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The present study aimed to remediate pre-service teachers” misconceptions about sampling distributions
and to develop their conceptual understanding through the use of conceptual change texts (CCTs). The
participants consisted of 84 pre-service teachers. To determine the pre-service teachers’ conceptual
understanding of sampling distributions, an achievement test was utilized. Five conceptual change texts
were prepared. In this study, the number of correct responses of pre-service teachers increased from pre-
test to post-test and delayed test. This increase was statistically significant in favor of the post-test and
delayed test. The results demonstrated that, due to the knowledge gained from the CCTs, the pre-service
teachers improved their conceptual understanding about sampling distributions. Moreover, this study
represents an important effort to integrate CCTs in mathematics and statistics education.
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1. Introduction

Learning has often been described as an active process in which students play a positive role,
building on their previous knowledge, ideas and experiences to develop new knowledge (Driver,
1981, as cited in Calik et al., 2007; Giinay, 2005). According to this constructivist point of view,
traditional teaching approaches are considered as inadequate for supporting conceptual
knowledge, or the understanding of key concepts (Moseley & Brenner, 1997; Onder & Geban, 2006;
Posner et al., 1982; Tsai, 1999). As such, there is a need for discovering alternative instructional
techniques that can make learning more meaningful and permanent in diverse subject areas
(Onder & Geban, 2006; Ozmen & Naseriazar, 2018). This need applies to mathematics and statistics
education, in particular, where students taught according to traditional methods often fail to
develop conceptual-level understanding in a range of subject areas.

One such topic - sampling distributions - is viewed as a building block of statistics; yet this is
one of the most difficult and abstract topics in terms of conceptual understanding (Ozmen &
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Guven, 2019; Vanhoof et al., 2007). A large body of research has been reported on this issue,
pointing out that students often have difficulty comprehending sampling distributions on a
conceptual level (Chance et al., 2004; Ozmen & Guven, 2019; Watkins et al., 2014). To address this
problem, a number of researchers have focused on not only determining the misconceptions or
challenges students encounter, but also on designing various learning environments to deal with
these challenges. In this respect, attention has been drawn to the use of concrete examples or
simulation activities (Ozmen & Guven, 2019; Vanhoof et al.,, 2007). However, even with such
techniques, due to the abstract nature of the subject, students continue to exhibit difficulties
(Chance et al., 2004; Watkins et al., 2014).

A key aspect of addressing misconceptions is the need to bring about a conceptual change with
regard to students’” misconceptions that arise during or as a consequence of instruction. In this
respect, studies have suggested the use of conceptual change texts (CCTs) (Akpmar & Tan, 2011;
Beerenwinkel et al., 2011; Calik et al., 2007). Also, diSessa (2006) points out that “conceptual
change” embodies a first approximation of the primary difficulty: students must build new ideas
in the context of old ones, hence the emphasis on “change” rather than on simple accumulation or
tabula rasa, or “blank slate” acquisition” (p. 265). Posner et al. (1982), in particular, stress that
learners may be resistant to adjusting their misconceptions unless they encounter cognitive
conflict. This kind of conflicts may be dealt with through the use of conceptual change texts
(Castro, 1998). However, while studies have been carried out with respect to diverse learning paths
such as the use of concrete examples and simulation activities, the impact of CCTs on conceptual
understanding has not been directly examined in terms of sampling distributions.

1.2. Aim of the Study

This study aimed to remediate pre-service mathematics teachers” misconceptions about sampling
distributions and to develop their conceptual understanding through the use of conceptual change
texts (CCTs). Accordingly, the study addresses the following question:

What kind of contributions do CCTs have on the conceptual understanding of pre-service mathematics
teachers about sampling distributions?

2. Theoretical Framework
2.1. Sampling Distribution

A sampling distribution has been defined as “the distribution of all values of statistics when all
possible samples of a sample size n are taken from the same population” (Triola, 2010, p. 276). In
other words, sampling distributions can be generated by determining all of the possible samples of
size n. Afterward, related statistics (e.g. mean, standard deviation, or proportion) can be calculated
and a new distribution built on the basis of these statistics. Moreover, the sample means
distribution is generated by taking all n-sized samples from the population, calculating the means
of all samples, and building a new distribution according to the values of the sample means.

Due to its abstract and difficult nature, the topic of sampling distribution is one that is
particularly challenging for students (Chance et al., 2004; Ozmen & Guven, 2019). Also, it is
stressed that the sampling distribution is fundamental to the understanding of statistical inference
(Hancock & Rummerfield, 2020). Understanding sampling distributions requires students to
integrate their knowledge about sample statistics, variability, and distributions to perform
statistical inference on population parameters (Chance et al., 2004; Saldanha & Thompson 2007).
However, given its role as a transition from descriptive statistics to inferential statistics, it is
important that students develop an adequate conceptual understanding of the topic. Chance et al.
(2004) underlined some of the common misconceptions about sampling distributions, which have
been reported in other studies as well. In particular, misconceptions such as “sampling distribution
should look like the population,” “if the sample size increases, distribution of the samples is more likely to
follow a normal distribution,” and “n > 30 is a sufficient sample size to assume any sample means
distributions would follow a normal distribution” are often cited (Chance et al., 2004; Ozmen & Guven,
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2019). Hancock and Rummerfield (2020) stated that “there is still no consensus, however, on how
best to correct these misconceptions” (p. 9). They also emphasized the importance of determining
the most effective methods to clearly overcome misunderstandings about sampling distributions
in an introductory course. Given the importance of the topic of sampling distributions and the
difficulties students encounter in understanding it, researchers have worked to overcome the
challenges by designing learning environments based on simulation or computer activities
(delMas et al., 1999; Lane, 2015; Watkins et al., 2014; Zieffler et al., 2007). However, despite their
efforts, these studies demonstrate that students continue to have difficulty understanding
sampling distributions (Chance et al., 2004; Watkins et al., 2014). Therefore, there is an ongoing
need to overcome this problem; and in this respect, conceptual change texts have been viewed as
an effective tool (Kose et al., 2011; Sodervik et al., 2015), as they include refutation and scientific
explanations designed to overcome specific misconceptions.

