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Abstract: This study investigates the effectiveness of an instructional approach called “Worked-out
Examples Involving 4 Stages” (WEI4S) for enhancing middle school students” algebraic problem-
solving skills and reducing CL. Based on cognitive load theory (CLT), WEI4S combines four stages
(analyse, explain, investigate, and apply) to facilitate deep comprehension. This study involved
36 novice seventh-grade students identified as having challenges solving algebraic word problems.
Participants were randomly assigned to different groups, including the experimental group that
received the WEI4S intervention and a control group that participated in problem-solving activities.
Pre- and post-tests, as well as a transfer test, were administered to measure algebra performance
and CL, and students’ opinions about the intervention were collected. The findings revealed that
students exposed to WEI4S showed significant improvements in algebra performance, decreased
intrinsic CL, and no negative changes in terms of extrinsic and germane load compared to the control
group. Overall, the WEI4S approach offers a promising avenue for effective mathematics instruction
by providing a structured framework that encourages active engagement and problem-solving skills.

Keywords: worked-out examples; self-explanation; correct and incorrect questions; algebra performance;

error analysis

1. Introduction

The field of algebra is a vital connection between mathematics and advanced mathe-
matical concepts or other fields of study. By learning algebra, students move from a culture
of numbers and operations with numbers to a culture in which letters are substituted for
numbers and operations are performed with letters. This transition, as described by Lee [1],
can be likened to a “cultural shock” as students shift from working with concrete numbers
to manipulating abstract symbols. Algebra empowers students to translate numerical
computations into broad, overarching relationships. The development of algebraic ways
of thinking is supported by the elementary and middle school curriculum, and the basic
concepts in algebra can be learned by the end of middle school [2,3].

Studies examining students’ algebra learning processes have shown that students
have difficulties learning algebraic relations and the basic concepts of algebra, so they make
many mistakes and have misconceptions [4-6]. Learning about the concepts of variables
and equality is the basis of these difficulties experienced by students [7-9]. Although
students learn to solve simple equations, students with previous arithmetic experience have
trouble solving algebraic word problems when they need to apply these equations, and this
situation sometimes causes students to drop out of mathematics [10]. Khng and Lee [11]
reviewed the impact of previous arithmetic experiences among secondary school students
in Singapore on their ability to solve word problems; algebra word problems were taught
in primary school with arithmetic methods such as counting techniques, estimation and
testing, backward working, grouping, and model methods. This led students to use
these strategies derived from primary school mathematics instead of algebraic equation
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formulation when presented with word problems that demand problem-solving skills in
secondary school.

Problem-solving has a wide range of meanings, from simple exercises to professional
mathematical activities [12]. Problem-solving offers students the opportunity to understand
abstract mathematical concepts, develop critical thinking skills, and strengthen their math-
ematical abilities [13]. Historically, problem-solving emerged as a process that shapes and
develops mathematical thinking. For example, analysis of the strategies used by ancient
mathematicians to solve complex problems provides important insights into the evolution
of mathematical knowledge [14]. Importantly, the literature often divides problems into
two main types: routine and non-routine [15]. Routine problems, which can also be called
exercises and test the student’s knowledge of a recently learned topic, can be difficult but
not surprising [16]; such problems are similar to problems that students have solved before.
In contrast, non-routine problems cannot be answered immediately [17] and are not similar
to problems that students have encountered before [15].

Generally, mathematical problems, whether they are routine or non-routine, are ver-
bally presented challenges that necessitate arithmetic solutions [18]. Within the scope of
this study, mathematical problem-solving is conceptualized as the process of applying
pre-existing knowledge to address novel situations [12,13]. Secondary school educators
often observe a lack of motivation among students for the acquisition of the skills necessary
to solve algebraic word problems [19]. This can be partly attributed to the tendency of
students to steer clear of activities that require representation, transformation, general-
ization, and verification. They do so by relying on concrete and visual representations
of unknowns and employing predetermined arithmetic procedures for solving them [2].
A highly effective approach to mastering the solution process for such problems may be
through the study of worked-out examples [20-24]. This study investigated the impact
of worked-out examples on the performance of middle school students when solving
first-order linear equation problems.

The acquisition of proficient problem-solving skills in algebraic contexts is crucial for
students” academic success and their ability to apply mathematical principles to practical
situations. Although worked-out examples have been extensively employed as pedagogical
tools, this research takes a step further by introducing a structured approach that integrates
cognitive load theory (CLT), instructional design principles, and metacognitive strategies
through self-explanation. This approach, anchored in a three-stage model (analyse, ex-
plain, apply) [25], extends the existing framework by adding an “examine” stage, which
emphasizes error analysis and self-explanation.

2. Literature Review

Worked-out examples are based on CLT, which suggests that the amount of informa-
tion that a person can process at one time is limited and that this limit can affect their ability
to learn new information effectively [26]. The human brain’s limited working memory
capacity can be overloaded by too much information, which makes it difficult to learn
new information effectively [26-28]. According to CLT, CL can be categorized into three
types: intrinsic, extraneous, and germane. Intrinsic load (IL) refers to the inherent difficulty
of the task. Extraneous load (EL) refers to the additional cognitive demands created by
how the task is presented or organized, and germane load (GL) refers to the cognitive
demands associated with forming new mental representations of the information being
learned [28,29].

Learners have a limited capacity for processing information in their working memory,
and when the demands on working memory exceed its capacity, the CL is too high, and
learning may be impaired [30]. Worked-out examples can help reduce CL by providing
learners with preprocessed information that is easier to understand and requires less mental
effort [20,31,32]. The fully worked out and explained example allows learners to focus their
attention on the key concepts and principles without having to process the mechanics of
solving the problem simultaneously.
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Worked-out examples can also help learners develop schemas and mental represen-
tations of patterns that can be applied to new problems [33]. By studying and analysing
worked-out examples, learners can gain insight into the underlying principles and strate-
gies used to solve problems, and this insight can then be applied to new, similar problems,
thus reducing the CL needed for problem-solving [33,34]. Worked-out examples are often
used in mathematics education to support students’ learning and comprehension [35,36].
By seeing how a problem is solved, students can see the connections between different
mathematical concepts and develop their problem-solving skills [34]. Worked-out ex-
amples can also help students build their procedural fluency and automaticity—that is,
the ability to perform mathematical operations quickly and accurately. A recent meta-
analysis of 43 articles reporting on 81 effect sizes showed that worked examples exhibit
a favourable and moderate impact on students” mathematical learning throughout their
academic journey. The results showed that engaging with worked-out examples enables
learners to allocate their cognitive efforts towards comprehending the pertinent elements
and procedures involved in problem-solving. This, in turn, leads to the formation of mental
frameworks specific to that type of problem, which then enhances subsequent performance
on similar problems [22].

