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Abstract. Function limit is a core abstract concept in Advanced Mathematics and
serves as the foundation for students' understanding of subsequent content such
as derivatives and integrals. However, its core connotations—including "infinite
approach," "locality," and the "€ — & definition"—are difficult to perceive in-
tuitively, leading students to form various misconceptions during the learning
process. These misconceptions are covert and persistent, seriously affecting
teaching effectiveness and subsequent learning. The POE (Pre-
dict-Observe-Explain) teaching strategy, as an inquiry-based teaching method
grounded in constructivist learning theory, effectively exposes students' mis-
conceptions, stimulates cognitive conflict, and thereby achieves precise correc-
tion of misconceptions by guiding students to actively predict, observe and ver-
ify, and explain discrepancies. This paper focuses on common misconceptions in
the teaching of function limit concepts, combines the core advantages of the POE
strategy, constructs a teaching application model of the POE strategy in cor-
recting misconceptions of function limits, explores the internal mechanism of the
POE strategy in correcting misconceptions of function limits, offering theoretical
references for the teaching reform of Advanced Mathematics.

Keywords: POE teaching strategy, function limit, misconception, advanced
mathematics teaching.

1 Introduction

Function limit, as the core content of limit theory, is not only a bridge connecting
elementary mathematics and advanced mathematics but also the key for students to
master analytical methods in advanced mathematics and solve practical problems. The
concept of function limit embodies characteristics such as "infinity," "locality," and
"logicality," which are essentially different from the "finite and determinate" mathe-
matical concepts students have previously encountered. This leads students to be sus-
ceptible to interference from existing knowledge and experience during the learning
process, forming various misconceptions.

Current teaching of function limit concepts generally adopts "lecture-based"
teaching, directly presenting the definition, properties, and calculation methods of
function limits without diagnosing students' misconceptions or providing targeted
correction. The long-term accumulation of misconceptions not only affects the learning
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of function limits themselves but also hinders the understanding and mastery of sub-
sequent content such as derivatives and integrals. Therefore, exploring an efficient and
feasible method for correcting misconceptions has become the key to improving the
teaching quality of function limit concepts.

With the continuous deepening of higher education teaching reform, inquiry-based
and interactive teaching models have gradually become important pathways for im-
proving the teaching quality of Advanced Mathematics courses [1-6]. The POE
teaching strategy originated in the 1980s, proposed by Gunstone and White [7]. This
strategy focuses on students' active inquiry and cognitive experience, and highly aligns
with the needs for correcting misconceptions of function limits: diagnosing miscon-
ceptions through the prediction stage, triggering cognitive conflict through the obser-
vation stage, correcting misconceptions through the explanation stage, and ultimately
helping students accurately grasp the essential connotation of function limits. This
paper explores the application pathway of the POE teaching strategy in correcting
misconceptions of function limits.

2 Analysis of Common Misconceptions and Their Causes in
Function Limit Concept Teaching

Based on teaching practice research, students' misconceptions in learning function limit
concepts mainly concentrate in the following three aspects:

(1)Misconceptions about "x approaches x,"

Most students confuse the relationship between "x approachesx," and "x equalsx,,"
forming misconceptions such as "for the limit of a function as x approaches x, to
exist, the function must be defined at x," and "if the function is undefined atx,, then the
limit definitely does not exist." For example, when learning the function
Sx)=(x2-1)/(x-1), students generally believe that this function has no limit as x—1
because the function is undefined at x = 1, neglecting the "locality" characteristic of
limits—that is, the limit focuses on the changing trend of function values as x ap-
proachesx,, regardless of whether the function is defined at x,. This is a typical mis-
conception formed based on the experience from elementary mathematics that "defi-
nition implies meaning."

(2) Logical misconceptions about the € — § definition

The € — & definition is the rigorous mathematical definition of function limits, but
its logical relationships are abstract and complex. Students easily form two major
misconceptions: first, separating "for any € > 0" from "there exists § > 0," believing
that § is a fixed value independent of &, unable to understand the dependence of §;
second, being unable to understand the correspondence between "0 < |x — X,| < 6"
and "|f(x) — A| < &," simply interpreting it as "when the distance between x and x,
is less than &, the distance between the function value and A is less thane," neglecting
the arbitrariness of € and the logical progressive relationship, resulting in inability to
accurately use the & — & definition to prove function limits. This is one of the most
difficult misconceptions to correct in function limit teaching.

