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Abstract— There is significant interest in research regarding
student understanding and performance, especially in
probability and statistics.  Past research has focused on
misconceptions in statistical inference, but, there is little research
regarding statistical misconceptions for undergraduate
engineering students. Additionally, engineering educators
recognize that active-learning strategies can improve
undergraduate STEM education, but unfortunately intervention-
based research on reducing statistical misconceptions is not
prevalent. This research aims to address these literature gaps by
employing a simulation-based structured group work activity
whose goal was to increase awareness of and help students
overcome misconceptions regarding the Central Limit Theorem
(CLT). The CLT was chosen based on its abstract, non-intuitive
nature, prevalence in the literature, and its foundational
importance to the field of probability and statistics.

Informed by the work of Schwartz and Bransford, this study
draws on contrasting cases in conjunction with a simulation-
based group assignment given to undergraduate industrial
engineering students enrolled in an intermediate-level probability
and statistics course at the University of Pittsburgh. Through
this active-learning intervention, the following research questions
are addressed: (1) How can active-learning strategies help
students overcome misconceptions in statistics? (2) How do
active-learning strategies affect the retention of statistical
concepts across a curriculum?
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[. INTRODUCTION

The teaching and learning of probability and statistics
(among other STEM fields) has been an area of research that
has garnered much attention over the past two decades. This
area continues to be an integral part of the engineering
curriculum, with the ability to understand, interpret, and
evaluate findings becoming an essential skill for the future
engineering workforce [1]. For this reason, it’s important for
engineering students to understand some of the core tenants of
the statistics field. There is significant interest in research
regarding student understanding and performance in
probability and statistics. Past research has focused on
misconceptions, biases, and faulty heuristics in statistical
inference, but, there is little research regarding statistical
misconceptions for undergraduate engineering students. There
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are many misconceptions and faulty intuitions used by students
that are stubborn and difficult to overcome, despite even the
best statistics instruction [2]. Engineering educators recognize
that active-learning strategies can improve undergraduate
STEM education, but unfortunately intervention-based
research on reducing statistical misconceptions is not prevalent

[3].

There are many areas for which students have
misconceptions regarding statistical inference, including
sampling variability, the interpretation of the numerical value
of the p-value, and confidence intervals. But this intervention
research study focuses on the Central Limit Theorem (CLT).
The CLT was chosen based on its abstract, non-intuitive
nature, prevalence in the literature, and its foundational
importance to the field of probability and statistics. A common
pedagogical decision to clarify abstract and difficult concepts
of statistics is to use computer simulation methods [1]. Many
researchers have advocated the use of simulation methods to
reinforce students’ understanding of the concepts involving the
CLT. However, there is a lack of research on the use of simple
simulation assignments to augment and reduce misconceptions
engineering students may have about the CLT. This research
aims to address these literature gaps by employing a
simulation-based structured group work activity whose goal is
to increase awareness of and help students overcome
misconceptions regarding the CLT.

Informed by the work of Schwartz and Bransford on
conceptual change, this study draws on contrasting cases in
conjunction with a simulation-based assignment given to
undergraduate industrial engineering students enrolled in an
intermediate-level probability and statistics course at the
University of Pittsburgh.  Students were tasked to work
individually on personalized simulation assignments that
forced them to think about the CLT and its implications in
practice. After the initial assignment was completed, instructor-
assigned groups of students shared simulation strategies,
compared and contrasted results of their simulations, and
discussed the significance of the differences they discovered. A
short lecture on the CLT was given after the structured group
work was completed.



A pre-and post- assessment was given to test students’
understanding of the CLT. Retention was also tested by
administering the same assessment on another cohort of
students, some who’ve participated in the activity a year ago.
Through this simulation-based intervention, the following
research questions are addressed:

(1) How can simulation-based instruction reduce
misconceptions about the Central Limit Theorem? What are
the short-term and immediate learning gains for this type of

pedagogy?

(2) How can simulation-based instruction affect the long-term
retention of statistical concepts across a curriculum?

