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Abstract The aim of this study is to investigate the
effects of presentation formats of worked examples and the
interaction effects between the presentation formats of
worked examples and the prior knowledge of learners. An
investigation with 97 middle school students working in
four conditions (CPWE, CWE, PWE, and the control
group) was conducted. The results indicate that CPWE was
the most effective condition in retention and transfer. In
addition, a partial expertise reversal effect was revealed in
the element transfer test. High prior knowledge learners in
both CPWE and PWE were superior to those who were
in CWE and the control group, while low prior knowledge
learners in CPWE were superior to those who were in other
conditions.

Keywords Worked examples - Problem solving -
Cognitive load - Information presentation

Introduction

Over the last decades, a tremendous amount of successful
results on worked examples in various fields (i.e., Mathe-
matics, Physics, Computer Programming, etc.) have been
reported. Worked examples are effective instructional
methods that facilitate the schemata. The schema is made
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up of an individual’s knowledge structure and is concerned
with acquiring new knowledge and solving complicated
problems. These methods are deeply associated with the
processing of working memory which is very limited in
capacity and duration when dealing with unfamiliar infor-
mation (Kalyuga 2006). Accordingly, an enormous amount
of previous research in relation to the processing of
working memory was to demonstrate the effectiveness of
worked examples or to find the maximum of efficiency in
adding helpful information. However, the research results
have not been analyzed significantly about worked exam-
ples themselves, how they impact the gaining of new
knowledge and problem solving skills, and how the pre-
sentation formats of worked examples play a pivotal role in
obtaining new knowledge and problem solving.

In this study, the presentation formats of worked
examples that have not been attempted to be analyzed so
far are investigated. This approach intends to consider the
cognitive processes of working memory and prior knowl-
edge of learners.

Worked examples and schema construction

Worked examples are example-based methods that can
minimize students’ use of cognitive resources in activities
that are not relevant to schema acquisition or automation,
rather maximize the use of cognitive resources in germane
activities, which are associated in constructing schemata
within the limits of a working memory capacity. According
to Sweller (1994), learners have to acquire schemata to
solve cognitive problems. The schemata can be acquired
through well-designed instructions including worked
example strategies. A number of researchers investigated
the efficiency of using worked example instructions and
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provided evidences on the effectiveness (Carrol 1994;
Cooper and Sweller 1987; Paas and van Merriénboer 1994;
Sweller and Cooper 1985; Zhu and Simon 1987).

Worked examples and prior knowledge

Worked examples are one of the earliest instructional
methods that can help learners construct schemata that
could influence the acquisition of new knowledge and
facilitate problem solving within the limitation of cognitive
resources. However, worked examples do not work all the
time. According to Kalyuga et al. (2001), worked examples
were effective for low prior knowledge learners, but not for
high prior knowledge learners. “Expertise reversal effects”
take place (Kalyuga et al. 2003).

As indicated above, recent research has found that the
effectiveness of instructional materials is dependent on the
expertise of the learners. There is an interaction effect
between prior knowledge levels of learners and the amount
of information included in instruction. Ward and Sweller
(1990) and Kalyuga et al. (2001) demonstrated that worked
examples are not always beneficial for all students, and
therefore, a learner’s cognitive load should be considered.
Based on an experiment with elementary school students in
the field of Mathematics, Kim (2005) also investigated that
worked examples are not effective for learners who have
already formed a partial schema of target cognitive
knowledge.

In addition, there were a number of researchers who
investigated how to increase the germane cognitive load
(Gerjets et al. 2006; Nadolski et al. 2006; Paas and van
Merriénboer 1994; van Gog et al. 2006). However, worked
examples were not effective in all those cases. These
strategies of increasing germane cognitive load were
effective just for low prior knowledge learners because, in
these studies, most of the treatments which were intended
to facilitate construction of schemata were played as
redundant information, especially for high prior knowledge
learners.

