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Abstract

Worked examples have been effective in enhancing learning outcomes, especially with novice learners. Most of this re-
search has been conducted in laboratory settings. This study examined the impact of embedding elaborated worked ex-
ample modeling in a computer simulation practice activity on learning achievement among 39 undergraduate students
within a classroom environment. The students from one introductory forensic science course were randomly assigned to
one of two groups that worked through computer-based simulations containing worked example modeling conditions
presented in varied order. The computer software administered the modeled simulations, prior knowledge test, pretest,
posttests, and a second domain test. Findings from this study suggest that embedded worked example modeling within
practice simulations can be an effective method for transfer of learning with novice learners.

Keywords: worked examples, modeling, simulations, research, schema

The ability of students to acquire problem solving
skills is often discussed in terms of how to provide nov-
ice students with the metacognitive skills of a domain
expert. This is not saying that, by doing so, all students
will become experts in that domain. Bransford et al.
(2000) concluded, “[R]esearchers study experts and the
ways they solve problems not in the belief that every
student should become an expert, but because the study
of expertise shows what successful learning looks like”
(as stated in Bruning et al. 2004, p. 346).

So how can the novice, as well as the more advanced
student, acquire expert methods of problem solving
and develop the domain schema for successful transfer
of content concepts and principles? To proceed in find-
ing some possible solutions to this question one must
review the differences between how experts approach
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solving problems with the way in which a novice would
approach solving the same problems. Major differences
between experts and novices include:

1. Experts organize domain knowledge around the big
ideas and core concepts of that domain.

2. Experts use a working-forward (means-ends) strat-
egy approach, while a novice may use a working-

backward strategy.

Experts have the ability to recognize meaningful pat-
terns of information. This is done through their abil-
ity to chunk information and organize the informa-
tion into schema.

In science domains, research has shown experts us-
ing ‘qualitative analysis” (Larkin 1977) or “physical
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intuition” (Simon and Simon 1978). This trait allows
the expert to develop elaborate representations of the
problem, including a sketch or other types of physi-
cal versions of the problem.

5. Experts possess more domain knowledge than nov-
ices and are able to more efficiently search their data-
base of information for the problem and the retrieval
of the necessary information is acquired in a more
fluent manner. This then causes a minimal amount
if any cognitive load, allowing for more focus to be
placed on more demanding parts of the problem.

6. Experts possess more procedural knowledge than
novices (Bruning et al. 2004).

A key difference between the expert and the nov-
ice learner is in how they deal with cognitive load
that does not contribute to learning. The understand-
ing of the mechanism of cognitive load, the mental ef-
fort required to complete a task, is key to development
of effective instructional design and its learning out-
come. Cognitive load is associated with working mem-
ory. Working memory actively processes information
and makes meaning out of this information. Work-
ing memory, however, is limited in how much infor-
mation it can hold and process at any time (Baddeley
1986). There are at least two types of cognitive load
that working memory needs to deal with when pro-
cessing information, intrinsic and extraneous. The in-
trinsic load is determined by the degree of interactivity
between elements of the actual learning task, in other
words, by the inherent properties of the to-be-learned
material. Complex tasks present a high degree of inter-
activity, especially for novice learners and, thus, a high
intrinsic cognitive load.

Extraneous cognitive load can be introduced through
the design of the instructional materials. Thus, this
source of cognitive load is potentially controllable.
Poorly designed instructional materials and/or layout
of content can greatly increase the amount of extraneous
cognitive load associated with a learning task; whereas
well-designed materials can greatly reduce it.

The acquisition of schema, a mental framework that
organizes the domain knowledge needed to develop ex-
pertise, is an important part of effective learning and
problem solving. “...since learning consists largely of
schema acquisition, an element that needs to be learned
is a schema that needs to be acquired” (Sweller 1999, p.
28). An expert’s schema has incorporated numerous el-
ements within a complex learning task into fewer but
larger elements (chunks) allowing the working memory
to hold more of the information at one time. The novice
learner, on the other hand, has not formed the schema
for a given complex task and thus must process each of
the multiple elements individually. This may exceed the
capacity of the working memory requiring it to hold too

many elements at one time and causing it to fail before
the task is accomplished. This is referred to as cognitive
overload.

Cognitive load is always present in learning activities.
Poorly designed factors within the instructional design,
unrelated to the learning content, often can be the source
that imposes extraneous cognitive load on the learner
and can hinder schema acquisition. This is particularly
detrimental in learning complex tasks with high intrin-
sic cognitive load. However, when the educational con-
tent of the learning task has a high intrinsic cognitive
load, the use of appropriate instructional design strate-
gies can minimize the amount of extraneous cognitive
load placed upon the learners and help enhance the ac-
quisition of schema for these complex tasks.

