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Abstract: Achieving high-level mathematics learning is a key goal of the mathematics curriculum;
however, while some students excel, others encounter significant challenges. One strategy that has
gained attention in recent years is the use of worked examples, a teaching method grounded in
Cognitive Load Theory. This study compares the effects of two types of worked examples: Explan-
atory Faded Worked Examples (EFWE) and Correct and Incorrect Worked Examples (CIWE) on
sixth-grade students' mathematics performance. A pre-posttest quasi-experimental design was
used with 29 sixth-grade students from a public secondary school during the 2021-2022 academic
year. Quantitative data were collected through a Mathematics Achievement Test and a Worked
Examples Worksheet, while open-ended questionnaires captured student perspectives. The find-
ings showed that the EFWE group had significant improvement in overall mathematics scores but
no significant change in scores for specific subtopics like exponential notation, divisibility, or or-
der of operations. In contrast, the CIWE group showed significant improvement in distributive
property, exponential notation, and divisibility. ANCOVA results revealed that, after adjusting for
pre-test scores, the CIWE group outperformed the EFWE group in order of operations and divis-
ibility. Students from both groups found the Worked example methods useful, noting that they con-
tributed positively to their learning experience.

Keywords: Cognitive load, worked example method, correct and incorrect Worked examples,
explanatory faded Worked examples.

INTRODUCTION

Mathematics plays a crucial role in solving various problem situations encountered in daily life.
Therefore, it is essential to develop students' numerical skills. One of the primary objectives of
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mathematics education is to ensure that students achieve the highest level of mathematical under-
standing (MoNE, 2018). However, while some students meet this goal successfully, others struggle
to reach it. The abstract nature of mathematics often presents significant challenges for these stu-
dents.

Research in mathematics education aims to identify effective methods to overcome learning diffi-
culties arising from the abstract nature of mathematics and to enhance student success (Isik &
Konyalioglu, 2005). Mathematics is integral to all stages of education, and numerous studies em-
phasize the importance of effective mathematics instruction (e.g., Franke & Kazemi, 2001). Re-
cently, one of the suggested methods for students struggling with mathematics is the use of worked
examples (e.g., Bokosmaty etal., 2015; Reisslein et al., 2006; Renkl & Atkinson, 2003; Van Loon-
Hillen et al.,2012). Worked examples are learning activities based on Cognitive Load Theory
(CLT) and involve demonstrating step-by-step problem-solving procedures. This research aims to
compare the effects of two types of worked examples—explanatory faded and correct-incorrect
worked examples—on the mathematics performance of sixth-grade secondary school students.

In the Turkish education system, the sixth-grade mathematics curriculum includes fundamental
concepts such as the order of operations, exponents, distributive property, and divisibility rules. In
other countries, these topics may be introduced at different grade levels. These concepts form the
basis of many mathematical topics that students find challenging. Difficulties in these foundational
topics can negatively impact students' ability to perform operations in other mathematical areas.
This study aims to support learning by presenting the teaching of sixth-grade topics (order of op-
erations, distributive property, exponents, and divisibility) using explanatory faded Worked exam-
ples and correct-incorrect Worked examples. During the pandemic period, students were left to
learn independently, making the use of worked examples particularly beneficial in scenarios where
students must learn material on their own.

Conceptual Background of the Study
Cognitive Load Theory and Worked Examples

Cognitive load is a learning theory that aims to learn effectively by presenting instructional design
principles, based on the fact that the human mind has a limited working memory and an unlimited
long-term memory (Clark et al., 2005; Wong et al., 2012). According to the Cognitive Load The-
ory, the information obtained by individuals during the learning process is processed in three dif-
ferent categories in working memory, according to the field of use: intrinsic load, extraneous load,
and germane load. Intrinsic cognitive load refers to the cognitive demand imposed by the inherent
complexity of the subject being taught, which is independent of the teaching methods or techniques
used (Sweller, 1994). It reflects the difficulty of the content itself and is a key factor in determining
the cognitive resources required for learning. Extrinsic cognitive load arises from the way content
is organized and presented and depends on the teaching resources employed. This type of load
places additional demands on working memory that go beyond the learning objectives and is often
seen as unproductive if it does not contribute to schema formation (Sweller, 2011, 2020). Activities
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that do not support schema development are generally viewed as detrimental to the learning pro-
cess (Sweller, 2005). Germane cognitive load is influenced by content and activities that facilitate
the learning process and aid in schema formation. It is considered beneficial as it positively impacts
learning by helping to build and integrate new knowledge (Sweller et al., 1998).

The Cognitive Load Theory aims to reveal teaching methods that will ensure that the cognitive
load encountered by individuals who are educated in any field is presented in a way that is suitable
for the cognitive capacities of the learners so that learning can take place effectively (Moreno &
Park, 2010). Worked examples, which are one of the learning activities related to Cognitive Load
Theory (Sweller, 1988), have the feature of reducing the external cognitive load and increasing the
germane cognitive load (Paas et al., 2003).

Worked Example is a teaching method that shows the learner step by step how a problem is solved
(Clark et al., 2005; Pershan, 2023). It is an effective method, especially for people who have not
developed schemas related to the subject, to gain knowledge and skills. In this method, before
solving the questions on his/her own, the person who will learn the subject is given solved exam-
ples one after the other. Worked examples create a model to show how the expert solves any prob-
lem, so that the learner applies the given solution first to similar problems and then to less similar
problems. Thus, learning transfer takes place from similar examples to less similar examples
(Sweller & Cooper, 1985). The way the worked examples are presented also plays a role in stu-
dents' problem-solving performance (Bokosmaty et al., 2015; Renkl et al., 2002). A standard
worked example provides students with solution steps and explanations, but what students need is
to process this information mentally. Therefore, samples with different prepared solutions are
needed.