Worked examples in the computer-based learning
environments

Recently, there have been rapid developments in the use of
computer-based learning environments related to worked
examples (Gerjets et al. 2006; Gerjets et al. 2008; Jung and
Kim 2006; Kalyuga et al. 2001; Kim 2005; Nadolski et al.
2006; Paas and van Merriénboer 1994; Schworm and
Renkel 2006; van Gog et al. 2006, 2008). These computer-
based studies which have been conducted in laboratory
settings have reported the various effects of worked
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examples. Most of the research of worked examples on
computer-based learning environment provided evidence
that the instructional method of worked examples has
efficiency in well-structure domain such as Mathematics
and Science (Crippen and Earl 2007; Gerjets et al. 2008;
Gerjets et al. 2006; Kim 2005; Paas and van Merriénboer
1994; Schworm and Renkel 2006). Moreover, Crippen and
Earl (2007), Gerjets et al. (2006), and Schworm and Renkel
(2006) explored whether the prompts of self-explanations
or instructional explanations in the worked example
instructions enhanced the performance. In addition, van
Gog et al. (2006, 2008) divided worked examples into
product- and process-oriented worked examples and com-
pared the effectiveness of the process-oriented worked
examples and the sequences of these two kinds of worked
examples on the transfer. Besides, Jung and Kim (2006)
showed the effects of worked examples on knowledge
sharing process in computer supported collaborated learn-
ing. Most recently, Gerjets et al. (2008) examined the
hyper-text environments as an interactive tool to maximize
the worked example effects. In our study, we extended the
above computer-based learning environments in laboratory
settings to control extra elements beside worked examples.

Variation in worked examples

Among the studies of worked examples, recent research is
associated with complex cognitive tasks (Hoogveld et al.
2005; Joung 2006). The acquisition of complex cognitive
knowledge and skills is heavily constrained by the limited
processing capacity of the human mind. “Cognitive load
theory” provides guidelines to circumvent those limitations
in training situations. They provide guidelines to decrease
extraneous cognitive load, which is not relevant to learn-
ing, and increase, within the limits of total available cog-
nitive capacity, germane cognitive load (van Gerven et al.
2002).

Joung (2006) tried to divide a worked example into parts
as a strategy to resolve complex cognitive problems. She
assumed that if parts of a worked example would be
practiced first, a complex cognitive task such as computer
programming could be solved better. Therefore, she divi-
ded a worked example into “the product-oriented whole
task approach” and “the process-oriented part task
approach.” The investigator expected that the latter
approach would be more effective; however, the results
showed that the former approach was superior to the latter.

In our view, the former approach in her study is ana-
lyzed as a classical configuration of worked examples and
the latter approach is analyzed as just a partial collection of
components, which consist of worked examples. Therefore,
the results of Joung (2006) could be predictable because
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the latter worked example was an incomplete instruction
compared to the former, which more completely helped in
resolving the problems. Also in her study, the individual
differences of learners were not considered. However, the
research of Joung (2006) has contributed to such studies in
that it presented worked examples that could be separated
into components.

In this present study, we extend the conceptual frame-
work of Joung (2006). We assume conceptual- and pro-
cedural-worked examples because worked examples
consist of conceptual and procedural information. We also
considered the prior knowledge of learners as an important
factor in the cognitive process. Learning environment is a
critical element that affects learning achievements. Many
previous studies (Carrol 1994; Cooper and Sweller 1987;
Sweller and Cooper 1985; Zhu and Simon 1987) demon-
strated the positive results of worked examples in the tra-
ditional classroom environments. This study focused on the
computer-based learning environments because we have
interests in the effect of worked examples in self-regulated
learning environments. Accordingly, the purpose of this
research is to clearly identify which component is the most
effective element of worked examples. Research questions
are as follows: (1) How do different presentation formats of
worked examples (control, conceptual-worked examples,
procedural-worked examples, or conceptual- and proce-
dural-worked examples group; see Learning materials
section) affect retention, transfer, and cognitive load in
computer-based instruction? (2) What is the interaction
effect between worked example formats and a learner’s
prior knowledge on retention, transfer, and cognitive load
in computer-based instruction?