2.2. Conceptual Change Texts (CCTs)

Conceptual change emerges through a process that provides conceptual understanding.
Beerenwinkel et al. (2011) defined conceptual change as a learning path related to key concepts or
alternative ideas developed through instruction on scientific concepts. Calik et al. (2007)
underscored that, during or as an outcome of the learning process, students may adopt alternative
conceptions (i.e., misconceptions). It has also been suggested that alternative ideas may be
developed by learners in the process of a teaching experiment (Calik et al., 2007). Furthermore,
Posner et al. (1982) point out that if learners’ pre-existing knowledge contradicts a new concept,
the conceptual change process may become problematic. Thus, CCTs or refutation texts may be
employed to overcome these problems; in instances where learners are unwilling to replace their
alternative conceptions with the correct knowledge, CCTs may be an effective tool to achieve the
necessary change (Posner et al., 1982).

In order to bring about meaningful understanding, CCTs must first acknowledge students’
misconceptions on a given topic, then directly refute them and introduce the appropriate scientific
concepts (Hynd et al., 1991; Sinatra & Broughton, 2011). In this way, CCTs help learners to replace
their misconceptions with the correct knowledge (Akpinar & Tan, 2011). In terms of their structure,
CCTs may differ. However, in general, they consist of three main components: presentation of the
misconception, refutation of the misconception, and remediation the misconception with the help
of the currently accepted scientific explanation (Tippett, 2010).

Because science education involves abstract concepts, necessitating the development of
conceptual understanding, CCTs are frequently employed. As such, a number of studies have
focused on CCTs as applied in the context of science education (Calik et al., 2007; Ozmen &
Naseriazar, 2018) to examine the effectiveness of conceptual or refutational texts in bringing about
conceptual change. On the other hand, studies related to the use of CCTs in mathematics education
are limited.

Moreover, according to research, students continue to encounter challenges, difficulties and
misunderstandings about sampling distributions despite the use of simulation activities or
concrete examples (Chance et al., 2004; delMas et al., 1999; Garfield & Ben-Zvi, 2008). Thus, there is
an emerging need to overcome these challenges and remediate the resulting misconceptions. To
address the gap in the literature, this study was designed to explore the impact of CCTs in
mathematics education.

In the present study, the terms population distribution, sample, sampling distributions, parameters
and statistics are frequently used. Brief descriptions of these terms are provided here.

e Population distribution: a distribution that has all of the elements of a research proposal.

e Parameter: a value that describes something about a population. In the present study,
population mean, and standard deviation are used as parameters and references as u and o
respectively.
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e Sample distribution: a distribution that is generated by selecting n element from a
population.

e Statistics: values that describe something about a sample. The mean and standard deviation
of a sample are described with statistics and are referenced as X and s respectively.

In more detail, a sampling distribution is a distribution of all values of statistics when all
possible samples of a sample size n are taken from the same population (Triola, 2010, p. 276).
Taking all possible samples means selecting all different n sized samples from a population.
Sampling distribution of the mean is distribution of sample means with all samples having the
same sample size (n) taken from the same population. Present study is limited with sampling
distributions of mean (sample means distributions) and it is used as “sampling distribution”
through the text.

3. Method

The aim of this study was to enhance pre-service mathematics teachers’ conceptual understanding
of sampling distributions through the use of CCTs. With this in mind, a learning environment was
designed in the context of a case study.

3.1. Participants

The participants in the study consisted of 84 pre-service mathematics teachers (18 male, 66 female)
in their 3'd year of an elementary mathematics teacher education program at a state university in
Turkey. This group was selected because sampling distribution is taught at this level in the context
of a statistics course. Namely, in the Elementary Mathematics Teaching program, pre-service
teachers (PTs) are required to take a one-semester statistics course during which they learn topics
including organizing and classifying data; histograms; central tendency and dispersion
measurements within classified data; normal and standard normal distribution; sampling;
sampling distributions; confidence intervals; hypothesis testing; correlation and regression
analysis. Accordingly, the statistic course ranged in scope from descriptive statistics to inferential
statistics. In this context, sampling and sampling distributions play a significant role in the PTs
conceptual understanding of inferential statistics.

The participants learned concepts such as organizing and classifying data; histograms; central
tendency and dispersion measurements; normal and standard normal distribution; sampling; and
sample means distributions. As such, subjects that involved sampling distributions were presented
in detail. Prior to the experiment, the instructor discussed sampling and its importance in
conducting research. After the detailed explanations of sampling, the lesson began with an
example constituting samples (n = 2 sample-sized) from a population (N = 5). The PTs were asked
to select all possible n =2 sized samples from the population and to calculate the mean and
standard deviation of the sample mean distributions. Afterward, they were asked to relate these
statistics to the population parameters. This approach aimed to provide a basic demonstration of
constituting sample means distributions and comparing them with population and sample
distributions. The central limit theorem was taught according to this process, and the participants
solved a series of practice problems. After sampling distribution is taught at a basic level, PTs are
asked to answer pre-test questions. After this period inferential statistics subjects are taught as
starting with the confidence intervals. Thus, there is any intervention about sampling distributions
between pre-and post-test. Following the post-test period, delayed test is implied, and any
intervention is applied regarding sampling distribution expect for the requirements of the lesson.
A better understanding of sample means distributions leads to a better understanding of
inferential statistics (e.g., confidence intervals, hypothesis testing, and so on). However, due to the
difficult and abstract nature of sample mean distributions, students often have difficulties with
conceptual understanding of this topic, leading to problems with comprehension of inferential
statistics. With this in mind, we aimed to provide conceptual understanding about sampling
distributions, rather than limiting the instruction to the procedural steps involved.
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3.2. Research Design and Instruments

For the purposes of this study, the data were collected through an achievement test about sample
means distributions. In addition, CCTs related to sample means distributions were used to
enhance the PTs" conceptual understanding. The research process involved three main stages. In
the first stage, the PTs completed a 30-minute pre-test. In the second stage, which took place in the
following week, they read the CCTs. Two days later, they were asked to complete a 30-minute
post-test. Finally, one week later, PTs completed a delayed test to measure the permanence of the
sample means distributions knowledge acquired with the support of the CCTs (Ozmen &
Naseriazar, 2018; Sodervik et al., 2015).