Some of the types of worked examples explored in the literature include faded examples (Booth
et al., 2013; iltiizer, 2016; Lee, 2013), examples with explanations (Emecen, 2020; GroBe, 2015;
Hesser & Gregory, 2015; Ozcan et al., 2018; Tepgeg, 2017), and correct-incorrect examples with
solutions (Durkin & Johnson, 2012; Ozcan et al., 2018). This research will focus specifically on
correct-incorrect worked examples and faded worked examples with explanations. Examples with
correct and incorrect solutions present a problem with both a correct solution and an incorrect
solution (Siegler & Chen, 2008). By studying not only the correct solution steps but also the wrong
solution steps, the learner increases his/her readiness for possible mistakes they may encounter in
solving the problem (Tepgeg, 2017). In the examples with faded explanations and solutions, the
question is first completely solved and then presented to the student. Then the solutions in the
example are left blank step by step. The worked examples continue in this way until all steps of
the solution are removed. Finally, only the question remains, and the learner is expected to solve
the question (Eiriksdottir & Catrambone, 2012).

Worked examples are a learning activity grounded in Cognitive Load Theory. These examples
help reduce extraneous load while increasing germane load (Cierniak et al., 2006). By incorporat-
ing worked examples at the early stages of skill acquisition, cognitive load unrelated to the subject
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matter is minimized. Therefore, this research aims to compare the explanatory faded worked ex-
ample method with the true-false worked example method to determine which is more effective in
facilitating learning.

Correct-Incorrect Worked Examples

In examples featuring correct and incorrect solutions, two approaches to a question are presented
side by side—one being correct and the other incorrect. After acquiring the necessary information
about the topic, learners typically analyze both solutions to identify which is correct (Siegler &
Chen, 2008). This practice not only reinforces the correct steps but also prepares learners for po-
tential mistakes they may encounter during problem-solving. Mainly, learning with incorrect so-
lutions involves presenting these examples to enhance understanding after reviewing the correct
solutions (Tepgeg, 2017).

Tennyson and Cocchiarella (1986) emphasized the benefits of using both correct and incorrect
examples when learning new concepts, while Bransford and Schwartz (1999) noted that con-
trasting examples can highlight critical points and facilitate learning transfer. Incorrect worked
examples, particularly when accompanied by explanatory prompts (Renkl, 2014), are thought to
be effective in correcting misconceptions (e.g., Renkl, 2017). For instance, in the domain of deci-
mals, where children often hold misconceptions (such as the belief that 0.6 is smaller than 0.365
because 6 < 365), studying both correct and incorrect worked examples has been shown to improve
conceptual understanding more than studying only correct examples (Durkin & Rittle-Johnson,
2012). However, the impact of prior knowledge on learning from incorrect worked examples is
less definitive than with correct examples. Some studies suggest that incorrect worked examples
benefit students with limited prior knowledge (Barbieri & Booth, 2016), while others indicate ad-
vantages only for those with more extensive prior knowledge (Grofle & Renkl, 2007). Addition-
ally, some research finds no significant effect of prior knowledge (e.g., Durkin & Rittle-Johnson,
2012).

Grof3e and Renkl (2007) reported that combining true and false solutions with self-explanation
positively contributed to learning, particularly for students with strong mathematics performance.
Ozcan, Kilig, and Obalar (2018) revealed that using true-false solution examples supported by
explanatory clues improved students' mathematics performance, as they helped identify and cor-
rect mistakes when representing improper fractions on a number line. In another study, Booth et
al. (2013) assessed whether true-false examples with self-explanatory prompts effectively en-
hanced students' understanding and procedural skills in algebra. Their findings indicated that com-
bining correct and incorrect examples proved more beneficial than relying solely on correct exam-
ples in solving algebraic equations. In the current study, the students lack prior knowledge of the
subject, as these topics have not been previously introduced. However, they possess the prerequi-
site knowledge necessary to understand the subject.
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Fading Worked Examples with Explanations

In fading worked examples with explanations, the fully solved example is presented first. Then,
the step-by-step solutions in the example are left blank, and this process continues until all steps
are removed. Thus, in the end, only the problem remains, and the learner is expected to solve it
(Eiriksdottir & Catrambone, 2012). In this way, guidance diminishes in the transition from solved
examples to problem solving. The fading worked examples are implemented in two different ways.
One approach involves increasing the gaps in the solution steps from the very end (backward fad-
ing), while the other increases the gaps from the beginning to the end (forward fading). The results
of the studies conducted in the literature support that examples with fading solutions increase ac-
ademic success, especially in novice students. In their study, Hesser and Gregory (2015) intro-
duced fading worked examples to students who were determined not to be mathematically pre-
pared enough in a university chemistry course. As a result, they reported that students' examples
with reduced solutions improved their general learning and problem-solving abilities in chemistry.
Emecen (2020) aimed to examine the effect of using the worked example methods of fading and
explanatory clue together for students with learning disabilities on the word problem-solving skills
of students who have difficulties in mathematics lessons. According to the study's results, present-
ing worked example types of fading and explanatory clues together contributed to the verbal prob-
lem-solving skills of all participating students. It was observed that the learned information re-
mained permanent after 2, 3, and 4 weeks of application.

In his research, Grofle (2015) explored whether using faded examples would be a better alternative
to presenting fully worked examples. Additionally, he sought to find out whether increasing the
gaps in the solution steps from the end (backward fading) is more effective than increasing them
from the beginning to the end (forward fading) in illustrative faded examples. The results of the
study indicated that backward fading, where gaps in the solution steps are introduced starting from
the end, is more effective than forward fading. Similarly, Tepge¢ (2017) aimed to examine the
effects of traditional worked example and faded worked example methods for algorithm teaching
on the success and cognitive load of students studying at university. He found that the faded
worked examples used for algorithm teaching turned out to be more effective than traditional
solved examples. It was concluded that there was no significant difference between the cognitive
load levels of the students in the experimental and control groups, but in terms of efficiency of
learning, examples with faded solutions were a more effective method.

Current Study

The motivation behind this study stems from the ongoing need to explore effective instructional
strategies that help students overcome learning difficulties in mathematics, particularly in founda-
tional topics like order of operations, exponents, the distributive property, and divisibility rules.
While the literature on worked examples suggests that they are a valuable tool for reducing cogni-
tive load and supporting learning (Sweller, 1988), there remains a gap in understanding the com-
parative effectiveness of different types of worked examples, such as explanatory faded examples
and correct-incorrect examples, particularly for younger students in a secondary school context.
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This study aims to address this gap by examining the impact of teaching sixth-grade mathematics
topics—such as order of operations, distributive property, exponents, and divisibility—through the
use of explanatory faded examples and correct-incorrect worked examples, with the goal of iden-
tifying which method is more effective in improving students' learning outcomes. Although the
students in this study have no prior knowledge of these specific topics, they possess the prerequi-
site knowledge necessary to engage with and understand the material. Based on the purpose of the
study, the following research questions were addressed:

Quantitative Research Questions

1. Is there a statistically significant difference between the pre-test and post-test mathematics
scores (exponents, order of operations, distributive property, divisibility rules) of the Ex-
planatory Faded Worked Example (EFWE) group?

