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The importance of statistical learning has been widely discussed. However,
little effort has been made to understand the difficulties of students in
learning measure of dispersion, which is the key component to statistical
learning. The present study sought to identify the reasons behind the errors
committed in solving problems related to measures of dispersion, by
examining students’ errors in the diagnostics tests, followed by in depth
interviews to elicit their thinking and understanding. There were 85 grade-11
high school students involved in the first phase of the quantitative research
and 10 students with weak performance were subsequently selected for the
second phase qualitative research. The interviews were conducted using the
contingent teaching model. The findings indicated that students’ committing
errors in solving problems related to measure of dispersion due to lacking
statistical vocabulary knowledge, weak symbol sense, rote learning, low
statistical reasoning and statistical thinking ability. The results of the study
and proper remedials are discussed.
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1. INTRODUCTION

Statistics is the art of gaining insight through data analysis. The relevance of studying statistics has
come into the spotlight as more data is generated and collected than ever before, humans are continually
overwhelmed with statistics from a variety source [1]. This is largely attributable to the emergence of data
science, which is associated with big data and the so-called fourth industrial revolution [2]. Unforeseen
health-related catastrophes, such as COVID-19, have revealed significant gaps in people’s statistical and
probabilistic skills in interpreting mathematical and stochastic models, which could result in poor individual
or societal decision-making with dire consequences for the entire population [3]. However, past research
showed that statistics and probability are still given insufficient classroom time [4]. This deprives students of
the statistical literacy necessary to appreciate the claims made in contemporary issues, such as COVID-19.

Although many statistics classrooms in the world nowadays are experiencing the integration of
technology and practicing creative instructions to teaching statistics, past research show that students have
difficulties related to the learning of statistics in measures of central tendency, variability and distribution,
and statistical reasoning [5]-[8]. Teachers and researchers of statistics often overestimate school students’
mastery of fundamental concepts in statistics and underestimate their difficulties in the same subject [9].
Some students found statistical concepts to be complex and difficult [10], lack of statistical knowledge [11],
maintain negative perception towards statistics [12], and lose interest in the subject [13], [14].
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Statistical variation is integral to all aspects of statistical problem-solving and is at the heart of
statistics [15], [16]. An understanding of statistical variation or measures of dispersion is needed to
understand complex concepts such as sampling distribution, inference and p-values [17], [18]. Prior to recent
years, there was a paucity of studies on the extent to which students understood the concept of variation [19],
[20] notwithstanding the importance of the notion to statistics [16], [21]. Past studies [15], [20] showed that
there is an evident conceptual gap in student knowledge of variation. Another studies [22], [23] have been
undertaken on how different teaching methods affect students’ grasp of sampling variability. Further
investigations entailed understanding the statistical linkages needed to reason about variation [20], [24];
students’ statistical reasoning on variation [25], [26]; expository writing presents viewpoints needed to
understand variation [27]; analysis of student’s understanding on variation [28]; and frameworks for
understanding variation [21], [29].

Without variation, neither statistics nor statisticians would exist [16]. A misconception and
incomplete understanding of the measures of dispersion many cause errors in students solving statistical
problems and further limit students’ understanding of learning more advance statistical topics [19]. Keeping a
misconception is a natural part of learning and obtaining more right concepts (or expert comprehension) may
require students to maintain two or more competing conceptions simultaneously [29]. To rectify these
misconceptions, teachers must learn what students know and believe. The perception that many teachers lack
experience with statistics [30] adds urgency to the need for teachers and students to gain a grasp of measures
of dispersion by explaining the causes of students’ errors. Moreover, past studies [31], [32] ascribed the
negative attitude towards statistics to the students’ poor performance in the subjects. Despite many facets of
measures of dispersion were well documented, little is known regarding the high school students’ grasp of
measures of dispersion, in particular their difficulties in solving problems involving measures of dispersion,
and the causes of their errors or misconceptions. Hence, this study seeks to fill in the gap by focuses on
gaining insights into the difficulties and reasons of high school students committing errors in solving
problems related to measures of dispersion. This may provide teachers with some direction as they seek to
improve their students’ understanding of and facility with statistical concepts in the classroom.

2. LITERATURE REVIEW

Measures of dispersion is the tool used to determine “the extent to which the magnitudes or
attributes of the objects differ,” or the degree of diversity [33]. Numerous instruments, including the range,
interquartile range, sample variance, and standard deviation, have been used to characterize dispersion. It is
essential to notice the broad diversity of terms used in the literature to explain measures of dispersion, which
include variability, variation, fluctuation, spread, scale, and scatter [33], [34]. Some researchers assert that
“variation” and “variability” can be used interchangeably [21]. The understanding of variation begins with
recognizing that variability is omnipresent, that it can be observed everywhere and in everything [35].
Reading and Shaughnessy [20] however evaluated them differently, with variability being the apparent
attribute of the thing and variation pertaining to displaying or evaluating the attribute. There is no agreed-
upon or consistent way to make this distinction in terminology thus far [34].

The significance of measures of dispersion as a foundation for statistical education in schools has
increased since the explanation of “uncertainty” in connection to chance and data [36]. Measures of
dispersion adds intrigue to statistics and enables us to comprehend, analyze, and anticipate based on data.
The Guidelines for Assessment and Instruction in Statistics Education (GAISE) report identifies
comprehension of data variability as the most fundamental introduction concept to statistical reasoning [37].
In addition, the report recommends statistics instructors to prioritize conceptual grasp over procedural
memory. Gould [27] stated that variation is the fuel for statistical imagination, which according to Wild and
Pfannkuch [38] is one of the eight attributes of statistical thinkers. Although statisticians have acknowledged
the importance of variation to statistics [38], [39]; this fact is rarely emphasized in statistics courses [23].
School curriculum tends to place more emphasis on measures of center tendency rather than on measures of
dispersion [15], [24]. It was claimed that young students found it easier to calculate the mean or a basic
probability than the standard deviation [15].

