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Abstract

Recent studies have shown that worked-out examples are considered as an alternative
approach for students who don’t have prior knowledge of a task or initial acquisition
in domains like mathematics. Worked-out examples involve the presentation of a
problem and its solution. The primary purpose of this study was to investigate the
relative effects of four different types of worked-out examples (worked-out examples,
worked-out examples with self-explanation prompts, fading worked-out examples
without self-explanation prompts and fading worked-out examples with
self-explanation prompts) on novice students’ math performance on fraction prob-
lems. The study group consisted of 67 students that were selected among 215 sixth
grade students from a public school. According to the results of this study, the use of
self-explanation prompts in combination with backward fading worked-out examples
fosters learning in both transfer and follow-up studies. Backward fading worked-out
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examples using self-explanation prompts can be easily implemented and is compati-
ble with ordinary framework conditions in schools with very simple means such as
worksheets or homework.

Keywords: Worked-out examples; Self-explanation prompts; Fading steps; Mathe-
matics; Cognitive load.

Aciklayic Ipuculu ve Siliklestirilerek
Basamaklandirilmis Coziimlii Orneklerin Ogrencilerin

Kesir Problemleri Performansina EtKisi

Oz

Son yillarda yapilan aragtirmalar ¢6ziimlii 6rneklerin herhangi bir ko-
nuda veya matematik gibi alanlarda 6n bilgileri yeterli olmayan 6g-
renciler i¢in alternatif bir yaklagim oldugunu gostermektedir. Coziimli
ornekler soruyu ve ¢oziimiinii igerir. Bu aragtirmanin amaci dort farkli
¢Oziimlii 6rnek tiiriinlin (¢6ziimli 6rnekler, aciklayici ipuculu ¢éziimlii
ornekler, siliklestirilerek basamaklandirilmig ¢6ziimlii 6rnekler ve si-
liklestirilerek basamaklandirilmig ve agiklayict ipuculu ¢ézimli or-
nekler) basarisi diisiik olan 6grencilerin kesir problemleri performan-
sina etkisini incelemektir. Calisma grubu bir devlet okulunda okuyan
215 altier siif 6grencisi arasindan segilmis 67 dgrenciden olugmak-
tadir. Bu arastirmanin sonuglarina gore siliklestirilerek basamaklandi-
rilmis ve agiklayici ipuculu ¢oziimlii 6rneklerin hem transfer hem de
izleme testinde diger ¢6ziimlii 6rnek tiirlerine gére basariy1 daha fazla
gelistirdigi sonucuna ulagilmistir. Siliklestirilerek basamaklandirilmig
ve agiklayict ipuculu ¢o6zliimlii 6rnekler siradan okul ortamlarinda
odevler veya sinif caligmalari yoluyla kolaylikla uygulanabilir.
Anahtar Kelimeler: Coziimli 6rnekler; Agiklayici ipuglari; Siliklesti-
rilerek basamaklandirma; Matematik; Bilissel yiik.

Introduction
Although fractions have been known since ancient times, they still pose
major problems when learning mathematics. The processing of fractions play
a key role in not only mathematics but also everyday life (Gabriel, Coché,
Szucs, Carette and Rey, 2013). Fractions were defined as students’ first se-
rious confrontation with abstraction and understanding fractions is the most
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critical step in understanding rational numbers (Wu, 2009). Understanding
fractions, within the context of word problems and algebraic understanding
often affects student success in mathematics critically (Olson and Olson,
2013). Understanding difficulties in learning fractions seems absolutely cru-
cial as they can lead to mathematics anxiety, and affect opportunities for
further engagement in mathematics and science (Gabriel, Coché, Szucs,
Carette and Rey, 2013). Despite the fact that many studies have been done to
determine students' mistakes/misconceptions about fractions problems, it
seems that there needs to be more studies to eliminate those issues.

Although self-directed problem solving is very popular in new curric-
ulums (e.g. National Council of Teachers of Mathematics [NCTM], 2000;
Turkish Ministry of National Education [MNE], 2013), recent research stud-
ies have shown that worked-out examples are considered as an alternative
approach for students who don’t have prior knowledge of a task (Bokosmaty,
Sweller and Kalyuga, 2015; Van Loon-Hillen, Van Gog and Brand-Gruwel,
2012) or initial acquisition in domains like mathematics (Renkl, 1999), and
they have received considerable attention for the last twenty years (e.g. Bo-
kosmaty, Sweller and Kalyuga, 2015; Renkl, Atkinson, Maier and Staley,
2002). In literature, it is emphasized that worked-out questions have the po-
tential to eliminate students’ difficulties in learning important subjects of
mathematics like fraction problems. Worked-out examples involve the
presentation of a problem and its solution (Atkinson, Renkl and Merrill, 2003;
Renkl, Atkinson, Maier and Staley, 2002). The solution is usually presented
step by step (Atkinson, Derry, Renkl and Wortham, 2000) and accompanied
with additional explanations that help the learner comprehend the structure of
the problem (Schunk, 2011).

The importance of worked-out examples can be explained by their
association with cognitive load theory (CLT) (e.g. Bokosmaty, Sweller and
Kalyuga, 2015; Reisslein, Reislein and Seeling, 2006; Renkl and Atkinson,
2003; Van Loon-Hillen, Van Gog and Brand-Gruwel, 2012) developed by
John Sweller (1988) in the late 1980s. CLT is defined as “the amount of effort
needed by the human cognitive system to process information” by Sweller
(1988). Moreover, it refers to the total amount of mental effort used in the
working memory. As Miller (1956) indicated, working memory is limited in
capacity. While acquiring new information about complex knowledge do-
mains like mathematics, working memory can be overloaded (Kalyuga,
2009). CLT assumes that the available knowledge structures in long term



42 Dr. Ogr. Uyesi Zeynep Cigdem OZCAN

memory (i.e. prior knowledge) are essential for preventing working memory
overload (Van Merriénboer and Sweller 2005). Most people can store 742
bits of information in their working memory (Miller, 1956). The amount of
bits of information depend on students’ prior knowledge or available
knowledge structures in long-term memory. The size of bits is likely to in-
crease as students’ prior knowledge increases. As a result, cognitive load is
high when a subject matter makes high demands on working memory (Lep-
pink, Broers, Imbos, Van der Vleuten and Berger, 2012).