Research in many well-structured domains in science
(e.g., physics, mathematics, computer science) has pro-
vided instructional design strategies that incorporate
this look at expert learning. Worked examples is one
strategy used in problem solving environments that uti-
lizes expert problem solutions for the novice learners to
apprentice by. The worked example design typically in-
cludes: statement of problem, worked solution for the
problem represented in steps an expert would follow,
and the solution to the problem.

Utilization of learning by example is not a new idea.
Research in learning by example has been a major edu-
cational theme for the past four decades. Atkinson et al.
(2000) report the interest in learning-by-example para-
digm for examination and description of concept forma-
tion processes was strong in the mid-1950s through the
1970s (Bourne et al. 1964; Bruner et al. 1956; Tennyson
et al. 1972). Recent worked example research, however,
varies from the earlier learning-by-example research.
More recent research focuses on how students learn
schema and how experts vs. novices approach prob-
lem solving. This is in contrast to the earlier learning-
by-example research that focused on presentation and
sequencing of examples while facilitating concept learn-
ing. Most of the recent research has been conducted in
laboratory settings. Some studies, however, have been
conducted during classroom instruction where the pri-
mary focus has been in well-structured content domains
(Carroll 1994; Ward and Sweller 1990; Zhu and Simon
1987).

The Atkinson et al. (2000, p. 186) worked example re-
view proposes instructional principles derived from the
worked example research that moderate their effective-
ness. The three principles are:

1. “Intra-example features, in other words, how the ex-
ample is designed, particularly the way the exam-
ple’s solution is presented.

2. Inter-example features, principally certain relation-
ships among multiple examples and practice prob-
lems within a lesson.
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3. Individual differences in example processing on the
part of students, especially the way in which stu-
dents “self explain’ the examples”.

Research relating to issues of the first principle in-
cludes Mayer and Moreno’s (2003) nine ways of re-
ducing cognitive load in multimedia learning. Also
Jeung etal’s (1997) research study in geometry uti-
lized worked examples incorporating the temporal
contiguity effect (an audio-visual condition) that in-
cluded the signaling effect in the form of visual cues
directing the learner’s attention to the part of the dia-
gram being discussed in the narration. “According to
Jeung et al. (1997), simply adding electronic flashing to
a dual-mode example can lead to enhanced learning,
even under high-search conditions, by encouraging the
learner to devote cognitive resources to understanding
the example, as opposed to dedicating them to search
and recognition” (Atkinson et al. 2000, p. 189). Chan-
dler and Chaillé (1993) have hypothesized that within
computer simulations “...process highlighters promote
awareness of the underlying principles and mecha-
nisms at work in a given situation” (p. 242). Their re-
search tentatively verified this hypothesis, but they
stress that future research needs to “...help clarify is-
sues concerning transfer of knowledge and the effec-
tiveness of different types of process highlighters, as
well as applicability to a broader range of problems”
(p- 261). Catrambone (1994a, 1994b, 1995, 1996), has re-
ported in Atkinson et al. (2000), has also determined
that two techniques (labels and visual separation of
steps) designed to accentuate the sub-goals of an exam-
ple, were most efficient in performance enhancement.

Research that has focused on inter-example features
of the lesson design, propose four issues for discussion:

1. How many examples should be presented during the
instruction?

2. Should the examples vary and, if so, how should
they vary within the lesson?

3. How can the “surface stories” be varied to enhance
the instruction?

4. How should the worked examples be mixed in with
the practice?

Though most worked example researchers propose
that it is necessary for multiple examples to be pre-
sented when students are learning complex concepts
(e.g., Cooper and Sweller 1987; Gick and Holyoak 1983;
Reed 1993; Spiro et al. 1989; Sweller and Cooper 1985),
a direct study of the question; “Can one example facil-
itate learning?” was done by Reed and Bolstad (1991).
Their prediction, however, was that there is a need for
at least two (one simple and one complex) examples to
effectively facilitate learning of complex concepts. Ac-
cording to their conclusions, their prediction of one sim-

ple and one complex example being sufficient to accom-
plish both near and far transfer was shown to hold true.
However, Ahn et al. (1992, p. 391) concluded from their
research results using an explanation-based learning ap-
proach on concept formation, that “[HJuman learners
can acquire a schema from a single example in knowl-
edge-rich domains, but not in knowledge-poor do-
mains”. Renkl (1997) found that multiple examples were
not necessary when near transfer was the goal of the
learned knowledge. However, it seems to be of impor-
tance for far transfer. Renkl et al. (1998) state that results
from their previous studies (Stark etal. 1995) found
multiple examples without supported learning equates
to poor performance. One must bear in mind that when
presenting worked examples as part of instruction,
“[TThe number of examples that can be used for teach-
ing a particular idea may be constrained in practice by
such issues as instructional time and problem complex-
ity, since teachers often cannot present many complex
examples” (Atkinson et al. 2000, p. 202).