II. LITERATURE REVIEW

A. The Nature of Misconceptions and the Theory of
Conceptual Change

Lecturing in university classrooms has become a mainstay
of instruction for as long as universities were around [3].
Instructors can be astonished to learn that, despite their best
efforts, students do not always grasp fundamental ideas
covered in class. Many students have not developed an
appropriate understanding of fundamental concepts from prior
studies, and this shortcoming interferes with subsequent
learning [4]. There are many types of ‘misconceptions’ to
consider, including preconceived notions, nonscientific beliefs,
conceptual misunderstandings, vernacular misconceptions, and
factual misconceptions. Of particular importance in this study
are conceptual misunderstandings. The constructivist view on
learning suggests that learning may involve changing a
person’s conceptions rather than simply adding new
knowledge to what was already there [5],[6]. However, this can
be challenging. Research has shown that new concepts cannot
be learned if alternative models already exist in the learners
mind. Therefore, many misconceptions persist even when they
are confronted by the most innovative forms of instruction [7].
Before a student can embrace and understand the new concept,
they must confront their own beliefs and attempt to reconstruct
this knowledge. This requires instructor to identify students’
misconceptions, provide a platform for students to confront
those misconceptions, and then help students reconstruct and
internalize their knowledge, based on scientific empirical
models [4]. This theory of conceptual change was leveraged to
create an intervention that presented contrasting cases (via
simulation) to help students develop more differentiated
knowledge that would guide their subsequent learning during
lectures regarding the CLT [8], [9] .

B. Statistical Misconceptions

Like many other STEM disciplines, research has been
conducted to identify common faulty heuristics, biases, and
misconceptions found in college students and adults and then
training these individuals to reason more correctly [2]. A
problem that arises in the encounter with a new statistical
concepts is that of a change in the existing schema [10]. As
such, many statistical misconceptions exist. Castro Sotos et al.
reviewed the literature and identified several, as seen in Table
1. Many other researchers have sought to identify and remedy

varying statistical misconceptions, including center and
variability, hypothesis testing, p-values, data analysis,
histograms, central limit theorem, and others [11]-[16].
However, the central limit theorem was chosen for this
intervention due to instructor observation and foundational
importance in the field of probability and statistics.

TABLE 1. Statistical Misconceptions [15]

Statistical Misconceptions Topics

Sampling Distributions Law of small numbers; different
distributions; central limit theorem
Approaches to hypothesis testing;
definition of hypotheses;
significance levels; interpretation of
the p-value; evaluation of statistical
significance

Plausible values of sample mean;
range of scores; relative width of
confidence interval

Hypotheses Tests

Confidence Intervals

There have been a few tools developed to better understand
misconceptions students have about statistics. One such tool is
the Statistics Concept Inventory (SCI), developed by Kirk
Allen et al. The SCI is a multiple choice instrument that
assesses student understanding of fundamental statistics
concepts [17], [18]. Shuman et. al have taken a different
approach to understanding and improving learning in statistics
with the use of model-eliciting activities (MEA). MEAs elicit a
mathematical or conceptual system as part of its procedural
requirements. To resolve an MEA, ,students need to make new
connections, combinations, manipulations and predictions [19].
However, the most prevalent method for reducing
misconceptions in statistics has been the utilization of
computer simulation methods, all of which had promising
results [1], [20]-[22]. This was the primary instructional
activity chosen for this study, combined with the think, pair,
share methodology. Think, Pair, Share is a cooperative learning
technique that has students think about questions
independently, then grouped together to discuss their thoughts,
and finally share their ideas with the class. In addition to the
theory of conceptual change, this part of the intervention is
hypothesized to have impact on reducing statistical
misconceptions and enhance learning by giving students
opportunities to vocally reason through their ideas, internally
process, organize, and retain those ideas [6]. The methodology
of the intervention is described in detail below.

III. METHODOLOGY

This study was conducted at the University of Pittsburgh.
The University’s Institutional Review Board approved this
study as exempt (IRB #PR0O016020423). The study was also
approved by the instructor of the course. The intervention was
carried out over two semesters in two different academic years,
covering two cohorts of sophomore industrial engineering
students which we will label Cohort 1 and Cohort 2,
respectively. The intervention was carried out across different
groups of students in two different years for two reasons:
refinement and retention. After completing the intervention on
Cohort 1, we noticed areas of improvement in terms of
assignment difficulty and clarity, as well as ways to improve



the assessment. Additionally, we assessed Cohort 1 again one
year later (the students now taking a simulation class) to see
how much they’ve retained regarding the CLT. Figure 1
outlines the study process.
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Figure 1. Intervention Study Process

The 69 students in Cohort 1 were given the intervention in
Spring 2015 in an advanced undergraduate statistics course that
covered topics such as regression, ANOVA, and design of
experiments. The 66 students in Cohort 2 were given the same
intervention in Spring 2016 in the same course. Because this
study was carried out over two academic semesters, two
versions of the assessment tool and the intervention were used.
While the differences in the actual intervention were minor
focusing mainly on improving the instructions, the original
assessment tool differs from the final assessment tool by
improving one question. The differences in these two versions,
as well as the design of the intervention itself, will be covered
more thoroughly below.