Cognitive load has three components; intrinsic load, extraneous load,
and germane load (Sweller, Van Merriénboer and Paas, 1998). Intrinsic load
depends on both the complexity of a task and students’ prior knowledge about
it. This type of load is independent from teaching method and can be reduced
by selecting learning tasks that match students’ prior knowledge (Kalyuga,
2009; Sweller, Van Merriénboer and Paas, 1998). Extraneous load is caused
by instructional method that does not contribute to learning (Sweller, Van
Merriénboer and Paas, 1998). Germane load is associated with processes that
are directly relevant to learning such as scheme construction (Van Mer-
riénboer and Ayres, 2005). Germane load is then assumed to represent the
working memory resources that are required to deal with intrinsic load, caused
by the complexity of the learning materials (Paas, Van Gog and Sweller,
2010). When cognitive load is caused by activities or information that do not
directly have an impact on learning, this is called extraneous load; on the other
hand, germane load contributes to learning by information process (Kirschner,
Kester and Corbalan, 2011). Thus, it is especially important to explore ways
of fostering germane load from an instructional perspective. An effective
teaching technique to accomplish this is to use worked-out examples in in-
structions (e.g. Atkinson, Derry, Renkl and Wortham, 2000; Bokosmaty,
Sweller and Kalyuga, 2015; Kalyuga, Ayres, Chandler and Sweller, 2003).

Worked-out examples are believed to facilitate schema construction of
learners (Chandle and Sweller, 1991). If the learner becomes familiar with the
material, the cognitive characteristics associated with the material change and
the learner starts to use working memory more efficiently. This is known as
“worked-out example effect” (Sweller, 1988). Especially for novices who
have insufficient or partly incorrect prior knowledge, worked-out examples
are generally more effective for learning and transfer, and higher learning is
obtained with less investment of time or mental report (Atkinson, Derry,
Renkl and Wortham, 2000; Van Gog and Rummel, 2010). Novice students
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learn more from studying worked-out examples (i.e., problems with a
worked-out solution) than from solving problems or imagining the solution
steps themselves (e.g. Kalyuga, Ayres, Chandler and Sweller, 2003).

A large number of studies have demonstrated the benefits of
worked-out examples especially in domains such as mathematical problem
solving (e.g. Renkl, Atkinson, Maier and Staley, 2002), mathematics (e.g.
Renkl, Stark, Gruber and Mandl, 1998), geometry (e.g. Bokosmaty, Sweller
and Kalyuga, 2015), statistics (e.g. Bude, Van de Wiel, Imbos and Berger,
2012), chemistry (e.g. Gerjets, Scheiter and Catrambone, 2006; Ngu and
Yeung, 2013) and physics (e.g. Van Gog, Paas and Van Merriénboer, 2006).
In these studies, worked-out examples were implemented in computer based
environments (e.g. Hilbert, Renkl, Schworm, Kessler and Reiss, 2008; At-
kinson, Renkl and Merrill, 2003) or through written or oral instructions (e.g.
Van Loon-Hillen, Van Gog and Brand-Gruwel, 2012). Worked-out examples
not only increase the performance of students but also reduce the time to
complete the subject. Zhu and Simon (1987) indicated in their study that it
took three years for students who were given traditional instruction to com-
plete a math course in algebra and geometry, while students who were pre-
sented worked-out examples during instruction completed the same math
course within two years in a Chinese middle school, with higher average
scores on standardized math tests at the end of the experiment.

Although research studies indicate the advantages of worked-out ex-
amples, not all worked-out examples are beneficial for all students all the time
(Bokosmaty, Sweller and Kalyuga, 2015; Renkl, Atkinson, Maier and Staley,
2002). For example, no significant learning effect was found in some studies
(Darabi, Nelson and Palanki, 2007; Tarmizi and Sweller, 1988) especially on
far mathematical problem solving transfer (Moreno, 2006). As mentioned
above, a worked-out example presents learners a problem with solution steps,
but what the learner needs is to mentally integrate those sources of infor-
mation. Therefore, there is a need for special types of worked-out examples.

Several strategies have been proposed to overcome the claimed limita-
tions of standard worked-out examples. Gradual fading of worked-out steps
(Renkl and Atkinson, 2003; Renkl, Atkinson, Maier and Staley, 2002) is one
of these strategies. With this type of worked-out examples, a complete
worked-out example is presented to the learner at first. Next, the last step in
the solution is not given and expected to be solved by the learner. Then, the
last two solution steps are not done and expected to be done by the learner.
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This process of reducing the worked solution steps continues until all the
worked solution steps are faded away. Finally, the learner has to solve the
entire problem independently. This kind of fading is called backward fading.
In contrast, in a forward fading design, the worked solution steps are faded
beginning with the first solution step. Studies show that backward fading
generally results in higher learning performance at the domain of mathematics
(Atkinson, Renkl and Merrill, 2003; Fleischmann and Jones, 2002; Renkl,
Atkinson, Maier and Staley, 2002).

Another strategy to overcome the limitations of standard worked-out
examples is the use of self-explanation prompts (Renkl and Atkinson, 2003).
Self-explanation means that the learner is explaining a learning material to
herself/himself in order to understand it (Chi, Bassok, Lewis, Reimann and
Glaser, 1989). Studies show that students who are encouraged to use
self-explanation strategy while learning perform better at problem-solving
tasks (Chi, DeLeeuw, Chiu and LaVancher, 1994). Since some students,
especially novices are not self-explainers (Renkl, 1997, 1999), it has been
suggested to use self-explanation prompts that are intended to reveal the
activity of self-explanation as external cues. (Berthold, Eysink and Renkl,
2009). Prompts are generally embedded in the learning material and self
explanation prompts are used in studies related to worked-out examples
(Berthold, Eysink and Renkl, 2009).