Leading statistics educators [40] claimed that despite the effort in reformation in the learning and
teaching of statistics, statistics education is still considered as a challenging discipline. Students with varying
background and abilities could intensify the challenges in teaching statistics [32]. Another reason could be
that statistical education in school focuses on the procedural and computational aspects of statistics rather
than on developing conceptual understanding. The traditional emphasis on skills development has resulted in
many students not being able to think or reason statistically [39]. This study reveals the five main reasons
that causes the errors committed by grade 11 students in solving problems related to measures of dispersion.
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2.1. Statistical vocabulary knowledge

Students’ fluency of mathematical language is important to the development of one’s conceptual
understanding of content knowledge and skills [41]. Previous study [42] showed that focused instruction on
mathematical vocabulary may help the low performing students in learning mathematics. Rubenstein and
Thompson [43] claimed that there are at least 11 categories of difficulties associated with learning the
language of mathematics. As for statistics, statistical language consists of a blend of general English,
mathematical English, and statistics-specific English, often known as statistical English [44]. Rangecroft [45]
and Rothery [46] identified six categories of words used in statistics based on the meaning of the words in
terms of general English, statistical English and mathematical English. Dunn et al. [44] further described the
difficulties students encounter when learning statistics due to the terminology used. Some “lexically
ambiguous words” that have a more specific meaning in statistics than in general English are said to generate
difficulty and confusion in the learning of statistics by students [47]-[49]. Without proper vocabulary
instruction, students were confused with the application and definition of the statistical vocabulary especially
when these terms are abstract.

2.2. Rote learning

Mayer [50] categories learning into three scenarios i.e. no learning, rote learning, and meaningful
learning. Students who have attended to the materials but cannot understand the relevant information is
characterized as rote learning. In the meaningful learning, a student not only possesses the relevant
knowledge, but is able to transfer that knowledge to solve problems and understand new concepts. Rote
learning in mathematics is the mastering of a rule or procedure through the process of repeated learning
without understanding the reasons that make it work. Students’ misconception and low achievement in
solving and reasoning mathematics problems could be due to inefficient rote learning [51]. When mathematic
curricula is rigid and emphases academic achievement rather than the process of learning, students will tend
to memorizing procedures, instead of seeking solution; memorizing formulas instead of observing patterns;
and doing exercise instead of formulating conjectures [52].

2.3. Symbol sense

Symbols are the component of the mathematics language that enable the communication,
manipulation and reflection upon abstract mathematical concepts. Arcavi [53] defined symbol sense as the
skill to appreciate the power of symbols, the right application and manipulation of symbols in a range of
context. Past studies [43], [54] revealed that students often struggle and confuse over the symbolic
representations in mathematics mainly due to the conciseness and abstraction. Students often perceived their
personal meaning to symbols, and failure to manipulate and understand mathematics symbols has attributed
to students’ difficulties in mathematics learning [55], [56]. Rubenstein and Thompson [43] categorized the
challenges related to learning mathematical symbols into three areas, namely: i) Verbalization challenges (i.e.
the translation of symbols into spoken language); ii) Reading challenges (i.e. conceptual understanding of the
symbols); and iii) Writing difficulties (i.e. producing symbols). These challenges are complex and often
occur simultaneously.

2.4. Statistical reasoning

Garfield and Gal [26] defined statistical reasoning as a way of reasoning with statistical ideas and
understanding statistical information. Other researchers defined statistical reasoning as making sense of the
statistical information [17], interpretating statistical results, summarizing statistical data, and draw conclusion
from data [19], [57]. In addition, previous researchers [58], [59] characterized students’ reasoning across four
levels: idiosyncratic, transitional, quantitative and analytical. At the idiosyncratic level, students’ reasoning is
narrowly and consistently bound to idiosyncratic or subjective reasoning. Students provide irrelevant
information and often focused on personal experiences or subjective beliefs. At the transitional level, students
began to reasoning quantitatively, but are inconsistent in their use of such reasoning. At the quantitative
level, students’ reasoning is consistently quantitative and they can identify the problem but do not necessarily
make sense and apply the relevant mathematical ideas in solving the problem. At the analytical level,
students are able to represent the multiple aspects of a problem into a meaningful structure such as creating
multiple data displays, or making a reasonable prediction.

2.5. Statistical thinking

Statistical thinking are the cognitive actions that students engage in during the data handling
processes of describing, organizing and reducing, representing, and analyzing and interpreting data [59]. This
definition is different from the definitions emerged from the statisticians which focuses more on the practical
experiences and reflections. Wild and Pfannkuch [38] categorized statistical thinking into general types of
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thinking which seeking explanations and applying techniques; and fundamental statistical thinking which
involves recognition of need for data, consideration of variation, and reasoning with statistical models.
In Garfield middle school student statistical thinking (M3ST) framework [26], he characterized middle
school students’ thinking in statistical situation into four processes: i) Describing data; ii) Organizing and
reducing data; iii) Representing data; and iv) Analyzing and interpreting data. The four statistical processes
are closely interrelated, and determining students’ ability to analyze and interpret data.

3. RESEARCH METHOD
3.1. Participants

There were two phases of data collection which consists of a quantitative approach in the first phase,
while a qualitative approach in the second phase. The first phase of the study involved 85 grade-11 students
at a private school in Penang, Malaysia. All the students were taught about the calculation and simple
application of measures of dispersion such as range, interquartile range, quartile deviation, variance, and
standard deviation before participating in this study. In the second phase, purposive sampling was used for
the case study, where 10 students with weak performance were selected to undergo in-depth interviews. The
student’s test scores were used to identify the target group for this research question. The researcher has
chosen to use purposive sampling in view that purposive sampling involves the researcher selecting
individuals who have knowledge of the phenomena studied or deemed potential information rich cases [60].

