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Researchers conducted a survey (N = 157) to test whether student ability labels
affect teachers’ perceptions and use of problem posing, an instructional strategy in
which students generate mathematical questions and problems. The researchers
hypothesized that teachers generally consider problem posing to be more concept-
oriented than routine problem solving, and that teachers asked to consider students
labelled “high-achieving” would be more likely to use problem posing than those
asked about students labelled “low-achieving.” Consistent with previous research,
secondary mathematics teachers viewed problem posing as a mainly concept-
oriented strategy that promotes higher-order thinking. By a sizable margin,
teachers were significantly more likely to support the use of problem posing when
asked about high-performing students. Teachers asked about low achieving
students reported being significantly less likely to use problem-posing tasks.
Differences in use of strategies like problem posing could contribute to
achievement gaps in mathematics as research has shown that problem-posing tasks
are differentiable for and accessible to students who have previously demonstrated
struggle in mathematics. Professional development and preservice instruction are
needed that focus on using problem-posing and similar concept-oriented strategies
with struggling students, affording them more equitable opportunities to develop
higher-order mathematical thinking.

Keywords: secondary mathematics, problem posing, teacher perceptions, ability labels,
achievement gap

INTRODUCTION

Effectively addressing varied learning needs while also giving students access to grade-
appropriate content remains a struggle for teachers. Among educators and researchers,
differentiated instruction has long been touted as a way to reach more learners, however
strategies can vary greatly among practitioners, and their effectiveness can depend on
factors such as teacher knowledge and experience (Bobis et al., 2021). While educators
may attempt to differentiate content with the purist of ambitions, some students may be
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experiencing an opportunity gap as a result of practices that isolate students based on
ability grouping (Fitzgerald et al., 2021).

While much international research has historically suggested that ability tracking or
ability labelling is at best ineffective and at worst leads to increased inequality and
decreased performance (Duckworth et al., 2009; Gamoran, 1992; Hanushek &
WaéBmann, 2006; Ireson & Hallam, 1999), such practices may still be used and justified
by practitioners and school districts as attempts at differentiation or tiered instruction.
Research has shown that the use of social constructs like “high achieving” and “low
achieving” can often obscure students’ true ability and potential by over-valuing quick
computation or effective mimicking of procedure and create educational spaces that are
not equitable (Louie, 2020). Additionally, the assumption that “high” or “low” refer to
homogenous groups of students is false and potentially harmful to academic success if
viewed as such (Prast et al., 2025).

Research has also shown that challenging, higher-order thinking problems with multiple
points of access allow for more engagement among students who have demonstrated
low mathematics achievement (Boaler & Sengupta-Irving, 2016). Some theorists define
higher-order thinking skills through tiered taxonomies (Anderson & Krathwohl, 2001),
others conceptualize them more broadly as series of thinking processes (Brookhart,
2010; Schraw et al., 2011). Incorporating both of these frameworks, higher-order
thinking involves students going beyond simple recall and mimicking of algorithms and
requires them to engage in reflection, critical thinking, and creativity. As outlined in the
following section, problem-posing activities meet many of these criteria and therefore
deserve close examination.

Problem posing comprises multiple teaching strategies requiring students to create
problems that can be applied to mathematical models like expressions or equations, or
to real-world situations (Cai & Hwang, 2002; Ellerton, 1986, 2013; English 1997; Li et
al., 2020). Problem-posing strategies take a variety of forms: students might be
instructed to give context to an algebraic equation, generate answerable problems based
on given data or structures, pose application questions based on content, etc. It is a
departure from routine problems that students are often asked to solve.

For example, a routine problem for pre-algebra students might be: ‘A bicycle repair
shop charges $15 to diagnose a problem with a bike and $20 per hour of labor to fix it.
How much would you have to pay if your bike requires 2 hours of labor? Write and
solve an equation to find the answer.” To solve this problem, students might be able to
look at previously solved problems and match the parts or use an algorithm they have
been given or memorized to find the answer.

Problem posing for this topic would present a different entry point to students. The
prompt might read: Generate a real-world context in which y = 20x + 15,
appropriately models the relationship between two quantities. The students’
responsibility would be to contextualize the equation, that is, to give meaning to the
quantities and relationships it models by creating a question it could be used to solve.
Students might pose a question such as “Custom hats cost $15 plus $20 per hat to make
at a printer. How can we figure out how much an order of any number of hats will
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cost?” They would also have to give quantitative meaning to the variables, or unknown
quantities. Other types of problem posing might include showing students a physical
geometric structure like a building or a bridge and asking them to generate questions
that could be answered using the data they could gather. For example, students might
pose questions like “How many 12’ x 12° windows would it take to cover the surface of
the building?” or “What kind of curve would best model the bend in those bridge
cables?”

While problem posing may be practiced in some mathematics classrooms, the factors
affecting teachers’ choices to implement it are unclear. This study examines whether
student ability labels might be a factor in teachers’ tendencies to use problem-posing
tasks and routine problem-solving tasks. The researchers test the hypothesis that
mathematics teachers asked about students labelled “high achieving” would report
being more likely to use problem posing, a higher-order thinking strategy, and teachers
asked about students labelled “low-achieving” would report being less likely to use it.
This study also examines the extent to which these labels and the teachers’ perceptions
of the tasks affect these decisions.