Although there are few studies comparing self-explanation prompts
with fading, these studies either are conducted with university students
(Renkl, Atkinson, Maier and Staley, 2002; Atkinson, Renkl and Merrill, 2003)
or use a computer based learning environment (Atkinson, Renkl and Merrill,
2003) which is almost impossible in Turkey’s conditions because of the lim-
ited number of computers, slow Internet connections, insufficient software in
the native language, and a lack of peripheral equipment at schools (Akba-
ba-Altun, 2006). In addition, although there are a lot of studies that emphasize
the worked-out examples’ important effects on novice students (Van
Loon-Hillen, Van Gog and Brand-Gruwel, 2012; Renkl, 2002), few studies
use novice samples (Van Gog, Kester and Paas, 2011). It can be concluded
that there is a need for research studies related to the effectiveness of
worked-out examples on novice students. Moreover, most studies either use
volunteer students (e.g. Renkl, Stark, Gruber and Mandl, 1998) or choose a
sample with quasi-experimental methods (e.g. Van Loon-Hillen, Van Gog
and Brand-Gruwel, 2012) instead of using novice students as sample. Thus,
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primary purpose of this study was to investigate the relative effects of four
different types of worked-out examples (worked-out example, worked-out
examples with self-prompts, fading worked-out examples without
self-prompts and fading worked-out examples with self-prompts) on novice
students’ math performance on fraction problems, which is one of the most
important topics in middle school education.

The research questions of this study were;

1. What are the relative effects of four different types of worked-out
examples on students’ fraction problems performance on learning
process, transfer and follow-up scores?

2. Does using self-prompts produce more favorable learning outcomes
than not using self-prompts on students learning process, transfer
and follow-up scores?

3. Does using backward fading produce more favorable learning out-
comes than not using backward fading on students learning process,
transfer and follow-up scores?

Method

Participants and Design

The participants were selected among 215 sixth grade students from a
public school in Turkey. Novice students were selected via a pretest of frac-
tions. 67 students who couldn’t solve fraction problems (those students get the
score under 40 out of 100) but were successful in doing the four operations
(those students get the score above 60 out of 100) related with fractions were
selected as the study group and they were divided into 4 groups randomly.
These four groups were assigned as experimental group 1 -worked-out ex-
ample (n=19), experimental group 2 -worked-out examples with self- prompts
(n=15), experimental group 3-fading worked-out examples without self-
prompts (n=18) and experimental group 4-fading worked-out examples with
self- prompts (n =15).

Instruments

Pretest

The pretest consisted of two parts. In the first part, 10 questions related
to four operations of fractions were asked. The objectives of this part were
being able to do addition, subtraction, multiplication and division with frac-
tions, finding whole of a given fraction and finding part of a fraction. In the
second part of pretest, 10 questions were asked related to fraction problems.
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The objective of this part was being able to solve word problems related
fraction operations. Partial credits were given for all questions of two parts. 0
point was given if the answer was totally wrong or there was no answer at all;
3 point was given to an incomplete and/or incorrect solution providing evi-
dence in attempt to solve the problem; 6 point was given for incorrect solution
by selecting appropriate strategies; selecting appropriate procedures/strategies
to solve the problem, but the solution was not entirely correct; 10 was given
for totally correct solution, so the maximum score to be achieved for each part
was 100. Pretest results of students were scored independently by the re-
searcher and two mathematics teachers independently. The scores were
compared and 95 % agreement was reached.

Learning Performance While Examining Worked-out Ex-
amples

There were five parts representing five different types of fraction
problems in the worked-out examples worksheet. After examining each part,
one question is presented to the student to answer. Examples of these five
types of fraction problems that were under each part are given below. Stu-
dents’ performance while examining the worked-out examples was measured
by these five questions. Each question was worth 10 points; thus, the maxi-
mum score that could be achieved was 50. Learning performance scores of
students were scored independently by the researcher and four mathematics
teachers independently. The scores were compared and 99 % agreement was
reached.

What is 3/11 of 4/5 of 5/3 of 55?
If 2/5 of %1/3 of 9/8 of a number is 66, what is this number?

A person walked 3/7 of a road that is 540 meters long. How many meters does
she have left to walk?

I have 600 Turkish liras. I spent 1/5 of it for DVD and 2/3 of it for a book. How
much money do | have left?

A person spends 2/3 of her money on a notebook and 1/4 of it on a pencil. She

has 6 Turkish liras left. How much money did she have at the beginning?

Transfer Test

After the intervention, the transfer test consisting of two problems was
conducted. These types of problems were not solved before. Each question
was worth 10 points, so the maximum score that could be achieved was 20.
Transfer test results of students were scored independently by the researcher
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and two mathematics teacher independently. The scores were compared and
95% agreement was reached. These questions were not similar to the ques-
tions that were included in the worked out examples. These two problems are
given below:

“An athlete firstly ran 3/5 of the track that he had to run, then he ran 5/6 of the
remaining distance. If he had 30 meters left to run, what is the total length of
the running track?

A tailor used 4/7 of 21/16 of 660 meters fabric. Then, he used 1/5 of the re-

mainder to sew a shirt. How many meters of fabric is left?”

Follow-up Test

One week later, the follow-up test consisting of four problems similar
to the questions students worked on during the intervention was conducted.
Each question was worth 10 points, so the maximum score that a student can
get was 40. The follow-up test results of students were scored independently
by the researcher and two mathematics teacher independently. The scores
were compared and 95% agreement was reached.

The problems in the follow-up test are given below.

