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Abstract

This paper examines elementary educators’
instructional skills as they practice eliciting
student thinking in a generative Al (GenAl)
mathematics teaching simulation. Study findings
indicate that educators were able to elicit some

aspects of a GenAl student’s conceptual
understanding and misunderstanding.
Implications for using GenAl teaching

simulations as a practice space and formative
assessment tool to build and evaluate educators’
instructional skills are addressed.

1 Background

In recent years, there has been a growing effort to
improve mathematics teachers’ professional
competence by enhancing their instructional
quality (Blomeke et al., 2015; Orr & Bieda, 2020;
Schwarts et al., 2025; Shaughnessy & Boerst,
2018). Strengthening instructional quality does not
depend only on cognitive abilities but also on
situation-specific facets (Blomeke et al., 2015;
Kaiser et al., 2017). Situation-specific facets
emphasize teacher attention, interpretation of
students’ ideas, and instructional decision-making
(Santagata et al., 2021); collectively, such facets
are referred to as high-leverage teaching practices.
High-leverage teaching practices, such as eliciting
students’ thinking (Orr & Bieda, 2020), facilitating
classroom discourse (Chestnutt, 2020), and making
content explicit in instruction (Selling, 2016),
require thoughtful and skillful tailoring to the
specific context and situation (Matsumoto-Royo &
Ramirez-Montoya, 2021) to support students’
learning in mathematics.

Research has shown that novice teachers struggle
more to engage in high-leverage teaching practices
than in-service teachers. For example,
novice teachers tend to pay attentionto the
procedural aspects of instruction and struggle to
notice critical cues from students’ thinking, which
can influence their real-time instructional
decisions (Arslan et al., 2025; Lisenbee & Tan,
2019). In-service teachers also struggle to use high-
leverage practices frequently due to the need to
cover required content and meet testing demands
(Wilburne et al., 2018). To strengthen their ability
to productively use high-leverage teaching
practices, teachers need a practice space that
replicates authentic experiences and cognitive
demands similar to a real classroom, allowing
teachers to practice and improve their instructional
quality in teaching mathematics (Codreanu et al.,
2020; Ferdig et al., 2022; Grossman et al., 2009).

Digital simulations have become increasingly
popular as a tool for teachers to enact and reflect
on their instructional practices. Digital
simulations closely resemble real classrooms but
offer reduced complexity (Howell & Mikeska,
2021; Park et al., 2024). However, traditional
digital simulations require a human in the loop,
called a simulation specialist, who requires
training to play student avatars when interacting
with the teacher. Requiring a
human simulation specialist ~ makes access
expensive and limits scalability (Bhowmik et al.,
2024; Bondie et al.,, 2021; Mikeska, Beigman-
Klebanov, et al., 2025). Additionally, traditional
digital simulations tend to focus more on
classroom management (Lindberg & Jonsson,
2023) rather than on specific subjects, such as
mathematics (Schwarts et al., 2025).
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Recent advances in generative artificial
intelligence (GenAl) aim to address these
limitations of traditional digital simulations (Tlili
et al., 2023; Xu & Zhang, 2023), making them
more usable for developing teachers’ mathematics
instructional practice. GenAl can improve
dialogue-based tutoring systems by using large
language models (LLMs) to simulate a student
during problem-solving interactions (Bhowmik et
al., 2024; Macina et al., 2023; Martynova et al.,
2025). LLMs can dynamically generate realistic
student responses based on  students’
understanding, misconceptions, and reasoning
patterns.  Hence, teachers can practice
instructional strategies in a controlled yet realistic
environment. In particular, GenAl simulations
can support mathematics teachers in improving
their responsiveness (Son et al., 2024) and
creating opportunities to practice -elicitation
techniques (Mikeska, Bhatia et al., 2025).