Worked-out examples encompass various instructional formats designed to facilitate
understanding and learning. These examples can be classified into distinct types, each of
which serves a specific purpose in enhancing comprehension. For example, whereas tradi-
tional worked-out examples offer step-by-step solutions to problems, providing learners
with a clear model to follow, faded worked-out examples (backward or forward) gradually
reduce the level of guidance, thus enabling students to transition from guided problem-
solving to independent mastery, as recommended in the literature [37-41]. Worked-out
examples that include self-explanation incorporate questions that encourage learners to ar-
ticulate the reasoning behind each step, which promotes metacognitive awareness. Correct
and incorrect worked-out examples [40,42] juxtapose correct and incorrect solutions, which
aids in the identification of common misconceptions. These diverse types of worked-out
examples cater to learners’ varying needs and cognitive capacities, offering an array of
strategies to enhance their problem-solving skills and understanding of complex concepts.
In the present study, different aspects of correct-incorrect worked-out examples with
self-explanation were taken into account.

Research has shown that incorporating incorrectly worked examples, either alone or
in combination with correct examples, is a form of instructional practice that enhances
mathematics learning [7,41-44]. Incorrect worked-out examples involve solving a problem
and intentionally displaying a common error made by a fictional student. When students
encounter these incorrect examples, they are typically tasked with studying and explaining
the error and sometimes even correcting it before proceeding to solve a similar practice
problem. In studies involving erroneous examples, incorrect examples are presented either
before [44] or after [41] correct examples. In the incorrect solution steps, students are
prompted to identify errors in the solution and asked to explain the reasons for these errors
and correct them. This typically involves self-explanation prompts in the worked-out
examples to facilitate comparisons.

When students themselves analyse their mistakes, it facilitates learning [45]; in this
study, instead of using incorrect worked-out examples conducted by fictitious students,
students” own mistakes were used as the incorrect solutions. By engaging in error analysis,
teachers can gain valuable insight into what their students know and do not know, as well
as identifying areas where they need additional support and instruction. This information
can then be used to differentiate instruction and provide targeted feedback that addresses
specific misunderstandings and misconceptions.

Another type of worked-out example included in the current study is the incorpora-
tion of self-explanation prompts [39]. Self-explanation is “the process of explaining text or
material to oneself either orally or in writing” [46]; it entails learners explaining educational
content to themselves, thus facilitating comprehension. Research has indicated that students
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who integrate self-explanation into their learning process exhibit enhanced performance in
problem-solving tasks [47]. Notably, as some students—particularly novices—might not
inherently use this strategy [48], the use of self-explanation prompts has been proposed.
These prompts are external cues that illuminate the process of self-explanation. Typically
embedded within the learning material, self-explanation prompts have been employed in
studies related to worked-out examples [49]. It has frequently been observed that when
students interact with an expository text, they may read each sentence in isolation and fail
to establish links between new information and their existing knowledge, which leads them
to overlook the potential implications arising from the new information. In both cases, the
absence or ineffectiveness of metacognition becomes evident as learners struggle to identify
(i.e., engage in metacognitive monitoring) and control gaps (i.e., demonstrate metacog-
nitive control) in their comprehension [50]. The self-explanation questions strategically
placed within the intervention foster metacognitive awareness by encouraging students to
reflect on their problem-solving strategies and cognitive processes [46]. This metacogni-
tive approach aligns with contemporary educational theories and promotes higher-order
thinking skills. Barbieri et al. [22] examined different types of worked-out examples in
their meta-analysis, from elementary levels to post-university settings. According to their
findings, the inclusion of self-explanation prompts significantly influenced the effect of
the examples. Studies that employed only correct worked-out examples yielded greater
effect sizes than those using only incorrect examples or a combination of both correct and
incorrect examples. Correct examples are generally particularly beneficial for learning,
and the design modification of pairing examples with self-explanation prompts might not
be efficient. Considering the results of this meta-analysis, the present research aimed to
integrate the examination of students” own mistakes into the examples worked rather than
using incorrect solutions.

In Teaching Math with Examples, Pershan [25] expounds upon a pedagogical project
denominated “Math by Example”, which is an illustrative instance of the practical appli-
cation of worked-out examples in the domain of mathematics education. This project is a
collaborative effort between researchers and a school district to enhance algebra learning
for students. Researchers curated worked-out examples based on research literature, tested
them in classrooms, and confirmed their effectiveness through experiments. These materi-
als were then made accessible online for teachers’” use. The success extended to elementary
students (“Math by Example”) and ongoing middle school work. The project demonstrates
a research model that aligns with classroom needs. Upon reviewing the materials, Per-
shan [25] realized that instead of just presenting worked-out examples, the materials engage
students in activities that encourage profound thinking. A complete mathematical strategy
is presented through worked-out examples, which prompts student explanation. Students
then apply this strategy to solve related problems, which results in a dynamic activity that
resonates with students. According to Pershan [25], “The Algebra by Example” materials
guide students through three stages: analysing solutions, explaining why they work, and
applying them to new problems. The analysis stage involves careful reading of solutions to
engage with new mathematical ideas; the second stage prompts self-explanation, while
drawing attention to crucial solution aspects; and the third stage requires application to
new problems, thus fostering generalizations. These stages collectively encourage active
engagement and deeper understanding among students.

Current Study

This study combines Pershan’s [25] three-stage model (analyse, explain, and apply)
with correct-incorrect worked-out examples and introduces a new stage called “examine”
between the explain and apply stages. This “examine” stage involves students reviewing
their own incorrect answers in response to self-explanation questions. Consequently, the
model comprises four stages—analyse, explain, examine, and apply—and is referred to
as Worked-Out Examples Including Four Stages (WEI4S) in this study. The “analyse”
stage commences with questions and answers with explanations. In this stage, students
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thoroughly examine worked-out solutions that introduce them to new mathematical con-
cepts and ideas. In the “explain” step, a similar problem is presented with a solution but
without an explanation. Students are guided by questions to provide explanations, which
is referred to as self-explanation in the literature. In the “examine” stage, students are given
incorrect solutions, along with self-explanation questions to facilitate the examination
of their mistakes. Students are directed to perform an error analysis of their incorrect
solutions. Finally, in the “apply” stage, students are asked to apply their knowledge to a
new, similar problem.