Teachers’ perceptions that cognitively challenging tasks are more suitable for high-
achieving students and less so for students with emerging skills, particularly in
mathematics classes (Raudenbush et al., 1993; Torff, 2014; Zohar et al., 2001; Louie,
2020), places students who are already struggling at a second disadvantage: they get
less practice developing their high-order cognitive skills (Boaler & Sengupta-Irving,
2016; Williams & Stockdale, 2003). The result is an achievement gap that is fueled by
an opportunity gap (Flores, 2007).

Framework and Review of Related Literature

This study is grounded in a teacher cognition framework that conceptualizes
instructional decision-making as shaped by teachers’ beliefs, expectations, and
interpretations of student ability (Philipp, 2007; Shoenfeld, 2011). Student ability labels
and grouping are understood to influence teachers’ expectations about tasks with which
students can meaningfully engage, which in turn shapes the cognitive demand of the
tasks they assign (Boaler, 2016; Oakes, 2005). Within this framework, problem posing
represents a cognitively demanding, concept-oriented practice that affords opportunities
for sense-making, agency, and engagement. (Lester & Cai, 21016; Liljedahl, 2023).
However, when students are perceived as low-achieving, teachers may be less likely to
select such practices, instead emphasizing routine, procedural tasks aligned with lower
expectations. As a result, differences in use of problem posing may contribute to
inequity in engagement, agency, and conceptual understanding opportunities among
students. This study therefore conceptualizes problem posing not only as an
instructional strategy, but as a mechanism through which teachers’ expectations, shaped
by ability labels, translate into differences in learning opportunities.

Student mathematical achievement is usually determined by success with routine
problem solving. That is to say, most mathematics assessments present problems, and
student achievement is measured by their success in solving them. Examples of such
mathematics assessment can be found on secondary school leaving exams, university
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entrance exams, and on a smaller scale, traditional classroom exams in primary and
secondary mathematics courses. The researchers make a distinction in this study
between the rich, creative, and nonroutine problem solving described and advocated for
by Lester and Cai (2016) and Liljedahl (2023). These researchers focus on carefully
crafted problems that cannot be solved by using rehearsed algorithms but rather require
deep creative thinking and collaboration among students, have multiple entry points,
allow students to experiment with messy math to find a reasonable answer. The routine
problem-solving tasks used in this study are ones that have similar structure to model
problems in textbooks, traditional secondary mathematics curricula, and typical
classroom assessments (See Appendix A). These problems have one answer and are
often expected to be solved using prescribed strategies. Thus, for the purpose if this
study, “problem-solving tasks” refers specifically to routine, algorithmic problem-
solving tasks unless otherwise noted.

The following review of international literature includes studies that examine the
relationship between problem posing and student achievement, the classroom strategies
in which problem posing has a positive influence on student outcomes, and the ways
teachers perceive problem posing. The research reviewed in this section represents a
diverse sample of methodologies conducted by scholars in several countries.

Ellerton (1986) was among the first researchers to carry out a study exclusively
focusing on problem posing in the mathematics classroom. She found most notably that
students with greater content knowledge were more successful problem posers and that
students varied their posed problems based on their mathematical environment and the
types of problems that they were used to solving. That is, the problems the students
created were closely related to mathematical concepts and problems with which they
had previous experience, which indicates a clear link between problem posing and
traditional problem solving. Ellerton suggests that problem posing may also be effective
for differentiating mathematical content for students of varying abilities.

The results of many subsequent studies support Ellerton’s findings, showing that there
is a strong relationship between students’ problem-posing and problem-solving skills.
Research in both Turkey and China has shown that in general, students’ content
knowledge of mathematical a topic is positively correlated with their ability to pose
reasonable, solvable problems about that topic (Arikan & Unal, 2015; Cai et.al 2012;
Silver & Cai, 1996). Some studies have also made more specific connections between
parts of the nonroutine problem-solving process and the ability to pose problems.
Particularly, researchers from China and Indonesia have found that in general, high-
level cognitive skills such as sense-making, context-relating, and the ability to devise a
solution plan, rather than simply computation, are closely related to problem-posing
achievement (Cai, 1998; Suarsana et al. 2019). The implication of these findings is that
problem posing offers an opportunity for students to practice and engage more directly
with sense-making and context-relating skills, which are particularly important across
grade levels for algebraic success.

Problem posing has been used successfully in varied parts of mathematics lessons.
Some research indicates that using problem posing as assessment may provide clearer
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insights into students’ comfort and ability with abstract thinking (Cai & Hwang, 2002;
Cai et al., 2012). Another study suggested that the part of Polya’s (1957) problem-
solving process that was most positively associated with the use of problem posing was
students’ ability to devise a plan. That is, students who engaged in problem-posing
activities generally had more success generating a plan to solve a problem than those
who did not (Suarsana et al, 2019). Additionally, researchers in Singapore found that
students of varying ability levels are significantly more likely to be able to transfer
knowledge from one task to another when exposed to problem posing as a preparatory
activity for introducing new content (Kapur, 2015).