What is 3/11 of 4/5 of 5/3 of 55?
If 2/5 of 1/3 of 9/8 of a number is 33, what is this number?

I walked 1/5 of a road that is 3000 meters long. How many meters do | have
left to walk?

An athlete first ran 3/5 of a track, and then, he ran 1/10 of the track. He has 45

meters left to run. What is the total length of the running track?
Procedure

The topic of this experiment was fraction problems that had been pre-
viously studied by the students. The pretest consisting of two parts (four
operations related to fractions and fraction problems) was administered one
week before the treatment. According to the results of the pretest, students
who performed well in the first part but didn’t perform well in the second part
were selected as the study group. A week after the selection of the study
group, the instruction was carried out by the researcher in a classroom, using a
worksheet consisting of worked-out examples. Except for the transfer ques-
tions, the problems used in pretest and worked-out examples were selected
from their books and approved by six teachers who were working at this
public school. The transfer questions were prepared by the researcher with the
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help of these teachers. All of the teachers indicated that students did not en-
counter these types of questions in their classroom.

The worksheet to teach students fraction problems included worked-out
examples consisting of five parts representing five different types of fraction
problems and two transfer questions. Completion of this worksheet required
80 minutes; which is the duration of two lessons with 10 minutes break in
between. Other than the type of worked-out examples, conditions and prob-
lems used were the same for all treatment groups. For each treatment group, a
series of printed worked-out examples were used which are: (a) worked-out
examples (b) worked-out examples with self-explanation prompts; (c) fading
worked-out examples (d) fading worked-out examples with self-explanation
prompts.

In the worked-out example group, the solutions of 2 or 3 questions
(depending on numbers of steps) were given in stepwise manner for each part
and one similar problem was expected to be solved by students in each part. A
sample problem from worked-out examples and its solution are given below.

A Worked-out Example
2/5 of a field is planted with wheat and 3/15 of it is planted with bean. If the
area left unplanted is 120 square meters, what is the total area of the field?

First step: 2/5+3/15=9/15=3/5 (The planted field as a fraction)
Second step: 5/5-3/5=2/5 (The rest of the field as a fraction)
Third step: 120:2=60 60x5=300 square meters (The total of the field)

Two more questions that were similar to this question and their answers
were given to the students and one similar problem was expected to be solved
by the students.

In the worked-out examples with self-explanation prompts group, the
solutions of the problems with self-explanation prompts were given in step-
wise manner in each part and again for each type of questions, one similar
problem were expected to be solved by the students. A sample question and its
solution are given below.

A Worked-out Example with Self-explanation Prompts
2/5 of a field is planted with wheat and 3/15 of it is planted with bean. If the
area left unplanted is 120 square meters, what is the total area of the field?
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Let’s find the planted area as a fraction>

So we will add 2/5 and 3/15.

2/5+3/15=9/15=If we simplify it, it we will find 3/5. (We found the total area
of the planted field as a fraction.)

First step:

Second step:

Let’s find the area of the field that is not planted.

To find the area of the field that is not planted, we will subtract the planted part
from the total. Remember the total is 1. In this question you can take it as 5/5.

5/5-3/5=2/5 (We found the rest of the field as a fraction.)

2/5 of a number is 120, let’s find t@

To find the number whose fraction is given, divide it by the numerator and
multiply it by the denominator.

Third step:

120:2=60 60x5=300 square meters (We found the total area of the field.)

Two more questions that were similar to this one and their answers with
self-explanation prompts were given to the students and students were ex-
pected to solve one similar problem.

In fading worked-out examples group, the researcher presented the
solutions of the problems in the following order: (a) a complete example, (b)
an example with the last solution step left out, (c) an example with the last two
steps omitted, and (d) a problem in which all three steps were missing
(backward fading). In contrast, in the worked-out example and worked-out
example with self-prompt groups, complete examples and answers were
presented twice and it was followed by a corresponding problem. In fading
worked-out examples with self-prompts group, the solutions of the problems
were given the same as fading worked-out examples group. However, this
time self-prompts were given at each stage.
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Fading Worked-out Examples

Example 1. 2/5 of a field is planted with wheat and 3/15 of it is planted with
bean. If the area left unplanted is 120 square meters, what is the total area of
the field?

First step: 2/5+3/15=9/15=3/5 (The planted field as a fraction)
Second step: 5/5-3/5=2/5 (The rest of the field as a fraction)
Third step: 120:2=60 60x5=300 square meters (The total of the field)

Example 2. An athlete first ran 3/5 of a track, then he ran 1/10 of the track. He
has 45 meters left to run. What is the total length of the running track?

First step: 3/5+1/10=7/10 (The run way as a fraction)

Second step: 10/10-7/10=3/10 (The rest of the way as a fraction)
Third step: The third step is expected from the students

Example 3. Bilge spends first 3/4, then 1/8 of her money. If 20 Turkish liras is
left, how much money did she have at the beginning?

First step: 3/4+1/8=7/8 (Total spent money as a fraction)

Second step: The second step is expected from the students.
Third step: The third step is expected from the students.

Data Analysis

First of all, data were prepared for analysis, and then, mean, standard
deviation, skewness and kurtosis values calculated as descriptive statistics.
Kruskal Wallis H test (when the distribution was not normal) and ANCOVA
test (when the distribution is normal) were used to find the differences among
the groups in terms of mathematics performance. Significance level was
defined as at least .05.

Results
According to pre-assessment of fraction tests, both four operations part
and fraction problem part scores showed that the four groups were not sig-
nificantly different prior to the intervention. There were no significant dif-
ferences between their mean scores of four operations part (F(3.63)=0.75,
p>0.05) and fraction problems part (F(3.63)=0.41, p>0.05).