Studying worked-out examples is a valuable activity in the early stages of cognitive
skill acquisition. However, it becomes inefficient in the later stages of learning as students
develop a sufficient knowledge base [51,52]. At this point, students are better served
by transitioning to independent problem-solving. In light of this, novice seventh-grade
students who had not acquired sufficient cognitive skills to solve first-order equations
with one unknown were included in this study. The purpose of this study was thus to
examine the effect of WEI4S on seventh-grade novice students’ performance in solving word
problems requiring algebraic equations and their CL. We thus propose our first hypothesis:

Hypothesis 1. A significant improvement in near-transfer (similar problems; [53,54]) algebra
performance (AAT) among the novice students in the experimental group will be observed as a result
of the completion of WEI4S compared to the novice students in the control group.

This hypothesis is based on the expectation that the integration in the WEI4S model,
which emphasizes self-explanation and error analysis, will enhance students’ ability to
solve algebraic word problems. Learners’ active participation in WEI4S may lead not
only to enhanced near transfer but also to better far transfer (dissimilar problems; [53,54]).
Hypothesis 2 extends the investigation to include far transfers, building upon the near
transfers explored in Hypothesis 1.

Hypothesis 2. A significant improvement in far-transfer algebra performance will be achieved as a
result of the completion of WEI4S among the students in the experimental group in comparison to
the students in the control group.

Worked-out questions are based on CLT [31,39,55]. The differences in performance
observed between the experimental and control groups in controlled experimental learning
environments has been attributed to variations in CL in the literature [56]. Corroborating the
results with other measures of CL to obtain more valid information can, however, provide
convergent validity [56]. To assess the CL experienced by students in both the experimental
and control groups during their performance of the Algebra Achievement Test-Procedural
Knowledge (AAT-PK) and Algebra Achievement Test-Conceptual Knowledge (AAT-CK), a
CL scale was administered to the students after both the pre-test and post-test sessions. In
this context, Hypothesis 3 is based on the assumption that a reduction in CL components,
such as IL and EL, will be brought about by the WEI4S model due to its emphasis on
guided self-explanation and error analysis, ultimately resulting in an improvement in the
efficiency of learning and problem-solving. Therefore:

Hypothesis 3. The completion of WEI4S results in a significant decrease in the IL, EL, and CL of
students related to the Algebra Achievement Tests (AAT-CK and AAT-PK) in the students of the
experimental group compared to those in the control group.

Hypothesis 4 is related to the implementation of a worksheet based on WEI4S. In
accordance with CLT, instructional materials can impose three distinct forms of CL on
learners: intrinsic load, extraneous load, and germane load. Accurate measurement of
these various CL types is instrumental in gaining insights into why the effectiveness and
efficiency of learning environments might vary based on instructional formats and learner
attributes [57]. Hypothesis 4 anticipates that the WEI4S model presented in the worksheet
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will be superior in optimizing CL, leading to a better allocation of cognitive resources and
a deeper understanding of algebraic problem-solving.

Hypothesis 4. The WEI4S intervention through worksheets is effective in reducing intrinsic load
(IL) and extraneous load (EL) and enhancing germane load (GL).

Student feedback can also reveal challenges or difficulties, guiding improvements
and tailoring instruction to cater to diverse learning needs. The thoughts and perceptions
of students regarding the WEIA4S intervention were collected through open-ended survey
questions, and these responses hold great importance, as they provide valuable insights
into the intervention’s effectiveness and its impact on the learning experience. Ultimately,
students’ thoughts play a central role in evaluating, enhancing, and communicating the
benefits of the WEI4S model in educational settings. Therefore we suggest:

Hypothesis 5. Positive perceptions and thoughts regarding the WEI4S intervention will be held by
students in the experimental group.

The purpose of this study was to examine the effect of the WEI4S intervention on
students’ performance in solving word problems requiring algebraic equations and their
CL. In this respect, the following research questions were answered.

1.  Does the completion of WEI4S lead to a significant improvement in the algebra
performance of the experimental group students compared to the control group?

2. Does the completion of WEI4S lead to a significant decrease in the IL, EL, and CL scores
related to AAT in the experimental group students compared to the control group?

3. What is the effectiveness of WEI4S intervention in terms of three types of CL (IL,
EL, GL)?

4. What are thoughts of students in the experimental group regarding their experience
of the WEI4S intervention?

3. Materials and Methods
3.1. Participants

7

To examine the effect of the WEI4S intervention on novice seventh-grade students
algebra performance and CL, an experimental research study using a pre-test-post-test
control group was designed. The participants of this study were selected from 120 seventh-
grade students in a public school in Istanbul, Turkey. Because participation in this study
was voluntary and parental consent was obtained, the selection of participants continued
with 86 volunteer students whose parents signed the consent form. If the learners have
the cognitive schemata to solve the problem, the information presented in the worked-out
examples is redundant [51]. For this reason, in order to include students who could not
solve algebra problems, the Algebra Achievement Test (AAT) was administered to the
students. The 36 novice students who encountered difficulties solving the algebra questions
included in the pre-test (AAT-PK and AAT-CK) were chosen as participants for this study.
These students had either been unable to solve the questions or had obtained three or fewer
points out of ten on each question. Participants were assigned randomly to different groups,
including the experimental group, which received the WEI4S intervention, and the control
group, which did not. Out of these students, 19 (8 [42.1%] male and 11 [57.9%] female)
were randomly assigned to the experimental group, and 17 (11 [64.7%)] male and 6 [35.3%]
female) were assigned to the control group. The mean age of the students was 11.7 years.
These students had been taught to solve linear equations and algebraic word problems that
can be solved by equations with one unknown one month before the WEI4S intervention.
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3.2. Instruments

The data collection tool consisted of an AAT, a worksheet including the WEI4S inter-
vention, a CL scale for intervention, a CL scale for pre- and post-AAT, transfer questions,
and open-ended questions related to students’ opinions about the intervention.

3.2.1. Algebra Achievement Test

To assess students’ algebraic performance on problems with a first-order unknown,
an AAT with eight questions was prepared by four mathematics teachers based on the
questions in the students’ school textbooks. The first question was related to the solution
of a first-order equation with one unknown, and the other seven questions consisted
of problems solved using an equation with one unknown. The test was applied to all
86 participants during one lesson period (40 min) by the researcher. This test was used both
to select novice participants and to select questions for the pre-test. The use of this test to
choose participants was explained in the Section 3.1. The questions that were difficult for
the students were determined by calculating item difficulty indices. Four questions (1, 5, 6,
and 8) exhibiting low difficulty indices were chosen for the pre-test. Item difficulty indices
were calculated by the ratio of the arithmetic mean of the item scores to the maximum score
that could be obtained from the item. The item difficulty indices of these four questions
were 0.40, 0.22, 0.19, and 0.14, respectively. The choice of questions with low difficulty
indices for the pre-test was intentional. These questions were selected to ensure that the
pre-test adequately measured students’ baseline knowledge. By including less challenging
questions, it aims to establish a solid foundation for later comparisons with the post-test
results. The selection of specific items was based on their alignment with this study’s
research objectives and the desire to avoid redundancy for students who were already
proficient in the subject matter.