3.2.1. Sampling distribution achievement test

In order to determine PTs” conceptual understanding of sampling distributions, as well as the
impact of the CCTs on their understanding, a sample means distributions achievement test was
utilized. The test was developed by the researchers in view of the common misconceptions
expressed in the existing literature (Ozmen & Guven, 2019; Chance et al., 2004). These
misconceptions were considered not only in developing the test questions, but also in writing the
CCTs. The test was designed in line with the theoretical framework and questions of Chance et al.
(2004). This framework, also used in the study of Ozmen and Guven (2019), underscores the
knowledge components required for understanding sampling distributions, including: (i) knowing
the meaning of “sampling distributions;” (ii) understanding the relationship between parameters and
statistics; (iii) understanding the effect of sample size on the shape of distributions and statistics; (iv)
understanding the relationship between the distributions of populations, samples and sample means; and (v)
applying the theoretical knowledge of sampling distributions to probability problems about sample means (p.
28). Because this study focused on conceptual understanding, concepts that did not apply to the
theoretical knowledge of sampling distributions were not considered; accordingly, only three of
the knowledge components (ii, iii, iv) were applied. The component of “knowing the meaning of
sampling distributions” is mainly related to the process of generating sample means distributions
based on a population; therefore, no items related to this concept were included on the test.
Additionally, in developing the items for the achievement test, the study of Ozmen and Guven
(2019) was also examined. The final version of the test comprised 16 true-false questions (see
Appendix). In responding to the questions, the PTs were instructed to follow two steps: (i)
determining whether the statement was true or false; and (ii) giving a suitable explanation for their
answers. Sample questions are provided in Table 1 below in line with the related aspects.

Table 1

Sample Questions and Related Aspect of the Sample Means Distribution Achievement Test

Aspect Questions Sample Question

1. Relationship between parameters and Q3, Q9, Q11, Q14 Q11: The mean of any sample taken
statistics from a population, having the

average |, is equal to p.
2. Effect of the sample size on the shape Q1, Q5, Q7, Q8, Q10, Q5: As the sample size (n) increases,

of the distribution and statistics Q13, Q15, Q16 the distribution of the sample
becomes more like the distribution of

the population.
3. Relationship between the Q2,0Q4, Q6, Q12 Q6: Regardless of what the
distributions of populations, samples population distribution looks like,
and sample means the sampling distributions of mean

with all possible samples follows a
normal distribution.

As Table 1 demonstrates, the test included four questions related to the aspect of Relationship
between parameters and statistics, eight questions related to the aspect of Effect of the sample size on the
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shape of the distribution and statistics, and four questions related to the aspect of Effect of the sample
size on the shape of the distribution and statistics. More detailed information related test questions,
correct answers and explanations are also given at Appendix.

3.2.2. Conceptual change texts

In order to promote the PTs" conceptual understanding of sample means distributions, five CCTs
were prepared. These texts, which aimed to highlight facts about sample means distributions, were
designed on the basis of two criteria outlined in the literature (Guzzetti, 2000; Tippett, 2010): (1)
targeting a common misconception that creates challenges to understanding sample means
distributions; and (2) refuting the current misconception by referring to appropriate and accepted
scientific explanation via concrete elements such as visual illustrations or counterexamples. The
following challenges, as reported in the literature, were considered in preparing the CCTs:

Whether;
e n > 30 is an important factor for any distribution to appear normal;
e the distributions of both population and the samples taken from this population are
obligated to behave parallel to one another;
e the concepts of sample and sample means correspond to the same meaning;
e parameters and statistics must be equal.

The content and the challenges presented in the CCTs are outlined in Table 2.

Table 2
The Content and the Challenges Presented in the CCTs
CCTs Content Challenges
Is n>30 a critical The effect of a sample size of Samples of 30 or more follow a normal
value? n > 30 on the distribution of the distribution.
sample distribution
Does the pear fall The relationship between Populations and sample distributions
into its tree? distributions of populations and must exhibit parallel behavior.
samples.
Are sampling and The meaning of sample and Sample and sample means distributions
sample means the sample means distributions have the same meaning.
same?
Must parameters The relationship between Population parameters and sample
and statistics be population parameters and the statistics must be equal.
equal? statistics of samples and sample The statistics of the samples and sample
means. means can never exceed the population

parameters, or they must be smaller than
the population parameters.
Sample means distributions have higher
variability than population.

Where are the As the sample size increases, what As the sample size increases, sample
distributions going?  does the shape of the sample and distributions move closer to a normal
sample means distribution look distribution.
like? As the sample size increases, sample
means distributions look more like the
population.
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The following is one of the CCTs prepared for the study:

Figure 1
One of the CCTs related to sample means distributions.

7

.
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F

Is n >30 a critical value?

Is n>30 a sufficient sample size to assume any sample distributions would
follow a normal distribution? In other words, do samples with a size gregte=
than 30 follow a normal distribution? Misconception
Students often think that for a sample. selecting from an ulation 1>30 is a
(prerequisite to achieve a normal distribution. Nevertheless, when you take a

such, the sample distribution looks like Figure I. On the other hand, your sample
could consist of extreme values (see Figure II).

f f
A ~
n>30T- ] Refutation with
BE-e the apprqpriate
g [~ _-_-_} ______ l explanation
y Veri T I 3 Veri

Figure I Figure IT
-
A In this sense, it was understood thata sample of n>30 is not prerequisite nor

a sufficient criterion for behaving as a normal distribution. Therefore, not all
samp les of greater than 30 will look like a normal distribution

This CCT was grounded in the misconception in the existing literature that samples of n > 30
appear normal (Chance et al., 2004, Ozmen & Guven, 2019). In the first section of the CCT, PTs’
attention was drawn to the related misconception. Then, two different examples of sample
distributions with a sample size of greater than 30 were given in order to demonstrate that they
could have a uniform or a skewed distribution. These examples served as a refutation of the
misconception.

3.3. Data analysis

The data were analyzed through both qualitative and quantitative procedures. Before the data
analysis, PTs who had completed all of the tests, including the pre-test, post-test, and delayed test,
were identified. Any who had not completed all three of the tests were disqualified from the
sample. The data induction process revealed that a total of 84 PTs had completed all three of the
tests. In order to maintain their anonymity in analyzing and reporting the data, the participants
were assigned codes PT1 (Pre-service Teacher 1) through PT84. Their responses to the test items
were evaluated based on the categorical scoring table; all test items were scored as 2, 1, or 0 points.
The scores were determined independently by two researchers. The coding procedure is outlined
in Table 3.
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Table 3
Coding Procedure for the Sampling Distribution Test
) Scores
Questions
2 1 0

Choosing the correct option Choosing the correct option Choosing the

Q1-16 (True or false) and explaining without any explanation or with incorrect option, or
the reason precisely. an inappropriate explanation. no answer given.

Since the achievement test included 16 items, the maximum score a participant could achieve
was 32. All of the responses to each of the questions were analyzed according to this scoring table,
and descriptive statistics were calculated for all the three tests. In order to determine the
development of the conceptual understanding of the PTs about sample means distributions, as
well as the effectiveness of the CCTs on the PTs” achievement and understanding of sample means
distributions, statistical analysis was performed. After the normality of the groups for the three
tests was examined, ANOVA was performed in order to determine whether there was a
statistically significant difference between the pre-test, post-test, and delayed test. In addition, the
PTs” answers for all three tests were analyzed qualitatively to illustrate the development of their
understanding or their persistence in their misconceptions.