2. Isthere a statistically significant difference between the pre-test and post-test mathematics
scores of the Correct-Incorrect Worked Example (CIWE) group?

3. Which of the two instructional approaches (EFWE or CIWE) is more effective in improv-
ing sixth-grade students’ mathematics performance after controlling for pre-test scores?

Qualitative Research Questions

4. What are the views of the EFWE group regarding the implementation of the instructional
approach?

5. What are the views of the CIWE group regarding the implementation of the instructional
approach?

6. What do students perceive as the benefits and challenges of EFWE and CIWE in their
learning process?

METHODS

In this study, a quasi-experimental design with a pre-test and post-test was employed (Cook et al.,
2002). To gain deeper insights into the impact of the intervention, after conducting the experiment,
open-ended survey questions were posed to the students to gather their perspectives and opinions.

Study Group

The study group was determined in two stages. First, through convenient sampling, 40 sixth-grade
students from two different classes at a public school in Istanbul, where one of the researchers
worked during the 2021-2022 academic year, were selected. The participating students were, on
average, around 11 years old, corresponding to the typical age for sixth-grade learners in the Turk-
ish education system. A pre-test containing four mathematical operations questions was adminis-
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tered to assess the prerequisite skills for learning sixth-grade topics (order of operations, distribu-
tive property, exponents, and divisibility). Students who scored at least 80 out of 100 were chosen
for the study group. The research was conducted in two classes, with one class assigned as the
Explanatory Faded Worked Examples (EFWE) Experimental Group and the other as the Correct-
Incorrect Worked Examples (CIWE) Experimental Group. The EFWE group consisted of 14 stu-
dents (7 girls and seven boys), while the CIWE group included 15 students (7 girls and eight boys).

Data Collection Tools

Both quantitative and qualitative data collection tools were employed in the study. For the quanti-
tative data, students were selected based on their performance on the Four Operations Questions,
designed by the researcher to assess core prerequisite operational skills. The Mathematics
Achievement Test was administered both as a pretest and posttest, alongside the Worked Examples
Worksheet (focusing on topics like order of operations, distributive property, exponents, and di-
visibility), to evaluate the impact of the instructional intervention. To assess the effectiveness of
the applied method, qualitative data were collected through students' responses to open-ended sur-
vey questions regarding their opinions. A detailed description of the data collection tools used in
the study is provided below.

Four Operations Questions

To ensure that the participants possessed the prerequisite skills necessary for the mathematical
concepts being taught, the Four Operations Questions were administered. The questions were de-
signed to select students for the study and consisted of 10 questions: 2 addition, 2 subtraction, 3
multiplication, and 3 division questions. Each correct answer was awarded 10 points, while incor-
rect or unanswered questions received 0 points. Students were asked to solve the questions within
one lesson hour using pencil and paper. Three sixth-grade mathematics teachers from the same
school assessed the papers. In cases of differing scores for the same question, the teachers met to
reach a consensus on a standard score. Students who scored 80 points or below were eliminated
from the study.

Mathematics Achievement Test

The Mathematics Achievement Test was used both as a pre-test and a post-test in the study. It
consisted of 10 questions aligned with the sixth-grade objectives in the numbers learning area,
focusing on order of operations, distributive property, exponents, and divisibility rules. The test
was initially prepared by the researchers. A table of specification was prepared, and expert opin-
ions were obtained from four mathematics teachers to refine the test and remove repetitive question
types. After obtaining the necessary permissions (ethics committee approval, research permis-
sions, student and parental consent), a pilot study was conducted in a public school. Based on the
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results, any deficiencies in the test were addressed, and the final version was prepared for imple-
mentation. A scoring system was developed for the 10 questions, where the first two questions
were worth 5 points each for a complete and correct answer, and the remaining questions were
worth 10 points each. The remaining questions were scored as follows: 0 points for completely
incorrect or unanswered questions, 3 points for partial or incorrect solutions, 6 points for selecting
the correct strategy but with an incorrect solution, and 10 points for correct solutions. The maxi-
mum score for the test was 90 points. The questions were all at the application level according to
Bloom's taxonomy. The study groups were asked to solve the questions within one lesson hour (40
minutes) using pencil and paper. The papers were evaluated by four mathematics teachers working
in the same school and teaching sixth-grade classes. For different scores given to the same ques-
tion, the answers were re-evaluated with the teachers, and a common grade was given after reach-
ing a consensus.

Worked Example Worksheets

Two worksheets have been prepared for both experimental groups according to the types of
worked examples. At the beginning of the worksheets, there was a short explanation about the
subject. Students have the chance to refer back to this information while solving or examining the
questions related to the worked examples. For example, at the beginning of the worksheet on order
of operations, students are presented with what order of operations is and the order of precedence
of operations.

In the worksheet prepared with the explanation, the EFWE method, one example was solved step
by step, completely and correctly, with explanations in brackets. Then, for the questions similar to
the first example, the steps were left blank starting from the end, and the student was asked to
solve them. The steps of the solution of the last example were left completely blank, and the student
was asked to solve the question. This information has been presented to students at the beginning
of the worksheet. Examples of the intervention of examples with faded solutions with explanations
are provided in Appendix 2.

In the worksheet prepared using the CIWE method, an example problem and its solution were
provided. For the other problems, two solutions were given: one correct and one incorrect. Students
were first asked to analyze the sample problem and its solution. Then, they were required to review
solutions provided by other students, answer questions about those solutions, and finally solve
their assigned problem. An example of this application is provided in Appendix 3.