After the treatment, in order to answer the first research question “What
are the relative effects of four different types of worked-out examples on
students’ learning process, transfer and follow-up scores?”, learner perfor-
mance across the four conditions was examined on each of the following
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dependent variables: (a) learning performance while examining worked-out
examples (b) transfer test (c) follow-up test. Table 1 presents the means and
standard deviations for each group on dependent measures.

Table 1. Means and Standard Deviations for Each Group on Dependent
Measures

Learning Transfer Follow-

process up
M 36.32 5.42 19.13
Experimental Group 1
W(?rked—Out Examgles N=19 SD. 11.18 3.94 11.62
Adj. M 5.47 18.55
Experimental Group 2 M 39.87 7.67 23.84
Worked-Out Examples With SD 5.62 3.94 7.52
Fading N=15 Adj. M 7.6 24.2
Experimental Group 3 M 39.61 9.39 24.39
Worked-Out Examples With SD 8.29 4,99 9.13
Self-Explanation Prompts N=18 Adj. M 9.55 24.85
Experimental Group 4 M 44.83 9.83 29.75
Fading Worked-Out Examples With ~ SD 4.69 3.76 8.04
Self-Explanation Prompts N=15 Adj. M 9.6 29.23

As it is seen in Table 1, the performance of the groups on fraction
problems was measured during the learning process, after the intervention
(transfer) and one week after the intervention (follow-up). In all cases, the
performance of experimental group four (fading worked-out examples with
self-explanation prompts) was higher than the other experimental groups.
Moreover, experimental group one (worked-out examples) had a lower score
than the other experimental groups. In the following, all cases were examined
step by step to analyze the significant differences among the groups.

Analysis of Learning Process Measure

Since the data were not normally distributed, in order to analyze the
differences in fraction problem performance among the groups while exam-
ining worked-out examples, the Kruskal Wallis H test was conducted.

Kruskal-Wallis H test showed that there was no significant difference
in performance scores among the different worked-out example groups
(x?=6.89, p>0.05).
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Table 2. The Results of Kruskal Wallis Test of Learning Performance Ac-
cording to Worked-out Groups

Mean )

Groups A I LI ¢ p
E.G. 1 Worked-Out Examples 19 27.05
E. G. 2 Worked-Out Examples With Fading 15 30.33
E. G. 3 Worked-Out Examples With 3 6.89 0.08

: 18 32.06
Self-Explanation Prompts
E.G. 4 Fading Worked-Out Examples With 12 4450

Self-Explanation Prompts

Analysis of Transfer Measure
With respect to treatment effects on transfer performance, ANCOVA
test was used to analyze the pretests of fractions.

Apart from the large main effect of the pretests, the intervention had a
significant main effect on transfer performance (F(3.61)=3.74, p=0.01,
n?=0.12). The transfer scores of the students in experimental group 4, who
were given fading worked-out examples with self-prompts, and the students in
the experimental group 3, who were given worked-out examples with
self-explanation prompts, were higher than the scores of students in the first
group, which were given worked-out examples. Partial eta-squared values,
independent of the pretest scores from different groups, explain 12% of the
variance in the transfer scores.

Table 3. ANCOVA with Dependent Variable Transfer Test Scores, Fixed
Factor Pretest Scores
Type 111

Source Sum of df Mean F Partial Eta
Square Squared

Squares

Model 261.29 5 52.26 2.98" 21

Problem 47.28 1 47.28 2.69 .04

Grup 196.48 3 65.49 3.74" 12

Error 1016.95 58 17.53

Total 5263.00 64

Total 1278.23 63

* p<0.05
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Analysis of Follow-up Measure

With respect to the treatment effects on follow-up performance, AN-
COVA test was used to check the pretests of fractions. Apart from the large
main effect of the pretests, the intervention had a significant main effect on the
follow-up performance (F(61=3.26, p=0.03, n=0.14). The follow-up scores
of the students in experimental group 4, who were given fading worked-out
examples with self-prompts, were higher than the scores of the students in the
first group, which were given worked-out examples. Partial eta-squared val-
ues, independent of pretest scores from different groups, explain 14% of the
variance in the transfer scores.

Table 4. ANCOVA with Dependent Variable Follow-up Test Scores, Fixed
Factor Pretest Scores

Type 11l Sum df Mean F Partial Eta
of Squares Square Squared

Model 1188.23% 5 237.65 2.99* 21
Problem 111.99 1 111.99 141 .02
Grup 775.59 3 258.53 3.26* 14
Error 4603.77 58 79.38
Total 42656.00 64
Corrected 5792.00 63
Total
*p<0.05

After answering the first research question, the second research ques-
tion “Does using self-prompts produce more favorable learning outcomes
than not using self-prompts on students learning process, transfer and fol-
low-up scores?” was analyzed. Third and fourth groups were combined and
called as worked-out group that has self-prompts and first and second groups
were combined and called as worked-out group that doesn’t have
self-prompts. To check learning process performance, Mann Whitney U test
was conducted. It was found that there was no significant difference between
these two groups (U=374, p>0.05) on learning process measure. For transfer
performance, in order to compare the worked-out example groups that have
self-prompts with groups that do not have self-prompts, ANCOVA test was
conducted. It was found that the performances of students who had
worked-out examples with self-prompts were significantly higher than the
other students (F(1,61)=9.16, p=0.004, n?=0.13). Again ANCOVA test was
used for the follow-up test to compare these two groups and it was found that
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the performance of students who had worked-out examples with self-prompts
were significantly higher than the other students on the follow-up guestions
(Fs1=4.33, p=0.04, n?=0.07).

Lastly, the third research question “Does using backward fading pro-
duce more favorable learning outcomes than not using backward fading on
students learning process, transfer and follow-up scores?” was analyzed.
Second and fourth groups were combined and called as worked-out group that
has fading steps and first and third groups were combined and called as
worked-out group that does not have fading steps. For learning process per-
formance, Mann Whitney U test was conducted. It was found that there was
no significant difference between these two groups (U=471, p>0.05) on
learning process measure. ANCOVA test was conducted to compare these
two groups according to transfer measure and it was concluded that there was
no significant difference between students from groups that had worked-out
examples with fading and students from groups without fading
((F(1.60)=2.09, p=0.15, n?=0.03). Likewise, according to the follow up test,
there was no significant difference between these two groups ((F,60=3.13,
p=0.08, n2=0.04).