(3)Intuitive misconceptions about "infinite approach”
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Students' understanding of the connotation of "infinite approach" remains superfi-
cial, forming misconceptions such as "when function values infinitely approach A, it
means the function value will eventually equal A" and "the distance between function
values and A can be infinitely small but must be greater than 0," unable to accurately
grasp the dynamic process and mathematical connotation of "infinite approach." They
equate the abstract "infinity" with intuitive "finite approach,” leading to vague under-
standing of the essence of limits. This is the core cognitive obstacle for students
learning function limits.

3 Construction of Teaching Application Model of POE Strategy
in Correcting Misconceptions of Function Limit

Combining the teaching characteristics of function limit concepts and students' com-
mon misconceptions, this paper constructs a trinity teaching application model of
"pre-class diagnosis—classroom implementation—post-class consolidation" for the
POE strategy, focusing on precise diagnosis, effective correction, and consolidation of
misconceptions. The specific implementation process is as follows:

3.1  Pre-class Diagnosis: Predicting Misconceptions and Clarifying Objectives

Pre-class diagnosis is the foundation of misconception correction. The core objective is
to predict misconceptions students may encounter, clarify teaching priorities and cor-
rection targets, and prepare for classroom POE teaching implementation. Specific
operational methods include:

(1)Teachers, combining teaching priorities of function limit concepts and students'
cognitive characteristics, sort out students' common misconceptions, analyze the for-
mation roots of various misconceptions, and design targeted preview tasks and pre-
dictive exercises.

This paper adopts a "two-tier" design for the diagnosis scale. The first tier consists of
multiple-choice questions (testing surface cognition), and the second tier consists of
multiple-choice questions (testing deep understanding and diagnosing misconception
types).

Question 1, Tier 1 (Multiple Choice):

Regarding the limit of function f(x) = (x* —1)/(x — 1) as x approaches 1, your
first judgment is ()

A. The limit does not exist because when x = 1, the function is undefined (de-
nominator is 0); no definition means no limit

B. The limit does not exist because as x — 1, both numerator and denominator ap-
proach 0, making calculation impossible

C. The limit exists and the limit value is 2, regardless of whether the function is
defined at x = 1

D. The limit exists and the limit value is 0, because as x — 1, the numerator x> — 1
approaches 0 and the denominator approaches 0, and 0 divided by 0 equals 0
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Misconception orientation: Options A/B/D correspond to different basic miscon-
ceptions (A: binding "function defined at a point" with "limit exists"; B: no cognition of
"0/0 indeterminate form"; D: misunderstanding the calculation logic of "0/0 indeter-
minate form"). Option C represents correct cognition.

Question 1, Tier 2 (Multiple Choice):

If you believe the limit exists as x = 1 (such as selecting C in Tier 1), or after
further consideration, regarding the calculation logic of the limit, you agree with ()

A. Directly substitute x = 1 into the function for calculation; both numerator and
denominator are 0, therefore the limit is 0

B. First simplify the function to f(x) = x+ 1 (x # 1) , then substitute x = 1 into
the simplified function to obtain the limit value of 2, because the simplified function is
completely identical to the original function

C. First simplify the function to f(x) = x+ 1 (x # 1) , then find the limit as x —
1, with value 2, because the limit focuses on the process of x approaching 1, unrelated
to the function value and domain at x = 1

D. The limit value is 2, but the reason is that as x — 1, both numerator x> — 1 and
denominator x — 1simultaneously approach 0, with the same approaching speed,
therefore the limit is 1 + 1 =2 (no simplification needed)

Misconception orientation: Options A/D correspond to deep misconceptions (A:
incorrectly using "substitution method" to calculate indeterminate forms; D: vague
cognition, not mastering the core logic of simplification). Option B: confusing "domain
differences between original and simplified functions," mistakenly equating the two.
Option C represents correct cognition.

(2)Students complete preview tasks and predictive exercises, actively recording
their questions and understanding. Teachers, through grading preview assignments,
online feedback, pre-class quizzes, and other methods, precisely diagnose the types,
distribution, and roots of students' misconceptions, clarifying the misconceptions and
teaching difficulties that need to be focused on in classroom teaching.