4. Findings

After the answers of the PTs to all questions on each test (pre-test, post-test, and delayed test) were
scored, PTs" level of success was determined based on frequencies. The distribution of the
frequencies for each question and each test are presented in Table 4.

As the table demonstrates, there was an increase in the scores from the pre-test to the post-test
and delayed test. Moreover, a greater number of the PTs” responses were evaluated with 0 points
on the pre-test than on the post-test and delayed test. In addition, there was a notable difference in
the number of responses evaluated with 2 points for items Q1, Q2, Q4, Q5 and Q11. However,
there was no difference between the pre-test, post-test, and delayed test for the responses
evaluated with 2 points on item Q12. On the other hand, while more of the post-test responses
were evaluated with 2 points for items Q7, Q8, Q10, Q13 and Q16 than on the pre-test, a similar
improvement was not seen on the delayed test. In addition, the percentage of 2-point responses to
items (Q3, Q6, Q9, Q14 and Q15) were similar on all the tests, while the percentage of 0-point
responses decreased from the pre-test to the post-test and delayed test for nearly all the items. This
indicates that CCTs generally had a positive effect on the PTs” responses, as they were evaluated
with 1 or 2 points. It was seen that PTs’ justification and explanation success increased from pre-
test to post and delayed test. In other words, the percentage of the answers getting 0 points were
decreased. On the other hand, explanation success was 11.01% for pre-test, 29.46% for post-test,
21.73% for delayed test. Despite justification success was not dramatically changed. In other
words, it can be said that 0-point answers changed with 2-point answers from pre-test to post and
delayed test. After the distribution of the frequencies of the PTs” responses were determined, the
average scores of the individual test items and the full tests were calculated and presented in Table
5.



118

Z. M. Ozmen & B. Giiven / Journal of Pedagogical Research, 6(1), 110-130

IT%C  ¥2€ LIS 8¢/ €LT1C T6C 1ISE€C 0I€ €L9% 879 9%6C 96€ 6¥cy 1S 0S9% S¢9 10IT  S¥L  [®oL
/68T ¥T 0I'€9 €5  €€8 L VIt 8T €V9% 6€ ¥ILCE LT S06T 9T  ¥C0L 65 ILOTL 6  9IO
608 89  €£€38 L 1.0 6 S€4L 9 ¥IZ 9 8FSI €I €£€8 0L YI'ZL 9 796 8 <IO
06T 9T 9L%S 9% 619C <¢C IL0L 6 8¥S9 SS I8€C 0C  ¥LTE LT 188y IF  S06L 9L VIO
LS°€ € 0698 € IS6 8 SS S wC0L 6S 18€C 0T WLTE LT  9L¥S 9%  60€T  II €10
VIS 8% L9TF  S€ 6Ll I 0L'€9 €S €€ 8¢ LS€ € 8T W ¥ 6€  6L1 I CI0
06TT 0L ¢S¥E 6C LS€S SV ¢S6 8 CS¥E 6C S6SS LV L9T¥ S €€€E 8¢ < Ic 110
V'L 9 96/ L9 OISl IL  ¥I'Z 9 98/9 LS ST IC IS¥ 6C T°S6S  0S  S6°S S 010
9/6¢ ST 9L¥S 9% 8¥ST €I 79TC 6L €£8S 6F SO06L 9L  S60€ 9T 8€TS WP 991  ¥L 60
8FST €I  ¥C0L 65 6C¥L <l ¥C0T LI ¥ILS 8% ¢9TC 6L ¢S6S 0SS  CS¥E 6  S6'S g 80
I8€C  0C O0I€9 €6 OU'ST 1IT 8€/ZT €¢ 6LIS €v ¢€¥Ic 8T  ¥C0C LI  ¥C0L 65  ¢S6 8 L0
e¥Ic 8T 24999 95 06IL Ol ZS8C *¥C S6SS ¥ S8FSL €L ¥C0C LI ¥20L 6S  TS6 8 90
06T 9T 0I'SC <¢€ 98Tk 9¢ OL'SL 1L 6L9C <¢ 1409 1S  ¥#20T /LI S6SS ¥ 08€C 0C SO
611 I 8¥S9 o €ce€ 8¢ 8€C ¢ ¥ILS 8% SYOF  ¥E  069€ 1€  CS6S 0§  LG€ € 7O
797C 6L  1L09 IS /991 ¥L 619C <C S6SS ¥ 9841 SIL ¢9LV  OF  98TF 9€ <56 8 €0
LS°€ €  6LIIS €F ¥CSy 8¢ 9S S vCSy 8¢ 188 ¥ 1209 IS  ¢S¥E 6C 9TV ¥ 20
8V0F ¥¢ 8€LC € WITE LT 6C6E €€ SYSL €I ¥CSy 8¢ 6088 ¥.L /8¢ € €8 L IO
% / % / % 7 % 7 % J % / % / % J % 7
I 0 T C
189] ﬁm%ﬁmﬁ 1593-1S0J 1S91-91 ]

7521 1yovq puv uoysangy yovy 4of sarouanbai] fo uoynqrisiq Y]

v olqeL



Z. M. Ozmen & B. Giiven / Journal of Pedagogical Research, 6(1), 110-130 119

Table 5
Average Raw Scores of the Test Items and Full Tests

Average Scores

Questions Pre-Test Post-Test Delayed Test
Q1 0.20 1.06 0.92
Q2 0.44 1.43 1.42
Q3 0.62 0.92 0.94
Q4 0.67 1.38 1.32
Q5 1.04 1.48 1.24
Q6 0.89 0.87 0.90
Q7 0.89 0.94 0.89
Q8 0.46 1.02 0.99
Q9 0.86 0.96 0.86
Q10 0.71 1.18 1.06
Q11 0.83 1.46 1.42
Q12 0.49 0.40 0.44
Q13 0.81 1.18 1.06
Q14 0.87 1.13 1.07
Q15 0.26 0.38 0.30
Q16 0.92 1.11 0.80

Total 10.96 16.90 15.62

As Table 5 demonstrates, the averages on the post-test and delayed test were higher than the
average on the pre-test. Moreover, nearly all the individual questions saw similar improvements.
While the PTs were more successful in their responses to items Q5 and Q12, they were
unsuccessful in answering Q1 and Q15 on the pre-test. In addition, they were more successful in
responding to items Q2 and Q5, but unsuccessful in their answers to Q12 and Q15 on the post-test.
Likewise, they performed better on items Q2 and Q11, while they were unsuccessful on items Q12
and Q15 on the delayed test.