3.2. Research design

This study adopted a mixed method methodology. In the first phase, a diagnostic test with no
formula given (Appendix 1) was used to explore the students’ errors in measures of dispersion. In the second
phase, interviews were conducted with 10 students selected from phase one. During the interview, students
were questioned to elicit their thinking in the errors committed using the contingent teaching method adapted
from past research [61]. Following the step-by-step modelling of contingent teaching, the researcher first
referred to the answers that students had written in the test and diagnose students’ current or actual
understanding. Second, the researcher checked the diagnosis by using why and how questions to elicit the
student’s thinking and strategy in solving the problems. Third, the researcher supported the student
contingently, using the gathered information and probes/hints. Finally, the researcher checked the student’s
new (potential) understanding of the learning. The researcher made detailed field notes during each
interview. The interviews were audiotaped and transcribed verbatimly.

3.3. Data analysis

The data analysis used in this study was adapted based on the three phases described by Kurasaki
[62]. The phase one involved the codebook development where the researcher familiarized with the data and
identified potential themes. The purpose of this phase was to identify themes in the text and to refine the
themes into codes that form the basis of a codebook. In the phase two, intercoder reliability was established
to ensure the reliability of the coding. Both the intercoder agreement [63] between two coders and the
Cohen’s kappa results were satisfactory at 93.2% and 88.5% respectively. In the phase three, the researcher
applied the codebook systematically to the data set using the agreed-upon themes.

4. RESULTS AND DISCUSSION
4.1. Results

In the first phase, the degree of understanding of measures of dispersion concepts among students,
was analyzed. There were altogether 11 items in the test with no formulas provided (Appendix 1). The total
scores for the test were 20 marks. Each item was allocated 1 to 3 marks. From the analysis, it showed that the
range of the marks among the 85 students was 18, where the lowest was zero mark and the highest marks was
18. The mean mark of the 85 students was 10.64, with standard deviation of 5.173. This revealed that
students on average scored 53.2% out of the total 20 marks and the spread of the marks around the mean is
relatively big, as evidenced by the coefficient of variation of 48.6%. Figure 1 shows the distribution of
students’ marks and the overall test results are presented in Table 1. In the second phase, 10 students with test
scores of lower than the mean mark were selected to undergo in-depth interview with the researcher.
Analysis of the interview transcripts revealed five major causes of students’ errors in solving problems
related to measures of dispersion.
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Figure 1. Students’ performance on diagnostic test

Table 1. Summary statistics of the diagnostic test (N=85)

Indicator Value
Mean 10.64
Median 12.00
Mode 15
Standard Deviation 5.173
Range Minimum 0
Maximum 18
Percentile 25 7.00
50 12.00
75 15.00

4.1.1. Lack of statistical vocabulary knowledge

The analysis of the responses of interviews with the students showed student’s inadequate grasp of
the language of statistics. When asked by the researcher, some students were not able to tell the definition of
the statistical terms such as standard deviation, interquartile range, quartile deviation and range. The
abstraction in meaning and the difficulties in expressing some terms explicitly in ordinary language (i.e.,
standard deviation) have hindered students from understanding and applying the statistical vocabulary and
the related concepts in solving problems. The interview transcripts revealed students lacking statistical
vocabulary knowledge (T=teacher; S=student).

Interview transcript 1 (S44)
“Now, let’s look at the next question (Question 2.a.iii), standard deviation. You had left the answer
blank. Why?” (T)
“I don’t know how to do” (S)
“Can you tell me the symbol of standard deviation?” (T)
“(Student points at the symbol "¢ " that she had written on the answer sheet)” (S)
“Yes, this is the symbol. Do you know what is standard deviation?” (T)
“...Idon’t know ...” (S)

Interview transcript 2 (S44)
“What is the meaning of “range”? For example, we have number 1 to 10, what is the range of these
numbers?” (T)
“Range are these numbers” (S)
“What do you mean? Can you please explain?” (T)
“Erm ... range are these numbers, all these, I to 10” (S)

Interview transcript 3 (S72)
“Do you know what is range?” (T)
“Highest frequency minus lowest frequency?” (S)
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Interview transcript 4 (S53)
“Now, the second part (Question 1.ii). We look for the interquartile range. Can you please tell me
what is interquartile range?” (T)
“The QI, 02...” (S)
“Yes, what else?” (T)

Interview transcript 1 and 2 revealed that S44 was unable to answer the questions because the
student has no idea of the definition of standard deviation (although he knew the symbol that represents
standard deviation "o ") and range. Instead, the student had a misconception on range as indicated by the
language used. Another student (S72) had a false definition on range, which led the student to the wrong
workings and thus wrong answer (Interview transcript 3). As shown in interview transcript 4, student S53 can
relate the interquartile range with Q1 and Q2 but cannot give the definition of the term interquartile range.
Students may struggle to grasp the underlying principles if they are unfamiliar with the language used to
describe them [44]. Students find the test questions using unusual and specific mathematical words with
ambiguous meaning more challenging [64].

4.1.2. Rote learning

In this study, some students were found to have memorized and applied the formulas correctly in the
test items without understanding the meaning of the procedures. The interview transcripts reveal students’
weaknesses in understanding measures of dispersion due to rote learning.

Interview transcript 5 (S52)
“Now we come to the last question (Question 3.a.i). You need to fill in the necessary information in
Table 3 to find the mean and the standard deviation of the mass of class A (pointing at student’s
answer). Look at your answer. You had found the mid values here. Can you please tell me why do
you need to look for the mid values? What are the mid values for?” (T)
“Erm ... I don’t know. I just follow the format” (S)

In answering question 3.a.i (Interview transcript 5), student S52 filled in the information required in the table
but was unable to make sense of the purposes of the procedures to find the mean and standard deviation from
the grouped data. The student just followed a process with different numbers rather than understanding how
the sequence of action produces an answer. A key concept of standard deviation is the arithmetic mean [19].
A conceptual understanding of standard deviation requires more than procedural or symbolic knowledge of
the method for calculating the mean.