The first question, the AAT-PK, was related to solving algebraic equations with one
unknown required procedural knowledge. This question required the use of the distributive
property. A scoring system was established for the answers to assess score reliability.
Combined elements of both analytical and holistic scoring systems were used. The scoring
was broken down into specific criteria, such as applying the distributive property and
simplifying algebraic expressions. The response was assessed as a whole and received a
single, cumulative score based on the overall correctness of the response. The question
was finding x for the equation 3 (2x + 8)—4 (3x—5) = 2x—4. The scoring of the example
for the first question was as follows: if the distribution property has been applied when
answering the question, 2 points; if the distribution property has been applied correctly
when answering the question, 5 points; after the simplified distribution property has
actually been implemented by adding terms to algebraic expressions, 7 points; and if the
answer to the question was completely correct, 10 points.

The other three questions, the AAT-CK, required conceptual knowledge and could be
solved by first-order linear equations with one unknown. One of the questions (the eighth)
is presented below (See Figure 1). The holistic scoring of the other three questions was
as follows: no solution and solving without an algebraic expression, 0 points; writing the
correct algebraic expression, 5 points; and solving a true algebraic expression completely,
10 points.

The objectives and the scoring system for the post-AAT for both PK and CK were the
same as those for the pre-tests. The types of questions asked in the pre-test and post-test
were similar. The post-test was given to students three weeks after the WEI4S intervention.

3.2.2. Worksheet including WEI4S (Analyse, Explain, Examine, and Apply)

While preparing the worked-out example worksheet, the WEI4S model was used. The
model consisted of four stages: analyse, explain, examine, and apply. The analysis stage
began with a similar question to that used in the pre-test, in addition to its answer with
explanations (see Figure 2). In this stage, students carefully examined worked-out solutions
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that exposed them to new mathematical concepts and ideas. An example from WEI4S: The
first stage (analysis) is provided below.

324 m

At intervals of (8x+5) meters, 15 benches with a length of (5x—8) meters are placed to coincide with
the starting and ending points of a sidewalk that is 324 meters long, as shown in the figure. Accord-
ing to this, what is the distance in meters between two benches?

Figure 1. One of the questions from pre-AAT-CK.

Ox-8

223 m

Atintervals of (5x-3) m, 10 benches of length (3x-5) m are placed to coincide with the starting and ending
points of a sidewalk, which has a length of 223 m as shown in the figure. According to this, what is the
distance in meters between two benches?

Solution:

The length of a bench is (3x—-5) m. There are 10 benches, total distance covered by 10 benches is 10 (3x-5).

The distance between two benches is (5x—3) m. There are 9 bench intervals. So, the total length of the spaces
between the benches is 9. (5x—3). The total length of the sidewalk is 223 meters. So, you can set up the equation
as follows:

10. (3x-5) +9. (5x-3) =223

30x-50 + 45x-27 = 223

75x =300

x=4

The distance between two benches: 5x-3=5.4-3=17m

Figure 2. An example from WEI4S: the first stage (analysis).

In the explain stage, a similar problem with a solution—but without an explanation—was
presented to the student. Students were directed by questions to self-explain the solution.
Students wrote their explanations about the solution in the spaces left under the questions.
An example from WEI4S: the second stage (explain) is provided below (see Figure 3).

In the examination stage, students were given their answers with self-explanation
questions that made it easier to examine their incorrect solution. Students were directed
to conduct an error analysis of their own incorrect solution. An example from WEI4S: the
third stage (examine) is provided below (See Figure 4).
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Read the following question and examine the solution by answering the following questions.

Buses with a length of (x) meters are arranged along a linear road with a distance of (3x) meters between them.
The total number of buses is 15, and the distance between the start and end paints of the buses is 5700 meters.
Accordingly, what is the distance in meters between the buses?

e B —

L /|
F 1

Starting point Finish

Solution:

15x +14.3x =5700

15x +42x = 5700

57%=5700

x =100 meter

3x=3.100 =300 meter

What does the expression 15x represent? What information it being conveyed?

What does the expression 14.3x (42x) represent? What is the significance of this information?
What is the length of a single bus (x), and why is it important to know this value?

How 1s the distance between the buses calculated, and why 1s this calculation important?

Figure 3. An example from WEI4S: the second stage (explain).

Now, review the solution you have created and then answer the following questions:

LHE) p LonB) =
o ) = -
> - 2 &m

When do vou think you made a mistake while solving the question?
When might vou have taken the wrong step?

Why do you think you initially arrived at in correct results?

What can you learn from these incorrect results?

Write the correct answer here.

Figure 4. An example from WEI4S: the third stage (examine).

In the fourth stage (apply), students were asked to apply what they knew to a new
but similar problem. WEI4S was prepared for each question of the AAT-PK and AAT-CK.
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3.2.3. CL Scale for Intervention

To assess the impact of WEI4S on learning processes, a CL scale developed by Leppink
et al. [57] was used. This scale evaluated the complexity and comprehensibility of the
learning materials, the level of effort students invested in understanding and processing
those materials, and the extent to which they experienced CL based on their efforts. This
original scale consisted of 10 items; in this study, 8 items representing three types of CL
were used. The first three items (e.g., “The algebra questions in this worksheet were very
complex”) were related to IL, which pertains to the inherent complexity of the task itself.
The other two items (e.g., “The instructions and/or explanations for the questions given in
this worksheet were ineffective”) were related to EL, which pertains to the supplementary
cognitive demands stemming from how the task is structured or presented. The last
three items (“This worksheet has truly improved my knowledge and understanding of
algebra problems”) were related to GL, which encompasses the cognitive requirements
for constructing novel mental models of the information being acquired. Students needed
to choose the category that applied to them. Students responded to each of the questions
on an 11-point Likert scale (0 meaning “not at all the case” and 10 meaning “completely
the case”). In this study, the Cronbach’s alpha coefficient was calculated as 0.98 for IL,
0.95 for EL, and 0.99 for GL. Four additional items for data collection, as recommended
by Leppink et al. [57] to measure CL [58], IL [59], EL [60], and GL [61], were added to
investigate the intervention effectiveness in terms of CL. Detailed information about these
items is provided in the Section 3.4.