If one chooses to present multiple examples, research
by Paas and van Merriénboer (1994) suggests that vari-
ability of the examples produce transfer benefits, but sit-
uations where practice is not supported by cognitive
load reduction, such as instruction utilizing worked ex-
amples, variability does not provide a significant benefit.
Quilici and Mayer (1996) conducted several studies that
examined structure-emphasis compared to surface-em-
phasis in worked examples. The structure emphasizing
techniques were found to be more effective in enhanc-
ing learning and they demonstrate that only looking at
surface features of a problem is not effective. This ties
into a key difference in how an expert works through
problem solving compared to novices, in that the expert
analyzes the deep structure of a problem where a novice
can become caught up in only focusing on the surface
structure. This research has also shown that utilization
of only a fixed number of cover stories across various
problem types is preferable in novice learning. In addi-
tion to this finding, additional studies report that vari-
ability of worked examples is not to be recommended
due to producing an overloading condition for the users
(Renkl et al. 1998).

Mixing worked examples in with practice raises the
question as to whether or not worked examples pair-
ing with practice problems is the most effective se-
quencing. Based upon findings by Trafton and Reiser
(1993, p. 1022), the assertion is made that “[T]The most
efficient way to present material to acquire a skill is to
present an example, then a similar problem to solve im-
mediately following”. These pairing of worked exam-
ples and practice problems should also be interspersed
throughout the instruction as opposed to presenting a
block of worked examples and then a block of practice
problems.
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Modeling, too, is described as a way of demonstrat-
ing the components that make up an expert’s method of
complex procedural problem solving. Meichenbaum’s
(1977) proposed cognitive modeling includes six steps
for effective instruction. The combination of worked ex-
amples and modeling, that includes a specific scenario
worked out in steps through a modeled format, then
becomes a hybrid learning support strategy that re-
search is suggesting needs further study in classroom
environments.

Method

The context of an authentic forensic case was used in
this study. Students were assigned the role of a forensic
palynologist, using pollen to determine diet and/or es-
tablish linkages between people, places and/or objects
on a crime scene investigation. Using the interactive
computer simulations developed for this study, each
student gathered pollen data. The students incorporated
these data with other crime scene evidence to support
a working hypothesis on “where the victim was killed”
and “where the body mummified.” Four pollen simula-
tions representing the real samples that were collected
from this crime scene were the student “samples.” The
students” input into the simulations provided the data
collected for this study.

Population and Sample

The population of this sample included 39 under-
graduate students enrolled in an introductory forensic
science course. The students used this course as an elec-
tive in their program of study due to the fact that it was
not officially part of an undergraduate program. Demo-
graphic information included: an age range of 19-47; 25
seniors, 11 juniors, and 3 sophomores; and 20 male, 19
female. The students” majors represented 10 science and
29 non-science categories.

Procedure

The instruction included 6 days: one day in a com-
puter laboratory, three lectures, and then a second and
third day in a computer laboratory. A random proj-
ect identification number was assigned to each student.
The students registered for use of the computer site
at the beginning of the first day in a computer labora-
tory. They then worked through a simulation that only
had written label cues for progressing through the site
(the prior knowledge test). Every student did the same
simulation.

The lectures on pollen analysis in forensic science
included distribution of handouts consisting of two
sheets of pollen identification pictures and information
to use in place of a pollen key in the simulations. The

students were instructed to review the pollen types be-
fore attending the second and third computer class.
An additional pollen ID sheet was distributed to all of
the students at the beginning of the second computer
class period with the statement that forensic palynol-
ogists continue to learn new pollen types. The second
and third computer class sessions directly followed the
lectures on pollen.

As the students arrived at the computer lab for the
second computer class session, the instructor randomly
assigned them either to group ID AB (treatment A —
simulation with embedded modeled worked example
with elaboration, was given first, followed by treatment
B —simulation with embedded modeled worked exam-
ple without elaboration) or group ID BA (treatment B
was given first, followed by treatment A). The session
then began with all of the students working through
a simulation similar to the prior knowledge simula-
tion. This was the pretest simulation. The data from
the pretest simulation were analyzed for instrument
reliability. Following the pretest, the students worked
through the treatment condition that corresponded
to the first letter in their group ID. Group AB worked
through treatment A while Group BA worked through
treatment B. A different pollen assemblage slide simu-
lation was used with each treatment. The same simula-
tion test (posttest #1) followed both of the treatments.
This posttest #1 simulation was the same as the pretest
simulation.