A. Design of Intervention

The CLT intervention can be broken down into three major
components:

1) Individual simulation assignment
2) In-class group work
3) Lecture and discussion

Each component of the intervention is discussed in more
detail below.

Individual Simulation Assignment: The first part of the
intervention for both cohorts was to assign a simulation-based,
take home assignment that had students confront their current
misconceptions about the CLT. To reduce the misconceptions
students had about the CLT, we gave the students the
opportunity to generate and plot distributions of the individual
observations and the sample means in Excel. Each student was
given one of the following underlying distributions based on
their last name: Exponential, Normal, Poisson, and Uniform.
These distributions were chosen in part because the students
were familiar with them from previous statistics courses and
also have extensive use in their future courses. The assignment
was broken into three parts. The first part had the students
generate different number of random observations (10,100, and

500) from their respective distributions and plot histograms of
each. The second part had the students generate samples of
random observations in different sizes (e.g. 500 samples of
sizes 5, 50, and 100) and plot the histograms of the sample
means. The third part resembles the second, except now the
students were told to change the number of samples, and keep
the size of each sample the same (e.g. 10,100, and 500 samples
of size 50). The purpose of the last two parts was for students
to get an understanding about the effect of sample size and the
number of samples in relation to the CLT and its applications.
The students, therefore, had to produce 9 histograms, with each
histogram having different parameters.

Because the students are not yet familiar with simulation
techniques using Excel such as the inverse transform
technique, instructions on how to generate random numbers
using the Data Analysis Toolpak were given. The assignment
can be viewed in its entirety at the authors request.

The students completed the assignment individually, and
out of class. The students were given one week to complete the
assignment, and to bring their results to class so that they could
participate in the next part of the intervention: in-class group
work.

In-class Group Work: The second part of the intervention
was designed to give the students the opportunity to discuss the
results of their individual simulation assignment with their
peers. The main objective of this part of the intervention was
for students to compare and contrast their results with others,
with the main difference between students being the underlying
distribution. It also helped reinforce the findings the students
were already starting to recognize in their individual
assignment, and a way for confusing phenomena to be clarified
by their peers.

The classroom consists of 12 tables, with 6 students sitting
at each table. Once the students arrived and sat at their tables
(mostly with their friends), the students were instructed to have
their simulation assignment results readily available. Each
table was considered a group, and there was no group that all
had the same underlying distribution. Each group was given a
handout that they were to complete, and asked how and why
the results for each section of the simulation assignment were
either different or the same. The groups also discussed the
implications of these differences and how it relates to the CLT.
Finally, the groups discussed the following factors in relation
to the CLT in preparation for the class discussion:

1) Underlying distribution

2) Sample means vs individual observations
3) Sample size

4) Number of samples

5) CLT importance and key takeaways

The group work activity took 30 minutes of class time. The
group work activity sheet can be vied at the authors request.
After the students completed this part of the intervention, we
moved on to the lecture and discussion about the CLT.

Lecture and Discussion: Now that the students have a
better understanding of the CLT through hands on experience



with the phenomena, and have had a chance to discuss their
thoughts with their peers, the third and last part of the
intervention involved a short lecture about the CLT and a class
discussion about the simulation assignment and the group
work. The class first discussed, in part, what they have learned
about the CLT so far, and what their key takeaways were.
Other discussion points revolved around the 5 factors listed
above. We allowed the students to drive the discussion and
invited students to respond to each other (either agreeing or
dissenting). When the discussion subsided, a lecture was given
by one of the researchers (not the instructor of the course). In
the first iteration of the intervention (Cohort 1), the researcher
prepared a short lecture ahead of time that went over the CLT
from a conceptual standpoint. However, the second iteration
was shown a Khan Academy video about the CLT [23]. The
lecture and discussion lasted roughly 20 minutes.

B. Assessment

Each cohort was given a pre-assessment and a post-
assessment for conceptual understanding of the CLT. When the
students were assessed and how they were assessed differ
slightly among the two cohorts. We will first discuss the
differences in the two versions of the assessment, and then
describe the nature of the assessment.