After the PTs read the CCTs, they were more accurate in their responses in many questions on
the post-test and delayed test, except for items Q6, Q7, Q9, Q12 and Q16. Their success rates were
similar for all tests on these five questions, in particular; the pre-test scores were either higher than
or equal to their scores on the post-test and delayed test for these questions. However, these
differences did not have a significant effect. Once the responses of the PTs were coded as 0, 1, or 2,
the raw scores were transformed into linear scores via Rasch Analysis. A summary of the statistics
of the linear scores of the pre-test, post-test and delayed test are given in Table 6.

Table 6
Summary Statistics of the Linear Scores for the Pre-test, Post-test, and Delayed test
Linear scores Pre-test Post-test Delayed-test
X -0.89 0.14 —-0.09
SD 0.56 0.68 0.59

As shown in Table 6, the averages of the linear scores for the post-test and delayed test were
higher than the pre-test scores, indicating that reading the CCTs allowed the PTs to begin
developing a conceptual understanding of sampling distributions. Furthermore, they
demonstrated greater success on the post-tests. As such, it can be inferred that administering the
achievement tests after they had read the CCTs had the most significant effect on their
understanding and achievement. On the other hand, because the delayed test was administered
one week after the post-test and two weeks after they read the CCTs, the pre-service teachers’
average scores on the delayed test were lower than on the post-test. However, the average scores
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on the delayed test were higher than those of the pre-test. Thus, it can be stated that the CCTs had
a positive effect on both the test scores and the PTs” understanding of sampling distributions.

In consideration of all the test scores, PTs were most successful on the post-test. Moreover,
while there were differences in the success rates on the pre -test, post-test, and delayed test in favor
of the post-test and delayed test, it is important to determine whether those differences were
statistically significant. Therefore, ANOVA was carried out for the related measures; the test
results are presented in Table 7.

Table 7
ANOVA Test Results for the Pre-test, Post-test, and Delayed test
Sum of the  Mean e df b Eta Squared  Significant I
Squares  Square Coefficient  Difference**
Pre-Post .000 4.811-7.07
1641.056  882.201 110953 1.86 .000 572 Pre-Delayed .000 3.607-5.702
Post-Delayed .002 0.411-2.17

Note. * Due to the assumption that the sphericity is not seen, the Greenhouse-Geisser correction was considered and
Bonferroni post-hoc test is implied. ; ** Bold printed items are the groups which significant difference favors

As Table 7 demonstrates, there was a statistically significant difference among the test scores
(F = 110.953,p < .000, n? = .572), indicating that the differences between the pre-test, post-test
and delayed test was also statistically significant. In order to determine which groups had a
statistically significant difference, post-hoc tests were carried out. The results revealed that the
differences between the pre-test and post-test, pre-test and delayed test, and post-test and delayed
test were statistically significant.

Given that the PTs scored higher on the post-test and delayed test than the pre-test, it can be
claimed that the CCTs helped the PTs to improve their understanding. Namely, the PTs" responses
were generally scored as 0 on the pre-test, but this tendency shifted to 1 or 2 points on the post-test
and delayed test items. Moreover, before reading the CCTs, the PTs could only respond that a
given statement was true or false, without giving appropriate reasons for their responses.

In this sense, the CCTs did not have as great effect on Q12 and Q15 as on the other items. On the
other hand, there was a considerably difference on their success rate on items Q1, Q2 and Q8 after
reading the CCTs. For instance, Q1 involved the aspect of the effect of the sample size on the shape of a
distribution and statistics. PTs were asked to imagine that, as the sample size (n) increases, the
sampling distribution becomes more like a normal distribution. The related pre-test scores showed
that 74 PTs (88.09%) responded that an increase of the sample size causes it to follow the normal
distribution of a sample distribution, thus earning 0 points. On the other hand, after the treatment,
the PTs realized that as the sample size increases, the sample distribution becomes more like the
population, as reflected on the post-test (45.24% received a score of 2 points, and 15.48% received a
score of 1 point) and the delayed test (32.14% received 2 points, and 27.38% received 1 point). For
example, PT65 responded as follows for item Q1:

(True) Because the average of the sample means distribution and population are equal.

Her response indicates that, although the aim of item Q1 was to get students to determine the
effect of a sample size on the distribution of the sample, she confused the two terms and gave an
incorrect response by considering the sampling distributions of mean. Thus, it could be said that
PT65 did not have adequate knowledge about samples and sampling distributions. On the other
hand, she received 2 points for item Q1 with her answer on the post-test, as follows:

(False) As the sample size increases, the sample distribution gets closer to the population
distribution.
Her response in this case reveals that she realized that as the sample size increases, the sample
distribution gets closer to the population distribution, rather than the normal distribution. As such,
she could accurately explain the effect of the sample size on the sample distributions on the post-
test. On the other hand, PT15 answered this item as follows:
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(True) When the sample size (n) is greater than 30, the sample distribution follows a normal
distribution. For example, if the sample size increases, sample distributions such as (she drew a
uniform distribution) start to look like a shape such as (she drew a normal distribution).
When her answer was analyzed, it was observed she had the misconception that a sample size of
30 or more causes a sample distribution to look like a normal distribution. In her drawings, she
tried to illustrate this idea. However, the drawings indicated the relationship between the shape of
a population and the sample means distribution. However, on the delayed test, she responded to
the same item (Q1) as follows and received 2-point for her response:
(False) As the sample size increases, the sample distribution comes closer to the population
distribution. If the population follows a normal distribution, we can say that the sample distribution
becomes more like normal. Otherwise, it would not display a normal distribution.

In this response, she explained that a sample distribution comes closer to the population
distribution as the sample size increases. She also thinks that a population must follow a normal
distribution in order for the sample distribution to also appear normal as the sample size increases.
Otherwise, the sample would not follow a normal distribution as the sample size increases; rather,
it would look like the population. As such, it can be claimed that that the PTs had successfully
developed a conceptual understanding about the effect of the sample size on sample distributions
because of the CCTs, since their responses generally referred to statements given in the texts.