Interview transcript 6 (S61)
“Do you know the formula of quartile deviation?” (T)

“Q3 minus Q1, divided by 2 (i.e., @)” (S)
“Yes. You had written the formula in your answer, but you got the wrong Q3 and Q1. So, can you

tell me why do we need to divide the interquartile range by 2?” (T)
(Student shakes her head) (S)

Interview transcript 7 (S61)
“Now, come to standard deviation. You had written the formula correctly. But the answer is

incorrect. The formula you had written here is ... (i.e., 0= @)” (T)

“Do you understand why the formula is as such?” (T)
$‘N0’9 (S)

“How do you know the formula?” (T)

“I memorized” (S)

Interview transcript 8 (S53)
“Let’s look at question (ii), mean. How did you get the mean? Can you please tell me?” (T)
“Sum of fx divided by sum of f (i.e., %)” S)
“Ok, good. You had gotten this answer correctly too. What about the standard deviation?” (T)

. 2 _ sy
“Err ... square root, sum of fx squared over sum of f, minus sum of mean squared ( /7’; x2)” (S)

“Alright. Do you understand why the formula is as such?” (T)
“I try to understand but I don’t really know why it is like that. I just memorized” (S)

Making sense of students’ errors in solving problems related to measures of dispersion (Ng Chiew Leng)
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When asked to find the quartile deviation and standard deviation, student S61 could remember the
formulas correctly but was unable to transfer the knowledge to solve the problems (Interview transcripts 6
and 7). Student S61 has attended to relevant information but has not understood it and thus, cannot use it. The
inability to solve the questions was due to the fact that these students had not yet understood the topics’
formal principles. In another instance, student S53 was able to answer the questions regarding standard
deviation correctly with the correct formula. However, the student admitted that she did not understand the
formula of standard deviation and merely memorized the formulas. Knowledge of a computational rule does
not necessarily imply a comprehensive understanding of the underlying concept and may inhibit conceptual
learning. Understanding the fundamental concepts is more important than memorizing a formula [5].

4.1.3. Lack of symbol sense

In the study of statistics where statistical symbols often have multiple layers of meaning,
understanding when and how to employ symbols is an essential ability [65]. Students must also identify
statistics as variables and differentiate statistics and parameters [66]. In this study, students were found to
have great difficulties correctly associating symbols with concepts. The interview transcripts reveal students’
errors in measures of dispersion due to lacking of symbol sense.

Interview transcript 9 (S79)
“Now, please try to write down the formula of standard deviation. What symbol do we use to
represent each data? If we use bar x (x) for mean, what do we use for each data?” (T)
“(Student is thinking and not responding, while teacher is waiting)” (S)
“Bar x (i) represent mean, which show that the mean is the average of x. So, what is the symbol for
each data?” (T)
“x”(S)
“It’s x;” (T)

Interview transcript 10 (S52)
“Now, do you think you can write down the formula of the standard deviation?” (T)

“Yes (Student writes o= @) (S)

“Look at this symbol, what is this? (Teacher is pointing at "x"). What is the total number of data
over here?” (T)

“8” ()

“Yes. What is 8? What symbol do you use to represent the total number of data? We use "n", not
“x”, alright?” (T)

Interview transcript 11 (S61)
“Alright. Look over here. What is this symbol? (Teacher is pointing at “X”)” (T)
“This is sum” (S)
“Yes, correct. This one? (Teacher is pointing at “x;”)” (T)
“...Idon’t know” (S)
“This one? (Teacher is pointing at “x”)” (T)
“Mean” (S)
“Mean, yes. What about this? (Teacher is pointing at “n”)” (T)
“... Idon’t know” (S)

Interview transcript 12 (S44)
“Can you try to write down the formula of mean for grouped data, based on your understanding?”
(M)
“(Student writes x = %) S)
“Yes, but we need the sum of it” (T)
“the sign ... "E" (Student writes "X")” (S)
“Yes. This is summation or sigma” (T)

“(Student writes X = %’f‘) (S

S79 was confused with the symbol "x;" and "x". This could be due to the two symbols are used for
two different though related ideas. Besides, "x;" represents each of the in the ungrouped data, while the
symbol "x;" in grouped data represents the mid values of each group. Another student, S52 was confused
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with the symbol "x;" that represents each data and "n" that represents sample size in ungroup data. There
were similar findings [67] that some students treated the symbol "x" as a specific unknown that representing
a fixed number while some students almost never treated "x" as variable to represent multiple values or as
variable representing a range of values at the same time. As for student S61, she was unable to name and
explain the concepts of the symbols "x;" and "n" used even though she had written the formula of the
standard deviation for ungroup data correctly in question 2a(iii). Students might be able to understand and
accurately identify statistics symbols but had trouble linking them with the relevant notion [11]. In another
instance, student S44 was not able to pronounce or name "Z" properly and referred the symbols as "E".

Interview transcript 13 (S51)
“Yes. So, what is the value of Q1?” (T)
“24.5” (S)
“No (Teacher checks on student’s work). See how you work out the answer. You keyed in (i.e., using
calculator) like this, 15 plus 19 divided by 2 (i.e., 15+19+2), the calculator will take your
instruction as 15 plus, 19 divided by 2 (i.e., 15+(19+2)). But is this the correct operation?” (T)
“... Erm ... No” (S)

In interview transcript 13, student S51 used the incorrect syntax (did not perform grouping) when
translated the information into calculator. The student only realized that the implicit grouping must be made
explicit when prompted by the teacher. Although this error was not directly linked to statistical symbols, it
shows that low performing students confront more obstacles when studying statistics, from order of operation
to a process-oriented view of functions.