These GenAl simulations not only have the
potential to support high-leverage teaching
practices but also to function as formative
assessment tools for evaluating novice teachers’
strengths and areas of skill growth (Mikeska,
Bhatia et al., 2025; Pilger Suhr et al., 2026). As
teacher education programs have transitioned to
practice-based learning approaches, there is an
increasing need for formative assessments that
provide teacher educators with specific insights
into novice teachers’ mastery of critical
instructional skills (Bastian et al., 2018).
Formative assessment can continuously support
novice teachers’ skill development by providing
targeted feedback, ultimately preparing them to
make informed instructional decisions in real
classroom settings. (Pilger Suhr et al., 2026;
Villa-Ochoa et al., 2021). Although a few studies
have begun to explore GenAl simulations for
formative assessment in pre-service teacher
education, their application across broader teacher
populations remains limited. However, it is
necessary to gain in-depth, nuanced insights into
teachers’ instructional practices and identify
specific areas requiring targeted support.

2 Aims

Mathematics teachers require opportunities to
practice and master the skills needed to uncover

students’ prior ideas. Teachers need opportunities
to practice attending to and interpreting students’
ideas to make instructional decisions about which
ideas are worth exploring and to support students
in articulating their thought processes based on
their understanding (Orr & Bieda, 2020;
Shaughnessy & Boerst, 2018). Halder and
colleagues (2026) found that, while interacting
with a GenAl-powered student, novice teachers
were able to elicit some aspects of a first-grade
student’s mathematical understanding; however,
they struggled to elicit all key understandings and
misunderstandings. Furthermore, an analysis of
novice mathematics teachers’ transcripts revealed
that they struggled to ask the GenAl student
follow-up questions, which limited their ability to
elicit the student’s mathematical understanding
(Mikeska et al., 2026). These research outcomes
are evidence that the development of GenAl
simulations has the potential to provide novice
teachers with opportunities to try out teaching
practices, as well as act as a formative assessment
tool to identify teachers’ strengths and areas for
improvement.

In this study, we examined the use of a GenAl
teaching simulation to engage educators in one
high-leverage teaching practice when addressing
complex mathematical content: making content
explicit in instruction. The research questions
(RQs) we examined are: 1. To what extent do
educators  identify the GenAl student’s
understanding and misunderstanding while making
content explicit in instruction? and 2. What
variations emerge in educators’ ability to make
content explicit in instruction during their
interactions with a GenAl student?

3 Study Methodology
3.1 Study Context

In this study, participants engaged in a voice-
activated mathematics GenAl simulation task
entitled Ordering Fractions. The GenAl
simulation used the GPT-40 model to provide
engaging, responsive and advanced
conversational  capabilities with  dynamic
interactions for participants. Participants’ goal in
this simulation task was to explain specific
mathematics content to Neil, a third-grade GenAl
student. Participants first read the task scenario,
which describes Neil’s mathematics assignment
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and its learning objectives. Neil’s assignment is to
compare two pairs of fractions: the first pair has a
common denominator and different numerators
(3/8 and 5/8), while the second pair has a common
numerator and different denominators (5/6 and
5/8). Neil correctly compares the first pair of
fractions (3/8 < 5/8). He understands that when
fractions have the same denominator, the one with
the larger numerator is greater. He applies the
same whole-number reasoning to compare the
second pair of fractions, which is his primary
misunderstanding. The educators’ goal, therefore,
is to use area models to help Neil understand how
to compare two pairs of fractions with a common
numerator and different denominators.

Figure 1. Online Interface for Educator
Interaction with Neil

Chat with Nell

Making Coment Laphct innetru

Nl 's W
Mace & «, », OF » Symibol in each
oval 10 correctly compans each
par of fractions

Area models visually represent fractions by
dividing a single shape (e.g., a rectangle) into
equal parts based on the denominator and shading
parts based on the numerator, making size
comparisons easier. In this task, educators use this
strategy to help address Neil’s misunderstanding
and reinforce his learning about how to compare
fractions.