The original as well as the final assessment tool asked three
different types of questions. The first question was a visual
question about the CLT, the second question asked about the
distribution of individual observations from a distribution, the
third question asked about the distribution of sample means
from a distribution, and the fourth question was a conceptual
question about the implications of the CLT. Both versions of
the assessment were approved by the instructor of the course as
being appropriate. The final assessment tool can be viewed at
the authors request

The final assessment tool differed from the original in two
ways. First, question four was changed from a T/F question, to
a multiple choice question for a more nuanced understanding
of student beliefs. The two versions of the question are
presented in Table 2

TABLE 2. Assessment — Question 4 Versions

Original Assessment Question 4 Final Assessment Question 4

T/F: The Central Limit Theorem | The Central Limit Theorem implies
states that any distribution will | that

approach a normal as long as the
sample size is sufficiently large.
Explain your answer.

a. All variables have approximately
bell-shaped sample distributions if a
random sample contains at least 30
observations.

b. Population distributions are normal
whenever the population size is
sufficiently large.

c. For large random samples, the
sampling distribution of the means is
approximately normal, regardless of
the shape of the population
distribution

d. The sampling distribution looks
more like the population distribution
as the sample size increases.

e. All of the above.

Second, a fifth question was added (for the post-assessment
only) to ask the students what part of the intervention was most
helpful in understanding the CLT. The open-responses were
later coded into four categories: Assignment, Group Work,
Lecture/Discussion, and Video.

The two cohorts were also assessed at different times. We
wanted to explore the short-term, intermediate, and long-term
impacts of the intervention. Cohort 1 was not given question 4
on the pretest, but did answer the first three questions. Question
4 on the original assessment was instead given to an upper-
level simulation class, to get a baseline for that particular
question. However, question 4 was given to cohort 1 on the
posttest. Cohort 1 was given the post-assessment immediately
following the intervention, which tested for short-term impact.
Cohort 1 was also given the post-assessment 1 year later (when
a portion of the students were taking a simulation class), which
tested for long-term impact and retention. It’s worth noting that
65% the students in the simulation class participated in the
intervention 1 year prior. Cohort 2 was given the post-
assessment 2 weeks after the intervention, which tested for
intermediate impact. Table 2 depicts the nature of the
assessment of both cohorts.

TABLE 2. Time and Versions of Assessment

Baseline Pre-  Short-term Intermediate Long-term
Assessment Impact Impact Impact
Assessment Assessment Assessment
Cohort Original* Original; -- Final;  one
1 immediately year later
after
Cohort Final - Final; two -

2 weeks later

* Only given first three questions. Question 4 given to upper-level simulation
class as a baseline




IV. RESULTS

This section outlines the results obtained from the
intervention, broken down by cohort. Two types of analyses
were constructed: scores on the pre-and post-assessments
broken out by each question and improvement for each student
broken out by each question. The pre-and post-assessment
scores reflect the proportion of students who answered each
question correctly, and the overall score is the average across
all questions. Since we have paired data, we also explored how
the intervention affected the marginal proportions of correct
answers on each question using McNemar’s Test [24]. The
effect sizes were calculated for each question using Cramer’s
phi (¢), where any ¢ greater than 0.50 is considered a large
effect size, between 0.30 and 0.50 a moderate effect size, and
anything less than 0.30 a small effect size. This is statistical
test used on paired nominal data to determine whether row and
column marginal frequencies are equal. It’s similar to a chi-
squared test for homogeneity, but for paired data. For Cohort 1
only, a 2-proportion z-test was done to test if there was a
significant difference in the proportion of students who got
Question 4 correct (the T/F version) since this is the only
question where we don’t have paired data. The results obtained
are mapped to areas of short-term, intermediate, and long-term
impact on student learning regarding the CLT.

A. Cohort 1
TABLE 3. Scores for Cohort 1 by Percentage Correct

question correct in the non-intervention group (z=8.33, p <
0.001).