At the beginning of the final computer class session,
the students worked through the treatment condition
that corresponded to the second letter in their group
ID. Again, the posttest simulation (posttest #2) followed
the treatment simulations. Posttest #2 was also the same
simulation as the pretest and posttest #1. Following the
posttest #2 simulation, the students all worked on a sim-
ulation representing pollen from an archaeological site.
Learning support was not embedded in this simulation.
The students received feedback on their performance
with the computer simulations by the end of the twelfth
week of class.

Variables and Measures

The first non-treatment practice simulation following
the topic lectures served as the pretest. The two treat-
ment conditions are: 1. Treatment A—Worked exam-
ple modeling with elaboration. 2. Treatment B—Worked
example modeling without elaboration. The treatments
were represented in movie formats that were embedded
within a practice simulation. The worked example mod-
eling movies, both non-elaborated and elaborated, rep-
resented the expert analysis of the pollen sample found
in the prior knowledge test simulation. Each treatment
was embedded in a different practice simulation. Table
1 provides an example comparison between the elabo-
rated and non-elaborated narration.
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Table 1. Elaborated narration and non-elaborated narration examples

Example
narration Segment 1 —Pollen count
Elaborated Click on the microscope slide to bring it up under the microscope for scanning.

A pollen grain or lycopodium spore image will appear in the viewing area. The viewing area image will change as you click
through the scan using the scan buttons. We will start by scanning left to right all of the way across the slide. Then we scan
the next row, going right to left. Note, we come down 1.5 fields at the end of each row as we scan so we don’t recount any of

the grains.

Notice also, each image has a 25 pm scale bar. When pollen types have similar general morphologies to other pollen types, the
size may be the only factor that identifies which one you are counting. Also keep in mind that color is not a distinguishing

characteristic for pollen types.

Now to start our count, we click on the pollen image in our notebook that morphologically is similar to the image in the view-
ing area. For this one, this looks like a match. This next one isn’t a pollen grain. It is a lycopodium spore. We need to count
these spores also. These counts will be used in calculations later in the analysis.

Now we are coming to the end of our count. We will click tab 1 to continue now that we are finished.

Non-elaborated

Click on the microscope slide to bring it up under the microscope for scanning.

A pollen grain or lycopodium spore image will appear in the viewing area. The viewing area image will change as you click

through the scan using the scan buttons.

Now to start our count, we click on the pollen image in our notebook that morphologically is similar to the image in the view-
ing area. We count both pollen grains and lycopodium spores.

Now we are coming to the end of our count. We will click tab 1 to continue now that we are finished.

A computer practice simulation that contains no em-
bedded treatment followed all treatment simulations.
This simulation was the same as the pretest simulation.
This follow-up computer simulation was used as the
posttest. The final simulation without embedded sup-
port had a similar structure but was in a different do-
main (archaeology) (Figure 1).

A possible 155 point score was assessed for each
of the prior knowledge, pretest, and posttests prac-
tice simulations. The archaeology practice simulation
had a possible 65 point score. The archaeology simula-
tion’s first three segments were scored the same as the
prior knowledge, pretest and posttests, but the inter-
pretation (final segment) score was limited to one mul-
tiple-choice question. This question was “Which sce-
nario does this pollen assemblage represent?” This is
the same overall interpretation question asked in the
other three tests.

Content Validity and Reliability

The simulation instrument’s validity was established
by three expert forensic palynologists. All parts of the
instrument were reviewed for authentic representation
of the microscopic pollen analysis process. Cronbach’s
alpha scores were used to determine reliability of the in-
strument with this data set.

Treatments

All students were required to utilize both treatment
simulations. Treatment A utilized one 3 min 38 s nar-
rated full process example presentation and four nar-
rated component presentations, varying in duration
(1 min5s;17s; 39 s; and 1 min 1 s). Treatment B utilized
one 1 min 55 s narrated full process example presenta-
tion and four narrated component presentations, rang-
ing in duration (20s; 8s; 27 s; and 37 s). All presenta-
tions provided a modeled worked example of the same

Treatment A
(AB group)
Cont.
Prior knowledge test N R Pretest Next
(all students) lectures (all students) line
Treatment B
(BA group)
Treatment B
(AB group) \
Posttest (#1) Posttest (#2) Archaeology test
(all students) (all students) (all students)
Treatment A /
(BA group)

Figure 1. Experiment flow chart
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practice simulation. The palynology instructor provided
the narration voice in all of the presentations. All presen-
tations utilized the same surface story and deep struc-
ture format and were presented in accordance to the fol-
lowing Meichenbaum’s cognitive modeling steps: 1. A
full process example was presented prior to the practice
segments. 2. The component part of the example was re-
peated at each of the four process steps. 3. After each
component presentation, the student completed a prac-
tice component of that step (Figure 2).