Discussion

The primary purpose of this study was to determine the relative effects
of four different types of worked-out examples (worked-out examples,
worked-out examples with self-explanation prompts, backward fading
worked-out examples and fading worked-out examples with self-explanation
prompts) on math performance of novice middle school students. Since recent
studies show that worked-out examples are unnecessary for students who
have relevant knowledge (e.g. Bokosmaty, Sweller and Kalyuga, 2015), only
novice students were selected for the current study. These students were
observed in three ways: performance on learning process; performance on
transfer test, and performance on follow up test.

According to learning process measure that consists of questions that
were answered by the students during the intervention, there was no differ-
ence between four groups. Since questions with similar solutions were given
to the students, they were probably able to solve them by looking at the given
solutions. Although there was no difference between these four groups, the
minimum mean score among these groups was 36.32 out of 50. Therefore, it
can be said that all groups are successful in learning process measure. The
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main reason for this result may be not having a control group in the study. A
similar result was observed in Efklides, Kiorpelidou and Kiosseoglou’s
(2006) study that examine the relative effects of four kinds of worked-out
examples (simple solution, textbook solution, sub-goals solutions, exam-
ples-practice solution) with a control group. They observed these five groups
while performing a task. According to their results, worked-out examples
improved the performance in all experimental groups compared to the control
group that received no such intervention. However, the main purpose of
learning is generalization and transfer of knowledge, so it is important to
examine the long term effects and transfer of knowledge rather than the short
term effects.

According to the results of the transfer test, students from both
worked-out examples with self-explanation prompt group and fading
worked-out examples with self-explanation prompt group were more suc-
cessful than students from worked-out examples group. Similar results were
observed in the follow-up test. However, this time only students from fading
worked-out examples with self-explanation prompt group were more suc-
cessful than students from worked-out examples group. Although fading
worked-out examples are not effective alone, its combination with
self-prompt explanation is effective in both short term and long term. This
result is consistent with the findings of Atkinson, Renkl and Merrill (2003).
They conducted two studies to study the effects of self-explanation prompts
and fading worked-out example steps. According to their results, backward
fading with self-explanation prompting has a statistical and practical effect on
probability calculation problems. They stated that this combination appears to
influence the quality of example processing without increasing learning time.

In addition, when groups are reorganized according to whether they had
self-explanation prompt or not, the students from groups who have
self-explanation prompts were more successful in both transfer test and fol-
low-up test. On the other hand, there were no differences between groups who
had backward fading in their worked-out example and groups with no back-
ward fading. This finding is inconsistent with Renkl, Atkinson, Maier and
Staley (2002)’s study that was conducted to test the effectiveness of a fading
(backward and forward) procedure against the traditional method of using
example-problem pairs. They conducted three studies to compare them. Ac-
cording to their results, only backward fading procedure fostered both near
and far transfer performance. As far as it is indicated in the study,
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self-explanation prompts were more effective than both fading worked-out
examples and worked-out examples. The reason behind this may be the fact
that both worked-out examples and fading worked-out examples did not
provide sufficient process information. Moreover, both worked-out examples
with self-prompt explanations with or without fading gave information about
how to solve the problem by self-explanation prompts.

The results of this study point out the importance of self-prompt ex-
planation. The importance of self-explanation was also indicated in literature.
Studies show that while solving problems, especially novice students do not
engage themselves in self-explanation (Renkl, 1999). On the other hand,
self-explanation increases cognitive activity (Bude, Van de Wiel, Imbos and
Berger, 2012). Cognitive activity enhances the construction of knowledge, so
it improves the performance of the learner (Chi, 1996). In addition to that,
self-explanations reduce extraneous cognitive load, so students’ performance
can improve considerably. (Bude, Van de Wiel, Imbos and Berger, 2012;
Renkl, 1997, 1999; Renkl, Stark, Gruber and Mandl, 1998). Furthermore,
according to Crippen and Earl (2007) who used web-based worked-out ex-
amples, the combination of a worked-out example with a self-explanation
prompt improves not only performance but also problem solving skills and
self-efficacy.

The instructional model behind the learning environment that combines
worked-out examples with self-explanations prompts is cognitive appren-
ticeship (Atkinson, Renkl and Merrill, 2003). The concept of a cognitive
apprenticeship-defined as “learning through guided experience on cognitive
and metacognitive, rather than physical, skills and processes” by Collins,
Brown and Newman, (1989, p.427) -has its roots in social learning theories
(Atkinson, Renkl and Merrill, 2003). Especially at the initial phases of
learning, expert demonstration (modeling) and guidance (coaching) are im-
portant educational activities of cognitive apprenticeship. Learners work with
more experienced learners. They first observe them, and then actively par-
ticipate in the activities (Collins, Brown and Newman, 1989, p.814). This
approach is a characteristics of Vygotsky’s (1978) “zone of proximal devel-
opment”, in which problems or tasks that are slightly more challenging than
they can handle on their own are provided to learners (as cited in Atkinson,
Renkl and Merrill, 2003).
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In short, the results of this experiment clearly indicate that the use of
self-explanation prompts in combination with backward fading fosters
learning in both long term and short term. In particular, this combination
appears to assist novice learners in solving problems that are not only similar
to the ones provided during instruction, but also structurally different from the
instructional material. A major advantage is that learning from backward
fading worked-out examples using self-explanation prompt can be easily
implemented and is compatible with ordinary framework conditions in
schools with very simple means such as worksheets or homework. In addition,
since examples drawn from school textbooks do not often include all the
reasons why a certain step in the solution was performed, the solutions of
guestions can be presented this way.