Method
Participants and design

The participants were 112 students from the public middle
school, Incheon, Korea. There were 51 male and 61 female
and their ages ranged from 12 to 14. We used a 4 x 2
mixed design with presentation formats of worked exam-
ples (control, conceptual-worked examples, procedural-
worked examples, or conceptual- and procedural-worked
examples group) and prior knowledge (high vs. low).
Concerning presentation formats of worked examples, 28
students served in the control group (in which they did not
receive any treatment), 28 students served in the concep-
tual-worked examples group, 28 students served in the
procedural-worked examples group, and 28 students served
in the conceptual and procedural-worked examples group.
Concerning prior knowledge, participants were divided
into high-knowledge and low-knowledge group based on

the most recent algebra standardized test scores. High-
knowledge students (n = 51) were in the top 40%, low-
knowledge students (n = 46) were in the bottom 40% of
the 112 students, and the students in the middle 20% were
excluded because we could not call the students in the 49%
of 112 students as a high-knowledge student, and 51% of
112 students as a low-knowledge student; actually, the
scores of these two students seemed very similar that was
why we excluded 20% in the middle of 112 students. All
participants had previously never studied the substantial
knowledge of an algebraic manipulation in their regular
algebra class. For each participant, cognitive measurements
and retention test were taken after computer-based learning
on worked examples; also, transfer test was taken on the
next day.

Materials and apparatus

The computer-based materials consisted of four computer-
based learning materials on Algebra manipulations and
mental effort rating questionnaires. The paper-based
materials consisted of eight retention problem sheets and
eight transfer problem sheets.

Learning materials

The computer-based learning materials, developed by S. A.
Kyun using ASP Program language and MS-SQL server,
consisted of four formats of worked examples. The variants
of conditions were developed based on the presentation
formats of worked examples, including a control group.
The control group was provided by a conventional
approach format. In other words, it did not present any
information of worked examples on the screen. The other
three instructional formats presented different information
of worked examples on a screen. To begin with, in the
conceptual-worked example format, students received
information on “Four Equation Rules” which are equiva-
lence properties of equality (i.e., addition: if @ = b then
a + ¢ = b + c; subtraction: ifa = bthena — c = b — c;
multiplication: if a = b then ac = bc; division: if a = b
and ¢ # 0 then a/c = b/c). These algebra rules for
manipulating equations are considered as the conceptual
information in our study. Next, in the procedural-worked
example format, students received information on the
process of developing the algebraic problems without any
explanation about the basic concepts of elements—i.e.,
four algebra rules for manipulating equations. Finally, in
the conceptual- and procedural-worked example formats,
students received both information on “Four Equation
Rules” and the process of developing the algebraic prob-
lems in a series. The subject of the computer-based
learning materials was algebra composed of the original
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Sweller’s (Sweller and Cooper 1985) materials (see
Appendix B). We selected the algebra problems because
we thought the algebra task seemed to involve a large
number of interacting elements.

Mental effort rating

This study used three measurement instruments. For
obtaining the cognitive load of participants, subjective
measurement modified by Bralfish et al. (1972) was used.
Students were required to rate “What effort did you make
to understand the instructions?” “How easy or difficult was
it to understand the instructions?” and “How easy or dif-
ficult was it to understand the subject?” Options were
provided with 5-point scale (see Appendix A). The sub-
jective measurement of cognitive load in this study was
developed as a computer-based instrument.

Retention test and transfer test

For a retention and transfer test, the paper-and-pencil
materials made up of the original Sweller’s (Sweller and
Cooper 1985) materials was used (see Appendices B, C).
Each test had eight test items in it and the maximum total
score was 8 for each test. The retention test items were
identical items which students had practiced in the com-
puter-based learning materials. The transfer test items were
divided into two kinds of test items: the “element transfer”
items were to transfer the elements of the problems which
students had studied in learning materials and the “struc-
ture transfer” items were to transfer the structure of the
problems which students had studied in learning materials.
The maximum total score was 4 for each transfer test.

Apparatus

The apparatus consisted of 28 personal computers with 17-
inch monitor in the computer lab of the school.