The intervention worksheets with solutions, provided as examples for the EFWE and CIWE study
groups, were prepared on topics such as order of operations, the distributive property, exponents,
and divisibility, all of which are sub-dimensions of number learning—subsequently, four mathe-
matics teachers from the same school as the researcher reviewed the questions for accuracy.
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Open-ended Questions Regarding EFWE and CIWE Interventions

After working with the experimental groups, open-ended questionnaire questions were adminis-
tered to gather students' opinions, as the aim was to conduct a more detailed analysis of the re-
search. These questions were designed to explore students' experiences during the Worked Exam-
ple intervention. Open-ended questions allow respondents to answer freely, providing the re-
searcher with more detailed and sometimes unexpected insights (Biiylikoztiirk, 2005). The open-
ended survey questions were developed by the researcher in collaboration with an expert. Two
Turkish teachers from a public school then reviewed the questions for clarity and grammar. After
necessary revisions, the questions were finalized. In the pilot study, the question 'Do you have
anything to add?' was removed from the final version, as students did not respond to it.

Data Collection

Before the data collection phase, the necessary permissions (ethics committee approval, research
authorization, student participation consent forms, and parental consent forms) were obtained. A
pilot study was conducted, and adjustments were made to the data collection tools and experi-
mental procedures. Following this, the main study was carried out.

Data Analysis

Quantitative data were analyzed using a statistical software package. Before seeking answers to
the research questions, descriptive statistics calculated for the scores of both groups regarding the
dependent variables were presented. After the descriptive analyses, a dependent samples t-test was
conducted to compare the pre-test and post-test mathematics performances of the EFWE and
CIWE experimental groups. An ANCOVA test was conducted to answer whether there was a sig-
nificant difference in the post-test scores of the EFWE and CIWE groups. The ANCOVA test is a
test that equalizes the differences determined in the pretest scores of the experimental and control
groups in experimental studies (Biiyiikoztiirk et al., 2018). In this study, the ANCOVA test was
preferred because there was a statistically significant difference in pre-test scores.

The opinions of the EFWE and CIWE groups about the interventions were analyzed using thematic
analysis. Thematic analysis is a method that identifies, analyses, and reports the patterns in the
data. Thematic analysis enables data to be organized and a rich description to be made. The the-
matic analysis in this study is based entirely on the data obtained; it does not depend on a prede-
termined coding or the analytical prejudice of the researcher. The data coding process, which is
conducted without the analytical prejudice of the research, is called the inductive approach (Bo-
yatsiz, 1998). The themes identified in the inductive approach are tightly linked to the data (Patton,
1990). This study was evaluated by a thematic analysis method with an inductive approach.

The answers to the open-ended questionnaire questions were taken from the students in written
form. In order to ensure the reliability of codes and categories, coding harmony was ensured with
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another researcher. In cases where there was no coding harmony, a common decision was made,
and a consensus was reached.

Experimental Process

The study was conducted by the first author in a state school in the 2021-2022 academic year
during mathematics class hours. The students in the study group were divided into two groups,
namely, the EFWE experimental group and the CIWE experimental group. Both study groups were
administered a pre-test measuring the students' four operation skills, which is a prerequisite for
participating in the study of the sub-dimensions of the number learning domain (operation priority,
distributive property, exponents, and divisibility). Out of 40 students who participated in the pre-
test, 11 students were eliminated, and the study was continued with 29 students. A two-week study
was implemented with the students using the EFWE and CIWE worksheets. The table detailing
the applied study is provided below.

EFWE Experimental Group CIWE Experimental
= Group
n=14 gy

Four operation questions

One week before the Four operation questions Mathematics Achievement

interventions Mathematics Achievement test test
Interventions Worksheet based on EFWE Worksheet based on CIWE
(Two weeks) Method Method

Mathematics Mathematics Achievement
One week after Achievement Test Test
the Open-ended Questionnaire Open-ended Questionnaire
. . Questions Regarding EFWE Questions Regarding EFWE
intervention . )

Intervention Intervention

Table 1: Experimental process of the study

Worksheets on the order of operations, the distributive property (first week), exponents, and divis-
ibility rules (second week) were distributed to the respective groups. Each of the studies lasted
approximately 2 lesson periods (80 minutes). The teacher was only the supervisor in the study.
After the 2-week study, a post-test containing the same questions as the pre-test was administered.
Quantitative analyses were made on the data obtained from these tests, and the extent to which the
study affected the performance of the students in learning the subjects was investigated.
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RESULTS

Preliminary Analysis

Before addressing the research questions, the normality of the data distribution was assessed based
on skewness and kurtosis values. Considering that the skewness and kurtosis coefficients of almost
all the dependent variables in Table 2 are between -1 and +1, and those not in this range do not
deviate significantly from these values, it was concluded that the data have a normal distribution
(George & Mallery, 2010). Following this, the pre-test results of the groups are compared as a
preliminary study. Pretest results showed significant differences between the groups in favor of
the CIWE group on the EN (t(28) =-2.37, p < 0.05), OO (t(28) = -2.23, p < 0.05), DR (t(28) = -
2.67, p <0.05), and total scores (t(28) =-2.99, p < 0.01), while no significant difference was found
on the DP scale (t(28) =-0.36, p > 0.05) at baseline (see Table 2).

Pretest and Posttest Differences in the EFWE and CIWE Groups

Descriptive Statistics Comparison between the

EFWE and CIWE groups
EFWE Score CIWE Score mean
mean (SD) (SD)
EN Pretest 5.5(5.37) 10.07 (5.01) t=-2.37, p<0.05
Posttest 11.43 (4.97) 14.00 (2.80) F128=2.68, p=0.11; partial
n2=0.09
00 Pretest 3.93 (5.61) 8.67 (5.81) =-2.23, p<0.05
Posttest 3.57 (5.35) 11.00 (6.32) F(,67=6.34, p<0.01; partial n2
=0.196
Pretest 7.86 (6.99) 8.67 (4.81) t=-0.36, p > 0.05
br Posttest 17.14 (4.69) 18.67 (3.52) Fu,67=1.10, p>0.01; partial n2
=0.04
Pretest 2.86 (4.69) 8.00 (5.61) t=-2.67, p<0.05
DR _
Posttest 11.71 (10.58) 26.37 (11.13) Fu.677=8.9, p<0.01; partial n2
=0.26
Pretest 20.14 (15.58) 35.40(11.22) t=-2.99, p< 0.01
Total )
Posttest 57.55 (20.05) 70.33 (16.20) F1,67=8.18, p<0.001; partial

n2=0.12

Table 2: Descriptive statistics and comparison of two experimental groups
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Note. EFWE = Explanatory Faded Worked Example; CIWE = Correct-Incorrect Worked Example; EN = Exponential
Numbers; OO = Order of Operations; DP = Distributive Property; DR = Divisibility Rules.

