language, it is reinforced in
the other language. For example, the Utah Instructional Model (2022) illustrates that social studies
and math are taught in the target languages and reinforced in English from Grades 1 to 3. From
Grades 4 to 6, social studies and science are taught in the target languages and reinforced in English
while math is taught in English and reinforced in the target languages. Take the Chinese program
as an example, from grades 1 to 3, 20% of total instructional time is expected to be math in Chinese.
Only 15% of total instructional time is used in English to reinforce the contents of social studies,
math, and science originally taught in Chinese. The heavy emphasis of math instruction through
the instructional medium of Chinese from Grades 1 to 3 means that the Chinese-speaking teachers
in these grades take on most of the responsibility to ensure that students understand abstract math
concepts in the target language well enough for them to transfer the knowledge to English for the
yearly standard assessments in English.

A recent Utah DLI research study (Watzinger-Tharp et al., 2018) conducted by the Utah State
Office of Education reported that in the subject of math, Utah DLI students did not surpass their
non-DLI peers until the majority of the math instruction switched from the target languages to
English in 4th grade. The research finding seems to suggest that math instruction in the target
languages may not be sufficiently effective in the Utah DLI program. The Chinese DLI literature
also showed that Utah DLI teachers often encounter difficulties explaining abstract math concepts
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clearly in Chinese (Sung & Tsai, 2019). Therefore, this study intended to understand more about
the current math teaching practices in the Utah Mandarin Chinese DLI program in hope to offer
insightful information for teaching implications and suggestions for future research.

The Teacher Participant and the Math Class

The teacher participant in this study was a native English speaker in his late twenties, who
spoke Chinese as a second language. The teacher learned Chinese when he served a two-year
religious mission in a Chinese speaking country. After he completed his mission, he returned to
the U.S. and earned a bachelor’s degree in International Studies in which he took a few Chinese
language classes. During the time of this study, he was working on a graduate degree in second
language teaching. With respect to his language teaching experience, the teacher had been teaching
in a Chinese one-way DLI classroom setting for three years, although the first year was in a part
time context. Prior to this, he tutored Chinese to college students for two years and had three years
of experience tutoring English to non-native speakers in Taiwan.

When the study was conducted, it was the second semester the teacher participant worked as
the Chinese-speaking teacher in the second-grade Mandarin Chinese DLI class, which had 25
students, all of whom were native English speakers. The Utah DLI program adopted the strict no-
English policy, meaning that when the designated medium of instruction was Chinese, no English
should be spoken for any reason by the teacher or the students. The results of the classroom
observation illustrate that the teacher participant followed the policy closely. During the time of
observation, the teacher taught three math units: two-digit subtraction, three-digit addition and
subtraction involving regrouping, and money and time (e.g., telling time to the hour, half hour, and
five minutes; recognizing dimes, nickels, pennies, and quarters). In terms of the math textbook
used in class, the teacher participant explained that the school district he worked for used Go Math
for the elementary math curriculum; however, Go Math was not available in Chinese so the state
organization in charge of the DLI program provided Chinese DLI teachers with enVision (Chinese
edition) to aid the teaching in math using Chinese. The teacher participant found a couple of issues
with enVision. According to the teacher, enVision was not written for his students’ age and
proficiency, and it taught math concepts in a very different order and with different processes than
Go Math, which caused students to be confused. Since a previous second-grade Chinese DLI
teacher created Chinese worksheets based off of the Go Math textbook and noticed that students
had done well using them in class, the teacher participant decided to use Go Math for his classes
and adopted the Chinese worksheets from the previous teacher.

Data Collection and Analysis

This study examined the teacher’s math instructional strategy use through the data collection
method of classroom observation. A research assistant (RA) who was trained on the knowledge
and classroom applications of Oxford’s (1990) strategy framework was sent to observe the teacher
participant’s math instruction, which was offered approximately 60—75 minutes per day in
Mandarin Chinese four times a week. The RA observed the teaching of a total of three math units
during a six-week period. The math sessions were audio-recorded to allow the researcher to review
and confirm that all strategy use was captured accurately. Thus, both the RA’s observation notes
and audio recordings served as data collection tools to enhance reliability. Over the six-week study,
a total of 24 observation sessions were conducted, resulting in approximately 1,680 minutes of
audio-recorded data.
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To answer the first research question, What types of math teaching strategies did the Chinese
DLI math teacher use?, the RA used Oxford’s (1990) Taxonomy of Strategies as the guidelines to
capture the teacher participant’s strategy use in the class. There are a total of 62 strategies
categorized in six strategy groups: memory, cognitive, compensation, social, metacognitive, and
affective. During observations, the RA added three more strategies, scaffolding (cognitive
strategy), modeling (cognitive strategy), and encouragement through competitions (affective
strategy) that the teacher used but were not indicated in the strategy guidelines.