TABLE 4. Scores on Post-Assessment for Intervention Non-Participants

Cohort 1 and Non-Participants Non-Participants Cohort 1
Spring 2016 (n=25) (n=46)
Question 1 16% 52%
Question 2 44% 67%
Question 3 72% 96%
Question 4 28% 43%
OVERALL 40% 65%
OVERALL(first 3 questions) 44% 72%

Cohort 1 Pre-Assessment  Post- McNemar’s
. Assessment Test (¢)

Spring 2015 (n=69) (n=69)
Question 1 20% 94% 0.82
Question 2 25% 80% 0.66
Question 3 76% 96% 0.37
Question 4 6%** 74% -
OVERALL 40%* 86%* -
OVERALL (first 40% 89% -—-

3 questions)

* Overall pretest calculated from 3 questions; overall posttest calculated from 4
questions
** Given to simulation class, not to statistics class

As seen in Table 3 and Table 4, the proportion of correct
answers increased across all questions as a result of the
intervention. The magnitudes of these gains differ considerably
based on the type of question. The largest gains occurred on
Question 1 (Visual Question) that had students analyze pictures
of distributions and match the correct distribution to the
sampling scheme given. Question 1 was most similar to their
homework, as it provided visual clues, instead of just words.
Question 3 (sampling distribution of the means) had the
smallest gain and only moderate effect size. Many students got
this question correct, and students tend to err on the side of a
distribution being normal, if no other alternative seemed
possible, which is in line with current CLT misconceptions.
The learning gains for Question 2 were much higher, as this
was a main learning objective of the individual assignment and
subsequent class group work. The results also indicate that the
proportion who got Question 4 correct after the intervention is
significantly higher than the proportion of students who got the

It’s important to remember that Cohort 1 was assessed
immediately after the intervention, which could be a reason for
the strikingly high learning gains. The question becomes: are
these learning gains retained? To answer this, Cohort 1 was re-
assessed 1 year later in a simulation class. The results show a
decline in scores across all questions (with the exception of
Question 3). The scores obtained are still much higher than the
original pre-assessment scores and more importantly, are
higher than the students in the simulation class who did not
participate in the intervention. In fact, the scores on the post-
assessment for the non-participants are roughly the same as the
pre-assessment scores for the participants. This indicates that
the intervention has had an effect on the retention of the
conceptual nature of the CLT, ruling out natural maturation as
a potential explanation for higher scores.

So by utilizing contrasting cases via simulation, we reduce
misconceptions about the CLT and improve understanding.
There were both immediate and long-term learning gains.
However, we wanted to refine the intervention and explore the
robustness of these initial findings. To do this, the intervention
was carried out one year later on another cohort of students.
The results for this cohort are presented below.

B. Cohort 2
TABLE 5. Scores for Cohort 2 by Percentage Correct

Cohort 2 Pre- Post- McNemar’s
Spring 2016 Assessment Assessment Test

(n=66) (n=66) [}
Question 1 18% 50% 0.44
Question 2 38% 67% 0.38
Question 3 89% 92% 0
Question 4 21% 41% 0.30
Overall 42% 64% -

OVERALL (first 42%
3 questions)

70% -

As mentioned previously, the main differences in the
intervention were a change in Question 4 and when the cohort
of students was assessed. First, the pre-assessment scores of
Cohort 2 are in line with the pre-assessment scores of Cohort 1,
and also the assessment scores of the non-participants. This
provides a stable baseline level of knowledge and
understanding about the CLT. After two weeks, there were
significant gains across all of the questions (except Question
3), but are much lower than the gains from Cohort 1 when
assessed immediately. But what’s more striking are the results



from the post-assessment are very similar to the post-
assessment results from Cohort 1 after one year had passed.
This suggests that there is a noticeable drop in learning gains
after 2 weeks, but this drop stabilizes after one year. It also
helps answer the question about the robustness of the
intervention. The results from both assessments, even with the
changes, are similar across cohorts.

The final post-assessment also included a question that
asked the students what parts of the intervention were most
helpful in understanding the CLT (see Figure 2). This was an
open-ended question, but the question listed the four main
elements of the intervention for students to comment on.
Overall, the students found the individual simulation
assignment the most helpful, and all of the other elements
equally as helpful. This result is promising, as the design of the
intervention was based on the theory of conceptual change
using contrasting cases to reduce misconceptions. The
individual simulation assignment leveraged this theory.
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Figure 2. Most Helpful Aspects of Intervention