Procedure

These experiments were conducted in the computer lab and
classrooms for 2 days. The experiments of the first day
were conducted in the computer lab, and the experiments
of the second day were conducted in their own classroom.
First day

Experimental training session

Participants from the four student groups (i.e., one control

group, three experimental groups) were required to come
and stay at the designated computer lab during the
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experimental session. Four student groups which were
approximately of the same mathematical ability were ran-
domly allocated corresponding to four instructional con-
ditions (28 students in the conventional approach format,
28 students in the conceptual-worked example format, 28
students in the procedural-worked example format, and 28
students in the conceptual- and procedural-worked exam-
ple formats). When students were seated and ready to begin
learning in their respective experimental conditions, the
administrator gave brief instructions and asked the students
to begin their participation by browsing to the experimental
web site and following the instructions on the screen.
Students studied first four items in each instruction and
could have the opportunity to practice four more items
which were similar to the problems they had studied, but
the practicing was not required. They were instructed to
manipulate algebraic problems and were given about
15 min to use the computer-based instruction.

Subjective ratings

After the instruction of the worked examples according to
the presentation formats, the subjective ratings of mental
effort and task difficulty were collected electronically on
the computer from the students. The self-ratings of the
mental effort and the task difficulty as the methods of
measuring cognitive load have been used and the technique
is highly appropriate in natural training procedures (Kaly-
uga et al. 2001); also, many previous researchers have used
to measure cognitive load of human being (Lee et al. 2006;
Paas and van Merriénboer 1994). In this study, subjective
measurement modified by Bralfish et al. (1972), which is a
5-point scale, was used (see Appendix A). After complet-
ing their work with the subjective ratings, students were
given 5 min break for refresh.

Retention test

A series of eight questions are followed after the measuring
subjective ratings. The test questions (see Appendix B)
were identical to the problems presented to students during
the training and were given in paper-and-pencil materials.
Students were given about 20 min to complete the reten-
tion test.

Second day

Transfer test

A transfer test (see Appendix C) took place a day after the
retention test in the classroom. A series of eight questions

are followed. Eight questions were made of two kinds of
transfer problems, and four questions were “element
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transfer” problems, which were identical in the structures
but different in the elements compared with the problems
presented to students during the training. In contrast, the
other four items of the eight questions were “structure
transfer” problems, which were quite different in the
structure and the elements compared with the problems
presented to students during the training. Students were
given about 20 min to complete the two kinds of transfer
problems.

Results

Mean scores and standard deviation of the presentation
format of worked examples in the retention test, transfer
test, as well as the self rating cognitive load measures were
recorded (see Tables 1, 2). These scores were analyzed
using 4 x 2 analysis of variance with the presentation for-
mats (a conventional approach format, conceptual-worked
example format, procedural-worked example format, or
conceptual- and procedural-worked example format) and
the levels of prior knowledge (high and low) as independent
variables. The dependent variables were both retention and
transfer test and three kinds of cognitive load (i.e., germane
cognitive load, extraneous cognitive load, and intrinsic
cognitive load).

Retention

For the retention test scores, there were significant main
effects from different presentation formats of worked

examples: F(3, 89) = 9.219, MSE = 117.015, p < 0.001;
and levels of prior knowledge, F(1, 89) = 47.712,
MSE = 351.044, p < 0.001. Tukey tests revealed that the
CPWE group scored significantly higher than the Control
and PWE group, yielding an effect size of 0.237; and the
high prior knowledge groups scored significantly higher
than the low prior knowledge groups, yielding an effect
size of 0.324. However, there was no interaction effect
between presentation formats of worked examples and the
levels of prior knowledge of learners.

Transfer
Element transfer test

For the element transfer test scores, there were significant
main effects from the different presentation formats, F(3,
89) = 22.409, MSE = 30.794, p < 0.001; and the levels
of prior knowledge: F(1, 89) = 21.231, MSE = 92.383,
p < 0.001. Tukey tests revealed that the CPWE group
scored significantly higher than the Control, CWE, and
PWE group, yielding an effect size of 0.430; and the high
prior knowledge groups scored significantly higher than the
low prior knowledge groups, yielding an effect size of
0.193. Also, there were significant interaction effects
between presentation formats and the levels of learners’
prior knowledge on element transfer test: F(3, 89) = 3.699,
MSE = 30.794, p < 0.05. The effect size was 0.111. In
the high prior knowledge groups, the scores were higher
for treatment conditions with CPWE-H (M = 2.54, SD =
1.561) than for those with PWE-H (M = 2.40, SD =