All of the class periods were held in the same com-
puter lab on the university campus. Headphones were

Figure 2. Entry page for
simulations with treatment
A or B. Image button loads
a narrated modeled Quick-
Time™ movie of the com-
plete simulation process.
“Click NOW!” button loads
narrated modeled Quick-
Time movie of Segments
1-4. Once the movie is fin-
ished the user can practice
the step

provided for each student so computer narrations didn’t
present distracting background sound.

Results

The simulation data obtained from the first computer
class period following the topic lectures were used as
the pilot study. This set of data was analyzed to deter-
mine instrument reliability using a Cronbach’s alpha
score. Cronbach’s alpha scores of >0.70 were deemed an
acceptable level of reliability since alpha levels of 0.70 or

| Chick NOW! _f

Segment 2

Segment 4

Segment 3
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higher are considered adequate as the cut-off criteria. A
Cronbach’s alpha was calculated for segment one — pol-
len count (a = 0.903); segment two— pollen ID (a = 0.741,
based on standardized items); segment three—pollen
concentration (a = 0.967); segment four —interpretation
(a=0.769, based on standardized items); and overall in-
strument (a = 0.894, based on standardized items). Since
all Cronbach’s alpha scores were >0.70, the instrument
was determined to be reliable for this study and no ad-
justments were made to improve the reliability. As pre-
viously stated, the instrument’s validity was established
by three expert forensic palynologists. The relevance
of the knowledge obtained from the simulation was
both field dependent and field independent since the
technique was developed in another domain and then
adapted into this domain of study.

Prior Knowledge Test

Prior knowledge of pollen counting, identification
and site interpretation was measured for each student
using the data gathered from a non-treatment computer
practice simulation that the students worked through
prior to the topic lectures. The AB group (n = 19) scored
higher on the pollen counting and identification simula-
tion (M = 29.34) than the BA group (n = 20) (M = 28.18).
This difference was not statistically significant,
t(37) = 0.37, p > 0.05, two-tailed. Therefore, there was no
significant difference found between the two treatment
groups (AB and BA) on the basis of prior knowledge.

The average percentage score for the prior knowledge
academic performance by the participants was 18.55. In
comparison, the average percentage score for the aca-
demic performance with lecture only (pretest) was 41.52
(Table 2).

Mixed Model Analysis of Variance (ANOVA)

To determine if embedded learning support in the
form of elaborated and non-elaborated worked example
modeling affected academic performance by undergrad-
uate college students, a mixed model (one between and
one within subjects design) ANOVA was used to ana-
lyze the data at a = 0.05.

Table 2. The means and percentages of accuracy (maximum
score 155)

n M SD %

28.76 9.70 18.55
64.36 25.21 41.52

Prior knowledge 39
Pretest (post lecture) 39

The mixed model ANOVA was conducted with the
dependent variable being the simulation test score. This
score evaluated the level of accuracy in counting, identi-
fication, concentration calculation, and interpretation of
a simulated forensic pollen sample. The test scores were
determined from a posttest that followed day 1 treat-
ments, a posttest that followed day 2 treatments, and a
pretest that was taken prior to treatments. The between-
subjects ANOVA was conducted with the independent
variable being the group ID (AB or BA) (Table 3).

The sphericity assumption, for the within-subjects
effect, was reviewed before the ANOVA results were
examined to determine if it was tenable or not. To de-
termine this, the Mauchly’s Test of Sphericity was exam-
ined. The Mauchly’s Test indicated a statistically non-
significant difference, W=0.92, p=0.22. Preliminary
analyses also indicated that the sphericity assumption is
tenable, given a Huynh-Feldt value of 1.00.

Within-subjects and Between-subjects Interaction

With the sphericity assumption met, a univariate
mixed method test was run. The univariate test indi-
cated a statistically non-significant interaction between
the within-subjects factor and the between-subjects fac-
tor, sphericity assumed, F(2, 74) = 0.08, p = 0.93.

Between-subjects Factor

The results for the between-subjects factor main effect
indicated a statistically significant group ID (AB, BA) ef-
fect, F(1, 37) = 6.11, p < 0.05. This indicates that there is
a higher academic performance in Group AB compared
Group BA in all three tests (pretest, posttest #1, posttest
#2). The effect size for the analysis is large, 712 =0.14. In
other words, 14% of the total variability of the level of
accuracy can be explained by the group ID assignment,
regardless of treatment presence.