4.1.4. Lack of statistical reasoning

In this study, students were found lacking of the statistical reasoning skills in descriptive statistics.
In question 2, many students had done correctly in finding the values of mean and standard deviation of the
ungrouped data but were unable to answer or provide statistical reasoning to item 2b. Similar to question 3,
many students did not provide proper answer to item 3b even though they had coped well with item 2a. The
interview transcripts reveal the lack of statistical reasoning skills among the students.

Interview transcript 14 (S44)
“If you were the farmer, which condition do you think is better for your plant?” (T)
“A”(S)
“Why?” (T)
“Because the mean is higher” (S)
“Yes, and ...” (T)
“The standard deviation is smaller” (S)
“What does it tell you when the standard deviation is smaller?” (T)
“It is better” (S)
“Why better?” (T)
“Because the difference ... the difference ... is smaller” (S)
“Can you please explain?” (T)
“... teacher, I don’t know how to say ... (S)

Interview transcript 15 (student S44)
“Yes, good. What does bigger differences tell you about the mass?” (T)
“... some are very heavy some are very thin...I don’t know ...” (S)

Interview transcript 16 (student S51)
“Now, we will discuss about the last question (Question 3b). You need to compare the mass of the
student in Class A and Class B. You didn’t answer the question” (T)
“The means are the same” (S)
“Yes, correct. What about the standard deviation?” (T)
“The standard deviation of class B is smaller” (S)
“Ok. What does it tell you if the standard deviation of Class B is smaller?” (T)
“(Student is thinking and not responding, while teacher is waiting)” (S)
“Are the mass of the students closer to the mean or further from the mean?” (T)
“Closer” (S)
“Yes, so, what does it tell you if the data is closer to the mean?” (T)
“...Idon’t know ...” (S)

Making sense of students’ errors in solving problems related to measures of dispersion (Ng Chiew Leng)
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S44 and S51 were unable to explain what “bigger or smaller differences”, that is the wider or
narrower spread between each data and the mean implies. When asked by the teacher, student S44 used
words, such as heavy and thin, instead of statistical description such as consistent, spread, or vary to describe
the data. These students were unable to reason with statistical concepts and make sense on the information
given. The capacity to reason about statistical measures is understanding what measures of center tendency,
measures of dispersion, and position disclose about a data set, when to utilize them, and how they reflect a
data set [26]. The constructs of statistical reasoning in [68] also include “organizing data”, which refers to the
ability to summarize data in terms of measures of tendency and measures of dispersion.

4.1.5. Lack of statistical thinking

In solving question 1, students were found to have confused between frequency and value of
distribution in item 1(i). Some students failed to retrieve the correct information from the graph which shows
the lack of ability in graph reading. Besides, students were also found to have confused between the quartile
position and the quartile values in items 1(ii) and 1(iii). Some students had wrongly taken the difference
between the Q3 and Q1 positions as the interquartile range, which shows that these students did not
understand the concept of interquartile range. Another common error committed by students were found in
items 3a(ii) and 3a(iii), where group frequencies were not taken into consideration when calculating the
group mean and standard deviation. These mistakes were not due to carelessness but is a proof of
misconceptions among the students, as evident by the interviews with the students. These students did not
understand the element of group frequencies in calculating the descriptive statistics in group data. The
interview transcripts show the lacking of students’ statistical thinking ability when answering questions
related to measures of dispersion:

Interview transcript 17 (S72)
“Now, please find the interquartile range” (T)
“54 minus 18?” (S)
“No. 54 and 18 are the position, not the value. Are we looking for the position or the value?” (T)
“...Idon’t know ...” (S)

Interview transcript 18 (S79)
“Alright. You had written here Q3 minus Q1, and you wrote 60 as Q3 and 20 as Q1. How did you
get 60 as Q3 and 20 as Q1?7 (T)
“... from the graph” (S)
“Can you please explain?” (T)
“l took 80 times one over four and get 20 (i.e., 80 x i = 20). Then | took 80 times three over four,
and get 60 (i.e., 80x % =60)” (S)
“l see. Why did you take 80?” (T)
“80 is the total frequency” (S)
“Is 80 the total frequency? Please read the graph carefully. See where the curve ends” (T)
“Oh ... is 727 (S)

In answering question 1(b), both student S72 and S79 revealed lack of ability in graph reading.
Student S72 was unable to differentiate between the value and position of the quartiles. Student S72 wrongly
took the difference between the Q3 position and Q1 position as the interquartile range. As for student S79,
she showed no awareness of the data displayed in the graph and wrongly took 80 as the total frequency. This
findings are consistent with past studies [69], [70] who found that students have a tendency to confuse
frequency with data value when data are presented graphically.

Interview transcript 19 (S79)
“Now let’s look at how to work out the mean. Can you tell me how to work out the mean?” (T)

35 plus 45 plus 55 plus 65, divided by 4 (i.e., 35+454ﬂ )’ (S)
“Look at your solution, how many data are there?” (T)

“4?” (S)

“Do you only have 4 students here?” (T)

“.. No” (S)

“How many students do we have?” (T)

“..30"(S)
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“Yes. So, what should be the sum of the data be divided by?” (T)

“30’5 (S)
“Yes, 30. But over here, we only have 4 data (pointing at 35“54&). So, what shall we do?” (T)

In answering question 3.a.ii, student S79 was unable to identify the group frequency in the table
displayed, despite teacher’s prompts. Student 79 did not realize that she had to multiply group mid values
with the group frequency. It was claimed that students sometimes overlook the frequency of each interval
when determining the mean [71].