A similar effect could be seen for item Q2, where the pre-test scores were lower, and the post-
test and delayed-test scores were considerably higher. Namely, while 60.71% of the PTs scored 0
on the pre-test, this ratio decreased dramatically on the post-test and delayed test, with
percentages of 5.95% and 3.57% respectively. Item Q2 asked the PTs to think about whether
selecting a sample from a population that looks like normal would follow a normal distribution.
To illustrate the responses, PT38’s answer for the item Q2 on the pre-test was as follows:

(True) If we select a small part (sample) from the big one (population), this sample shows the
characteristics of the population.

This answer revealed that she had the misconception that the distribution of the population and
sample must behave parallel, as the samples were taken from the population. However, on the
post-test and delayed test, she received a score of 2 points on item Q2. Her response on the post-
test was presented in Figure 2.

Figure 2
A sample response on item Q2

(False) For example, the population given
on the side follows a normal distribution,
and we can select the portions (1) and (2)
as a sample. It can be seen that this sample
does not look normal.

Here, she explains why the sample does not have to behave like the population, providing
concrete example as given in the CCTs. As such, she understood that the shape of the sample and
the population distribution can be different from each other. Thus, it is believed that the CCTs
effectively overcame her misconception and developed her conceptual understanding about the
relationship between sample and population distributions. Moreover, the student retained this
understanding for the delayed test, where she also received 2 points for her explanation of why the
statement was false.

With regard to the test scores, items Q11 (The mean of any sample taken from a population, having
the average u, is equal to i), Q5 (As the sample size (n) increases, the distribution of the sample becomes
more like the distribution of the population), and Q2 had the highest ratio of 2-point responses on the
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post-test and delayed test. Moreover, the ratio of the answers scored as 2 points increased for
nearly all the test items. This implies that the CCTs effectively supported the PTs not only with
respect to determining the accuracy of the statements, but also to providing appropriate
explanations. For example, on the pre-test, PT26 answered Q11 (concerning the relationship
between population parameters and sample statistics) as follows:

(True) The average of the sample distribution is equal to the average of the normal distribution.

With this answer, she indicated a belief that the average of the sample and normal distribution
(she refers to population) must be equal, revealing a misunderstanding about the relationship
between the average of a sample and a population. In addition, she generalized the population
distribution with the normal distribution. When normal distribution is taught, u is referred to as
the average of the distribution. However, 4 is a parameter, rather than an absolute, as she
appeared to believe with her response. On the other hand, her answers on the post-test and
delayed test were scored as 2 points; her response was as follows:

(False) The average of the sample means distribution (for all possible n-sized samples) is equal to the
population average (u).

This indicates that she realized that the average of any sample taken from the population is not
necessarily equivalent to the average of the population. Moreover, her understanding that the
average of the sample means distributions, as generated by all n-sized samples taken from the
population, is equal to the average of the population (), carried through to her response on the
delayed test; therefore, her response was scored as 2 points.

As Tables 3 and 4 demonstrate, the PTs had difficulties in answering item Q15. In this regard,
although the CCTs effectively enhanced their understanding about sampling distributions in
general, they did not provide a similar result for this test item. Instead, the PTs persisted with their
misconceptions and continued to give incorrect answers. This item, which concerned the effect of a
sample size on the shape of the sample means distributions, asked the PTs to determine that the
sample means distribution approaches the population distribution as the sample size increases.
While they successfully responded to item Q5, which related to the same concept regarding the
behavior of a sample distribution, they were not able to translate this knowledge to item Q15. As
such, it is possible that they did consider the sample distribution, but they did not read the
question carefully. For example, on item Q15, PT3 marked the statement as true and gave incorrect
responses on all three tests, but she answered Q5 correctly on both the post-test and delayed test.
Her responses to these items were as follows:

(True) For example, if we think that n=2 corresponds to 90%, n=3 or n=4 becomes 99%. In other
words, we begin to consider all the values in a population as the sample size increases (Pre-test-
Q15).

(True) As the sample size increases, we can represent the population more accurately, and the
sample means distributions come closer to the population distribution (Post-test-Q15).

(True) Because we move from a portion to all of them gradually; therefore, we come closer to the
population (Delayed-test-Q15).

(True) The probability is increasing. In other words, as n increases, it represents nearly all possible
values, and the distribution comes closer to population (Post-test-Q5).

It is true (Delayed-test-Q5)

When her answers for all tests were examined, it was observed that she confused sample
distribution with sample means distribution. It is possible that she still had the misconception that
sampling distribution and samples are the same concept. On the other hand, the higher success
rate of the PTs on the other items suggests that some of the PTs did not understand the basic idea
in this statement.

In the present study, it was observed that reading the CCTs had a considerable effect on the
PTs’ success in responding to questions about sampling distributions. This impact was primarily
seen in the ratio of answers scored with 2 points. Although they had higher scores for some of the
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questions on the test (Q5, Q10, Q11, Q13 and Q14), their pre-test scores were similar for these
items. For example, while the average of the PTs for Q10 on the pre-test was 0.71, the averages on
the post-test and delayed test were 1.18 and 1.06, respectively. The averages of the post-test and
delayed test were higher than the pre-test and greater than 1.00. However, the success rate in
responding to this item was higher than on the other items on the pre-test. Item Q10 concerned the
effect of a sample size on the shape of the distribution and statistics. PTs were expected to express
that not all samples greater than 30 taken from a population will follow a normal distribution. In
this respect, the success rate with respect to this item might depend not only on the CCTs, but also
on the instruction about the sampling distributions that took place in the course.

Considering the frequency and average tables for the test items, the item-person maps, and the
ANOVA test results together for all tests, it is clear that the CCTs were an effective tool for
enhancing the conceptual understanding and correcting the erroneous ideas of the PTs about
sampling distributions. This effect was particularly illustrated in their justification about the
accuracy of the statements. On the pre-test, the PTs were only able to determine whether a
statement was true (they mainly gave incorrect responses), without providing any explanation, or
they supported their ideas with misunderstandings or misconceptions. However, on the post-test
and delayed test, they began to provide correct answers, along with appropriate explanations for
their responses. In addition, they began to support their ideas with concrete examples, rather than
irrelevant statements. In this respect, although they generally chose to use the examples given in
the CCTs, this was an important development in terms of being able to provide justifications with
the help of appropriate examples. This effect was primarily apparent for items Q2, Q4, Q10, Q11,
and Q14. For example, item Q11 concerned the relationship between the population parameters
and the statistics. For this item, the PTs were expected to determine whether the average of any
sample taken from a population with average p is equal to p. As the pre-test scores demonstrate,
almost half of them (41.67%) generalized the average of the population and the sample, expressing
that that the average of all samples taken from a population with an average p must be equal to p.
However, this tendency decreased on both the post-test (9.52%) and the delayed test (11.90%).
Additionally, the percentage of 2-point responses increased from 25% to 55.95% and 53.57%
respectively after the PTs read the CCTs. One instance of such a response, PT75’s answer to item
Q11, is as follows:

If we select individual samples from the population {1, 2,3} and the samples are {1},{2},{3}, the
average of the samples and the population are equal (pre-test).