To answer the second research question, What were the frequency and effectiveness of the
various strategies observed?, when the RA observed a strategy employed by the teacher, or a
strategy the teacher directed the students to use, she recorded in real-time the use of the strategy
and the details of how it was used on the sheet of guidelines. The RA tallied all strategy incidents
and assessed their quality for appropriateness, clarity, and effectiveness in supporting student
understanding according to Oxford’s (1990) framework. Strategies used in more than 10% of the
incidents were considered most frequently used. Strategies used between 8% and 10% of the
incidents were considered moderately used, while those used between 2% and 7% were considered
less frequently used. Strategies used in less than 2% of the incidents were considered only
occasionally used. Triangulation was conducted by comparing the RA’s observation notes, the
audio recordings, and the tallied incidents; any discrepancies were discussed and resolved by the
researcher and RA to ensure accurate capture of both frequency and quality. Inter-rater reliability
between the researcher and RA was 97%.

Results

Research Question 1: Types of Math Teaching Strategies Used

To answer the first research question regarding the types of math teaching strategies observed,
the results from the classroom observations illustrated that a total of 2215 incidents of teaching
strategies were identified, which comprised 20 strategies. Of those 20 strategies, eight were
metacognitive, four were memory, four were cognitive, two were social, one was affective, and
one was compensation. It is evident that the teacher participant used the metacognitive strategies
more frequently than other types. The detailed frequency and effectiveness of each strategy
observed in the classroom is discussed in Research Question 2 below.

Research Question 2: Frequency and Effectiveness of Strategy Use

To address Research Question 2, which concerns the frequency and effectiveness of strategy
use, the findings are presented by first describing examples of the most frequently observed math
teaching strategies, followed by strategies used moderately, less frequently, and occasionally. For
each example, the effectiveness of the strategy is discussed and interpreted using Oxford’s (1990)
strategy framework as a guiding lens.

Most frequently used strategies. Among the strategies identified, the top two most frequently
used strategies, evaluating and paying attention, were used far more often (23.4% and 21.5%
respectively) than any other strategies (see Table 1).
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Table 1
Teaching Strategies Used in the Second-Grade Classroom
Frequency Strategy # (%) of Strategy
Ranking Strategy Type Incidences
#1 Evaluating (Assessing your own learning and progress.) Metacognitive 519 (23.4%)
4 Paying Attention (Focusing on key information and staying Metacognitive 477 (21.5%)
on task.)
" Making .P0s1t1ve Statements (Using encouragement or Affective 214 (9.6%)
affirmations to boost confidence.)
44 Mode}mg (Demonstrating problem-solving behaviors for Cognitive 194 (3.8%)
learning.)
45 U§1ng Phy51ca1. Response (Using actions or gestures to Memory 152 (6.9%)
reinforce learning.)
46 Organlzlng. (Structuring information logically for easier Metacognitive 124 (5.6%)
understanding)
47 Seeklng Practllce Opportunities (Looking for opportunities Metacognitive 106 (4.8%)
to practice actively.)
43 Scaffjo!dmg (Breaking tasks into manageable steps or Cognitive 103 (4.7%)
providing support.)
40 Re.:peatlng (Pra.ctlclng language forms multiple times to Cognitive 78 (3.5%)
reinforce learning.)
410 Settlgg Goals and Objectives (Planning specific goals for Metacognitive 59 (2.7%)
learning outcomes.)
411 }.Jsmg Mechanical Techniques (Memorizing through drills, Memory 33 (1.5%)
ists, or patterns.)
412 Using Imagery (Visualizing concepts and ideas to aid Memory 32 (1.4%)
memory.)
413 nghl}ghtlng (Emphasizing key points or information for Cognitive 29 (1.3%)
attention.)
414 Structured Reylew (Systematically reviewing previously Memory 27 (12%)
learned material.)
415 Epcouragement through Competitions (Motivating learning Social 17 (0.7%)
via games or challenges.)
416 Mopltorlng (Tracking comprehension and performance Metacognitive 14 0.6%)
during tasks.)
417 Cooperating with Peers (Working with others to learn or Social 14 (0.6%)
solve problems.)
Planning for a Language Task (Preparing steps or strategies . o
#18 before starting a task.) Metacognitive 9 (0.4%)
419 Usmg Mime or Gesture (Communicating or reinforcing Compensation 7(0.3%)
meaning nonverbally.)
Determining the Level of Difficulty of a Language Task . o
#20 (Assessing how challenging a task is before attempting it.) Metacognitive 7(0.3%)