Within-subjects Factor

The results for the within-subjects factor indicated a
statistically significant worked example treatment effect,
F(2, 74) = 49.39, p < 0.01. The effect size for the analysis
is large, 172;7 = 0.57. In other words, 57% of the total vari-

Table 3. The means and standard deviations for level of accu-
racy (maximum score 155)

Factor M SD

Within-subjects Pretest 64.36 25.21
Posttest #1 92.27 33.92
Posttest #2 110.24 25.26

Between-subjects AB 97.76 30.06
BA 80.59 23.51
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Table 4. The mean difference and effect size for each pairwise
comparison

Table 5. The means and percentages of accuracy (maximum
score 65)

Comparison Mean difference ~~ Cohen’s d
Posttest #1 vs. Pretest 27.8992 0.94
Posttest # 2 vs. Pretest 45,9182 1.82
Posttest #2 vs. Posttest #1 18.0202 0.61

2Tukey’s HSD statistically significant at p < .05

ability of the level of accuracy can be explained by re-
peated use of worked example modeling.

To determine where the significant differences were
among the worked example treatment means, the pair-
wise Tukey’s HSD Test was conducted on the mean
differences. Table 4 shows that this analysis yielded
three statistically significant pairwise differences. The
first statistically significant pairwise difference was be-
tween Posttest #1 group and Pretest group. The Posttest
#1 group yielded academic performance scores signifi-
cantly higher than the Pretest group’s scores. The sec-
ond statistically significant pairwise difference was be-
tween Posttest #2 group and Pretest group. The Posttest
#2 group yielded academic performance scores signifi-
cantly higher than the Pretest group’s scores. The third
statistically significant pairwise difference was between
Posttest #2 group and Posttest #1 group. The Posttest
#2 group yielded academic performance scores signifi-
cantly higher than the Posttest #1 group’s scores.

For these results, a standardized mean difference
measure was used for describing the pairwise differ-
ences between the groups even further by calculat-
ing the Cohen’s d effect size between each comparison.
This measure expresses the mean difference between
the groups in standard deviation units. As seen in Ta-
ble 4, the statistically significant comparison (Posttest
#1 group and Pretest group) yielded a value (d = 0.94)
that Cohen (1988) would classify as a large effect size.
These two group means are a little over 9/10 of a stan-
dard deviation apart. The statistically significant com-
parison (Posttest #2 group and Pretest group) yielded
a value (d =1.82) that Cohen (1988) would also classify
as a large effect size. These two group means are “ap-
proaching” two standard deviations apart. The third sta-
tistically significant comparison (Posttest #2 group and
Posttest #1 group) yielded a value (d =0.61) that Co-
hen (1988) would classify as a medium-large effect size.
These two group means are a little over 6/10 of a stan-
dard deviation apart.

Isomorph Test

Academic performance in the archaeology simulation
was measured for each student using the data gathered
from a non-treatment archaeological pollen sample sim-

Transfer n M SD %

53.99 6.85 83.06
55.72 6.27 85.72

Forensic 39
Archaeology 39

ulation. To determine if embedded learning support af-
fected academic performance in near transfer within an
isomorphic context provided from a different domain,
an independent ¢ test was used to analyze the data be-
tween the two treatment groups (AB, BA). The AB
group (n =19) scored higher on the pollen simulation
(M = 57.66) than the BA group (n = 20) (M = 53.78). This
difference was not statistically significant, #(37) =1.95,
p >0.05, two-tailed. Therefore, there was no significant
difference detected between the two treatment groups
(AB and BA) on the basis of near transfer in an isomor-
phic context within a different domain.

The final forensic near transfer scores were re-calcu-
lated to reflect the performance with only the one over-
all pollen assemblage interpretation question that was
answered in the archaeology test. An independent ¢ test
was used to analyze the data between the AB and BA
treatment groups. The AB group again scored higher
on the pollen simulation (M = 54.84) than the BA group
(M =53.13). This difference was, however, not statisti-
cally significant, #(37) = 0.78, p > 0.05, two-tailed. There-
fore, there was no significant difference between the
two treatment groups (AB and BA) on the basis of near
transfer performance that only included an overall inter-
pretation of the pollen assemblage.

Comparison between the average percentage score
for the forensic near transfer performance and for the ar-
chaeology near transfer performance, suggests a slightly
better transfer success with the archaeology problem.
As seen in Table 5, the average percentage score for the
academic performance in participants” archaeology near
transfer score was 85.72. In comparison, the average per-
centage score for the academic performance in partici-
pants’ final forensic near transfer score was 83.06.