References
Akbaba-Altun, S. (2006). Complexity of integrating computer technologies
into education in Turkey. Journal of Educational Technology & Soci-
ety, 9(1), 176-187.

Atkinson, R. K., Derry, S. J., Renkl, A. and Wortham, D. W. (2000). Learning
from examples: Instructional principles from the worked examples
research. Review of Educational Research, 70, 181-214.
doi: 10.3102/00346543070002181.

Atkinson, R. K., Renkl, A. and Merrill, M. M. (2003). Transitioning from
studying examples to solving problems: Effects of self-explanation
prompts and fading worked-out steps. Journal of Educational Psyc-
hology, 95(4), 774-783.
doi: 10.1037/0022-0663.95.4.774.

Berthold, K., Eysink, T. H. and Renkl, A. (2009). Assisting self-explanation
prompts are more effective than open prompts when learning with
multiple representations. Instructional Science, 37, 345-363.
doi: 10.1007/s11251-008-9051-z.

Bokosmaty, S., Sweller, J. and Kalyuga, S. (2015). Learning geometry prob-
lem solving by studying worked examples: Effects of learner guidance
and expertice. American Educational Research Journal, 52(2),
307-333.
doi: 10.3102/0002831214549450.

Bude, L., Van de Wiel, M. W. J, Imbos, T. and Berger, M. P. F. (2012). The



58 Dr. Ogr. Uyesi Zeynep Cigdem OZCAN

effect of guiding questions on students’ performance and attitude
towards statistics. British Journal of Educational Psychology, 82,
340-359.

d0i:10.1111/j.2044-8279.2011.02031.x.

Chandler, P. and Sweller, J. (1991). Cognitive load theory and the format of
instruction. Cognition and Instruction, 8(4), 293-332.
doi: 10.1207/s1532690xci0804 2.

Chia, R. (1996). The problem of reflexitivity in organizational research:
Towards a postmodern science of organization. Organization, 3(1),
31-59.

Chi, M. T. H., Bassok, M., Lewis, M. W., Reimann, P. and Glaser, R. (1989).
Self-explanations: How students study and use examples in learning to
solve problems. Cognitive Science, 13(2), 145-182.
doi: 10.1207/s15516709c0g1302_1.

Chi, M. T. H., DeLeeuw, N., Chiu, M. H. and LaVancher, C. (1994). Eliciting
self-explanations improves understanding. Cognitive Science, 18,
439-4717.
doi: 10.1207/s15516709c0g1803_3.

Collins, A., Brown, J. S. and Newman, S. E. (1989). Cognitive apprenticeship:
teaching the craft of reading, writing, and mathematics. In L. B. Res-
nick, (Ed.), Knowing, learning, and instruction: Essays in honor of
Robert Glaser (pp. 453-494). Hillsdale, NJ: Lawrence Erlbaum Asso-
ciates.

Crippen, K. J. and Earl, B. L. (2007). The impact of web-based worked
examples and self-explanation on performance, problem solving, and
self-efficacy. Computers & Education, 49(3), 809-821.
doi:10.1016/j.compedu.2005.11.018.

Darabi, A., Nelson, D. W. and Palanki, S. (2007). Acquisition of troublesho-
oting skills in a computer simulation: Worked example vs. conventio-
nal problem solving instructional strategies. Computers in Human
Behavior, 23(4), 1809-1819.
doi: 10.1007/s10648-015-9348-9.

Efklides A., Kiorpelidou, K. and Kiosseoglou, G. (2006). Worked-out
examples in mathematics: Effects on performance and metacognitive



Kalem Egitim ve insan Bilimleri Dergisi 2018, 8(1), 39-62 59

experience. In A. Desoete and M. Veenman, (Eds.), Metacognition in
mathematics education (pp. 11-33). New York: Nova Science Publis-
hers.

Fleischmann, E. S. and Jones, R. M. (2002). Why example fading works: a
qualitative analysis using cascade. In Proceedings, 24th Annual Con-
ference of the Cognitive Science Society (pp. 298-303). Mahwah, New
Jersey: Lawrence Erlbaum Associates.

Gabriel, F., Coché, F., Szucs, D., Carette, V. and Rey, B. (2013). A compo-
nential view of children's difficulties in learning fractions. Frontiers In
Psychology, 4, 1-12.

Gerjets, P., Scheiter, K. and Catrambone, R. (2006). Can learning from molar
and modular worked examples be enhanced by providing instructional
explanations and prompting self-explanations? Learning and Instruc-
tion, 16, 104-121.
doi: 10.1016/j.learninstruc.2006.02.007.

Hilbert, T. S., Renkl, A., Schworm, S., Kessler, S. and Reiss, K. (2008).
Learning to teach with worked-out examples: a computer-based lear-
ning environment for teachers. Journal of Computer Assisted Learning,
24(4), 316-332.
doi: 10.1111/j.1365-2729.2007.00266.x.

Kalyuga, S. (2009). Managing cognitive load in adaptive multimedia lear-
ning. New York: Information Science Reference.

Kalyuga, S. Ayres, P. L., Chandler, P. A. and Sweller, J. (2003). The expertise
reversal effect. Educational Psychologist, 38(1), 23-31.
doi: 10.1207/S15326985EP3801_4.

Kirschner, F., Kester, L. and Corbalan, G. (2011). Cognitive load theory and
multimedia learning, task characteristics and learning engagement: the
current state of the art. Computers in Human Behavior, 27(1), 1-4.
doi: 10.1016/j.chb.2010.05.003.

Leppink, J., Broers, N. J., Imbos, T, van der Vleuten C. P. M. and Berger, M.
P. F. (2012). Self-exlanation in the domain of statistics: an expertice
reversal effect. Higher Education, 63, 771-784.
doi: 10.1007/s10734-011-9476-1.