Each participant received ten minutes to review
Neil’s work and the simulation instructions. After
completing the preparation phase, the educator
begins interacting with Neil (see Figure 1). In this
simulation, Neil has a pre- and post-learning
phase. In the pre-learning phase, Neil reveals his
misunderstanding about using whole number
reasoning to compare fractions with the same
numerator but different denominators. Then
educators must guide Neil in learning how to
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correctly compare the fractions using area models.
They need to use arca models to help Neil
understand that as the denominator increases, the
size of each individual piece becomes smaller, so
for fractions with the same numerator, the one
with the larger denominator represents a smaller
fraction. Either the participant or Neil can
verbalize these relationships to ensure that the
learning has taken place. Once this has occurred,
Neil enters the post-learning phase where he is
able to correctly compare fractions with the same
numerators but different denominators.

3.2 Study Sample

Our research team aimed to recruit up to 50
educators, including 20 elementary paraeducators,
20 elementary in-service teachers, and 10
principals who supported paraeducators, to pilot
the Ordering Fractions mathematics task. To reach
a broad audience, we shared this opportunity with
a larger group of educators through a non-profit
educational assessment organization’s affiliated
educator panel. Participants completed an intake
and consent form to confirm their eligibility.
Inclusion criteria included paraeducators, in-
service teachers, or principals with current or
previous experience working with paraeducators.
We received a response from 645 participants (482
paraeducators, 145 in-service teachers, and 18
principals). From this response pool, we selected
46 paraeducators, 45 in-service teachers, and 16
principals to ensure that there was variability across
background characteristics including gender,
ethnicity, region, years of teaching experience, and
school type. We also ensured that none of them had
participated in our previous studies.

A total of 28 participants took part in the study,
including 8 eclementary paraeducators, 16
elementary in-service teachers, and 4 elementary
principals. The participants’ ages ranged from 18 to
64. The gender distribution was 82% female and
18% male. In terms of ethnicity, respondents
identified as White (57%), Black or African
American (21%), Hispanic or Latino (18%),
American Indian or Alaskan Native (4%), Asian or
Asian American (4%), and Native Hawaiian or
Pacific Islander (4%). While 93% of participants
had prior experience teaching elementary
mathematics, the extent of their experience varied:



15% had less than 1 year of experience, 31% had
1-3 years, 31% had 4-10 years, and 23% had more
than 10 years. Regarding familiarity with Al-
powered tools in an educational context,
participants reported that 42% were not familiar,
15% were a little familiar, 38% were somewhat
familiar, and 4% were very familiar.

3.3 Data Collection

Participants completed the simulation and
received a feedback report on the various teaching
moves they did or did not use during the
simulation to make content explicit in instruction.
Then they completed a background information
questionnaire to provide their educational and
professional background and a post-simulation
survey (open- and closed-ended items) to report
their experience with the GenAl simulation. We
collected participants’ chat transcripts from the
system for further analysis. Two of the open-
ended questions analyzed in this study were
“explain what the student correctly understands
about comparing fractions” and “explain what the
student does not understand about comparing
fractions.” Participants were instructed to use
evidence from their conversation with Neil to
support their answers.

3.4 Data Analysis

To address RQI, we used participants’ open-
ended survey responses detailing what they
identified as Neil’s understandings and
misunderstandings about comparing the fractions.

Table 1. What Neil Does and Does Not
Understand

1. When comparing fractions with the same
denominator, the one with the larger
numerator is greater.

2. The numerator tells you how many parts
you have.

3. The denominator tells you how many
total parts make up the whole.

4. How to compare whole numbers (e.g.,
101 is greater than 100).

1. When the numerator is the same, the
fraction with the larger denominator is
smaller.

Neil Understands

Not

2. How to compare fractions that have
different numerators and
different denominators.

Neil Does

Two coders were involved in this process, using a
codebook that included Neil’s understandings and

misunderstandings, based on the knowledge
profile developed for Neil in this task (see Table
1). One coder marked “Yes” if participants
identified the understanding demonstrated by Neil
and “No” if they did not. A second coder then
reviewed this coding. The same coding process
was followed for Neil’s misunderstandings.
Coders convened to resolve any disagreements
they noted during the coding. Overall frequencies
and percentages for each understanding or
misunderstanding aspect across all participants
were computed to inform the findings.