First, the analysis examines whether there is a significant difference between the pre-test and post-
test mathematics scores of the EFWE group. According to the paired sample t-test, there is no
significant difference in the EFWE group for exponential numbers (t=-2.83, p>0.05), order of op-
erations (t=0.19, p>0.05), or divisibility (t=-2.45, p>0.05). The pre-test score for exponential num-
bers increased from 5.50 to 11.43, but this difference is not statistically significant. Similarly, the
divisibility score increased from 2.86 to 11.71, with no significant difference. However, for the
distributive property, a significant difference was found (t=-4.19, p<0.05), with scores rising from
7.86 to 17.14. A significant difference in total scores was observed in favor of the post-test (t=-
11.98,p <0.001).

Second, the difference in pre-test and post-test scores within the CIWE group is explored. Paired
sample t-test results show significant differences in favor of the post-test scores for the CIWE
group in exponential numbers (t=-2.82, p<0.05), distributive property (t=-1.45, p<0.05), and di-
visibility (t=-6.09, p<0.01). Score of exponential numbers increased from X=10.07 to X=14.00,
distributive property from X=8.67 to X=18.67, and divisibility from X=8.00 to X=26.67. This
indicates a significant improvement. No significant difference was found for order of operations
(t=-1.45, p>0.01), with scores rising from X=8.67 to X=11.00. Total pre-test scores increased sig-
nificantly from X=35.40 to X=70.33 (t=-11.18, p<0.01), reflecting the positive impact of the group
study.

Comparison of Post-test Scores Between the EFWE and CIWE Groups

The post-test scores between the EFWE and CIWE groups are compared to assess the effectiveness
of each approach, using an ANCOVA test to determine whether there is a significant difference in
post-test performance between the two methods in the teaching of 6th-grade mathematics topics.
Initially, it was assessed whether the "homogeneity of regression slopes" assumption, a crucial
requirement for ANCOVA, was met for EN, OO, DP, DR, and total scores. To this end, the F-
values for the interaction between the group type (independent variable) and the pre-test scores of
the dependent variables were determined. The F-values were found to be 0.46 (p=0.50) for EN,
2.25 (p=0.15) for DP, 0.74 (p=0.40) for OO, and 0.78 (p=0.38) for DR, with all of the p-values
greater than 0.05. This result is 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 = 1.38, p > 0.05 for EN, F = 0.67, p > 0.05 for DP, F = 0.46, p > 0.05 for
OO and F = 0.28, p > 0.05 for DP) 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 on the dependent variables.

Controlling for EN pre-test scores, no significant difference emerged between the groups regarding
EN post-test scores (F(1,28) = 2.68, p > 0.05). The effect size, a measure of the magnitude and
direction of the observed difference, was calculated as 0.094. Based on Kili¢ (2014), since this
value exceeds 0.06, it is classified as a medium effect, indicating a moderate impact. For DP post-
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test scores, after controlling for the pre-test, the ANCOVA analysis showed no significant differ-
ence between the groups (F(1,28) = 1.10, p > 0.05). The effect size was calculated at 0.041, which
Kili¢ (2014) identifies as a small effect due to being greater than 0.01, reflecting a low impact in
this area. In the case of OO post-test scores, a significant difference was found between the groups
(F(1,28) = 6.34, p < 0.05) after adjusting for OO pre-test scores. Post hoc tests indicated that this
difference favored the EFWE group. The effect size, calculated at 0.196, is considered significant
as it surpasses 0.14, signifying a substantial impact. Similarly, for the DR variable, with F = 8.93
and p=0.01, the ANCOVA results indicated a significant difference between the groups, favoring
the EFWE group after controlling for the pre-test. The effect size of 0.256 further qualifies as large
according to Kili¢ (2014), highlighting a substantial effect from the intervention. Finally, when the
posttest results of the total score are examined, it is seen that the difference between the groups is
significant (F(1,67) = 8.18, p < 0.001) favoring the EFWE group after controlling for the pre-test;
in addition, the partial n* = 0.12 indicates that the effect of this difference is moderate.

Participant Views on the Implementation of EFWE and CIWE Methods

The views of both the EFWE and CIWE groups regarding the implementation are analyzed to gain
insights into their experiences with the instructional methods. This study employed a thematic
analysis to compare the experiences and feedback of two experimental groups. The analysis was
based on responses to open-ended questions. The responses were categorized into key themes,
including perceptions and evaluations of the study, challenges faced in problem-solving, and stu-
dents' satisfaction with the overall learning process.

Perceptions and Evaluations of the Study by the EFWE and CIWE Groups

Of the 14 students in the EFWE group, ten reported that they found the study useful, particularly
emphasizing how the structured approach to problem-solving enhanced their understanding of
mathematical concepts. As one student explained, “Seeing the answers to the questions answered
in front of me really helped me to see where I went wrong.” Another student similarly noted, “The
study helped me grasp the topics that I previously struggled with.” On the other hand, four students
indicated that they found the process boring and uninteresting. One student described the experi-
ence as follows: “I didn’t enjoy the process; it felt repetitive and boring.” Taken together, these
findings suggest that while the majority of students benefited from the structured format of the
EFWE approach, a smaller group felt disengaged, possibly due to a lack of interactivity or variation
in the method.

The CIWE group showed a more positive response to the study overall. Out of the 15 students,
nine indicated that the study made a significant contribution to their learning. Three students found
the approach particularly explanatory, while ten described it as enjoyable, and three noted that they
considered it fun. Students highlighted both the affective and cognitive benefits of the method. For
instance, one student explained: “7The study helped me understand things in a way that made the
topics more enjoyable.” Another reflected: “I found the process interesting, and I could relate it
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to real-life situations.” The interactive and dynamic aspects of the approach were also emphasized,
with one participant remarking: “7The study was not only helpful but also fun to participate in.”

Taken together, these findings underscore the potential of dynamic and engaging methodologies
such as CIWE to foster a positive learning environment and to enhance both understanding and
motivation among students.