3.2.4. CL Scale for Pre- and Post-AAT

The CL scale in this study was adapted from Leppink et al. [57] and was used to
measure the cognitive challenges and mental effort experienced by students while perform-
ing the AAT-PK and AAT-CK. The scale comprises two subscales: intrinsic load (IL) and
extrinsic load (EL). For the IL assessment, three statements, such as “The algebra questions
in this test were very complex”, were utilized, whereas two statements, for example, “The
instructions and/or explanations for the questions given in this test were insufficient”,
were employed to measure EL. Students provided their responses using an 11-point Likert
scale, with 0 indicating “not at all the case” and 10 representing “completely the case”. In
addition to IL and EL, Paas’s [58] subjective rating scale was used to allow students to
self-assess their overall CL, selecting from nine categories, ranging from “very, very low
mental effort” to “very, very high mental effort”. The Cronbach’s alpha coefficients were
computed for the IL subscale (0.82) and the EL subscale (0.96) in this study, which indicated
good internal consistency for both measures. These coefficients demonstrate the reliability
of the scales used in assessing CL.

3.2.5. Transfer Question (TQ)

Three weeks after the WEI4S intervention, a transfer question that included a dissimilar
question (i.e., a far transfer question [53,54]) was conducted with a post-test. The objective
of the transfer question was the same as that of the post-test. However, this problem was
not similar to the questions previously solved. The maximum score that could be achieved
was 10. The scoring of the question was the same as for the AAT-CK tests (pre and post).
The problem is given below. According to the teachers of the participants, the problem
requires highly demanding setting up of an equation.

Ahmet has bought two televisions for his home. The price of the A-brand television
he bought is TRY 400 more than twice the price of the B-brand television. The total amount
Ahmet paid for the two televisions is TRY 2800 less than four times the price of the B-brand
television. In this case, how many Turkish Lira did Ahmet pay for these two televisions
in total?
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3.2.6. Open-Ended Questions Related to the Implementation of WEI4S

After implementing this study, students from the experimental group were given the
following survey questions to evaluate the intervention: (1) What do you think about the
worked-out example worksheets? (2) Did the worked-out example worksheet contribute to
your learning? If so, how? (3) Would you like a worksheet like this to be prepared for you
for the questions you could not answer? Why?

3.3. Experimental Process

This study commenced by administering the AAT one week before the WEI4S appli-
cation to a group of 86 students. The purpose of the AAT was to identify novice students
and to choose challenging questions for the pre-test. This administration session took ap-
proximately one and a half class hours (equivalent to 60 min). Subsequently, four questions
with low item difficulty indices were selected from this test for inclusion in the pre-test for
the AAT. Of these, one question assessed procedural knowledge (AAT-PK), whereas the
remaining three focused on conceptual knowledge (AAT-CK). Both the CL pre-test and
the ATT pre-test were administered to both the experimental and control groups as part
of this study.

Following this, the main intervention, WEI4S, was administered by the researcher to
the experimental group using worksheets for 80 min (2 class hours). The effectiveness of
WEI4S was assessed using the CL scale for the intervention, and students’ perspectives
on the intervention were gathered through open-ended survey questions. During the
intervention period, instead of WEI4S, the control group focused on problem-solving
activities facilitated by the researcher. In the control group, the same questions used in the
experimental group were solved through lecturing.

Following this, both the experimental group and the control group underwent the
AAT-PK, AAT-CK, and CL post-tests to evaluate their progress, along with a TQ to measure
knowledge transfer three weeks after the WEI4S intervention. All details regarding the
experimental procedures are outlined in Table 1. The researcher, with the assistance of two
math teachers working with the participants, conducted all aspects of this study. During
and after the intervention, the students in both the experimental and control groups did
not receive any additional instruction about this subject.

Table 1. Experimental process of this study.

Experimental Group Control Group
n=19 n=17
One week before the AAT-PK pre-test AAT-PK pre-test
intervention of WEI4S AAT-CK pre-test AAT-CK pre-test
CL pre-test CL pre-test
Implementation of WEI4S Problem-solvin
During intervention CL scale for intervention. o &
WEI4S Open-ended questions related to B
the implementation of WEI4S.
AAT-PK post-test AAT-PK post-test
Three weeks after AAT-CK post-test AAT-CK post-test
intervention of WEI4S CL post-test CL post-test
TQ TQ

3.4. Data Analysis

After the preparation of data for analysis, the mean, standard deviation, skewness,
and kurtosis values of the dependent variables were calculated as descriptive statistics.
An independent sample t-test was used to determine the differences among the groups in
terms of pre-tests of AAT-PK, AAT-CK, IL, EL, and CL. Pre- and post-test comparisons of
dependent variables were made by a paired sample ¢-test. Independent sample t-tests (when
the assumptions of analysis of covariance [ANCOVA] were not satisfied) and ANCOVA



Educ. Sci. 2024, 14, 102

12 of 20

tests (wWhen the assumptions were satisfied) were used to determine the differences among
the groups in terms of post-tests of AAT-PK, AAT-CK, TQ, IL, EL, and CL. The significance
level was defined as at least 0.05. To analyse the opinions of the experimental group about
the intervention, the content analysis method was used. The effectiveness of instruction
in terms of three types of CL was analysed by calculating the mean score of each item of
the CL scale for the intervention; this allowed for a comprehensive assessment of the three
types of CL.

3.5. Validity and Reliability of the Experimental Process

In terms of validity, this study exhibits internal validity due to its controlled experi-
mental design, grounded in CLT, and the use of standardized tests to measure outcomes.
However, external validity is somewhat limited by the small sample size and the specific
focus on seventh-grade students with algebraic problem-solving challenges, which poten-
tially limits the generalizability of the findings to a broader population, although the normal
distribution of data and the relatively large number of cases in each group, exceeding 15,
mitigate this limitation. Even in non-normal distributions, a sample size of 15 cases per
group might be sufficiently large to yield fairly accurate p-values [62]. Nevertheless, the
subjective nature of student opinions and the lack of interrater reliability in their analysis
present potential sources of variability.

3.6. Ethics Approval

Ethics approval was obtained from the relevant local ethics committees (Protocol no.
2021/03-10).