Discussion

The results of the prior knowledge simulation test in-
dicate that both groups of students were similar in prior
knowledge and can be classified as novice learners in
the topic of forensic palynology analysis. Previous re-
search has shown that novice learners have difficulties
with selecting and organizing relevant material and of-
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ten form misconceptions (Rieber 1990b; Lowe 2003). The
learner must be able to select relevant material, orga-
nize it into a meaningful representation so it will inte-
grate into their existing knowledge (Mayer 2001). Rieber
(1990a, 1990b) warns that novice learners often do not
possess the ability to correctly interpret the learning ac-
tivity. Some of the errors made in the prior knowledge
and to a lesser extent in the pretest can be credited to a
lack of knowledge with the activity as well as with the
topic. Even though written instructions were included
at each step in the simulation presented in the original
class session, the students were noticeably unsure about
how to proceed through the simulation activity. After
obtaining information from the topic lectures and watch-
ing the instructor click through the sequence of steps in
the activity, there still was a level of uncertainty on how
to proceed through the process of the activity during
the pretest. What the study results do allude to is that
the worked example modeling successfully played the
role of the expert coach, a strategy suggested by Rieber
(1990a) to overcome this problem of indecisiveness with
novice learners.

This research found a significant increase in academic
performance with the inclusion of embedded learn-
ing support in the form of worked example modeling
within a computer simulation. After exposure to one
worked example, regardless of the presence of elabora-
tion or not, these findings tentatively verify Ahn etal.’s
(1992) conclusion that, when using an explanation-based
leaning approach on concept formation, schema can be
acquired from a single example in a knowledge-rich
domain. Also supported was Renkl et al.’s (1998) con-
clusion that it is not necessary to include multiple exam-
ples for near transfer goals. However, results of this re-
search do indicate a positive linear trend with exposure
to multiple worked example modeling (Figure 3). The
students’ exposure to two worked example models may
explain the similar performance success in the archaeol-
ogy posttest (85.72% accuracy) to the final forensic trans-
fer posttest (83.06% accuracy).

The inclusion of embedded worked example models
indicates a linear trend. One may suggest that this skill
development is due to practice. To a certain extent, one
would certainly assign a relationship of the positive in-
crease in academic performance to the multiple attempts
the students did of the “pretest/posttest” simulation.
However, there was no immediate or delayed feedback
given to the students on the numerous attempts. Thus,
we return to the fact that previous research (Cooper and
Sweller, 1987; Sweller and Cooper 1985) has found tra-
ditional practice-based problem solving strategies to
be lacking in success. It would tentatively suggest that
the practice success was only an effective method of ac-
quiring cognitive skills for novices, once the embedded
worked example modeling was present. The embedded
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Figure 3. Profile plot of the mixed model ANOVA marginal
means

worked example modeling elements, in this study, have
shown 81gn1flcant research effects for better transfer (172
=057, 77 =045, 17 = 0.36) suggesting reduction of cog—
nitive load for the novice students. This is not surprising
in that the instructional design of this research’s simu-
lation activity incorporates the nine ways of reducing
cognitive overload in multimedia learning (Mayer and
Moreno 2003).

When considering the effectiveness of the embedded
worked example modeling in each step, some research
studies (Clarke etal. 2005; Kester etal. 2004a, 2004b;
Pollock et al. 2002) argue that a part-whole approach is
effective in reducing intrinsic load in learning complex
tasks. However, this study utilizing Meichenbaum'’s
steps for cognitive modeling has shown that providing
a complete presentation of the complexity of the process
at the beginning followed with short segment clips at
each step of the process, has a significant effect on per-
formance. These results connect this present research’s
significance of the worked example modeling to the no-
tion that a whole-part approach is a successful method
through which to reduce intrinsic load in complex learn-
ing tasks. Previous literature (Dufresne et al. 1992; van
Merriénboer et al. 2006) has suggested that one way to
present a whole-part approach is “... to constrain learn-
ers’ performance, either through forcing them to behave
as an expert would do by requiring them to successfully
complete a particular problem-solving phase before en-
tering a next phase or through the use of particular tasks
formats such as worked examples and completion tasks”
(van Merriénboer et al. 2006, p. 348). The Meichenbaum
steps utilize this enforcement of expert behavior in re-
quiring the completion of each task before entering the
next task or phase. This whole-part approach was ef-
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fective in academic performance of novice learners and
suggests that presentation of the complete process with
individual follow up segments at each step of the pro-
cess does reduce intrinsic load for these learners as sug-
gested by Meichenbaum (1977).

This study also suggests that the delayed use of feed-
back was a factor contributing to the success of transfer.
This delayed use of feedback is supported by van Mer-
riénboer, etal. (2006) as a method to induce germane
cognitive load. A study by Robins and Mayer (1993) also
“... found superior transfer test performance for learners
who received sets of worked examples together with in-
frequent feedback” (van Merriénboer et al. 2006, p. 349).

The results from the Current study’s repeated mea-
sure performance effect size (17 = 0.57) provides addi-
tional support for Lee’s (1999) flndmgs that the effective-
ness of using computer simulation practice in science
education has an average effect size of 0.54.