Interview transcript 20 (S61)
“Now we move on to the second question (Question 2.a.i). The heights, in centimeter, of 8 seedlings
grown under condition A are this much. Part (i), find the interquartile range. You had written here
25 minus 13, equals to 12 (i.e., 25 — 13 = 12). Your answer is not correct. Why did you write your
answer as such?” (T)
“Highest value minus lowest value” (S)
“Alright. But before you take the highest value minus the lowest value, what should you do? Do you
know why you got the answer wrong?” (T)
“... I didn’t rearrange the data” (S)

In answering question 2a(i), student S61 did not rearrange the ungrouped data before looking for the
value of Q3 and Q1. Student S61 was lack of the awareness of the importance of order of the data set in
finding interquartile range. In a study [72] investigating students’ conceptions of the median, roughly half of
the students perceived the median as the middle point of the ungrouped data before they were arranged.
Order statistics is said to be computationally and conceptually complex because the algorithm of median,
quartiles, and percentiles is taught differently for grouped and ungrouped data [5], and many of the
algorithm’s steps are frequently not fully articulated or comprehended [73].

Interview transcript 21 (S53)
“Do you know why we need to find out the differences between each data and mean?” (T)
“No, teacher. (Student shakes her head)” (S)
“That will give us the spread of the distribution, how far is each data from the mean. For example,
there are 6 students in group A, whose marks are 50, 50, 40, 30, 60 and 70. And we have another six
students from group B, whose marks are 10, 20, 30, 70, 80 and 90. (Teacher writes the data on the
white board). Can you tell me what is the average marks for group A?” (T)
“(Student calculates ...) 50” (S)
“Yes. What about group B?” (T)
“(Student calculates ...) 50” (S)
“Yes, also 50. So, which is the mean that better represent the actual situation of the students’
performance?” (T)
“..both ...” (S)

Student S53 was unable to tell the reason of looking for the difference between each data and the
mean, that is, the spread of the distribution. Despite teacher’s explanation and prompting, student S53 was
unable to make inferences of the means between the two data sets given. Campbell [74] noted that ignoring
the spread of data is a common error among students. The study of frequency should go beyond the focus of
averages since two data sets with the same average may have significant variation [5].

4.2. Discussion

Statistics is an expansive subject with its own vocabulary, syntax, notation, and symbols that must
be taught and acquired [45]. The findings of this study showed that low-performing students struggle through
the process of statistical problem solving, particularly in the topic of measures of dispersion. Some of the
causes of difficulties identified include lack of the knowledge of statistical vocabulary, rote learning, symbol
sense, statistical reasoning, and statistical thinking. The findings suggest that instructions that focuses
particularly on these areas may improve the learning and problem-solving proficiency of students and thus
can serve to inform the weaknesses of students learning in statistics.

In the study, lack of statistical vocabulary is one of the primary causes of students’ errors in
calculating measures of dispersion. The process of learning definitions of statistical terms is complicated and
difficult in view of the abstraction in nature and multiple meanings. Students struggle in numerous areas of
mathematics and statistics instructions, due to the absence of a standardized language used in the subjects
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[44]. Moreover, most students only utilize statistical language in class [75], therefore do not get familiar with
the language of statistics. As such, the teaching and learning of statistics should emphasis the discussion of
the various meanings and definition of statistical vocabulary. Definitions are useful for initial learning [44],
since it formalizes or extends a concept logically [76], and influence their grasp of statistical concepts [48].
Teachers have a statistically significant impact on students' capacity to define lexically problematic words in
statistics [49]. To help students in acquiring the language of statistics, teachers must first recognize the
linguistic obstacles they confront and be adaptive in the classroom. Several researchers provide suggestions
for teaching mathematical and statistical vocabulary which include focusing on selection of vocabulary [77],
providing student-friendly definitions to vocabulary [78], identify the general English words that have
technical statistical meanings, as well as giving implicit/explicit instruction involving statistical vocabulary in
daily learning [44].

Another cause of error identified was lack of symbol sense. Symbolic knowledge and fluency are
crucial in understanding and applying algebra [53], while algebraic proficiency does help students in their
grasp of statistical concepts [79]. Kim, Connelly, and Cook [80] however claimed that although students can
apply algebraic or functional knowledge to statistics, they may lack symbol sense since statistical notions
such as mean, standard deviation, and sample require an object understanding. In this study, the students
were found to have difficulties in the verbalizing, reading, and writing of statistical symbols. In some
instances, even if the statistical formulas were applied correctly, students were confused and had no idea of
the concepts of the symbols used. This was in line with the past finding [43] where symbolic language is
often a cause of great confusion for students; and some students failed to use the statistical symbols correctly
even though they can identify the symbols [11]. One reason for the confusion could be due to students
applying personal meaning to symbols [43]. Verbalizing and reading symbols are receptive processes, while
producing symbols is a generative process. Students must be able to read statistical symbols to decode,
produce and transform them when solving problems. Instructions should not emphasize teaching a formula
and performing computations. Teachers can instead focus on the symbolic aspects by helping students to
identify and differentiate the numerous statistical symbols through classroom activities and discussion. For
example, students can be reintroduced to the verbalizations and interpretations of statistical symbols through
problem solving, quizzes and project works.

Ausubel [81] refers rote learning as new knowledge that is arbitrarily and non-substantively
incorporated into cognitive structure. In this study, questions related to standard deviation revealed the most
errors. Statisticians [15], [20] claimed that the standard deviation is computationally complex and rarely
intuitively appealing as a measures of dispersion. The emphasis on calculations and procedures doesn't
promote a conceptual knowledge of standard deviation [19]. The finding shows that some students were
found to have memorized and applied the formulas correctly in the test items without understanding the
meaning of the procedures. These can be seen from the students” works and further confirmed via interviews.
The researcher noticed that one of the possible factors that attributed to students choose to memorize the
formulas without understanding is because the formula itself cannot explain the meaningful procedures. This
is very clear when students are taught to use alternative methods of calculating the standard deviation. Both
the first method and the alternative method (Appendix 2) are equivalent.