4. Results

Before the quantitative analysis of the data obtained in this study, descriptive and
preliminary analyses were conducted for the dependent variables and are presented in
Table 2. In addition, before the intervention, the pre-test scores of the dependent variables
for the experimental and control groups were compared using the independent sample
t-test. According to the results, there were no significant differences between the experi-
mental and control groups on the pre-AAT-PK (t = 0.26, p > 0.05), pre-AAT-CK (t = —1.01,
p > 0.05), pre-IL (t = 0.14, p > 0.05), pre-EL (t = 0.13, p > 0.05), and pre-CL (t = 0.31, p > 0.05).
As seen in Table 2, considering that the calculated skewness values are between +2 and —2,
the distribution can be accepted as normal [63].

Table 2. Descriptive statistics for the dependent variables.

Pre Post Pre Post
AAT-PK AAT-PK AAT-CK AAT-CK TQ Pre-IL Post-IL Pre-EL Post-EL Pre-CL Post-CL

Mean 5.84 9.74 4.74 25.74 6.58 18.16 13.32 8.89 6.47 5.68 4.89

Experimental Sd 4.67 11 8.41 5.62 473 5.79 6.06 4.32 4.77 0.75 1.41
Group Skew —-1.93 —1.36 1.34 —0.80 —-0.72 —0.59 0.56 —1.09 0.09 -0.27 -0.19

Kurt —0.31 3.00 —0.09 -1.09 —1.58 —1.48 —-0.71 0.05 —-1.78 0.23 0.55

Mean 5.48 8.00 7.94 14.48 2.06 17.88 21.76 8.71 11.88 5.59 5.65

Control Sd 3.96 3.35 10.62 9.94 3.98 6.29 3.21 4.48 0.99 1.12 1.41
Group Skew -0.13 —1.35 1.33 0.17 1.59 —-0.93 —2.40 —0.82 -0.17 —2.06 —0.94

Kurt —-1.37 0.44 0.58 —0.74 0.80 —0.61 2.82 —-1.15 0.99 6.40 0.59

Hypotheses 1 and 2 suggested that a significant improvement in near- and far-transfer
algebra performance would be achieved as a result of the completion of WEI4S among the
students in the experimental group in comparison to the students in the control group. To
test these hypotheses first, pre- and post-test comparisons related to AAT-PK and AAT-CK
were made on both the experimental and control groups. According to the results of the
paired sampled t-test, there were no significant differences between pre- and post-test
scores for the AAT-PK (t = —1.99; p > 0.01) in the control group. On the other hand, there
was a significant difference between the pre- and post-test scores for the AAT-CK in favour
of the post-test (t = —3.99; p < 0.01). In the experimental group, there were significant
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differences between the pre- and post-test scores for both the AAT-PK (t = —3.37; p < 0.01)
and the AAT-CK (t = —10.88; p < 0.01) in favour of post-tests.

To detect the effectiveness of the intervention, post-test scores were compared in
terms of control and experimental groups using the ANCOVA test. First, we examined
whether the assumption of “homogeneity of regression slopes”, which is an important
assumption of ANCOVA, was fulfilled for the AAT-PK, AAT-CK, and TQ. For this purpose,
the F-values for the interaction between group type, which is the independent variable, and
the pre-test of dependent variables were determined. F-values were calculated as 1.24 for
AAT-PK, 2.74 for AAT-CK, and 2.60 for TQ, and p-values were gauged as 0.30, 0.15, and
0.12, respectively. This result can be interpreted as fulfilling the condition of matching
regression slopes needed for ANCOVA. To examine another important assumption of
ANCOVA, Levene’s test was performed; the result (F = 2.5, p > 0.05 for AAT-PK, F = 0.69,
p > 0.05 for AAT-CK, and F = 0.29, p > 0.05 for TQ) of Levene’s test for equality of variances
specified that the assumption of the homogeneity of variances in the groups was satisfied.
After these assumptions were satisfied, the ANCOVA test was conducted. When AAT-PK
pre-test scores were controlled, there was a significant difference between the groups in
terms of AAT-PK post-test scores (F (1.36) = 4.47, p < 0.05). The AAT-PK post-test scores of
students in the experimental group were significantly higher than the scores of students in
the control group. Partial eta-squared values, independent of pre-test scores from different
groups (experimental and control), explained 12% of the variance in the AAT-PK post-test
scores. When AAT-CK pre-test scores were controlled, there was a significant difference
between the groups in terms of AAT-CK post-test scores (F (1.36) = 36.95, p < 0.001). The
AAT post-test scores of students in the experimental group were significantly higher than
the scores of students in the control group. Partial eta-squared values, independent of
pre-test scores from different groups (experimental and control), explained 53% of the
variance in the AAT-CK post-test scores. When AAT-CK pre-test scores were controlled,
there was a significant difference between the groups in terms of TQ scores (F (1.36) = 6.38,
p < 0.05). The TQ scores of students in the experimental group were significantly higher
than the scores of students in the control group. Partial eta-squared values, independent
of pre-test scores from different groups (experimental and control), explained 16% of the
variance in the TQ scores. Thus, Hypotheses 1 and 2 of this study were confirmed.

Hypothesis 3 asserted that the completion of WEI4S would result in a significant
decrease in the IL, EL, and CL experienced by students in relation to the AAT-PK and AAT-
CK in the experimental group compared to those in the control group. To test Hypothesis 3,
first, pre- and post-test comparisons related to IL, EL, and CL were made for both the
experimental and control groups. According to the results of the paired sampled ¢-test, in
the experimental group, there were no significant differences between pre- and post-test
scores for both EL (t = 1.92; p > 0.01) and CL (t = 2.04; p > 0.06), but there was a significant
difference between the pre- and post-test scores for IL (t = —2.92; p < 0.01). The post-test
IL scores were significantly lower than the pre-test IL scores. In the control group, there
were no significant differences between pre- and post-test scores for CL (t = —0.16; p > 0.01);
however, there was a significant difference between the pre- and post-test scores for both IL
(t=3.04; p <0.01) and EL (t = 2.82; p < 0.05). In both cases, post-test scores were significantly
higher than pre-test scores. In addition, to detect the effectiveness of the intervention, an
independent sample t-test was conducted to compare the post-test scores for IL, EL, and CL
in the experimental and control groups, because the assumptions of the ANCOVA test were
not satisfied. There was no significant difference between the experimental and control
groups’ CL scores (t = —0.16, p > 0.05). The control group’s IL and EL post-test scores were
significantly higher than the experimental group’s post-test scores (t = —5.14, p < 0.001 and
t=—4.83,p <0.001).