Table 2. Aspects and Elements of a Scoring Rubric
for Making Content Explicit in Instruction

Element Components
1. Introduces the particular process,
strategy, or technique that is about to
be addressed and explains the
purpose of using it.
2. Provides or elicits a closing
statement that makes explicit
important ideas about the targeted
process, strategy, or technique.
1.Uses appropriate models,

Aspects
1. Introducing
and closing
the lesson

2. Supporting

student representations, and/or examples to
learning of illustrate the targeted process,
the targeted strategy, or technique.
process, 2.Emphasizes important ideas about
strategy, or the targeted process, strategy, or
technique technique.
3.Uses and explains
developmentally-appropriate
academic language.
4.Uses a logical sequence and pace,
and maintains the instructional focus
on the targeted process, strategy, or
technique.
3. Checking 1. Elicits student’s thinking about the
for student targeted process, strategy, or
thinking and technique.
understanding ~ 2.Uses models, representations,

and/or examples to gauge and
confirm that student learning about
the targeted process, strategy, or
technique has been achieved.

To address RQ2, we conducted content analysis of
the educators’ transcripts (Gliser-Zikuda et al.,
2020). We used a holistic scoring rubric (Mikeska,
Bhatia et al., 2026; Stickler & Sykes, 2016) to
assess educators’ overall performance in making
content explicit in their conversation with Neil. The
scoring rubric includes three aspects, and each has
two to four elements (see Table 2).

Three coders were involved in this process; they
reviewed the pre-developed scoring rubric, made
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modifications as needed to clarify scoring
descriptions and levels, and then applied it
consistently to score the transcripts. The scoring
rubric consisted of three scoring levels (1=novice;
2=beginning; 3=well-prepared). High-performing
responses that addressed all required criteria
received a score of 3. Responses that partially
addressed the required criteria were assigned a
score of 2. Responses that minimally addressed the
required criteria received a score of 1.

Initially, coders did group scoring using three
transcripts to train and develop a shared
understanding of the scoring rubric. Two coders
continued coding and double-coded four
transcripts, achieving an interrater reliability
(IRR) of 0.57 (Fleiss’s Kappa). All remaining
transcripts were double-scored and reconciled by
two raters to resolve any disagreements. After
scoring the 28 transcripts, we computed the
overall frequencies for each scoring level (1, 2,
and 3), along with mean and standard deviation
across participants per scoring rubric aspect and
element.

4 Results

4.1 Identifying the GenAl Student’s

Understandings and Misunderstandings

The findings from RQI (see Table 3) showed that
50% of educators correctly identified the
student’s understanding that when comparing
fractions with the same denominator, the fraction
with the larger numerator is greater.

However, only 8%, 15%, and 12% recognized the
student’s understanding of the numerator, the
denominator, and how to compare whole numbers
(e.g., 101 is greater than 100), respectively. In
identifying the student’s misunderstandings, we
noted that 35% of educators recognized that Neil
thinks that when the numerator is the same, the
fraction with the larger denominator is larger.
However, none of the educators recognized that
Neil does not understand how to compare
fractions that have both different numerators and
denominators. Overall, the results suggest that
while some educators identified some of Neil’s
key understandings and misunderstandings, many
were unable to identify these ideas or gaps.
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Table 3. Distribution of Educators Identifying What
the GenAl Student Understands and Does Not
Understand

Total
(N=26)

ISTs
(N=14)

Prin

(N=4)

Para

N=8)

Aspects

n(%) n(%) n(%) n(%)

4
(50%)

8
(57%)

1
(25%)

13
(50%)

‘When comparing
fractions with the
same
denominator, the
one with

the larger
numerator is
greater.

1
(25%)

The numerator
tells you how
many parts you
have.

0% (%) (8%)

Neil Understands

4
(29%)

4
(15%)

The denominator
tells you how
many total parts
make up the
whole.

(0%) (0%)

1
(13%)

1
(7%)

1
(25%)

3
(12%)

How to compare
whole numbers

When the
numerator is the
same, the fraction
with the larger
denominator is
smaller.