Challenges in Problem Solving

A significant portion of the EFWE group expressed difficulties in solving the provided exercises.
Out of 14 students, seven reported struggling with understanding and completing the questions.
As one student explained: “I struggled with understanding the problems, especially when there
were multiple steps involved.” Another similarly noted: “Without the teacher explaining every de-
tail, I got lost in some of the problems.” At the same time, a small number of students emphasized
the importance of teacher explanations for better comprehension, while five students reported that
they found the tasks easy and understandable. For instance, one participant stated that the exercises
were clear and manageable without further support. These findings suggest that while the struc-
tured format of EFWE can provide clarity for some learners, others may still require additional
scaffolding and direct teacher guidance to engage with problem-solving tasks confidently.

The CIWE group, by contrast, reported very few difficulties with problem-solving. Out of 15 stu-
dents, only two indicated that they had trouble understanding the questions, and one mentioned
difficulty in explaining the answers. For example, one student explained: “Some problems were a
bit difficult, but I managed to solve them after thinking about it for a while.” Another noted: “I had
a hard time understanding a couple of concepts, but overall it was manageable.” In contrast, the
majority of students (11 out of 15) stated that they found the tasks easy and understandable. This
overall pattern suggests that the dynamic and interactive nature of the CIWE approach helped most
students to engage effectively with the exercises and to develop greater confidence in their prob-
lem-solving abilities.

Students’ Satisfaction with the Overall Learning Process

To gather students’ opinions about the learning process, they were asked whether they would like
to study other mathematics subjects using the same method and to explain their reasons. In the
EFWE group, 10 out of 14 students responded positively, while 4 stated that they would not prefer
this method for other topics. Among those who answered “yes,” five emphasized the usefulness of
the method and one highlighted the benefit of having complete solutions. As one student ex-
pressed: “I would like to because this method both explains and solves.” In contrast, less satisfied
students described the lessons as repetitive, with one noting: “I learned from the examples, but the
lessons felt long and boring.”

In the CIWE group, almost all students expressed willingness to apply the method to other math-
ematics subjects. Fourteen students answered “yes,” with ten indicating that they found the helpful
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method and three describing it as easy and enjoyable. Only one student reported that they would
not prefer to continue with this approach. Positive evaluations included remarks such as: “The
lessons were fun, and I felt like I was learning without getting bored,” and “It did not feel like a
regular math class. I enjoyed the process and felt like I learned a lot.”

These findings suggest that while both groups showed a generally positive attitude toward extend-
ing the method to other topics, satisfaction was markedly higher in the CIWE group. The interac-
tive and dynamic features of the CIWE approach appeared to resonate strongly with students,
making the learning experience more enjoyable and effective.

DISCUSSION

This study aimed to evaluate the effectiveness of two instructional methods—Explanatory Faded
Worked Examples (EFWE) and Correct-Incorrect Worked Examples (CIWE)—on the mathemat-
ical performance of sixth-grade students, as well as to compare their relative effectiveness. The
results reveal that both methods influenced student performance, but with varying degrees of suc-
cess across different mathematical concepts, such as the distributive property, exponents, divisi-
bility, and the order of operations. These findings contribute to the ongoing discourse on the ef-
fectiveness of worked-example strategies in mathematical instruction, particularly highlighting the
role of scaffolding and error correction in learning.

In the groups where EFWE methods were applied, there was no significant difference between the
pre-test and post-test mathematics scores in the subdimensions of order of operations, exponents,
and divisibility. However, a significant difference was found in the subdimension of distributive
property and the overall math score, indicating that the application had a positive effect on the
distributive property and students' overall math performance, though it did not influence the areas
of exponents, divisibility, and order of operations. Of the students who participated in the EFWE
study, 10 found the activity beneficial, while four expressed that they found it boring and did not
enjoy it. Most students found the EFWE valuable method because it allowed them to follow the
provided procedural steps in the examples, reach solutions, and learn at their own pace.

In the study, the work on order of operations, exponents, and divisibility with the group that used
the EFWE method was insufficient. A longer duration of study on these topics would be beneficial.
Although there was a considerable difference between pre-test and post-test scores in the subtests
for exponents, divisibility, and order of operations, this difference was not statistically significant.
In the literature, there are studies that comparatively test the positive impact of faded worked ex-
amples. For instance, Tepge¢ (2017) investigated the effects of standard worked examples and
faded worked examples on college students’ achievement and cognitive load in algorithm teaching
and found that faded worked examples were more effective than standard ones. Foster et al. (2017)
observed in their study on students learning principle-based concepts that those using faded
worked examples showed superior performance in controlling solutions between examples and
problem-solving tasks. Emecen (2020) aimed to examine the effects of combining faded worked
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examples with explanatory cues on students with learning difficulties in terms of their verbal prob-
lem-solving skills. This study concluded that the integration of faded worked examples and ex-
planatory cues contributed to verbal problem-solving skills for all participating students. Recent
research with underprepared college students in computational courses found that faded worked
examples enhanced problem-solving skills and improved understanding of course material (Hesser
& Gregory, 2015). The findings of the current study are consistent with prior research indicating
that faded worked examples are more effective than standard worked examples. In the cited stud-
ies, the outcome was the overall mathematics score; using the same outcome in our data, fading
was also effective and did not differ significantly from the CIWE condition. However, content-
specific (topic-by-topic) analyses revealed that, for some mathematical concepts which fading
showed no detectable advantage. This pattern suggests that the impact of fading may be topic
dependent, underscoring the need for further research to determine when and for which mathemat-
ical topics fading should be preferred, and when alternative approaches (e.g., CIWE) may be
equally or more appropriate.

The EFWE method appears to support students’ procedural understanding, as they could follow
step-by-step solutions in distributive property tasks. However, it was less effective for topics re-
quiring deeper conceptual understanding, such as exponents and order of operations, where fading
guidance may have left some students without sufficient conceptual support. The lack of signifi-
cance may alsobe due to the sample size. Even though the distribution was normal, the small sam-
ple size may have prevented statistically significant results (Kilig, 2014).