Table 1 Mean and standard

deviations for NEW, CWE, Group N Type of tests
PWE, and CPWE on the Retention Element transfer Structure transfer
retention, transfer tests
M SD M SD M SD
NWE
H 15 2.40 2.558 0.47 0.915 0.40 0.738
L 10 0.00 0.000 0.00 0.000 0.00 0.000
Total 25 1.32 1.32 0.25 0.701 0.21 0.568
CWE
H 13 2.23 1.878 1.00 1.225 0.77 1.235
NWE no worked examples L 11 0.27 0.467 0.00 0.000 0.00 0.000
(control group); CWE Total 24 1.25 1.602 0.50 0.962 0.36 0911
conceptual worked examples; PWE
PWE procedural worked
examples; CPWE conceptual H 10 5.10 1.912 2.40 1.075 1.20 1.229
and procedural worked L 13 0.77 1.691 0.31 0.751 0.15 0.555
examples; H high prior Total 23 2.75 2.661 1.29 1.321 0.64 1.026
knowledge (the top. 40% of the CPWE
students); L low prior
knowledge (the bottom 40% of H 13 4.62 2.873 2.54 1.561 1.77 1.481
the students); Total the total L 12 2.67 2.103 2.25 1.215 1.17 1.193
number of the students Total 25 3.82 2722 2.29 1.487 1.36 1.339

regardless of prior knowledge
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Table 2 Mean and standard

deviations for NEW, CWE, Group N Type of cognitive load
PWE, and CPWE on the Germane Extraneous Intrinsic
cognitive loads
M SD M SD M SD
NWE
H 15 3.20 1.475 4.08 0.561 4.00 1.363
L 10 2.80 1.476 4.10 1.514 4.20 1.135
Total 25 3.14 1.443 4.32 1.307 393 1.303
CWE
H 13 3.00 1.354 3.38 1.193 2.69 1.377
NWE no worked examples L 11 2.55 1.214 3.73 1.348 3.45 1.695
(control group); CWE Total 24 2.93 1.331 3.57 1.317 3.18 1.541
conceptual worked examples; PWE
PWE procedural worked
examples; CPWE conceptual H 10 3.70 1.059 2.10 0.738 2.30 1.160
and procedural worked L 13 3.46 1.050 2.77 0.927 3.00 1.291
examples; H high prior Total 23 3.61 1.031 2.54 0.881 2.61 1.257
knowledge (the top 40% of the CPWE
students); L low prior
knowledge (the bottom 40% of H 13 4.00 0.707 2.31 1.251 2.23 1.092
the students); Toral the total L 12 4.08 0.669 2.00 0.603 2.67 0.651
number of the students Total 25 3.96 0.074 2.25 1.005 2.54 0.922

regardless of prior knowledge

1.075), for those with CWE-H (M = 1.00, SD = 1.225),
and for those with NWE-H (M = 0.47, SD = 0.915). In
the low prior knowledge groups, the scores were higher for
treatment conditions with CPWE-L (M = 2.25, SD = 1.215)
than for those with PWE-L (M = 0.31, SD = 0.751), for
those with CWE-L (M = 0.00, SD = 0.000), and for those
with NWE-L (M = 0.00, SD = 0.000).

Structure transfer test

For the structure transfer test scores, there were significant
main effects from the different presentation formats of
worked examples: F(3, 89) = 8.044, MSE = 28.391,
p < 0.001; and the levels of prior knowledge, F(1, 89) =
12.353, MSE = 85.174, p < 0.01. Tukey tests revealed
that the CPWE group scored significantly higher than the
Control, CWE, and PWE group, yielding an effect size of
0.213; the high prior knowledge groups scored significantly
higher than the low prior knowledge groups, yielding an
effect size of 0.122. However, there was no significant
interaction effect between presentation formats and prior
knowledge of learners on structure transfer test.