V. IMPLICATIONS

A. Impact on Learning: Short-Term, Intermediate, and Long-
Term Outcomes

There were significant increases in  short-term,
intermediate, and long-term learning outcomes. When the
students were assessed immediately after the intervention, the
learning gains were quite high and varied amongst different
question types. These outcomes were consistent across
different groups of students and in different classes (see Figure
4). To reinforce the learning gains, each cohort had similar
baseline levels of knowledge about the CLT. There was a drop
in learning gains after 2 weeks (which was expected), but what
was a bit surprising was that these learning gains remained
stable even after 1 year. The majority of students indicated that
the individual simulation assignment was the most helpful part
of the intervention. The study also demonstrated the robustness
of such an intervention.
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Figure 3. Overall Assessment Trends

This study adds to the increasing amount of evidence that
active-learning strategies improve student achievement. Much
of the research on instructional strategies has focused on entire
classroom changes or larger strategic visions for how the
course should be taught in general. There are many cases
where STEM instructors, and in this case, statistics instructors
that want to target a specific student misconceptions, without
changing the nature in which they teach the class, for better or
for worse. This study demonstrates an easily implementable
active-learning intervention, based on the theory of conceptual
change, which enhances how a particular foundational concept
is taught. The results from this study should encourage
statistics instructors to implement more active-learning
strategies throughout the probability and statistics curricula.
More generally, adopting pedagogical strategies that give
students a chance to get hands-on experience with data and
how conceptually abstract phenomena operate in practice can
be helpful in the many other statistical areas where
misconceptions are present. While this study outlines a way for
misconceptions about the CLT to be reduced, we imagine that
interventions grounded in similar theories of action can reduce
misconceptions about other important areas of probability of
statistics.

B. Limitations and Future Directions

The results of this intervention study on reducing statistical
misconceptions are promising, but there are various limitations
that must be stated. First, while the learning gains for the CLT
are evident, the overall scores on the assessment after 2 weeks
and 1 year are still quite low. Roughly one-third of the students
in both cohorts still have misconceptions about the CLT. More
needs to be done to reinforce the conceptualization and
application of the CLT in practice over the curriculum. Second,
the assessment instrument only consisted of four questions that
all required either the interpretation of the CLT or the
application of it. It is difficult to conclude from a four question
assessment whether a student truly understands the CLT.
Moreover, this study would have benefited from a more in-
depth understanding of exactly how the students
conceptualized the CLT. This would require talking to the
students who did poorly on the assessment to better understand



their prior knowledge and mental models of this phenomena.
Lastly, this study utilizes the theory developed by Schwartz
and Branford, but doesn’t follow their analytic process exactly.
Future work could be to look at the sequence of instructional
activities, similar to the work conducted in Time for Telling
[25]. What if the lecture on the CLT occurred before the
simulation assignment? How does the simulation assignment
compare to other methods of learning out of the classroom
(problem sets, reading, etc.).

Reducing misconceptions about the CLT was a good
starting point to fill in gaps between research and practice of
teaching and learning statistics. However, as noted previously,
many misconceptions about probability and statistical
inference still exist. Future work will consist of developing a
portfolio of easily implementable interventions to help students
understand the more difficult concepts within the discipline,
including the interpretation of the p-value, the conditional
nature of significance levels, the difference between population
and sampling distributions, and the understanding and
application of different distributions in practice.

ACKNOWLEDGMENT

This study was approved by the University Institutional
Review Board ((IRB #PR0O016020423). Many thanks for the
Center for the Integration of Research, Teaching, and Learning
(CIRTL), as well as the feedback from the local Pitt-CIRTL
chapter.

REFERENCES
[1] J. D. Mills, “Using computer simulation methods to teach statistics :
A Review of the Literature,” J. Stat. Educ., vol. 10, no. 1, 2002.
[2] J. Garfield and D. Ben-Zvi, “How students learn statistics revisited :

a current review of research on teaching and learning statistics,” Int.
Stastical Rev., vol. 75, no. 3, pp. 372-396, 2007.

[3] S. Freeman, S. L. Eddy, M. McDonough, M. K. Smith, N.
Okoroafor, H. Jordt, and M. P. Wenderoth, “Active learning
increases student performance in science, engineering, and
mathematics.,” Proc. Natl. Acad. Sci. U. S. A., vol. 111, no. 23, pp.
8410-8415, Jun. 2014.

[4] C. Moore and I. Abella, “Overcoming misconceptions :
misconceptions as barriers to understanding science,” in Science
Teaching Reconsidered: A Handbook, Washington, D.C.: National
Academies Press., 1997.