When used as a preparatory activity, problem posing has also been shown to result in
greater measures of conceptual knowledge compared with traditional pedagogy (Cai et
al., 2012; Kapur, 2015, 2017). More specifically, problem posing tends to have a
positive effect on achievement when students also solve the problems that they pose
(Kapur, 2017). Beyond showing that problem posing and problem solving are closely
related, research has also shown that problem posing tasks may have an increased
positive effect on student learning (Arikan & Unal, 2015), a conclusion which is also
supported by a comprehensive meta-analysis done by researchers in Malaysia (Rosli et
al., 2014).

Engagement and interest among varying populations of students may also be positively
affected by incorporating problem posing into the secondary mathematics curriculum.
(English, 1997; Manuel & Freiman, 2017; Matsko & Thomas, 2014; Rosli et al., 2014;
Van Harpen & Sririman, 2012; Walkington & Bernacki, 2015). Research done in
Canada, China, and the United States indicates that when students are given the
opportunity to create problems that connect directly to their out-of-school interests, they
find algebra more engaging, interesting, and relevant (Kotsopoulos & Cordy, 2008;
Walkington, 2013). Additionally, Gade & Blumqvist (2015) found that directing
students to pose their own problems led to an increase in observed agency and
independence. Since engagement, interest, and agency tend to have a positive effect on
achievement (Fung et al., 2018), this finding underscores the benefit of using problem
posing as a consistent part of the curriculum in a secondary mathematics class with all
populations of students.

Researchers have also examined problem posing as a form of assessment. Student
performance on both problem-posing and routine problem-solving summative
assessment tasks, scored with common rubrics, was consistent across all topics
secondary mathematics topics tested. This finding implies that using problem posing as
an assessment tool may be an effective alternative to the traditional assessment and may
increase engagement and interest among students who have struggled to demonstrate
success on traditional exams (Cai et al., 2012).

Although research supports integrating problem posing into mathematics instruction,
teachers will likely adopt it only when they perceive clear value for their students
(Handal & Herrington, 2003). Professional development that explicitly models its
benefits enhances teachers’ capacity and motivation to use it effectively (Barlow &
Cates, 2006; Cai et al., 2020). Evidence of a mismatch between problems students pose
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and those teachers anticipate suggests that problem-posing, particularly when paired
with assessment, provides richer insight into student understanding than traditional
methods (Xu et al., 2019). Following targeted workshops, teachers’ perceptions of
problem posing become more positive, and classroom implementation increases (Cai et
al., 2020; Li et al., 2020).

While literature provides evidence that using problem posing is beneficial to students’
mathematics education, there are no clear indications whether teachers’ use of this
strategy is widespread and consistent, nor what factors affect their decisions to use
problem posing in their classrooms. In a study of printed mathematics curriculum
materials in the U.S. and China, Cai and Jiang (2017) found that approximately 3% of
reviewed curricula contained tasks that could be defined as problem posing. Similarly, a
study of Korean textbooks found that problem posing tasks were limited and largely
inconsistent in quality (Park et al., 2009). These findings indicate that teachers
themselves, and not prescribed curriculum resources, must be the primary source of
problem-posing activities if they are to be used in mathematics classrooms consistently.

Educators often have the responsibility to make the decisions about what types of
activities to use in their own classrooms, so whether they include problem-posing tasks
depends on the information teachers use to make that decision. Researchers have cited
teacher knowledge of and beliefs about pedagogical strategies as reasons for inclusion
or exclusion of them in their curricula (Kopcha et al., 2020; Philipp, 2007).

Problem Statement

Researchers have documented that some teachers believe tasks which require students
to think conceptually are only appropriate for students who have historically been high
achieving (Raudenbusch et al., 1993; Torff, 2014; Zohar et al., 2001, Louie, 2020).
Ability labels such as “high” and “low” are often false, oppressive, and do not support
current purposes for mathematical instruction (NCTM, 2023), but teachers may still use
them in an effort to differentiate instruction. While this practice may be a good-faith
effort to meet students’ needs, it can also be misused and ultimately damaging to
students, particularly those who, as a result, do not have access to the content or skills
that might result in increased achievement if they were to be excluded from
instructional strategies like problem posing. This study adds to the existing body of
research by using the labels “high achieving” and “low achieving” to test the hypothesis
that together with the perception of problem posing and routine problem solving as
conceptual or procedural, these labels may affect teachers’ likelihood of use of both
strategies. The research questions investigated in this study are as follows:

1. To what extent do teachers perceive problem-posing activities and routine problem-
solving activities as addressing conceptual and/or procedural skills in mathematics?

2. To what extent is the likelihood of teachers using mathematical problem-posing
activities and routine problem-solving activities associated with students’ ability label
(high or low)?
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3. To what extent are teachers’ perceptions of problem-posing activities and routine
problem-solving activities as conceptual or procedural associated with their likelihood
of use of these activities with student populations labelled high- and low-achieving?