Miller, G. A. (1956). The magic number seven plus or minus two: Some limits



60 Dr. Ogr. Uyesi Zeynep Cigdem OZCAN

in our capacity to process information. Psychological Review, 63,
81-97.
doi: 10.1037/0033-295X.101.2.343.

Moreno, R. (2006). When worked examples don’t work: Is cognitive load
theory at an Impasse? Learning and Instruction, 16(2), 170-181.
doi: 10.1016/j.learninstruc.2006.02.006.

Ministry of National Education [MNE] (2013). Elementary school mathema-
tics curriculum (grades 5-8). Ankara, Turkey: MNE.

National Council of Teachers of Mathematics [NCTM] (2000). Principles
and standarts for school mathematics. Reston, Va: Author.

Ngu, B. H. and Yeung, A. S. (2013). Algebra word problem solving appro-
aches in a chemistry context: Equation worked examples versus text
editing. Journal of Mathematical Behavior, 32, 197-208.
doi: 10.1016/j.jmathb.2013.02.003.

Olson, T. A. and Olson, M. (2013). The importance of context in presenting
fraction problems to help students formulate models and representati-
ons as solution strategies. NCSM Journal of Mathematics Education
Leadership, 14(2), 38-47.

Paas, F., van Gog, T. and Sweller, J. (2010). Cognitive load theory: new
conceptualizations, specifications, and integrated research perspecti-
ves. Educational Psychology Review, 22(2), 115-121, 2010.
doi: 10.1007/s10648-010-9133-8.

Reisslein, J., Reisslein, M. and Seeling, P. (2006). Comparing static fading
with adaptive fading to independent problem solving: The impact on
the achievement and attitudes of high school students learning electrical
circuit analysis. Journal of Engineering Education, 95(3), 217-227.
doi: 10.1002/j.2168-9830.2006.tb00894.x.

Renkl, A. (1997). Learning from worked-out examples: A study on individual
differences. Cognitive science, 21(1), 1-29.
doi: 10.1207/s15516709c0g2101_1.

Renkl, A. (1999). Learning mathematics from worked-out examples: Analy-
zing and fostering self-explanations. European Journal of Psychology
of Education, 14(4), 477-488.
doi: 10.1007/BF03172974.



Kalem Egitim ve insan Bilimleri Dergisi 2018, 8(1), 39-62 61

Renkl, A. (2002). Worked-out examples: Instructional explanations support-
learning by self explanations. Learning and instruction, 12(5),
529-556.

Renkl, A. and Atkinson, R. K. (2003). Structuring the transition from example
study to problem solving in cognitive skill acquisition: A cognitive load
perspective. Educational Psychologist, 38(1), 15-22.
doi: 10.1207/S15326985EP3801_3.

Renkl, A., Atkinson, R. K., Maier, U. H. and Staley, R. (2002). From example
study to problem solving: Smooth transitions help learning. The Jo-
urnal of Experimental Education, 70(4), 293-315.
doi: 10.1080/00220970209599510.

Renkl, A., Stark, R., Gruber, H. and Mandl, H. (1998). Learning from wor-
ked-out examples: The effects of example variability and elicited
self-explanations. Contemporary Educational Psychology, 23, 90-108.
doi: 10.1006/ceps.1997.0959.

Schunk, D. H. (2011). Learning theories: An educational perspective. Ca-
nada: Pearson Education.

Sweller, J. (1988). Cognitive load during problem solving: Effects on lear-
ning. Cognitive Science, 12(2), 257-285.
doi: 10.1016/0364-0213(88)90023-7.

Sweller, J., van Merriénboer, J. J. G. and Paas, F. G. (1998). Cognitive arc-
hitecture and instructional design. Educational Psychology Review, 10,
251-296. 10.1023/A:1022193728205.

Tarmizi, R. and Sweller, J. (1988). Guidance during mathematical problem
solving. Journal of Educational Psychology, 80(4), 424-436.
doi: 10.1037/0022-0663.80.4.424.

Van Gog, T., Kester, L. and Paas, F. (2011). Effects of worked examples,
example-problem, and problem-example pairs on novices’ learning.
Contemporary Educational Psychology, 36, 212-218.
doi: 10.1016/j.cedpsych.2010.10.004.

Van Gog, T., Paas, F. and Van Merriénboer, J. J. G. (2006). Effects of pro-
cess-oriented worked examples on troubleshooting transfer perfor-
mance. Learning and Instruction, 16, 154-164.
doi: 10.1016/j.learninstruc.2006.02.003.


http://dx.doi.org/10.1016%2F0364-0213%2888%2990023-7

62 Dr. Ogr. Uyesi Zeynep Cigdem OZCAN

Van Gog. T. and Rummel, N. (2010). Example-based learning: Integrating
cognitive and social-cognitive research perspectives. Educational
Psychology Review, 22(2), 155-174.
doi: 10.1007/s10648-010-9134-7.

Van Loon-Hillen, N., Van Gog, T. and Brand-Gruwel, S. (2012). Effects of
worked examples in a primary school mathematics curriculum. Inte-
ractive Learning Environments, 20(1), 89-99.
doi: 10.1080/10494821003755510.

Van Merriénboer, J. J. G. and Ayres, P. (2005). Research on cognitive load
theory and its design implications for e-learning. Educational Tech-
nology Research and Development, 53(3), 5-13.
doi: 10.1007/BF02504793.

Van Merriénboer, J. J. G. and Sweller, J. (2005). Cognitive load theory and
complex learning: Recent developments and future directions. Educa-
tional Psychology Review, 17(2), 147-177.
doi: 10.1007/s10648-005-3951-0.

Wu, Hung-Hsi. (2009). What’s sophisticated about elementary mathematics?
American Educator, 3, 4-14.

Zhu, X. and Simon, H. A. (1987). Learning mathematics from examples.
Cognition and Instruction, 4(3), 137-166.