Hypothesis 4 suggested that the WEI4S intervention, implemented through the use
of worksheets, would be effective in decreasing intrinsic load (IL) and extraneous load
(EL), while enhancing germane load (GL). This hypothesis posited that the WEI4S model,
as presented in the worksheet, would outperform other methods in optimizing CL. The
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effectiveness of the WEI4S intervention through worksheets in terms of three types of CL
was investigated by the CL scale for the intervention; the means scores for the experimental
groups are given in Table 3.

Table 3. Mean scores for items on the CL scale for intervention.

Items of CL Scale for Intervention X
1. The algebra questions in this worksheet were very complex. 2.95
2. The algebra questions in this worksheet were too complicated for me. 3.11
3. This worksheet contains questions that I had difficulty understanding. 411
4. The explanations in this worksheet were not very clear. 1.74
5. The instructions and/or explanations given in the worksheet were very ineffective for learning. 1.26
6. This worksheet helped me to understand the topic well. 7.84
7. This worksheet has really improved my knowledge and understanding of algebra problems. 7.63
8. This worksheet has really improved my understanding of solving algebra problems. 7.47

The mean scores indicate the average response to each statement. Higher mean scores
suggest greater agreement with the statement. Statements 1, 2, and 3 received moderate
mean scores, which suggests that students found the questions in the worksheet, including
the WEI4S model, moderately complicated. For both the 4th and 5th statements, the
mean scores were quite low, which indicates a general disagreement with the statements.
Participants gave low scores, on average, which suggests that they found the explanations
clear and considered the instructions and explanations effective for learning. On the other
hand, Statements 6, 7, and 8 received high mean scores, which indicates that the worksheet
positively impacted understanding and knowledge of algebra problems.

In addition to this scale, data for four additional items were collected as recommended
by Leppink et al. (2013) to measure CL [58]; IL [59], EL [60], and GL [61] were added to
investigate the effectiveness of the intervention in terms of CL. Different aspects of CL were
measured using specific scales. To gauge CL [58], participants selected the relevant category
for the statement “In the worksheet that just finished, I invested” on a scale ranging from
“very low mental effort” to “very high mental effort”. The mean score for this item was
4.68, which indicates a response near the middle of the scale—neither low nor high mental
effort. IL [59] was assessed by having the participants select the appropriate category for
the statement “The worksheet that I just finished was” on a scale ranging from very easy to
very difficult. The mean score for this item was 3.79, which suggests a response near the
scale’s “rather easy” point. EL [60] was evaluated using the statement “To learn from the
worksheet was”, and participants indicated their perceptions on a scale from very easy to
very difficult. The mean score for this item was 3.65, which indicates a response near the
scale’s “rather easy” point. GL [61] was measured using the statement “How much did
you concentrate while doing the worksheet?” Participants chose from a scale ranging from
very little concentration to very great concentration. The mean score for this item was 6.37,
which suggests a response near the scale’s “rather great” point.

Hypothesis 5 postulated that students in the experimental group would hold positive
perceptions of and thoughts about the WEI4S intervention. To examine this hypothesis,
written responses to open-ended questions related to the implementation of WEI4S were
analysed. Students’ perspectives on the effectiveness of the intervention revealed that
all of the students agreed that the WEI4S contributed to their learning; 73.7% of them
stated that they were able to set up equations after the intervention, while 94.7% of them
declared that they wanted to do worksheets, including WEI4S, for other mathematics
subjects. Although these results were not sufficient to support Hypothesis 5, they were
useful in obtaining information about the students’ thoughts about the implementation.
More in-depth information is needed to confirm this hypothesis.
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5. Discussions
5.1. Worked-Out Examples and Algebra Performance

The acquisition of proficient problem-solving skills in algebraic contexts is crucial for
students” academic success and their ability to apply mathematical principles to practical
situations. Although worked-out examples have been extensively employed as pedagogical
tools, this research endeavoured to take a step further by introducing a structured approach
that integrates a three-stage model [25]—analyse, explain, apply—and extends the existing
framework by adding an “examine” stage between explain and apply to emphasize the
viewing of students” own errors and knowledge gaps with self-explanation.

To determine the effectiveness of the WEI4S, pre- and post-test comparisons were
conducted for both the experimental and control groups, focusing on the AAT-PK and
AAT-CK scores. In the control group, no significant difference was observed for the AAT-PK
scores, whereas the AAT-CK scores showed a significant improvement. The experimental
group showed significant improvements in both the AAT-PK and AAT-CK scores. To further
explore the intervention’s effectiveness, an ANCOVA test was performed to compare the
post-test scores of the experimental and control groups. The ANCOVA results revealed
significant differences between the groups’ post-test scores when controlling for pre-test
scores. Specifically, the AAT-PK, AAT-CK, and TQ scores were all significantly higher in
the experimental group.

The results of this study indicated that the use of the WEI4S intervention significantly
affected the participants’ performance in solving both procedural and conceptual algebraic
questions. The principle of CL, as highlighted by Chandler and Sweller [51], underscores
that worked examples could be less effective when learners already possess the cognitive
schemata to solve problems independently [31,55]. However, in the context of this study,
the worked-out examples seemed to cater effectively to the learning needs of students who
faced difficulties in solving complex algebraic problems.

To fully capitalize on the advantages of worked-out examples, students should be en-
couraged to deeply engage with the examples [25]. Among the examples, correct—incorrect
worked-out examples and those with self-explanation were among the types of examples
that have proven to be more effective in the literature. A recent meta-analysis study ad-
dressed these two types of worked-out examples and analysed their effect sizes. This
meta-analysis revealed that the inclusion of self-explanation prompts significantly affected
the effects of worked-out example. They determined that the use of only correct examples
yielded greater effect sizes than those using only incorrect examples or a combination of
correct and incorrect examples. From the results of this study, it can be concluded that
self-explanation should be an integral part of worked-out examples [21]. The results of this
study highlight the importance of self-explanation, because providing self-explanations
boosts cognitive engagement [64], leading to the enhanced formation of knowledge and
consequent improvement of the learner’s performance [65].

Self-explanation is not only an important part of the worked-out examples but can
also be used in curriculum designs and books. A recent study examined the effectiveness
of using worked-out examples with self-explanation prompts in a curriculum designed
to enhance prealgebra students’ understanding of rational numbers. The study aimed to
improve fraction number line estimation skills, rational number concepts, and procedural
knowledge; it also examined whether individual variations in prior knowledge of rational
numbers influenced the impact of the textbooks. The results showed that experimental
textbooks that included worked examples and self-explanation prompts significantly im-
proved fraction number line estimation skills compared to control textbooks. Moreover,
example-supplemented textbooks were particularly effective in enhancing students” under-
standing of rational number concepts. The effectiveness of both textbook sets in improving
procedural skills was similar [21].