The calculations of standard deviation are somewhat complex and the risk of making mistakes is

high. The learning of the first method (i.e., o = fz(x‘T_x)z for ungrouped data; o = /zf(’;—}_xy for grouped

data) will give us insight into how standard deviation really works, which is a procedure of getting the
squared root to the average squared differences between each data and the mean. However, both the

2 2
alternative methods (i.e., 0 = /2% — x?) for ungrouped data; ¢ = /%— %2 for grouped data) do not

carry any meaning in the procedure and thus students are not able to understand how the concepts of standard
deviation is related to the formulas. Students are further confused by the variety of the formulas and thus
hinder them from learning the concept. This could be one of the reasons students choose to use rote learning
strategy in calculating standard deviation, because they simply cannot understand what they were doing.
These findings also reveal students lack of statistical reasoning and statistical thinking ability. This
is further evident by a study [82] where 412 10th grade students from Malaysia secondary schools revealed
poor level of statistical reasoning ability. Another research [83] analyzed 122 postgraduates in Malaysia
shows that some postgraduates have poor statistical reasoning skills. The findings showed that majority of the
students had difficulty in interpreting standard deviation in a given context although they could infer mean.
Statistical reasoning and thinking involves interpretation and making inferences of the combined ideas about
data and chance. It is thus important to ensure students gaps the important statistical conceptual
understanding such as distribution, central limit theorem, measure of dispersion, association, uncertainty,
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randomness, and sampling. Promotion of a statistical reasoning learning environment can help to improve
students’ statistical thinking and reasoning [84], as well as positive attitudinal changes towards statistics
learning [85]. Some of the activities include using real world data, integration of appropriate technological
tools, focus on statistical ideas rather than procedures, promote classroom discourse, and using proper
assessment to measure and monitor the development of students’ statistical learning.

Teachers are essential for students to be statistically literate. Past research however reveals teachers’
pedagogical statistical knowledge are inadequate and need to be enhanced to improve students’ statistical
learning [86], [87]. Pedagogical statistical knowledge entails a teacher’s awareness of potential student
difficulties with statistics, techniques to improve student learning, and strategies for including students in a
statistical investigative cycle [88]. Teacher education in statistics should focus on five fundamental principles
which include developing fundamental statistical concepts, investigating, and learning from data, developing
statistical arguments, understanding students’ reasoning, and implementing formative assessment [89].
Appropriate assessment in statistics is critical to examine students’ understanding of statistical concept [40].
It is thus important to develop proper tools to assess students’ conceptual understanding in learning statistics
despite the use of traditional large-scale assessment that emphasis on accuracy of procedures and
computation [90]. This study suggests that despite being time-consuming and demanding a great deal of
effort, interview could be included as an effective assessment tool to reveal the performance of students in
statistical learning. Through interview, teachers can elicit and foster insight into students’ thinking and
reasoning, as well as understand the strategies students apply in solving the statistical problems. This will
thus help teacher to remediate the appropriate teaching pedagogies to improve students’ statistical conceptual
understanding and ability.

5. CONCLUSION

This study reveals that students, in particular the low achievers, encounter substantial challenges in
learning measures of dispersion. Teachers should pay attention to the causes of errors in order to develop
teaching strategies that will address the displayed difficulties. As indicated in the findings, a teacher’s
observational skills and reflective practice enable them to better understand students’ difficulties in learning
and make important proper adjustment in the teaching instruction. Eliciting students’ thinking in committing
the errors can be taken as an opportunity to facilitate other students in getting deeper understanding in the
learning of mathematics. Future research could focus on the teaching pedagogies and remedials to overcome
students’ difficulties from the aspect of statistical vocabulary, rote learning, symbol sense, statistical
reasoning and statistical thinking. More extensive research in the same area could be conducted involving
students in multiple domains.

REFERENCES

[1]  S. Sharma, “Definitions and models of statistical literacy: a literature review,” Open Review of Educational Research, vol. 4,
no. 1, pp. 118-133, Jan. 2017, doi: 10.1080/23265507.2017.1354313.

[21  N.W. Gleason, Higher education in the era of the fourth industrial revolution. Springer Nature, 2018.

[38] L. Mufiz-Rodriguez, L. J. Rodriguez-Muiiz, and A. Alsina, “Deficits in the statistical and probabilistic literacy of citizens:
Effects in a world in crisis,” Mathematics, vol. 8, no. 11, pp. 1-20, Oct. 2020, doi: 10.3390/math8111872.

[4] J. Watson and R. Callingham, “COVID-19 and the need for statistical literacy,” Australian Mathematics Education Journal,
vol. 2, no. 2, pp. 16-21, 2020.

[5] C. Batanero, J. D. Godino, A. Vallecillos, D. R. Green, and P. Holmes, “Errors and difficulties in understanding elementary
statistical concepts,” International Journal of Mathematical Education in Science and Technology, vol. 25, no. 4, pp. 527-547,
Jul. 1994, doi: 10.1080/0020739940250406.

[6] R.C. delMas, “Statistical literacy, reasoning, and thinking: A commentary,” Journal of Statistics Education, vol. 10, no. 2, Jan.
2002, doi: 10.1080/10691898.2002.11910674.

[71  R. Groth, “High school students’ levels of thinking in regard to statistical study design,” Mathematics Education Research
Journal, vol. 15, no. 3, pp. 252-268, 2003, doi: 10.1007/BF03217382.

[8] F. Kula and R. G. Koger, “Why is it difficult to understand statistical inference? Reflections on the opposing directions of
construction and application of inference framework,” Teaching Mathematics and its Applications, vol. 39, no. 4, pp. 248-265,
2020, doi: 10.1093/teamat/hrz014.