It was hypothesized that procedural practice sim-
ulations with embedded elaborated worked example
modeling compared to non-elaborated worked exam-
ple modeling would provide a greater significant cog-
nitive transfer with novice learners due to reduction in
cognitive load. However, no significant difference was
found in utilizing elaborated vs. non-elaborated worked
example modeling. This study’s practice simulation was
formulated to represent a process developed in a well-
structured scientific domain. Thus, this finding is attrib-
uted to the fact that the goal state is well defined and
that there is only one path that will lead to the correct
(acceptable) solution. This then does not support the ra-
tionale by van Gog et al. (2004) for utilizing the “expert”
why and how in worked examples. However, their sug-
gestion that the addition of the “expert” why would fos-
ter better understanding in less structured domains has
not been discounted and further research is suggested.
van Merriénboer etal. (2006), when discussing meth-
ods to induce germane cognitive load, refers to a study
by Renkl (2002) that “...indicated using guidance, in
the form of a minimalist description of the probabilis-
tic rule that was used in the worked example provided,
had beneficial effects on learning” (van Merriénboer
et al. 2006, pp. 348-349). Thus, the inclusion of non-elab-
orated worked example modeling may actually be more
beneficial in this regard.

The present research has demonstrated a signifi-
cant linear trend of exposure to multiple worked exam-
ple modeling. After exposure to two worked example
models, the students performed as well on the archae-
ology transfer posttest (85.72%) as the final forensic near
transfer posttest (83.06%). Renkl et al. (1998) concluded
that it is necessary to include multiple examples when
far transfer is the goal, but this may be also necessary in
transfer between isomorphs.

In reviewing this study, the concept of analyzing
pollen samples from a human occupation site to deter-

mine human activity within the context of two differ-
ent domains can be argued that the transfer of knowl-
edge is the same and only represents near transfer in
both. However, Perkins (1992) presents a discussion of
transfer with isomorphs that pertains to this argument.
He states, “[I]t is not clear whether one should consider
study of problem isomorphs near or far transfer, be-
cause isomorphs are near identical structurally but very
different in external trappings. In any case, subjects usu-
ally do not recognize the connection between one iso-
morph and the other and hence do not carry over strat-
egies they have acquired while working with one to the
other. However, if the relationship is pointed out, then
subjects can do so fruitfully (Simon and Hayes 1977)”
(Perkins 1992, p. 4). So, if one views the use of palynol-
ogy techniques in forensic science and archaeology as
isomorphs, with the same logical structure in different
physical terms (the forensic structure presented entirely
with the present day time frame and a murder investiga-
tion context while the archaeology structure is presented
with a prehistoric time frame in a hunter-gatherer habi-
tation context), the success lies in the order of practice
with the archaeology simulation following the foren-
sic simulation. This allowed the students to successfully
carry over the process strategies. The argument for do-
main transfer success is a necessary argument when val-
idation of scientific techniques, developed for analysis
in one domain, is to be accepted as a valid technique in
other domains. In the current study, pollen analysis was
taught as an analytical tool in a science field that has in-
corporated multiple hard science techniques to support
conclusions in a court of law (James and Nordby 2005).
Bryant etal. (1990, p. 193) define forensic palynology
as “... the science of applying modern and fossil pol-
len and spores (palynomorphs) to help solve legal prob-
lems.” The utilization of forensic palynology in solving
legal problems was first documented in 1959 (Bryant
and Mildenhall 1998). References to the use of palynol-
ogy in archaeology, however, can be traced back to the
1920s (Kapp et al. 2000). Archaeological palynology has
been utilized in the natural science field of archaeology
as a method of interpreting the health, diet, and activity
patterns of ancient populations.

“Instructional methods that explicitly aim at trans-
fer of learning must carefully balance both complemen-
tary dimensions, and facilitate the interpretive aspects
of knowing for those aspects of a complex task that are
different from problem to problem situation as well as
facilitate the applicative aspects of knowing for those as-
pects of a complex task that are highly similar from sit-
uation to situation (van Merriénboer 1997)” (van Mer-
riénboer et al. 2006, p. 346). The results from the current
study suggest that, with the adaptation of practice sim-
ulation utilizing the same mechanical procedure in two
different physical domain contexts, but containing sim-
ilar interpretation logic, the practice simulation incor-
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porates an instructional method that contains aspects of
transfer of knowledge in science as well as other natural
science domains through the utilization of the worked
example modeling.

Conclusions

This research study focused on embedded worked
example modeling within practice simulations as an
instructional design model for enhancing knowledge
transfer for promotion of schema acquisition. The find-
ings suggest that embedded worked example modeling
within practice simulations can be an effective method
for transfer of learning with novice learners. In addition,
the findings suggest that this is a method that can be uti-
lized as part of course curriculum for enhanced instruc-
tion on complex tasks.
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