2
(25%)

5
(36%)

2
(50%)

9
(35%)

0
(0%)

0
(0%)

0
(0%)

How to compare
fractions that
have different
numerators and
denominators.

(0%)

Neil Does Not Understand

Note: *26 educators completed the post-simulation survey. Para:
Paraeducators, ISTs: In-service Teachers, Prin: Principals

4.2 Variations Emerge in Educators’ Ability
to Make Content Explicit in Instruction

Analysis of RQ2 (see Table 4) showed that aspect
one overall, which focused on introducing and
closing the lesson, received an average score of 1.5
across educators. This score indicates that
educators did not explicitly address the content at
the beginning of the lesson by mentioning the key
purpose for the lesson and concepts to be
addressed, such as “using area models to compare
fractions,” or closing the lesson by addressing what
was learned, such as “for fractions with the same
numerator and different denominators, the larger
fraction will have the smaller denominator because
the parts are larger.” However, element-wise, the
result indicates that educators were more likely to
include a closing statement rather than introducing
the lesson.



Table 4. Descriptive Statistics of Aspect and Element
Component-wise Chats for Overall Rubric Scores (1
to 3)

Aspects EC Score 1 Score2 Score3  Mean
(SD)
Aspect 1 EC1 22 6 0 1.21
(N=28) (78.6%) (21.4%) (0%) (0.42)
EC2 12 5 11 1.96
(42.9%) (17.9%) (39.3%)  (0.92)
Overall 15 12 1 1.5
(53.6%) (42.9%) (3.6%) (0.58)
Aspect 2 EC1 8 5 15 2.25
(N=28) (28.6%) (17.9%) (53.6%)  (0.89)
EC2 10 8 10 2
(35.7%) (28.6%) (35.7%)  (0.86)
EC3 7 14 7 2
(25%) (50%) (25%) (0.72)
EC4 11 7 10 1.96
(39.3%) (25%) (35.7%)  (0.88)
Overall 9 10 9 2
(32.1%) (35.7%) (32.1%)  (0.82)
Aspect 3 EC1 19 5 4 1.46
(N=28) (67.9%) (17.9%) (14.3%)  (0.74)
EC2 16 7 5 1.61
(57.1%) (25%) (17.9%)  (0.79)
Overall 17 8 3 1.5
(60.7%) (28.6%) (10.7%)  (0.69)

Note: EC: Element Component. N=total no. of participants

Aspect two results indicate that some educators
used area models to compare two fractions with the
same numerator and different denominators. They
explained or guided the student in describing the
relationship between numerators and denominators
in fractions, using appropriate language, and
maintaining a flow of conversation. On the other
hand, some educators achieved only partial
success, while others may have rarely addressed
these key components.

Aspect three, which focused on checking for
student thinking and understanding, is similar to
aspect one, as both received an overall average
score of 1.5. This indicates that these educators
rarely elicited students’ thinking about the targeted
strategy or provided new problems to determine
whether the student could apply their new
understanding and explain how to compare
fractions with the same numerator and different
denominators.

5 Discussion and Conclusions

This study demonstrates that dynamic GenAl
simulations, such as the one used in this study,
offer a potential practice space for mathematics

educators to make content explicit for complex
mathematics topics. Educators can use this space
to uncover a student’s conceptual understandings
and misunderstandings and guide the student to
address their misunderstandings using effective,
grade-appropriate mathematics strategies. The
educator can ask follow-up questions or prompts
to check the student’s new understanding and
provide space for the student to articulate their
newly acquired insights.

Findings from RQ1 indicated that there were gaps
in educators’ ability to elicit information during
the interaction with the GenAl student, which
may prevent them from recognizing the key
understandings and misunderstandings that
students may have. In particular, these educators
often overlooked the key misunderstandings the
student had. These findings align with existing
research indicating that teachers, particularly
novice teachers, often struggle to elicit students’
thinking effectively (Arslan et al., 2025; Halder et
al., 2026; Mikeska, Bhatia et al., 2025). These
gaps indicate that educators might not elicit the
full complexity of students’ thinking. If educators
do not actively engage with students to elicit their
thinking, they may not able to make further
instructional moves to help students learn.