METHOD
Research Design

This survey study used an experimental design to test the hypothesis that teachers
would be more likely to use problem-posing tasks with students labelled high-achieving
than ones labeled low-achieving, and that their decision might be based partially on the
idea that such tasks are more concept-oriented than procedure-oriented. The researchers
created two forms of a survey (Appendix A), and each participant was randomly
assigned to fill out only one of them. On both surveys, teacher participants were asked
to report their perceptions of eight mathematical tasks as procedural or conceptual, rate
their likelihood of using the tasks, and report demographic data. On one version of the
survey, participants were asked to rate their likelihood of using the eight tasks with
high-achieving students only, while on the other version, participants were asked to rate
their likelihood of using the same tasks with low-achieving students only. On each
survey, the following definitions were given, drawing on theory and research around
procedural and conceptual knowledge in mathematics (Hiebert & Lefevre, 2013): A
task is “procedure-oriented” if students can create a correct response based on
knowledge of some processes and definitions. A task is “concept-oriented” if students
need to have a relatively deep understanding of how and why procedures work to create
a correct response. Each participant completed only one version of the survey.

Participants

This study employed a convenience sample (N=157) consisting of self-identified
secondary mathematics educators from various locations. Some participants were
contacted directly through the researcher’s professional network of educators from a
variety urban and suburban secondary schools in the northeastern U.S. Other
participants were contacted through online professional development and social media
groups. The participants varied slightly in terms of age, level of education, gender, race,
and other demographic factors (Table 1). Of the 157 participants, 72 were asked about
high-achieving students and 85 were asked about low-achieving students. No significant
demographic differences were found between the two groups.

In an effort to encourage honest answers among participants, the researchers elected to
make all surveys anonymous, and participants were informed thusly. All information
collected using the survey, including whether the participants were actually
mathematics educators, was self-reported.
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Table 1
Frequencies and percentages for student achievement group, gender, ethnicity, and
educational attainment

Variable n %
Group Asked about High-Achieving Students 72 459
Asked about Low-Achieving Students 85 54.1
Gender Male 58 36.9
Female 96 61.1
Prefer not to say 3 1.9
Ethnicity Native American 0 0
Asian 15 9.6
Black 6 3.8
Hispanic/Latinx 7 4.5
White 114 72.6
Other 5 3.2
Prefer not to say 10 6.4
Education Bachelor’s 33 21.0
Master’s 56 35.7
Master’s + 30 28 17.8
Master’s + 60 31 19.7
Doctorate 9 5.7

Variables and Measures
Survey Instrument

This study included two researcher-designed surveys to measure all variables. The
instruments each included eight tasks: four examples of problem posing, and four
examples of problem solving (See Figure 1). Teacher participants rated each task on
how procedure-oriented and how concept-oriented they felt it was on a 10-point scale.
They also rated their likelihood of use of each task on a 10-point scale only with the
student population (high- or low-achieving) to which they were randomly assigned.
Following these survey items were questions pertaining to demographics including age,
gender identity, racial or ethnic identity, level of education, certification, and number of
years of teaching experience. All surveys were completed digitally using Qualtrics
software.

Reliability and Validity

The categorization of these tasks was evaluated by a preliminary survey of an expert
panel of 20 secondary mathematics teachers. Expert teachers were selected based on the
researchers’ professional network and have at least ten years of effective or highly
effective mathematics teaching experience at the secondary level, as rated by their
administrators. After two rounds of validation and revision based on feedback, only the
eight asks that generated 100% agreement among the panel were used on the study.

To establish face validity and content validity the measurement tool, a pilot study with
five participants was conducted to obtain feedback on survey items and logistics. These
five participants were a subgroup of the previous 20-expert panel. This feedback
resulted in a question added to the survey that asked participants to specify whether they
were certified to teach secondary mathematics. The members of the expert panel
reasoned that participants teaching mathematics out of licensure might not have a high
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enough level of expertise about mathematics pedagogy to make their responses
meaningful. The feedback from the pilot study also resulted in adding definitions of
“procedure-oriented” and “concept-oriented,” and directions for participants to consider
the tasks for students who are learning the applicable standard in an Algebra 1 course.

The pilot study also provided test-retest reliability. The 5 participants were asked to
take the survey two months apart and demonstrated 100% consistency between both
administrations.

Variables

Six variables were entered into the analysis, excluding demographic indicators. Task
type (problem-posing or routine problem-solving) refers to the categorization of each
task that was determined prior to distribution of the survey. Student group (GRP), either
high-achieving or low-achieving, was randomly assigned to each participant by the
wording on the survey questions. Each participant was assigned only one student
population to consider.

Procedural ratings (PPP for problem-posing tasks and PSP for routine problem-solving
tasks) and conceptual ratings (PPC for problem-posing tasks and PSC for routine
problem-solving tasks) were given by each participant for each task. The ratings for
each were on separate scales of 1 (minimally) to 10 (mainly), and the sum of ratings for
each type of task were given as final scores. Thus, since each survey contained 4 of
each type of task, the total for PPP, PPC, PSP, and PSC ranged from 4 to 40.

The procedural score was subtracted from conceptual score to form a new variable:
procedural/conceptual differential. This combined variable ranged from -9 (mostly
procedure-oriented) to 9 (mostly concept-oriented). For problem-posing tasks, this
differential is denoted PDF and for routine problem-solving tasks, this differential is
denoted SDF.