Cognitive load
Germane cognitive load

For the germane cognitive load scores, there was signifi-
cant main effect from the presentation formats: F(3, 89) =
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5.892, MSE = 40.325, p < 0.001. Tukey tests revealed
that the CPWE group scored significantly higher than the
Control and PWE group, yielding an effect size of 0.166.
However, there was no significant main effect in the levels
of prior knowledge. Also, there was no interaction effect
between presentation formats of worked examples and
levels of prior knowledge of learners on germane load.

Extraneous cognitive load

For the extraneous cognitive load scores, there were sig-
nificant main effect from the presentation formats: F(3,
89) = 5.892, MSE = 32.845, p < 0.001. Tukey tests
revealed that the Control group scored significantly higher
than the CWE, PWE, and CPWE group, and PWE group
scored significantly higher than the CWE and CPWE
group, yielding an effect size of 0.451. However, there was
no significant main effect in the levels of prior knowledge.
Also, there was no interaction effect between presentation
formats and the levels of prior knowledge of learners on
extraneous load.

Intrinsic cognitive load

For the intrinsic cognitive load scores, there was significant
main effect from the presentation formats: F(3, 89) =
8.272, MSE = 46.724, p < 0.001. Tukey tests revealed
that the Control group scored significantly higher than the
CWE, PWE, and CPWE group, yielding an effect size of
0.218. Also, there was significant main effect in the levels
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of prior knowledge: F(1, 89) = 4.461, MSE = 140.171,
p < 0.001. Tukey tests revealed that the low prior knowl-
edge groups scored significantly higher than the high prior
knowledge groups, yielding an effect size of 0.045. How-
ever, there was no significant interaction effect between
presentation formats of worked example and the levels of
prior knowledge of learners on intrinsic load.

Discussion

This study intends to investigate the effects of different
presentation formats of worked examples in connection with
the prior knowledge of learners. On the basic concepts of
Sweller’s learning materials (Sweller and Cooper 1985),
learning mechanisms (1994), and the study by Joung (2006),
we extended the conceptual framework and experiment
designs. The first aim of this research was to examine how
the presentation formats of worked examples affect the
retention test, transfer test, and cognitive load. The second
aim was to examine how the expertise levels of students
affect their achievements in the same example-based
learning conditions.

This study found that there were better performances in
all tests when both conceptual and procedural information
were presented together regardless of the learners’ expertise
(see Table 1). That is, to acquire the schemata that enhance
problem solving ability, both conceptual and procedural
information of worked examples are required. One of the
important findings of this research is the effect of the
learners’ mental effort for learning. Extraordinarily, in our
data, the score of the control group (i.e., conventional

Fig. 1 Proportions by the
presentation formats of worked
examples on the retention,
transfer, and cognitive loads.
Note: NWE no worked examples
(control group); CWE
conceptual worked examples;
PWE procedural worked
examples; CPWE conceptual
and procedural worked
examples

Retention Test

NWE

Extraneous CL

CPWE

approach group) was higher than the conceptual-worked
example group in the retention test. However, we could
observe the reason in the score from the germane cognitive
load. The germane cognitive load score of the control group
was higher than that of the conceptual-worked example
group (see Fig. 1). Germane cognitive load is directly
related to learning achievement because it is imposed by
mental efforts. Although the intrinsic and extraneous loads
in the conventional approach group were higher than in the
conceptual-worked example group, we could conclude that
the germane load was more affective than those two loads.
These results imply that the level of retention test in this kind
of experiment does not exceed the working memory
capacity and, therefore, support the Sweller (1994)’s cog-
nitive load theory.