In the group using the CIWE method, a significant difference was observed in favor of the post-
test scores for divisibility, distributive property, and exponents, though not for order of operations.
This indicates that the application was largely practical in improving children's math performance.
The studies on order of operations were insufficient for both groups. Additionally, when consid-
ering the total post-test mathematics scores, a significant difference was found in favor of the post-
test, demonstrating the positive impact of the study on students' overall math performance. Based
on student feedback, the CIWE application was found beneficial for teaching math topics. Students
reported that they greatly enjoyed the study as they played an active role in the process. Further-
more, the presentation of both correct and incorrect solutions provided valuable opportunities for
self-reflection, enabling students to recognize and address their own mistakes more effectively.

While most worked example studies focus on the use of correct examples, recent studies suggest
that using both correct and incorrect worked examples together may be more effective for students
(Durkin, Rittle, and Johnson, 2012; Rittle & Johnson, 2006; Siegler, 2002; Siegler and Chen,
2008). In their study, Durkin and Johnson (2012) examined whether working with correct and
incorrect worked examples could help eliminate misconceptions and support students’ understand-
ing of decimal fractions. By presenting common misconceptions alongside correct solutions, they
helped students focus on decimal concepts and improve both their conceptual and procedural
knowledge. Booth et al. (2013) aimed to investigate whether self-explanation prompts given with
correct and incorrect worked examples could be practical in helping students understand topics
and improve their algebraic skills when combined with guided practice. Their study concluded that
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using both correct and incorrect examples was more beneficial than using correct examples alone
for solving algebraic expressions.

In another study, Ozcan et al. (2018) sought to determine the impact of correct-incorrect worked
examples with explanatory hints on students' mathematical performance by identifying and ad-
dressing mistakes students made when placing improper fractions on a number line. They found
that this method positively impacted students' performance. Grof3e and Renkl (2007) also exam-
ined the impact of correct-incorrect worked examples and self-explanation on learning, noting that
using both types of examples positively contributed to the learning of students who already had
strong math skills.

According to the analysis results on whether post-test scores differed between groups, there was
no significant difference in the subgroups of distributive property and exponents. However, a sig-
nificant difference in favor of EFWE was found in the divisibility and order of operations subdi-
mensions. Looking at the overall mathematics scores of the study, a significant difference was also
found in favor of EFWE, indicating a positive impact on total mathematics performance. Based on
eta-squared results, 0.01 is considered a low effect size, 0.06 a medium effect size, and 0.14 and
above a large effect size (Kilig, 2014). In this study, ANCOVA results showed that distributive
property and exponents had medium effect sizes, while divisibility and order of operations had
large effect sizes. Although no statistically significant difference emerged, the high eta-squared
values indicate a group difference in favor of EFWE. In the literature, the fading procedure has
been reported to yield higher learning outcomes compared to traditional worked example—problem
pairs (e.g. Atkinson, Renkl and Merrill, 2003; Fleischmann and Jones, 2002; Renkl, Atkinson,
Maier and Staley, 2002). In our study, however, the fading procedure appeared to produce lower
learning outcomes when compared to true—false worked examples, suggesting that fading was less
effective than the true—false approach in this context.

When reviewing the literature, no studies were found that directly compared EFWE and CIWE;
thus, no directly comparable results were available. However, a recent meta-analysis examining
the effectiveness of different types of worked examples highlights the effectiveness of correct-
incorrect worked examples. In correct-incorrect worked examples, students are allowed to conduct
a form of error analysis by comparing a wrongly solved question with a correctly solved example,
which facilitates deeper conceptual learning. The approach of analyzing one's own or a peer's mis-
takes (Zrebiec, Uberti, Mastropieri, and Scruggs, 2004) is noted in the literature as a method that
aids learning. In faded worked examples, creating multiple questions for the fading process in
multi-step problems is often necessary, which, as participants have indicated, can become tedious.
Instead of solving numerous questions within the same skill, comparing correct-incorrect worked
examples may be more beneficial for understanding the topic. Explanatory Faded Worked Exam-
ples (EFWE) and Correct—Incorrect Worked Examples (CIWE) reflect scaffolding principles.
EFWE parallels scaffolding through the gradual fading of support, while CIWE mirrors scaffold-
ing by drawing attention to misconceptions. Similarly, research on IT-assisted scaffolding in ab-
stract algebra showed that structured guidance helped students recognize and correct errors, im-
proving their reasoning (Warli, Rahayu, & Cintamulya, 2025).
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Theoretical and Practical Implications

These findings add to the growing body of literature on worked-example methods in education.
While Tepgec (2017) and Sweller (1999) highlight the advantages of fading guidance for proce-
dural learning, the current study suggests that this approach is not universally applicable across all
mathematical topics. The EFWE method, while effective for certain concepts, may not offer
enough structured support for more abstract topics like exponents and the order of operations.
Conversely, the success of the CIWE method in addressing misconceptions aligns with earlier
research advocating for the use of both correct and incorrect worked examples to enhance learning
(Rittle-Johnson, 2006; Siegler & Chen, 2008). This method’s effectiveness in improving proce-
dural skills, particularly in the context of divisibility and exponents, suggests that incorporating
error analysis into instructional practices can significantly benefit students.

Limitations and Future Directions

One limitation of this study is the relatively small sample size, which may have affected the sta-
tistical significance of some findings. Although the observed improvements in exponents and the
order of operations are promising, larger studies are necessary to confirm these results (Kilig,
2014). Additionally, the short duration of the intervention may have limited students' engagement
with complex topics, suggesting that future studies should extend the study period and provide
more focused instruction on challenging concepts.

Another limitation is the absence of control groups, which would have allowed for a more rigorous
comparison between the two methods. Future research should incorporate control groups and more
objective measures, such as cognitive load assessments and long-term retention tests, to better
understand the impact of these instructional methods.