(3)Based on pre-class diagnosis results, teachers adjust teaching plans, design POE
inquiry activities tailored to students' misconceptions, clarify teaching objectives and
operational methods for each stage, ensure the targeting and effectiveness of classroom
teaching, and focus on core misconceptions for correction teaching.

3.2 Classroom Implementation: Three-step POE Advancement for Precise
Misconception Correction

Classroom implementation is the core stage of misconception correction, strictly fol-
lowing the three-step process of "Predict—Observe—Explain." Combined with spe-
cific teaching content of function limits, misconceptions are corrected in a targeted
manner. The specific operation takes "function limits as X approaches x," as an
example:

(1) Prediction Stage: Exposing Misconceptions and Clarifying Conflict Points

Teachers, combining pre-class diagnosis results, clarify the conflict points for sub-
sequent observation stages, stimulate students' desire for inquiry, and prepare for the
generation of cognitive conflict.
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(2) Observation Stage: Intuitive Demonstration Triggering Cognitive Conflict

Teachers dynamically display the graph of function f(x) = (x* —1)/(x — 1) and
the changing process of function values as x approaches 1 through multimedia, al-
lowing students to intuitively observe that "when x infinitely approaches 1, the func-
tion value infinitely approaches 2, but the function is undefined atx = 1," creating
strong cognitive conflict with students' misconception that "no definition means no
limit." Meanwhile, combining the geometric meaning of the € — § definition, dy-
namically demonstrate the correspondence between "arbitrariness of " and "existence
of §," allowing students to intuitively feel that "for any given &, a corresponding & can
always be found such that when 0 < |x — 1| < §, |f(X) — 2| < &," correcting students'
logical misconceptions about the € — & definition.

(3) Explanation Stage: Analyzing Roots and Correcting Misconceptions

Teachers guide students to analyze the reasons for discrepancies between prediction
results and actual results based on observation results, analyze the roots of miscon-
ceptions in a targeted manner, gradually correct misconceptions, and construct correct
function limit concepts. For example, for the misconception that "no definition means
no limit," teachers, using the example of functionf(x) = (x* — 1)/(x — 1), explain that
"the essence of function limits is the changing trend of function values as x approaches
Xp, unrelated to whether the function is defined at x,," emphasizing the "locality"
characteristic of limits and breaking the negative transfer influence of elementary
mathematics knowledge experience. For misconceptions about the € — & definition,
through specific € values (such as € = 0.1,& = 0.01), guide students to find corre-
sponding 6, gradually understanding "arbitrariness of €," "dependence of §," and
"correspondence between the two inequalities," dismantling abstract logic and helping
students establish correct logical cognition.

3.3  Post-class Consolidation: Strengthening Application and Consolidating
Correction Effects

Post-class consolidation is the extension of misconception correction. The core objec-
tive is to strengthen students' understanding of correct function limit concepts, con-
solidate misconception correction effects, prevent misconception rebound, and achieve
internalization and application of scientific concepts. Specific operational methods
include:

(1) Assign tiered consolidation exercises, focusing on students' common miscon-
ceptions.

(2) Establish a post-class feedback mechanism. After students complete exercises,
teachers promptly grade and analyze students' error situations.

(3) Guide students to write learning reflections, cultivating reflection habits, and
preventing misconception rebound.
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4 Conclusion

This paper focuses on common misconceptions in function limit concept teaching,
systematically exploring the application pathway of the POE teaching strategy in
correcting misconceptions of function limits, constructing a trinity teaching application
model of "pre-class diagnosis—classroom implementation—post-class consolidation."”
Through the three stages of "Predict—Observe—Explain," it precisely exposes stu-
dents' misconceptions, stimulates cognitive conflict, effectively improves misconcep-
tion correction rates, and significantly enhances students' concept understanding abil-
ity, logical reasoning ability, and learning enthusiasm. It solves problems in traditional
function limit concept teaching such as difficulty in correcting misconceptions and
poor teaching effectiveness, providing new practical pathways and theoretical refer-
ences for misconception correction teaching of function limits in Advanced Mathe-
matics.
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