Likelihood of use for problem-posing tasks (LPP) and likelihood of use for routine
problem-solving tasks (LPS) were also rated on scales from 1 (very unlikely) to 10
(very likely). Participants were asked how likely they were to use each task with only
one of the randomly assigned populations of students. Similarly, to the above variables,
LPP and LPS were also totalled, making their range from 0 to 40.

Data Collection Procedures

The two forms of the researcher-designed survey were digitally distributed to secondary
mathematics educators. Some anonymous survey links were sent via email or text
message directly to individuals. These links were coded so that the researchers did not
know which survey was being sent to any individual. These coded links were also
posted on the digital message board of the National Council of Teachers of
Mathematics (NCTM), which is viewable only to members of the organization, and on
the r/mathteachers subreddit, which is a regulated social media platform for individuals
associated with math education.

The anonymous links for both surveys were distributed without discretion and rotated
periodically on message boards to ensure as much randomization as possible. No
incentive was provided to participants to take part in the study. From the coded texts,
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emails, and professional message board posts, a total of 168 anonymous, digital surveys
were submitted to the researchers via Qualtrics software. Responses were subsequently
downloaded onto an Excel spreadsheet to view and organize the raw data, and then into
SPSS v.26 for analyses. Informed by the pilot study, the researchers found significant
differences between participants who reported being certified in secondary mathematics
and those who did not. As a result, the 11 participants who reported that they were not
certified were excluded from the study. A total of 157 participants, all of whom are
certified to teach secondary mathematics, were included in the sample.

FINDINGS
Descriptive Statistics

Descriptive statistics for categorical variables are displayed in Table 1. Descriptive
statistics for continuous variables are displayed in Table 2. All continuous variables
were further examined for normality, skewness, and kurtosis. According to the
Kolmogorov-Smirnov normality test, the distribution of three of these variables, PPP,
PPC, and PSP, were found to be significantly different from a normal distribution (p =
.003, p = .047, and p = .002, respectively). The remaining five were found to be not
significantly different from a normal distribution (p > .05). All continuous variables
were found to be within normal limits of skewness (-1 < skewness < 1) and kurtosis (-1
< kurtosis < 1).

Table 2

Descriptive statistics for continuous variables

Variable N Mean Standard Deviation Minimum Maximum Range
PPP 157 16.30 7.58 4 40 36
PPC 157 31.78 5.50 15 40 25
PSP 157 30.52 6.12 11 40 29
PSC 157 21.32 7.75 4 40 36
LPS 157 24.43 8.28 6 40 34
LPP 157 24.51 9.49 4 40 36
PDF 157 15.48 10.55 -7 36 43
SDF 157 -9.20 10.89 -36 20 56
AGE 157 43.45 14.01 22 80 58
EXP 157 15.16 11.47 0 57 57

Note. PPP = the total procedural score for problem-posing tasks, PPC = the total
conceptual score for problem-posing tasks, PSP = the total procedural score for
problem-solving tasks, PSC = the total conceptual score for problem-solving tasks, LPS
= the total likelihood of using problem-solving tasks, LPP = the total likelihood of using
problem-posing tasks, PDF = the total problem-posing differential, SDF = the total
problem-solving differential, AGE = the participant’s age, and EXP = the number of
years of experience the participant has teaching secondary mathematics.

Inferential Statistics
Research Question 1

For each of the eight tasks, a new variable, conceptual/procedural differential, was
calculated by subtracting the procedural score from the conceptual score. A lower
differential score indicates that participants viewed the task as more procedure-oriented
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while a larger differential score indicates that participants viewed the task as more
concept-oriented. To explore the differences in differential scores hypothesized in the
first research question, a paired samples #-test was performed between problem-solving
and problem-posing differential scores.

Assumptions testing for all of the following #-tests were conducted for normality of
distribution and homogeneity of variance. According to the Kolmogorov-Smirnov
normality test, the distributions of all continuous variables were not significantly
different from normal with one exception: within the high-achieving group, the
distribution for the variable LPP was significantly different from normal. For all
independent samples f-tests, Levene’s test for homogeneity of variance was not
significant, indicating that the variance was within acceptable limits.

In the initial paired samples #-test, participants were found to have rated problem-posing
tasks (M = 15.48, SD = 10.55) as significantly more concept-oriented than problem-
solving tasks (M = -9.20, SD = 10.89), #(156) = 17.89, p < .001. Cohen’s d = 1.43,
which is a large effect size. Participants tended to find the tasks where students had to
generate their own questions more concept-oriented than ones where students only had
to generate answers.

Research Question 2

The second research question examines participants’ likelihood of use of problem
solving and problem posing with one population of students (either high-achieving or
low-achieving). Two independent samples #-tests were conducted to compare likelihood
of use with both populations (Table 3). Participants asked about high-achieving students
(M = 26.40, SD = 7.64) were significantly more likely than those asked about low-
achieving students (M = 22.75, SD = 8.47) to use routine problem-solving tasks, #(155)
= -2.81, p = .006. Cohen’s d = .45, which is considered a medium effect size.
Participants asked about high-achieving students (M = 29.57, SD = 7.80) were also
significantly more likely than those asked about low-achieving students (M = 20.22, SD
= 8.68) to use problem-posing tasks, #(155) = -7.04, p < .001. For this #-test, Cohen’s d
= 1.13, which is a large effect size.