The metacognitive strategy of evaluating (23.4%) was the most frequently used teaching
strategy. The strategy was often used to check if the students understood the information given by
the teacher in Mandarin Chinese, which sometimes was not necessarily related to the math content.
Excerpt 1 illustrates such an incident.
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Excerpt 1
Teacher: fRFIF—TEE—EHBER . WRRMEBEBERMTE, Foi—EE.

[You will have a math test in a minute. If you know what I am saying, please give me a thumbs
up.]
Students showed their thumbs up.

Teacher: JNRE BREBETF.

[If you have a question, please raise your hand.]

Even though the content of the class was math, the fact that the instruction was given in the students’
second language possibly prompted the teacher to evaluate often whether the students understood
important information said in the classroom including announcements such as the one in Excerpt
1. Other than announcements, the teacher also frequently evaluated the students’ math learning
progress and level of understanding. Excerpt 2 shows such an incident.

Excerpt 2
Teacher: BEF 7 IE? EMAGZE®ETF,

[Did you finish writing? People who are finished please raise your hands.]

Teacher: {1 {525 BT
[If you are finished, please raise your hands.]

After a few minutes

Teacher: FfE4IES(EE 4B = = — &,
[Who knows what time this one is? Three, two, one, say it.]

Students: /\ 2k,
[Eight o’clock.]

Teacher: /\Bk, ¥ R~¥7?
[Eight o’clock. Is it correct?]

Students: ¥J!
[Correct!]

Oxford (1990) stated that metacognitive strategies, such as evaluating, provides a way for learners
to understand their learning progress. In the case of the teacher use of evaluating in this study, the
strategy offered him the information about the learning progress of the class as a whole, which
helped him better adjust his teaching pace to fit his students’ needs.

The metacognitive strategy of paying attention (21.5%) was the second most frequently used
strategy in the classroom. The results of the classroom observations showed that the teacher
frequently used this strategy when he tried to get students’ attention for the next task. Excerpt 3 is
a typical example of how paying attention was employed.
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Excerpt 3
Teacher: FHU4F, MIAEF, REEEHK.

[Keep hands and feet to yourself and eyes to me.]

Teacher: 45 BEIRFIEMETFES
[Show me that you are ready to learn.]

Teacher: =. —. —. Z (counting down to get students’ attention)
[Three, two, one, zero. ]

Teacher: 4
[Sit...]

Students: §¥!
[well!]

In the excerpt above, the teacher illustrated how he usually used short phrases to get his students’
attention. The observation notes documented that there were days when the class was less focused
than usual due to various reasons (e.g., content being difficult, school events occurring near math
instructional time). To combat the students’ inattention, the teacher frequently utilized the paying
attention strategy to ensure that the students were ready for their tasks. According to Oxford (1990),
language learners are often overwhelmed by new materials (e.g., new terms, new grammar, a
different writing system) introduced in a second language. Using the metacognitive strategy of
paying attention helps learners regain their focus.

Moderately used strategies. Followed by the two most frequently used metacognitive
strategies are the affective strategy of making positive statements and the cognitive strategy of
modeling, which were moderately used by the teacher (9.6% and 8.8% respectively).

The use of affective strategies, such as making positive statements, influences the level of
success of language learning. It positively affects a learner’s emotions, attitudes, motivations, and
values, which make language learning more enjoyable and effective (Oxford, 1990). The teacher
was observed making positive statements when the students were attentive or when they solved
math problems correctly. Excerpt 4 shows such incidences.

Excerpt 4
Teacher: #8EM T, REANSEEMT T, BRI,

[Put down your pencils. Many of you have put down your pencils, very good.]

The teacher circled around to check on the students’ answers and went back to the front of the
class.

Teacher: R#F, HEBRMBFRE-
[Excellent, I feel that you wrote very well.]