The Average of the sample means distributions and the samples are different. If a population
consists of {1, 2, 3,4}, nis equal to S Let’s consider that our sample is {1,2}.X = % (post-test).

If our population is {1, 2,3,4, 5}, u= 3. We can select the sample {1,2}, X = g (delayed test).

As these responses demonstrate, PT75 answered incorrectly on the pre-test. Moreover, she
confused the term of the sample and its average on the pre-test. Although she provided three
different examples of the samples, she calculated the average of the samples collectively, rather
than calculating the averages separately. Thus, her response was incorrect, and she scored 0 points.
On the other hand, she responded correctly to this item and scored 2 points on both the post-test
and the delayed test. In her responses, she imagined a population and calculated its average, as
well as selecting a sample from this population demonstrating that the average of the sample
could be different from p.

Item Q4 concerned the relationship between the distributions of populations, samples, and
sampling. In this instance, PTs were expected to be able to think and express that any sample taken
from a non-normally distributed population could follow a normal distribution and to circle False.
As the pre-test scores demonstrate, 36.90% of the PTs appeared to perceive a link between the
distribution of the population and the sample, expressing that the distribution of a population and
any samples taking from that population should behave in a parallel manner. However, this
misconception decreased on the post-test (2.38%) and delayed test (1.19%); moreover, the
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percentage of the responses scored as 2 points increased from 3.57% to 40.48% and 33.33%
respectively after the participants read the CCTs. For example, while PT72 did not provide a
response for item Q4 on the pre-test, she responded correctly to this item on the post-test and
delayed test, scoring two points. Her responses on the post-test and delayed test were as presented
in Figure 3.

Figure 3
The responses of PT72 on the post-test and delayed test for item Q4

1 il ' ull seddeds uen ALDH ornegiem normai da 2ulin ) O
\/\ ’ mmal lao{?r\ L‘Heclm &’C:Jen ornchem .
tf

- —— normal !

*(False)It was seen that the sample taken from the non normalb distributed population should
Jfollow a normal distribution (post-test).

ndal QggIng
4 o 77 : [’ le__ deden segilen higbir 6rneklens normal daguim gostermez. q@un\u
) \/ ¢ aaoal, &agdmi,huui len. »{u. Df <. q )(,{9&,_._‘
) ) Orr bu er "(.
4 l“/\h ”Ibny“;\mm' 'H) “t“KL a arnpklamin da " OQ-.L 0\\”“ ' ‘M P ‘r

*(False)Let consider that our populaz‘ion is like the first one. If we select the second part from
this population, it is seen that the sample follows a normal distribution (delayed test).

As the responses demonstrated, PT72 offered an accurate explanation that the distribution of
the population and samples taken from the population do not necessarily behave in a parallel
manner. She opted to provide the distributions of the population and the sample as an example.
This indicates that the CCTs were effective not only for determining the accuracy of the statement
in the item, but also for supporting responses with appropriate examples.

Overall, the results of the study indicated a significant improvement on the test scores from the
pre-test to the post-test and delayed test. On the other hand, the PTs scored higher on the post-test
than the delayed test, and the effect of the CCTs diminished from the post-test to the delayed test,
although both tests evidenced important improvements in their conceptual understanding of
sampling distributions. This effect was supported by the concrete examples given in the CCTs.

5. Discussion and Conclusion

In this study, the number of correct responses the PTs provided concerning sampling distributions
increased from the pre-test to the post-test and delayed test. This increase was statistically
significant in favor of the post-test and delayed test. This indicates that the CCTs had a statistically
significant effect on the achievement of the PTs. As such, it can be inferred that the CCTs were an
effective tool for dealing with the topic of sampling distributions, which is difficult and abstract in
nature. The impact of the CCTs was primarily seen in the number of responses that were scored
with 2 points, meaning that the texts supported the PTs not only in determining whether a
statement was true, but also in justifying their ideas appropriately. This result is in line with
similar studies that found CCTs to be effective in promoting conceptual understanding
(Beerenwinkel et al., 2011; Calik et al., 2007; Castro, 1998; Sodervik et al., 2015). On the other hand,
in the current study, a significant difference was found between the post-test and delayed test
scores in favor of the post-test. This could indicate that the PTs did not fully retain the knowledge
gained from the CCTs during the time that passed between the post-test and delayed test and were
thus unable to provide as many appropriate answers to explain the accuracy of the statements. In
this regard, it was found that the rate of the answers scored with 0 points decreased from the pre-
test (f = 571) to the post-test (f = 320) and delayed test (f = 324). Moreover, the frequencies of
the 0-point responses on the post-test and delayed test were similar. However, the frequencies of
the responses scored with 2 points decreased from the post-test (f = 396) to the delayed test
(f = 292); and in tandem with this finding, the frequencies of the responses scored with 1 point
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increased from the post-test (f = 628) to the delayed test (f = 728). Therefore, the decrease in the
number of responses scored with 2 points appears to have impacted this statistically significant
result. Namely, although there was a decrease in the success rate of the responses from the post-
test to the delayed test, the statistically significant difference between the pre-test and the delayed
test indicates that the PTs still retained the knowledge provided in the CCTs to the time of the
delayed test. As such, further studies using a delayed test are recommended to examine how well
students persist in maintaining their conceptual understanding, as proposed by Sodervik et al.
(2015).

Overall, both the current study and the existing literature agree that CCTs or refutation texts
enhance PTs’ conceptual understanding; moreover, some researchers have underscored that the
acquisition of conceptual understanding is particularly noteworthy among students who had weak
prior knowledge (Braach et al., 2013; Diakidoy et al., 2011; Sodervik et al., 2013; Sodervik et al.,
2015). On the other hand, this study showed that the use of the CCTs promoted conceptual
understanding not only among PTs with weak prior knowledge or poor performance on the pre-
test, but also among those who had strong prior knowledge or performed well on the pre-test. It is
possible that the quality of the CCTs and the accordance between the use of the CCTs and
sampling distributions in this study may have differentiated the results of the present study from
other research that involved different topics.