[5] P. W. Hewson, “The role of conceptual conflict in conceptual
change and the design of science instruction,” Instr. Sci., vol. 13, pp.
1-13, 1984.

[6] S. Ambrose, M. Bridges, M. DiPetrio, M. Lovett, and M. Norman,

How Learning Works: Seven Research-Based Principles for Smart
Teaching. John Wiley and Sons, 2010.

[7] M. T. H. Chi and R. D. Roscoe, “The processes and challenges of
conceptual change,” Reconsidering Conceptual Change. Issues in
Theory and Practice. pp. 3-27, 2002.

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

D. L. Schwartz, J. D. Bransford, and D. Sears, “Effiency and
innovation in transfer,” in Transfer of learning from a modern
multidisciplinary perspective, no. 3, 2005, pp. 1-51.

D. L. Schwartz, C. C. Chase, M. a. Oppezzo, and D. B. Chin,
“Practicing versus inventing with contrasting cases: The effects of
telling first on learning and transfer.,” J. Educ. Psychol., vol. 103,
no. 4, pp. 759-775, 2011.

Z.R. Mevarech, “A deep structure model of students’ statistical
misconceptions,” Educ. Stud. Math., vol. 14, no. 4, pp. 139-146,
1983.

L. L. Cooper and F. S. Shore, “Students > misconceptions in
interpreting center and variability of data represented via histograms
and stem-and-leaf plots,” J. Stat. Educ., vol. 16, no. 2, pp. 324-326,
2008.

S. Krishnan and N. Idris, “Students > misconceptions about
hypothesis test,” REDIMAT, vol. 3, no. 3, pp. 276-293, 2014.

S. Goodman, “A dirty dozen: twelve p-value misconceptions.,”
Semin. Hematol., vol. 45, no. 3, pp. 13540, Jul. 2008.

C. L. Aberson, D. E. Berger, M. R. Healy, D. J. Kyle, and V. L.
Romero, “Evaluation of an interactive tutorial for teaching the
central limit theorem,” Teach. Psychol., vol. 27, no. 4, pp. 289-291,
2000.

A. E. Castro Sotos, S. Vanhoof, W. Van den Noortgate, and P.
Onghena, “Students” misconceptions of statistical inference: A
review of the empirical evidence from research on statistics
education,” Educ. Res. Rev., vol. 2, no. 2, pp. 98—113, Jan. 2007.
H. J. Motulsky, “Commentary common misconceptions about data
analysis and statistics,” J. Pharmacol. Exp. Ther., vol. 351, pp. 200—
205, 2014.

K. Allen, “The Statistics Concept Inventory: Development and
analysis of a cognitive assessment instrument in statistics,” Diss.
Univ. Oklahoma, 2006.

K. Allen, T. Reed-Rhoads, R. Terry, T. Murphy, and a Stone,
“Coefficient alpha: An engineer’s interpretation of test reliability,”
J. Eng. Educ., no. 1937, pp. 87-95, 2008.

L. J. Shuman, R. Clark, M. Besterfield-sacre, and T. P. Yildirim,
“The Model Eliciting Activity (MEA) Construct: Moving
engineering education research into the classroom,” in Proceedings
of the 9th Biennial ASME Conference on Engineering Systems
Design and Analysis, 2008, pp. 1-9.

C. Robert, J. Garfield, and B. L. Chance, “A model of classroom
research in action : Developing simulation activities to improve
students ’ statistical reasoning,” J. Stat. Educ., vol. 7, no. 3, 1999.
D. M. Lane and Zhihua Tang, “Effectiveness of simulation training
on transfer of statistical concepts,” J. Educ. Comput. Res., vol. 22,
no. 4, pp. 383-396, 2000.

J. D. Mills, “Learning abstract statistics concepts using simulation,”
Educ. Res. Q., vol. 28, no. 4, pp. 18-33, 2004.

S. Khan, “Central Limit Theorem,” Khan Academy, 2016. [Online].
Auvailable:
https://www.khanacademy.org/math/probability/statistics-
inferential/sampling_distribution/v/central-limit-theorem.
[Accessed: 15-Feb-2015].

A. Agresti, Categorical Data Analysis. 2013, 3" edition, Hoboken,
NJ, USA: John Wiley & Sons.

D. L. Schwartz and J. D. Bransford, “A time for telling,” Cogn.
Instr., vol. 16, no. 4, pp. 475-522, 1998.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