CONCLUSIONS

Overall, this study demonstrates the differential effectiveness of EFWE and CIWE methods in
teaching various mathematical topics. Educators should carefully consider which method best
aligns with the specific concepts they are teaching. For higher-order thinking skills, such as expo-
nents and the order of operations, extending the guidance provided by the EFWE method may be
necessary. On the other hand, the CIWE method is particularly effective for addressing miscon-
ceptions in areas like divisibility and the distributive property. Future research should explore a
hybrid approach, combining the scaffolding of EFWE with the error analysis of CIWE, to create a
more comprehensive instructional framework for mathematics education.
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APPENDIX
Appendix I

The Mathematics Achievement Test
1) Find the result of the operation 101+23+15.
2) Find the result of 25 +5 x 15— 5.
3) Find the result of operation 10% + (4+3 X 7)-1.
4) Ms. ilknur wants to make bead necklaces for her 2 friends as gifts. Each necklace requires 6
blue beads and 3 red beads. Write a mathematical expression that gives the total number of
beads Ms. ilknur needs to buy.
5) The prices of some products sold in a stationery store are given below:

Product Price (TL)
Eraser 3

Pencil 4
Notebook 8

Book 24

A person buys 3 erasers, 3 pencils, 5 notebooks, and 5 books. Write a mathematical
expression that gives the total cost of these items.

6) Mr. Arda will deposit 3* TL, Ms. Asl1 will deposit 6° TL, and Mr. Cagr1 will deposit 5* TL
into the bank. Determine who will deposit the most money into the bank.

7) For the number 35b2 to be divisible by 9 without a remainder, find the digit that should
replace 'b'. (10 points)

8) Which of the following numbers is divisible by 2, 3, and 5 without a remainder?

4742, 6501, 7450, 8340

9) The four-digit number 843? is divisible by both 2 and 3 without a remainder. Accordingly,
find the sum of the possible digits that can replace '?".

10) For the number 235a to be divisible by 6 without a remainder, find the possible digits that
can replace 'a'.

Appendix II
Explanatory Faded Worked Examples (Example of order of operations)
Dear Students,

Below are questions related to the order of operations. The solution of the first example is provided
step-by-step, completely and correctly, with explanations in parentheses. In the other questions,
some steps are left blank. By examining the fully solved example, complete the missing steps.
Finally, solve the “Your Turn” question by showing all the steps.

Example 1: Find the result of the expression 6x4+(8%+4) -20.
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Step 1: 6 x 4 + (64 +~ 4) - 20 (According to the order of operations, the value of the exponential
expression is calculated first, so the value of 82 is calculated.)

Step 2: 6 x 4 + 16 - 20 (The operation inside the brackets will be performed according to the
order of operations. Therefore, division is carried out. The number 64 is divided by 4, and its
value is calculated.)

Step 3: 24 + 16 - 20 (Multiplication is performed according to the order of operations. Therefore,
the value is calculated by multiplying 6 by 4.)

Step 4: 40-20 (Addition and subtraction are performed last according to the order of operations.
Therefore, the addition and subtraction operations are carried out from left to right, respectively.)

Step 5: 20 (The result is obtained after performing the operations while adhering to the order of
operations.)

Example 2: Find the result of the expression: 50 = (5 +2 x 10) - 2

Step 1: 50 = (5 + 20) — 2 (According to the order of operations, multiplication in the brackets is
performed first. Therefore, the value is calculated by multiplying 2 by 10)

Step 2: 50 + 25 — 2 (The addition inside the brackets is performed next. Therefore, the value is
calculated by adding 5 and 20)

Step 3: 2- 2 (Division is performed according to the order of operations. Therefore, the value is
calculated by dividing 50 by 25.)

Step 4: You will solve this step.
Example 3: Find the result of the expression: (25 + 55) + 5 + 32

Step 1: (25 + 55) = 5 + 9 (According to the order of operations, the exponent is calculated first.
Therefore, the value of 32 is calculated.)

Step 2: 80 = 5 + 9 (The addition inside the brackets is performed next. Therefore, the value is
calculated by adding 25 and 55.)

Step 3: You will solve this step
Step 4: You will solve this step.

Appendix 111
Correct—Incorrect Worked Examples (Order of Operations)

Below are questions related to order of operations. First, carefully examine the example question
and its step-by-step solution. Then, read the two solutions (one correct, one incorrect) provided by
your sixth-grade classmates for the same question, determine which one is correct, explain the
error and reason for the incorrect solution, and answer the related guiding questions. Finally,
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answer the related guiding questions and, following the same principles, solve the “Your Turn”
question by showing all the steps.

Example: Find the result of the expression 7 % 2 - (4*> + 2) +8.

Solution: 7x 2 - (16:2) + 8 (According to the order of operations, exponential expressions are
calculated first. Therefore, by finding the value of 42, the result is 16, which is then substituted
in.)

=7 x 2 -8 + 8 (According to the order of operations, the division inside the parentheses is
performed first. Therefore, 16 is divided by 2, and the result is written in its place.)

=14 - 8 + 8 (Multiplication is performed according to the order of operations. Therefore, 7 is
multiplied by 2, and the result is written in its place.)

= 14 (The final addition and subtraction operations are performed in sequence according to the
order of operations. Therefore, 8 is subtracted from 14, and the result is added to 8. The final
result is then written.)

Example 1: Find the result of the expression 6 x 4+ 8 + 4 -20.
Arda's solution: 6 x4 + (82 +4)-20=6 x4 +(64+4)-20

=6x4+16-20
=24 +16-20
=20

Arda explained the solution to the problem as follows:

According to the order of operations, the exponential expression is evaluated first. Therefore, |
found the value of 8% as 64 and substituted it. In the next step, the operations inside the brackets
are performed according to the order of operations. So, I divided 64 by 4 and got 16. Next,
multiplication is performed according to the order of operations. I multiplied 6 by 4, found 24, and
wrote it down. Finally, addition and subtraction are performed according to the order of operations.
I added 24 and 16 to get 40, then subtracted 20 from 40, arriving at 20.

Derin's solution: 6 x 4+ (82 +4) -20 = 24+ (64 ~ 4) -20

=88 + 4-20
=22-20
=2
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Derin explained the solution to the problem as follows:

According to the order of operations, the exponential expression is evaluated first. So, I found the
value of 8 as 64 and substituted it. Next, multiplication is performed based on the order of
operations. Therefore, I multiplied 6 by 4 and got 24. Then, [ added 24 to 64 according to the order
of operations, and got 88. Division is carried out next according to the order of operations. Thus,
I divided 88 by 4 and found 22. Finally, addition and subtraction are performed according to the
order of operations. I subtracted 20 from 22 and got 2.

Which of the solutions is correct? Why? Explain.
Which of the solutions is incorrect? Why? Explain.

Why is the method used by the student who solved it incorrectly not valid? Explain.
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