Regarding the interaction effect of two independent
variables, there were significant effects in the element
transfer test (see Fig. 2). Our study reported the “expertise
reversal effect” in the element transfer test. For our
experiments, learners with the high prior knowledge in the
treatment which was presented by the only procedural
information of worked example achieved higher but non-
significant scores than in the treatment which was pre-
sented by the sequential presentation of two kinds of
information of worked examples. These results mean that
two kinds of information were redundant and were not
helpful for high prior knowledge learners. However,
learners with low prior knowledge achieved significantly
higher scores in the CPWE condition than in the PWE
condition. The results showed that both conceptual and
procedural information are necessary for low prior
knowledge learners to solve the complex problems. We can

B NWE

B cwe
PWE
CPWE

CPWE

Element Transfer Test Structure Transfer Test

Intrinsic CL Germane CL
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Element Transfer Test

3 -t
o‘---"""-.
2 1
1 4+
0+ sasss highgoup
low group
I I I T
NWE Only CWE Only PWE CPWE
Group Group Group Group
Fig. 2 Interaction effect presentation formats of worked example

and prior knowledge of learner in the Element Transfer Test. Note:
NWE no worked examples (control group); CWE conceptual worked
examples; PWE procedural worked examples; CPWE conceptual and
procedural worked examples

conclude that conceptual- and procedural-worked examples
are essential components for learners who lack of pre-
requisite knowledge and prior experience.

This expertise reversal effect happens not in the reten-
tion test and structure transfer test but in the element
transfer test. Retention is to memorize new knowledge or
information. Therefore, the more amount of information
such as both kinds (conceptual and procedural) of worked
examples are provided, the better learners can retain the
information. Whereas, element transfer test is not too dif-
ficult as the structure transfer test, learners experience
similar format questions in the retention test. Accordingly,
we interpret both conceptual and procedural information of
worked examples as redundant for high prior knowledge
learners in the element transfer test, because the element
transfer test is a kind of test which is slightly applied and
transformed. We can conclude that worked example needs
to be classified and be differently provided to learners
dependent on their own prior knowledge level. This study
has the significance to support cognitive load theory and
expertise reversal effect on the theoretical side, and the
implication to suggest instructional strategies according to
the level of learners’ prior knowledge and problems on the
practical side.

This study is significant in that the components
of worked examples were categorized and their main
effects and the interaction effects were examined. We
investigated the effect of worked example components

@ Springer

only in well-structured computer-based learning environ-
ments and the subject of Mathematics. It is necessary to
develop the results of this present study in various subjects,
with different learners and in ill-structured learning
environments.
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Appendix A

Cognitive load subjective experience questionnaire

1. What effort did you make to understand the

instructions?

@ I just skipped the instructions.

@ I roughly read the instructions.

® I earnestly read the instructions.

@ 1 read the instructions trying to understand well.
® I completely concentrated on reading instructions.

2. How easy or difficult was it to understand the
instructions?

@ The instructions were very easy to understand.
@ The instructions were a little bit easy to
understand.

® The instructions were neither easy nor difficult to
understand.

@ The instructions were a little bit difficult to
understand.

® The instructions were extremely difficult to
understand.

3. How easy or difficult was it to understand the subject?

@ Subject was very easy to understand.

@ Subject was a little bit easy to understand.

® Subject was neither easy nor difficult to
understand.

@ Subject was a little bit difficult to understand.

® Subject was extremely difficult to understand.

(I didn’t understand any of the problems)

Appendix B

Sheet used in retention test
* You will be solving algebra problems as follows

¢ (a + d)If = g express a in terms of other variations.
a = d + ac express a in terms of other variations.

¢ (a + d) = alaf express a in terms of other variations.
(af + e)/b = c express a in terms of other variations.

il
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d (b — a)lg = fexpress b in terms of other variations.
b = f — bg express b in terms of other variations.

¢ (a + b) = bflb express b in terms of other variations.
bf + eld = c express b in terms of other variations.

® N oW

Appendix C

Sheet used in transfer test
* You will be solving algebra problems as follows.
<Element Transfer Test>

d (a — b)le = fexpress a in terms of other variations.
b = e + bc express b in terms of other variations.

¢ (b + a) = aflf express a in terms of other variations.
bf + eld = c express b in terms of other variations.

L=

<Structure transfer test>

1. 2(y + 3)/x = 2 express y in terms of other variations.
2. y =2 4+ xy express y in terms of other variations.

3. 3(2 + x) = xy/x express x in terms of other variations.
4. 3x + 2/y = 3 express x in terms of other variations
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