The other moderately used strategy is the cognitive strategy of modeling. The teacher often used
modeling to demonstrate to his students how to interpret and solve math problems step by step.
Excerpt 5 is an example of the teacher’s use of the modeling strategy.
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Excerpt 5

Teacher: 8 L —HE=1NER, +AXERRET.
[There were a total of 34 birds on the tree, but 16 of them flew away.]

Teacher: ¥, PRI, RFIE. E=THER, +AEEBRET.
[OK, so, look. There were 34 birds, and 16 of them few away.]

The teacher was writing numbers on the board while repeating the math problem.

Teacher: i FIBEXER? BB 2REZ2MNEER"
[How many birds are still on the tree? “still are” means minus or plus?]

Students used hands to signal the “minus” sign.

Teacher: #f, BRI BE? 47, BB, E2ANEF. E&/NNEF. NITRTRURK?
[Good, what minus what? OK, let’s see. This is the big number (pointing to 34). This is the
small number (pointing to 16). Can the small number minus the big number?]

Students: A~ [},
[No.]

Teacher: K o] A~T] R/ N?

[Can the big number minus the small number?]

Students: T [} !
[Yes!]

Teacher: Fff AR EER A BE?

[So it is what minus what?]

Students: =-+PUiE+7X,
[34 minus 16.]

The teacher continued to model how to solve the expression 34—16.

Teacher modeling is a great strategy to demonstrate to learners how to solve math problems.
When the teacher modeled how to solve a problem, the teacher not only provided the solution, but
also laid out the steps and the think-aloud process in each step, greatly reducing the learners’
cognitive load. Rosenshine (2012) stated that modeling is an effective teaching strategy in
mathematics, science, writing, and reading that provides learners with cognitive support.

Less frequently used strategies. Followed by the moderately used strategies are six less
frequently used strategies (one memory, three metacognitive, and two cognitive strategies). With
respect to the memory strategy, the teacher was observed to sometimes use the strategy of using
physical response (6.9%) to illustrate a math concept (e.g., asking students to use their fingers to
make a circle to represent an hour), to remember a key Chinese character used in the math problem
(e.g., asking students to write the character “K” [big] in the air), and to remind the students to pay
attention to the instruction (e.g., telling students to “show me your hands on your ear to show me
that you’re listening.”). Memory strategies such as using physical response are useful in helping
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learners use the connection between motion and verbal material to remember the large amount of
math concepts and key terms in the target language (Oxford, 1990).

The three metacognitive strategies less frequently used are organizing (5.6%), seeking practice
opportunities (4.8%), and setting goals and objectives (2.7%), all of which are strategies to help
learners arrange and plan their learning effectively (Oxford, 1990). In the class, the teacher was
observed to sometimes promote the strategy of organizing when he told the students to put away
their individual white boards and markers when they finished doing math problems and were ready
to move on to the next task. He also advocated the strategy of seeking practice opportunities when
he from time to time gave extra handouts with math problems to students who completed their
tasks early to create more practice opportunities for them. Sometimes in the beginning of the class,
the teacher used the strategy of setting goals and objectives to give a summary of the objectives
he expected the class to accomplish in class. The use of multiple metacognitive strategies at times
assisted the teacher to optimize his students’ learning conditions and avoid chaos that can
sometimes occur if the learners lose focus.

The two cognitive strategies that were less frequently used are scaffolding (4.7%) and
repeating (3.5%). Scaffolding is related to the concept of zone of proximal development (ZPD),
which is defined as the difference between what a learner can do on their own versus what they
can do with guidance from a more experienced individual (e.g., teacher) (Vygotsky, 1978). In the
math class, the teacher was observed to occasionally walk around the classroom while the students
were solving math problems individually. The teacher would stop by the desk of a student who
struggled with the problems and use scaffolding to help the student learn how to solve the math
problems. Repeating, the other cognitive strategy less frequently used, was promoted by the
teacher when he wanted the students to remember new math terms in Chinese (e.g., nickel, dime,
quarter, minutes, single digit, double digits). Repeating is one of the commonly used language
learning strategies to help learners practice using the target language (Oxford, 1990). Considering
that there is a large number of math terms to remember in Chinese, it is not surprising to see the
teacher using repeating to help his students remember them.