Table 3

Independent samples t-test for high and low group on likelihood of use

Group High Low 1(155) p Cohen’s d
M SD M SD

LPS 26.40 7.64 22.75 8.47 -2.81 .006 45

LPP 29.57 7.80 20.22 8.68 -7.04 <.001 1.13

Note. LPS = likelihood of using problem-solving tasks and LPP = the likelihood of
using problem-posing tasks.

The above results indicate that participants asked about high achieving students
reported being significantly more likely to use both the routine problem-solving and the
problem-posing tasks. A paired samples #-test further examined these differences within
the high- and low-achieving groups (Table 4). Within the group of participants asked
about low-achieving students, teachers were significantly more likely to use problem-
solving tasks (M = 22.75, SD = 8.47) than problem-posing tasks (M = 20.22, SD =
8.68), #84) = 2.17, p = .033. Cohen’s d = .30, which is a medium effect size.
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Conversely, in the high-achieving group, participants were significantly more likely to
use problem-posing tasks (M = 29.57, SD = 7.80) than problem-solving tasks (M =
26.40, SD = 7.64) t(71) = -3.05, p = .003. The effect size was medium; Cohen’s d = .41.

Table 4

Paired-samples t-tests for high and low group on likelihood of use

Group LPS LPP t df P Cohen’s d
M SD M SD

High 26.40 7.64 29.57 7.80 -3.05 71 .003 41

Low 22.75 8.47 20.22 8.68 2.17 84 .033 .30

Note. LPS = the likelihood of using problem-solving tasks and LPP = the likelihood of
using problem-posing tasks.

Research Question 3

The third research question seeks to examine the extent to which there jg an association
between teachers’ perception of tasks as conceptual or procedural and their likelihood
of using both types of tasks with different populations of students. Several multiple
regression models were used to determine how several independent variables predicted
teachers’ likelihood of use of problem-solving and problem-posing tasks. Results of an
evaluation of assumptions showed that two pairs of continuous variables (PPP and PDF,

SDF and PSC) were correlated strongly enough (|r| = .8) to suggest further analyses of
multicollinearity is advisable (Table 3). In subsequent tests, VIF and tolerance were
found to be within normal limits (VIF < 10 and tolerance > .25).

The first multiple regression model showed that all of the demographic variables
(educational attainment, gender, ethnicity, age, and years of experience) were not
significant predictors of LPS or LPS and were excluded from subsequent analyses.

Another multiple regression model used LPS as the dependent variable and GRP, PSP,
and PSC as independent variables entered into the same block. This analysis showed
GRP (8 = .24,p = .002), PSP (f = .19,p = .013), and PSC (f = .32,p < .001) all
positively significantly predicted LPS, accounting for 14%, using adjusted R?, of the
total variance in likelihood of use of problem-solving tasks. A third multiple regression
model determined how well the independent variables GRP, PPP, and PPC predicted
the dependent variable LPP. GRP (f = .47,p < .001), PPP (ff = .24,p = .001), and
PPC (8 = .35,p < .001) were all significant predictors of LPP, accounting for 36% of
the total variance using adjusted R2.

To better understand where these interactions occur, the continuous variables PDF and
SDF were trichotomized so that they could be analysed as categorical variables in an
ANOVA. The resulting categories for both variables were designated 1, 2, and 3.
Category 1 indicates the lowest third of differential scores, which denotes the most
procedure-oriented ratings. Category 3 indicates the highest third of differential scores,
which denotes the most concept-oriented ratings.

This analysis again showed a significant interaction between GRP and trichotomized
SDF on LPS F(5, 151) = 3.76, p =.003. Specifically, an estimated marginal means plot
of LPS shows participants asked about high-achieving students were significantly more
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likely to use problem-solving tasks that they judged to be more conceptual (M = 30.11,
SD = 6.20) than those asked about low-achieving students (M = 22.82, SD = 9.18). An
independent samples #-test confirmed these results at p = .001 with equal variances not
assumed.

A second ANOVA model showed a significant interaction between GRP and
trichotomized PDF on LPP, F(5, 151) = 11.89, p <.001. An estimated marginal means
plot for this test shows that participants asked about high-achievers were significantly
more likely to use problem-posing tasks that they considered more conceptual (M =
30.89, SD = 8.37) than those asked about low-achieving students (M = 20.53, SD =
8.58).

DISCUSSION

Problem-posing activities require students to engage with mathematics in a way that is
more cognitively demanding than routine problem-solving tasks that are often found in
mathematics textbooks (Cai & Jiang, 2017; Ichinose & Martinez-Cruz, 2018). Research
has shown that teachers sometimes reserve the use of cognitively challenging tasks for
students who are already achieving well (Raudenbush et al., 1993; Torff, 2014; Zohar et
al., 2001). This habit allows high-achieving students to practice using higher-order
cognitive skills, and puts lower-achieving students, who are already at a disadvantage,
at a second disadvantage; they have less opportunity to practice and improve these skills
(Boaler & Sengupta-Irving, 2016; Williams & Stockdale, 2003). The current study was
designed to draw focus towards teachers’ perceptions of problem posing and their
potential use of the strategy with low- and high- achieving students.