In the examination component of the current study, students studied their erroneous
solutions, such as incorrectly worked examples, that usually represented the solutions of
fictitious students. As a form of instruction, the use of incorrectly worked-out examples



Educ. Sci. 2024, 14, 102

16 of 20

with or without correct examples enhances mathematics learning [7,41-44]. Adams et al. [7]
investigated whether students benefit more from critiquing incorrect solutions to decimal
problems rooted in common misconceptions than from solving these problems and receiv-
ing feedback. In a web-based tutoring system, 208 middle school students were assigned to
either identify, explain, and correct errors made by a fictional student (erroneous examples
group) or solve similar problems with feedback (problem-solving group). Although there
was no significant difference between the two groups on an immediate post-test, students
in the erroneous examples group performed significantly better on a delayed post-test
administered one week later (effect size = 0.62). Additionally, the erroneous examples
group displayed better accuracy in judging the correctness of their post-test answers (effect
size = 0.49). Interestingly, students in the problem-solving group reported higher satisfac-
tion with the instructional materials than those in the erroneous examples group. This
suggests that students’ liking for instructional materials does not necessarily correlate with
their effectiveness in promoting learning.

In their study, Durkin and Rittle-Johnson [42] introduced students to common miscon-
ceptions and errors, which students then compared to accurate solutions in a short tutoring
session. According to the results of their study, this method was more effective in enhancing
students’ understanding of decimal concepts and improving their conceptual and procedu-
ral knowledge than simply comparing correct solution methods. On the other hand, the
advantages of the incorrect condition were not as robust as anticipated, and they did not
show significant improvement in certain outcomes during either assessment period.

Considering the results of the meta-analysis study [22], although including erroneous
examples is an important issue, the use of incorrect examples still raises questions. As
indicated in the previous sections in the current study, many studies indicate that using
incorrectly worked-out examples alone or in combination with correct examples enhances
mathematics learning. The way incorrect examples are presented may also be important. If
students’ mistakes, misconceptions, and deficiencies about the subject or the question are
similar to those of the fictitious student, the student may benefit more from the incorrectly
presented solution. In the current study, it may have been more beneficial to present the
students’ own incorrect answers to the students after the correctly solved questions rather
than those of a fictitious student.

In the current study, the students in the experimental group analysed their own incor-
rect answers to the questions during the intervention. As a result of these analyses, which
are not included in the findings because they are not related to the research questions of this
study, the students mostly stated that they were not able to construct the equation necessary
for the solution of the problem before the instruction, that they did not understand the
subject well, but that they learned to construct equations after the intervention. In addition,
the findings from the students’ perspectives regarding the effectiveness of the intervention
indicated unanimous agreement among all of the participants that WEI4S significantly
enhanced their learning. Specifically, 73.7% of the students reported an improved ability to
set up equations after the intervention. Furthermore, an overwhelming 94.7% expressed a
strong desire to use worksheets incorporating WEI4S for other mathematics subjects.

5.2. Worked-Out Examples and CL

This study also examined the impact of worked-out examples on CL for pre-test and
post-test and for implementation. In the pre-test—post-test comparisons, no significant
difference was found between pre-test and post-test scores for both EL and CL in the
experimental group. However, the post-test IL scores were significantly lower than the
pre-test IL scores. Although there were no significant differences between the pre- and
post-test scores for CL in the control group, remarkably, post-test scores of IL and EL were
significantly higher than pre-test scores.

Furthermore, to assess the effectiveness of the intervention, independent sample -tests
were conducted to compare post-test scores for IL, EL, and CL between the experimental
and control groups. There was no significant difference between the experimental and
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control groups’ CL scores. The control group’s IL and EL post-test scores were significantly
higher than the experimental group’s post-test scores.

These findings suggest that, although the completion of WEI4S had no significant
impact on EL and CL in the experimental group, it did lead to a significant reduction
in IL. Additionally, the control group exhibited increases in IL and EL compared to the
experimental group, although there was no significant difference in CL between the two
groups. The completion of the WEI4S thus had a positive effect on reducing IL load
and preventing the rise of EL for students preparing for an AAT. In this study, students
also evaluated the implementation of WEI4S in terms of CL. Students found the WEI4S
moderately complex (IL), the explanations clear (EL), and said that it positively affected
their understanding (EL). According to them, the overall CL was moderate, they found
the material quite easy, and they showed a lot of concentration on WEI4S. This outcome
resonates with the broader theoretical framework of the CLT, which posits that well-
designed instructional interventions, such as the worked-out examples in this study, can
aid in optimizing CL management [26,29,66,67].

5.3. Implications for Teaching and Learning

The outcomes of this research hold profound implications for mathematics educators,
curriculum designers, and instructional practitioners. The staged worked-out example
intervention introduces a structured learning pathway that caters to students with varying
levels of prior knowledge and cognitive capacities. The integration of an “examine” stage,
focusing on error analysis and metacognition, aligns with contemporary pedagogical
theories that underscore the value of self-regulation and deep cognitive processing. By
delving into the impact of this intervention on CL, metacognitive awareness, and problem-
solving efficacy, this research contributes valuable insights to the broader discourse on
effective instructional strategies in mathematics education.

The staged worked-out examples proved beneficial in enhancing students’ algebraic
problem-solving skills. This suggests that careful selection and presentation of instructional
materials can effectively cater to learners with varying levels of prior knowledge and
expertise. Additionally, the observed decrease in CL further underscores the significance of
well-structured instructional materials that alleviate cognitive burdens, thus promoting
more efficient and effective learning.

The staged approach in the intervention offers a personalized learning trajectory, cater-
ing to students with varying levels of prior knowledge and skills. By providing stages for
analysing, explaining, examining errors, and applying knowledge, this research acknowl-
edges the diversity in students’ learning styles and promotes a deeper understanding of
algebraic concepts.

Although this study provides valuable insights, certain limitations should be ac-
knowledged. One of the most significant limitations of the research is the presence of
19 individuals in the experimental group and 17 individuals in the control group. This
limitation, due to the small sample size, may restrict the generalizability of the obtained
results. Future research conducted with a larger sample group could contribute to making
the results more reliable and widely applicable. In addition, this study was conducted
within a specific timeframe and involved a limited set of questions and problems. Future
research could explore the long-term impact of staged worked-out examples on students’
retention of algebraic concepts and problem-solving skills. Additionally, investigating
the transferability of these findings to other mathematical domains and exploring the
preferences of students with varying learning styles could enrich our understanding of the
instructional potential of worked-out examples.
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