Findings from RQ2 suggested that educators
frequently struggle to address key components of
high-quality lessons, such as introducing the
lesson’s purpose and summarizing the learning
objectives during their instruction. They tend to
move directly to address the content rather than
sharing the purpose of the lesson, or they abruptly
complete the lesson without summarizing the key
learning. Moreover, the findings also suggested
that educators’ follow-up prompts were not as
effective in providing students with opportunities
to explain their reasoning, which might hinder the
elicitation of students’ understanding (Mikeska,
Bhatia et al., 2026).

This study has several limitations. The sample
size was small and the participants only engaged
in a one-time simulation, which means we may
not be able to generalize the effectiveness of using
this simulation for educators to practice making
content explicit in their mathematics instruction.
A further longitudinal study with a large sample
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size could help to explore the broader impact of
GenAl simulations. Another limitation of this
study was the limited time educators used to
address specific lesson content, such as explaining
the purpose of the lesson and summarizing it. Due
to the simulated nature of the GenAl instructional
context, participants may not have considered the
importance of making these aspects explicit, like
they may do in a real classroom.

Overall, the findings suggest that GenAl
simulations may be considered for use as practice
spaces and formative assessment tools to evaluate
educators’ instructional skills in both teacher
preparation programs and professional training.
However, integrating this simulation alone may
not be effective unless teachers receive feedback
on their performance. Feedback can be provided
through automated feedback reports or through
debriefings by teacher educators or coaches to
identify teachers’ strengths and areas for
improvement, ultimately improving the quality of
their mathematics instruction.
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Appendices

A.1 Partial example of an educator’s transcript
who scored at level three for all element
components of aspect 2

Speaker

Utterance

Teacher

Neil
Teacher

Neil
Teacher

Neil

Teacher

Neil
Teacher

Neil
Teacher

Neil

Teacher

Neil

So, I want you to picture two
rectangles that are the same size.
Okay.

Take the first rectangle and draw
lines up and down to divide it into
eight equal parts. Then, in the next
rectangle, draw lines up and down
to divide it into six equal parts.
Okay, I'll do that now.

So, what do you notice about the
rectangle that’s divided into eight
parts and the rectangle that’s
divided into six parts?

The parts in the rectangle with
eight are smaller than the parts in
the rectangle with six.

Exactly. And that’s why when the
denominators are different, we
need a different strategy to be able
to compare them. So, you have
smaller parts in the rectangle with
eight sections. Can you color in
five of the parts in the rectangle
divided into eight pieces?

Okay, I'll do that now.

Now, color in five of the pieces of
the rectangle divided into six
pieces.

Okay, I'll do that now.

What do you notice about the parts
that you colored in both
rectangles?

The parts I colored in for the
rectangle with six pieces are bigger
than the parts I colored in for the
rectangle with eight pieces.

So, if we look back at your work.
Which fraction would you say is
bigger? Five six or five eight?

5/6 is bigger.

Note: The teacher’s and Neil’s statements in the
transcript were edited to correct spelling and
formatting errors.
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A.2 Partial example of an educator’s transcript
who scored at level one for all element
components of aspect 2

Speaker Utterance

Teacher  Okay, we can also look at it this
way. We can also cross multiply.
So if we cross multiply those two
numbers. We take eight times
three. What is eight times three?

Neil I don’t know how to do that.

Teacher  Okay. Think of your timetables.
So what is one times eight?

Neil One times eight is eight.

Teacher  What is two times eight?

Neil Two times eight is sixteen.

Teacher  And now what is three times
eight?

Neil Three times eight is twenty-four.

Teacher  Perfect. So I'm going to put a 24
next to the fraction [that] is three
eight. Now we 're going to keep
going. What's eight times four?

Note: The teacher’s and Neil’s statements in the
transcript were edited to correct spelling and
formatting errors.
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