As such, the three research questions noted above were developed to focus on how
teachers perceive problem posing and how their perceptions affect their likelihood of
use of problem posing in the secondary mathematics classroom. The following section
summarizes the findings associated with each question.

Summary and Interpretation of Findings
Research Question 1

The results revealed that participants found the problem-posing tasks to be considerably
more concept-oriented than routine problem-solving ones. That is, teachers determined
that problem-posing tasks required a deep level of understanding for students to
generate a correct response, while routine problem-solving tasks required mostly
knowledge of processes and definitions. Problem posing requires students to think more
deeply about the concepts they are learning and engage more thoroughly with
mathematical constructs. To generate questions given a situation, students must be able
to articulate a link between the information they are given and how that information can
be used and manipulated. According to results, participants thought routine problem-
solving tasks may sometimes require this level of thinking but often can be answered by
using a rehearsed algorithm.

Research Question 2

Multiple t-tests were calculated to determine if the participants asked about students
with different ability labels tended to use one type of task more than the other. These
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analyses supported the hypothesis that teachers asked about high-achieving students
were more likely to use problem-posing tasks. However, participants asked about high-
achieving students were also more likely to use routine problem-solving tasks. It should
be noted that the effect sizes for these two analyses differed greatly; teachers asked
about high achievers were only slightly more likely to use the routine problem-solving
tasks, but they were considerably more likely to use problem-posing tasks. To be clear,
these analyses compare two distinct groups of teachers, one asked about “high
achievers” and one asked about “low achievers,” and did not include classroom data or
direct comparison.

Another way to consider likelihood of use of these tasks is by seeking differences
within the two groups. An analysis of only the group of participants asked about low-
achieving students showed that teachers were significantly more likely to use routine
problem-solving tasks. The same analysis of only the group asked about high-achieving
students showed the opposite: teachers were significantly more likely to use problem-
posing tasks. Both results were found to have medium effect sizes; the differences were
not only statistically significant, but also substantial in size.

After statistical analyses were completed to address the first two research questions, two
findings are clear. First, in general, participants thought that problem-posing tasks were
more concept-oriented and thus required deeper understanding of mathematical content
than routine problem-solving tasks. Second, in general, participants asked about high
achievers were much more likely to use problem-posing than those asked about low
achievers.

Research Question 3

The last research question sought to examine whether teachers’ rating of problem-
posing tasks as more conceptual is associated with their higher likelihood of using
problem-posing and the ability labels they were aksed to consider. A multiple
regression showed that for the routine problem-solving tasks, student group, procedural
rating, and conceptual rating together accounted for 14% of the variance in teachers’
likelihood of use.

A similar result was even more pronounced in the analysis of problem-posing tasks.
Student group, procedural rating, and conceptual rating had an even larger effect (36%
of the variance) on teachers’ likelihood of use. For both types of tasks, when group and
procedural/conceptual ratings were analysed together, an association between them had
a clear effect on likelihood. This result is more extensive for problem-posing tasks,
indicating that procedural/conceptual rating and group together have more weight in
determining likelihood of use for these tasks.

ANCOVA and ANOVA analyses confirmed this result, showing significant interactions
between rating and group for both types of tasks. They suggest that participants asked
about high achievers may have considered the conceptual nature of the tasks when
determining how likely they were to use them. Similarly, participants asked about low
achievers may have determined that they were less likely to use tasks based on their
more conceptual nature.
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It is possible that teachers feel that if a student has struggled in mathematics, a task that
requires deep understanding is a poor fit. Research has shown, however, that making
deep connections, rather than memorizing procedures, is a more effective pedagogical
strategy for teaching all students, particularly low achievers (Boaler & Sengupta, 2016;
Norqvist, 2016).

Implications of this Study for Practice, Policy, and Research
Implications for Practice

Results from this study indicate that teachers were more likely to use conceptual
problem-posing tasks when asked about high-achieving students, echoing prior research
showing that teachers often assign fewer conceptual tasks to students perceived as
lower-achieving (Raudenbusch et al., 1993; Torff, 2014; Zohar et al., 2001).

Because students generate questions based on their own knowledge, problem-posing
tasks are inherently differentiable (Ellerton, 1986). A heterogeneous group can engage
with a shared prompt at varying levels, and their responses can be evaluated for sense,
difficulty, creativity, and conceptual inclusion (Cai et al., 2012). This dual capacity for
differentiation and assessment distinguishes problem posing from routine problem-
solving tasks.

Problem posing also enables students to connect mathematics to real-world contexts and
personal interests (Boaler & Sengupta-Irving, 2016; Verschaffel & DeCorte, 1997;
Walkington & Bernacki, 2015). Opportunities for creativity and authentic engagement
have been shown to enhance motivation and performance (Cordova & Lepper, 1996;
Kotsopoulos & Cordy, 2008; Van Harpen & Sriraman, 2012; Walkington, 2013). For
struggling students, such opportunities are especially valuable for improving
mathematical understanding and confidence.