Occasionally used strategies. There were ten strategies that were occasionally used. They
were three memory, three metacognitive, two social, one cognitive, and one compensation
strategies. The teacher occasionally used the memory strategies of using mechanical techniques
(1.5%), using imagery (1.4%), and structured review (1.2%), in the classroom. The teacher was
observed using imagery (e.g., drawing lines or a clock) to teach math concepts such as subtraction,
addition, and time. For each math unit taught, the teacher did a structured review and occasionally
used mechanical techniques (e.g., moving Styrofoam cups) to concretely demonstrate addition and
subtraction math problems. Oxford (1990) stated that these memory strategies assist learners by
making new concepts and language more meaningful to the learners.

The cognitive strategy of highlighting (1.3%) was occasionally used when the teacher went
over word problems. On the board, the teacher would underline key phrases and numbers (e.g.,
highlighting “compared to” and ““a total of”) that are essential for his students to understand before
they can solve the problems. Finally, the rest of the strategy use, which are three metacognitive:
monitoring (0.6%), planning for a language task (0.4%), and determining the level of difficulty of
a language task (0.3%), two social: encouragement through competitions (0.7%), and cooperating
with peers (0.6%), and one compensation: using mime or gesture (0.3%), were used minimally in
the classroom.
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Discussion

This study reported the various math teaching strategies used by a second-grade Chinese-
English DLI teacher in Utah’s one-way immersion program model and examined their
effectiveness using Oxford’s (1990) strategy framework. Although informative, the study is not
without limitations. First, it was a small-scale case study involving only one teacher participant.
Second, it relied on a single data collection method, classroom observation. Finally, only three
math units were observed. Despite these limitations, the findings offer valuable insights into a
Chinese DLI teacher’s enactment of mathematics teaching strategies and provide a useful
foundation upon which future research can build. The following paragraphs summarize the key
findings of this study.

To answer the first research question, What types of math teaching strategies did the Chinese
DLI math teacher use?, the present study found that the teacher participant utilized 20 strategies,
nearly half of which were metacognitive. This finding is not aligned with the previous studies
(Somerville & Faltis, 2019; Kasule & Mapolelo, 2005; Krause & Barko-Alva, 2019; Li et al., 2022;
Patthoff et al., 2021) which highlighted direct strategies, such as cognitive strategies that require
mental processing of both the math content and the target language, as well as indirect strategies,
such as social strategies involving class discussion and peer interaction. This suggests that
compared to the previous studies, the teacher participant in this study placed greater emphasis on
helping students monitor and regulate their learning processes. The observation analysis in this
study further showed that the teacher participant frequently felt the need to check students’
comprehension of his instruction in Chinese and to ensure that they were attending to the lesson
rather than engaging in unrelated tasks. The summary of strategy frequency and effectiveness
presented in the next paragraph provides additional insights and explanations for these differences.

To answer the second research question, What were the frequency and effectiveness of the
various strategies observed?, among the total of 2215 incidents of math teaching strategies
observed, almost half of them (996 incidents, 45% of all strategy use) represented the use of two
particular metacognitive strategies, evaluating and paying attention. These two strategies are
indirect strategies that emphasize centering students’ learning and checking their learning progress
(Oxford, 1990). The 519 (23.4%) incidents of the strategy use of evaluating observed in this study
were used to check if the students understood the information given by the teacher in Mandarin
Chinese, while the 477 (21.5%) incidents of the strategy paying attention observed was to ensure
that the students were attentive before they started their math learning or during the transition from
one math task to another.

The teacher participant’s heavy use of these two strategies can be explained by the specific
teaching context he was in. In the previous studies, the learning context was Spanish-English two-
way programs, which include two language groups — Spanish heritage-speaking and English-
speaking students in a class, so that each group of students can be experts in one language and help
the other group learn their language. In the Utah one-way Chinese-English program context,
however, almost all the students in the program were monolingual English-speaking students. In
the case of the second graders in this study, they had only begun learning Chinese in first grade.
The novice Chinese level of the students likely prompted the teacher in this study to feel the need
to constantly check whether the students paid attention to his instruction and if they understood
him in Chinese. This was evident when the teacher expressed his concern to the researcher after
class that students who had a low Chinese level understood less of the lesson and their learning
was negatively impacted.
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However, as the teacher in this study spent significant time making sure that students were
attentive and understood his instruction, less time could be spent on using other strategies to make
content more comprehensible. This was evident in the substantial frequency gap observed when
this study found that a few strategies were used more than 20% of the time, whereas the remaining
strategies ranged from 0.3% to 10%. For example, this study found that cognitive strategies such
as modeling (8.8%), scaffolding (4.7%), and repeating (3.5%), which directly enhance learners’
understanding of content and the target language, were only moderately or less frequently used.
Also, a very useful social strategy, cooperating with peers (e.g., group discussion) (0.6%) to
improve understanding of math concepts frequently used in other studies was seldom used in this
study. A close look at the strategy use of cooperating with peers in this study showed that the
students did not have conversations in Chinese to discuss how to solve math problems, but instead,
the study results showed that the teacher asked students to work in pairs to do drills such as
counting down numbers or to ask their partners sitting next to them what their answer was for a
particular math problem. The limited social strategy use of cooperating with peers in this study
seems to suggest that the teacher did not believe that the students’ Chinese level was sufficient for
them to discuss math problems in groups. If there were a group of Chinese heritage students in
class who could possibly produce a little more language output in Chinese to help bring up the
Chinese level of the monolingual English-speaking group, the strategy of cooperating with peers
may be used more efficiently.