In this study, it was determined that the CCTs were effective for promoting the conceptual
understanding of the PTs about sampling distributions, as there was a decrease in the number of
responses that evidenced misunderstandings or misconceptions from the pre-test to the post-test
and delayed test. On nearly all the questions, it could be seen that the PTs” conceptual
understanding had improved through the number of appropriate explanations given for the
statements. In other words, not only did they respond correctly to the questions, but they also gave
meaningful explanations for their responses. Notably, the PTs demonstrated a change from their
prior misconceptions such as: the distributions of a population and sample must exhibit parallel behavior;
as the sample size increases, the distribution of the sample approaches normal; associating a sample size
(n > 30) with a normal distribution; the statistics of the distributions of sample and sample means cannot
exceed the population parameters; and larger samples are better. These erroneous beliefs expressed by
the students are commonly reported in the literature (Chance et al., 2004; Ozmen & Guven, 2019;
Watkins et al., 2014). However, by providing counterexamples, the CCTs served to exchange these
beliefs with the correct scientific ideas. The structure followed in the CCTs may have influenced
this outcome. The structure of the CCTs is built on three steps. when designing the CCTs, PTs are
first encountered common misconceptions or alternative ideas through the aim of the CCT. Next,
the texts refuted the misconceptions, and finally, they emphasized the appropriate and acceptable
scientific explanations. With this result in mind, integrating similarly structured CCTs in statistics
teaching, particularly for sampling distributions, may provide an effective solution for addressing
the challenges related to this difficult topic, improving learning outcomes in inferential statistics.

On the other hand, although the CCTs were effective at promoting the conceptual
understanding of the PTs about sampling distributions, the PTs still persisted in certain of their
faulty ideas or misunderstandings for some questions, such as: If a population follows a normal
distribution, the sampling distribution of mean appears normal for all possible samples, without taking
sample sizes into account (Q12), and the sampling distribution of mean approaches population distribution
as the sample size increases (Q15). With respect to item Q15, PTs confused the two terms sample and
sampling distributions and thus responded incorrectly. For instance, some responses stated: That is
true. As the sample size increases, the distribution of sample moves closer to the population distribution.
Similarly, Ozmen and Guven (2019) found that students tend to think about sample, rather than
sampling distribution, in answering questions related to sampling distributions. Likewise, Chance et
al. (2004) revealed that students in their study confused sampling distribution and the distribution
of sample; while Chance et al. (2004) and Ko (2016) reported that students tend to think that
sampling distributions move closer to the population. In this respect, although the meaning of
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sample and sampling distributions and the relationship between them were explained in the CCTs,
the PTs still demonstrated misunderstandings about these concepts, or they did not understand
the statement correctly. To overcome this issue, simulations may be used to support the
knowledge gained from the CCTs, as recommended by Ko (2016), Ozmen and Guven (2019),
Wagaman (2013), and Zieffler et al. (2007). It should be stressed that both interventions -
simulations and CCTs - should be used together, rather than individually, to overcome these
persistent misconceptions.

We chose to administer a delayed test in this study to determine whether the PTs
understanding of sampling distributions were permanent. As this understanding is an essential
aspect of inferential statistics, we suggest that future studies should also include delayed tests. In
this study, there was a statistically significant difference not only between the pre-test and the
delayed test, but also between the post-test and the delayed test, indicating that the effect of the
CCTs decreased in the time between the post-test and the delayed test. However, the average
scores on the post-test (X = 16.90) and the delayed test (X = 15.62) were only slightly different,
indicating that the greater number of 2-point responses on the post-test, as opposed to the delayed
test, contributed to a statistically significant effect on the results. It is seen that PTs" accuracy
success (2-point responses) changed as 11.01% (total 148), 29.46% (total 396), and 21.73% (total 292)
from pre-test to post and delayed test. This is one of the important evidence about this effect. The
percentage of the accuracy success increased dramatically. Of course, it would be more. It was seen
that PTs” have necessary knowledge and justify correct answer. On the other hand, they could
present partial answers when they explain their justification and these answers also get 1-point.
Besides, the justification success (1-point responses) of the PTs” increased from pre-test to post and
delayed test. Moreover 1 point is given both determining true option with any explanation or
partial explanation. Thus, the percentage of the 1-point responses is higher than the 2-point
responses. On the other hand, CCTs could be effective on the development of the explanation of
the answers from the pre-test to the post and delayed test partial or exactly. In this sense, while the
time that passed led to a decrease in the accuracy of the PTs regarding the statements, they were
still able to determine correctly whether the statements were true. Therefore, to promote the
permanence of the knowledge gained from the CCTs, more examples could be provided in the
texts. Furthermore, in this study, the PTs were asked to read all five of the CCTs at the same time.
This may have also led to a decrease in the permanence of the knowledge gained through the
treatment.

Finally, the results demonstrated that, due to the knowledge gained from the CCTs, the PTs
improved their conceptual understanding about sampling distributions, which is one of the more
difficult topics in statistics. There are numerous studies in the literature concerning the use of
CCTs to develop learners’ conceptual understanding, but these are primarily related to science
education; studies involving statistics and mathematics education on this topic are limited. As
such, the current study addresses an important gap in the literature. Moreover, this study
represents an important effort to integrate CCTs in mathematics and statistics education. To
expand on the results, additional research should be conducted to investigate the effect of CCTs
with respect to other topics related to inferential statistics, such as confidence intervals, hypothesis
testing, and so on. In addition, because there are many other subjects in mathematics that present
challenges for learners, CCTs may be applied in other contexts to promote conceptual
understanding. Moreover, while the current study aimed to enhance conceptual understanding
and to determine the effect of CCTs on PTs” understanding of sampling distributions during the
process of pre-test to delayed test, researchers may also design a learning environment that is
based on CCTs and supported with simulations. Similarly, in literature applying diverse activities
prior to computer simulations appears to have positive effect on student exam performance
(Hancock & Rummerfield, 2020). Also, Lane (2015) underlined that using a simulation is an
effective way to teach about sampling distributions if it is used in a pedagogically sound manner.
Such an environment could be even more effective in addressing persistent misconceptions in a
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pedagogically sound manner. The fact that the CCT experiment was not compared to any
alternative designs can be seen as a limitation; as such, comparative studies may also be carried
out to assess the effectiveness of this technique in a more detailed experiment. Moreover, the
present study showed that correcting misconceptions was a key factor in achieving learning gains,
but the CCT experiment was not compared directly with non-CCT factors (e.g., traditional
experiments). Therefore, comparison studies are suggested to reveal CCT’s effects in detail.
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