Inequitable access to problem-posing tasks therefore compounds disadvantage: some
students receive less practice with higher-order thinking, fewer real-world connections,
and fewer chances to express mathematical ideas creatively. These cumulative gaps
may further widen the mathematics achievement divide.

The persistence of this instructional pattern raises important questions. Possible
explanations include misguided differentiation, beliefs that certain students cannot
benefit from problem posing, or uncertainty about how to implement it effectively with
diverse learners. Addressing these issues may require policy reforms that strengthen
teacher preparation and professional development around equitable use of problem
posing.

Implications for Policy

Educational policy seeks to ensure equitable learning opportunities for all students.
Pedagogical approaches such as problem posing may help narrow persistent
achievement gaps in secondary mathematics. Following the inclusion of problem posing
in China’s 2003 mathematics standards (Ministry of Education of the People’s Republic
of China, 2003), professional development, classroom implementation, and research on
the topic increased markedly (Cai et al., 2012; Cai et al., 2020). Given NCTM’s support
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for problem posing, similar revisions to U.S. mathematics standards could result in
comparable advancements.

Teachers are more likely to adopt pedagogies they understand and believe to be
effective (Philipp, 2007; Thompson, 1992). Workshops emphasizing the use of problem
posing with struggling students could enhance teacher confidence and promote
equitable classroom application. Targeted training for both content and instructional
pedagogy is essential to extend such practices to students who are working towards
meeting mathematical standards (Suryanti & Arifani, 2021; Shirvani, 2015).
Incorporating problem posing into pre-service teacher education would further support
equitable instruction by allowing new teachers to explore and plan its use before
entering the classroom.

Finally, educational policy should confront the labeling of students that could
potentially limit access to intellectually demanding, high-engagement tasks.
Policymakers bear an ethical responsibility to ensure all students experience
pedagogical practices that foster reasoning, problem solving, and mathematical growth.

Implications for Research

This study suggests several avenues for further investigation. Future research could
examine whether professional development or pre-service training in problem posing,
particularly with low-achieving students, influences teachers’ perceptions and
classroom implementation, as well as its subsequent impact on student achievement.

Another line of inquiry concerns the rationale underlying teachers’ use of different task
types across student groups. A mixed-methods design—beginning with qualitative
exploration to provide contextual understanding, followed by quantitative validation—
could yield comprehensive insights into the prevalence and consistency of these
perspectives.

LIMITATIONS

This study has several limitations which should be considered. The data gathered for
this study was from a convenience sample, based on the researchers’ professional
networks and from social networking websites. The lack of diversity of the sample,
particularly in ethnicity, indicates that it may not be a representative sample.
Additionally, self-reported survey data sometimes contain social desirability bias, that
could affect responses. The final limitation to be considered here is the
underrepresentation of diverse types of problem-posing tasks. Problem posing is a class
of teaching strategies that can be presented with great variability which may not have
been apparent in the survey.

CONCLUSION

Problem posing is a pedagogical strategy beneficial to the development of mathematical
understanding across many types of content and with many populations of students. It
requires students to reverse the usual direction of the flow of information and allows
them to apply mathematics to real world situations. As is common with many highly
conceptual strategies, teachers asked about high-achieving students reported being more
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likely to use it that those asked about low-achieving students. This practice has the
potential to limit opportunities for students labelled “low-achieving” from exposure to
engaging, highly cognitive, interest-based activities, which would likely benefit their
mathematical success. It also further underscores the harmful construct of ability labels.
Educating teachers through professional development or pre-service instruction about
how to use strategies like problem posing, specifically with students who may not have
met certain standards yet could aid in mitigating achievement gaps in mathematics.
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APPENDIX A
A medical student collected the data shown to the right from a student at a team practice.
What linear function best models the data? Exercise Heart
Time Rate
(minutes) (bpm)
0 58
1 65
2 70
3 75
4 79
How likely are you to use this task with LOW-ACHIEVING students?
1 2 3 4 5 6 7 8 9 10
unlikely very likely
How procedure-oriented is this task?

1 2 3 4 5 6 7 8 9 10
minimally mainly
How concept-oriented is this task?

1 2 3 4 5 6 7 8 9 10
minimally mainly
A student collected the data shown. What can she learn from this ¥
information? Generate 3 questions that she can answer using her 88 T
knowledge of linear regression.

2 8.0 .
$E ]
28 ;5 .
L ¥
34 .
£° .o -
= -
65 "—'\/ .
10 15 20 25 30 35 40
Age (in years)
How likely are you to use this task with LOW-ACHIEVING students?

1 2 3 4 5 6 7 8 9 10
unlikely very likely
How procedure-oriented is this task?

1 2 3 4 5 6 7 8 9 10
minimally mainly
How concept-oriented is this task?

1 2 3 4 5 6 7 8 9 10
minimally mainly

Note. The first two questions are sampled from one survey asking participants about low-achieving students,
while the second two questions are sampled from the other survey asking participants about high-achieving
students. Each participant completed only one of the two surveys.
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