Finally, another strategy that other studies reported as a positive strategy use, but was not used
at all in this study is the translanguaging strategy. The absence of the strategy use was most likely
due to the strict Chinese-only policy in the Utah program, which prevents teachers and students
from using a combination of English and Chinese in the Chinese-speaking classroom.

In sum, this study found that even though the strategies the teacher participant utilized were
effective, there appeared to be an imbalanced use of various strategy types in the instruction. In
other words, the teacher’s heavy reliance on metacognitive strategies successfully helped the
students stay on task; however, the limited use of direct strategies (e.g., cognitive and memory) or
other types of indirect strategies (e.g., social and affective) may have constrained students’
opportunities to deepen conceptual understanding and engage more actively in the learning process.
According to Oxford (1990), teachers should employ a variety of strategies that work
collaboratively to assist learners’ learning in a second language. The lack of a diverse range of
strategies observed in this study echoes issues identified in previous research, which found that
teachers providing math instruction in students’ second language often struggle to deliver
instruction that effectively improves students’ math performance.

Based on the discussion of the study limitations and findings, several directions for future
research are suggested. First, future studies need to include more participants with diverse teaching
backgrounds and experiences before any generalizations on the findings can be made. Second,
future studies should adopt diversified data collection methods to capture DLI teachers’ math
teaching strategy use and develop a more comprehensive understanding of the math teaching
strategy phenomena. Third, a wider variety of math topics should be examined to determine
whether topic type influences teachers’ strategy use. Fourth, studies aimed at identifying a
balanced and effective combination of math teaching strategies are needed to assist DLI teachers
in overcoming the challenges of teaching math in students’ second language. Finally, this study
calls for additional research on DLI teaching strategies within the one-way model, as existing
scholarship remains limited, and further evidence is needed to understand how program structure
shapes teachers’ instructional decision-making.
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Conclusion and Implications

This study reported several important findings. First, due to the one-way program learning
context (e.g., all learners were at the novice level in Chinese in lower grades), math teaching
strategy use in this study heavily relied on two metacognitive strategies, which are indirect
strategies. These two strategies allowed the teacher to monitor whether learners were on track with
their learning. However, other types of strategies, particularly direct strategies (e.g., cognitive,
memory, and compensation), which could directly support learners in comprehending both the
content and the target language, were comparatively less frequently or rarely used. Moreover,
indirect strategies other than metacognitive strategies (e.g., affective and social strategies) were
also observed only sparsely.

In conclusion, the heavy emphasis on a particular type of strategy found in this study is likely
insufficient to support all aspects of math learning in a target language. These findings may be
attributed to the design of the Utah one-way DLI program. The program primarily enrolls
monolingual English-speaking students, which appears to limit teachers’ ability to effectively
implement social strategies in lower grades, as most students are still at a novice level in the target
language. Additionally, the target language-only policy practiced in the program prevents the use
of translanguaging strategies, which are gaining recognition in educational research (Garcia et al.,
2017). This suggests that state education administrators should reconsider the design and language
policies of the Utah DLI model and base decisions on the most current research in Chinese DLI
programs to enhance program effectiveness. Questions such as whether strictly separating the use
of the target language from English and whether the lack of recruitment efforts for heritage
language students (Valdez et al., 2016), who could contribute knowledge of the target language
and culture, are beneficial for the state program, should be thoroughly discussed.

Furthermore, DLI teacher training programs that focus on implementing a wider range of
effective math teaching strategies, beyond simply checking students’ language comprehension, are
urgently needed. Such training would provide valuable guidance for enhancing DLI teachers’
effectiveness in teaching mathematics.
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