[9]1 J. Garfield and D. Ben-Zvi, “How students learn statistics revisited: A current review of research on teaching and learning
statistics,” International Statistical Review, vol. 75, no. 3, pp. 372-396, Dec. 2007, doi: 10.1111/j.1751-5823.2007.00029.x.

[10] S. Shader, “Examining gender differences in hangover symptoms among college students,” International Journal of Education
and Research, vol. 4, no. 6, pp. 357366, 2014.

[11] S. A. Cook and T. Fukawa-Connelly, “The incoming statistical knowledge of undergraduate majors in a department of
mathematics and statistics,” International Journal of Mathematical Education in Science and Technology, vol. 47, no. 2, pp. 167—
184, Feb. 2016, doi: 10.1080/0020739X.2015.1060642.

[12] A. S. Williams, “Statistics anxiety and worry: The roles of worry beliefs, negative problem orientation, and cognitive avoidance,”
Statistics Education Research Journal, vol. 14, no. 2, pp. 53-75, Nov. 2015, doi: 10.52041/serj.v14i2.261.

[13] C. Ramirez, C. Schau, and E. Emmioglu, “The importance of attitudes in statistics education,” Statistics Education Research
Journal, vol. 11, no. 2, pp. 5771, Nov. 2012, doi: 10.52041/serj.v11i2.329.

Making sense of students’ errors in solving problems related to measures of dispersion (Ng Chiew Leng)



936

a ISSN: 2252-8822

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]
[26]
[27]

[28]

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

[43]
[44]
[45]

[46]
[47]

[48]

T. Swanson, J. VanderStoep, and N. L. Tintle, “Student attitudes toward statistics from a randomization-based curriculum,”
Proceedings of the International Conference on Teaching Statistics (ICOTS 9), 2014, vol. 9, pp. 1-5, [Online]. Available:
http://iase-web.org/icots/9/proceedings/pdfs/ICOTS9_1F1_SWANSON.pdf.

J. M. Shaughnessy, “Missed opportunities in research on the teaching and learning of data and chance,” People in Mathematics
Education, vol. 1, pp. 6-22, 1997.

R. D. Snee, “Discussion: Development and Use of statistical thinking: A New Era,” International Statistical Review/Revue
Internationale de Statistique, vol. 67, no. 3, p. 255, Dec. 1999, doi: 10.2307/1403703.

B. Chance, J. Garfield, and R. DelMas, “Developing simulation activities to Improve students’ statistical reasoning,” in
Technology in Mathematics Education Conference, 2001, pp. 1-8.

L. Saldanha and P. Thompson, “Conceptions of sample and their relationship to statistical inference,” Educational Studies in
Mathematics, vol. 51, no. 3, pp. 257-270, 2002, doi: 10.1023/A:1023692604014.

R. Delmas and Y. Liu, “Exploring students’ conceptions of the standard deviation,” Statistics Education Research Journal, vol. 4,
no. 1, pp. 55-82, 2005, doi: 10.52041/serj.v4i1.525.

C. Reading and J. M. Shaughnessy, “Reasoning about variation,” in The Challenge of Developing Statistical Literacy, Reasoning
and Thinking, Dordrecht: Springer Netherlands, 2004, pp. 201-226.

S. A. Peters, “Robust understanding of statistical variation,” Statistics Education Research Journal, vol. 10, no. 1, pp. 52-88,
May 2011, doi: 10.52041/serj.v10i1.367.

M. Meletiou-Mavrotheris and M. Lee, “Teaching students the stochastic nature of statistical concepts in an introductory statistics
course,” Statistics Education Research Journal, vol. 1, no. 2, pp. 22-37, 2002, doi: 10.52041/serj.v1i2.563.

A. J. Petrosino, R. Lehrer, and L. Schauble, “Structuring error and experimental variation as distribution in the fourth grade,”
Mathematical Thinking and Learning, vol. 5, no. 2-3, pp. 131-156, Apr. 2003, doi: 10.1080/10986065.2003.9679997.

J. M. Watson, R. A. Callingham, and B. A. Kelly, “Students’ appreciation of expectation and variation as a foundation for
statistical understanding,” Mathematical Thinking and Learning, vol. 9, no. 2, pp. 83-130, May 2007, doi:
10.1080/10986060709336812.

S. W. Chan and Z. Ismail, “Assessing misconceptions in reasoning about variability among high school students,” Procedia -
Social and Behavioral Sciences, vol. 93, pp. 1478-1483, Oct. 2013, doi: 10.1016/j.sbspro.2013.10.067.

J. Garfield and I. Gal, “Teaching and assessing statistical reasoning. Developing mathematical reasoning in grades K-12,”
International Statistical Review, vol. 67, no. 1, pp. 1-12, 1999.

R. Gould, “Variability: One statistician’s view,” Statistics Education Research Journal, vol. 3, no. 2, pp. 7-16, 2004, doi:
10.52041/serj.v3i2.537.

J. M. Watson, B. A. Kelly, R. A. Callingham, and J. M. Shaughnessy, “The measurement of school students’ understanding of
statistical variation,” International Journal of Mathematical Education in Science and Technology, vol. 34, no. 1, pp. 1-29, Jan.
2003, doi: 10.1080/0020739021000018791.

J. P. Smith, A. A. DiSessa, and J. Roschelle, “Misconceptions reconceived: A constructivist analysis of knowledge in transition,”
Journal of the Learning Sciences, vol. 3, no. 2, pp. 115-163, Apr. 1994, doi: 10.1207/s15327809j1s0302_1.

J. M. Shaughnessy, “Research on statistics’ reasoning and learning,” in Second handbook of research on mathematics teaching
and learning, Greenwich, CT: Information Age Publishing, Inc., and NCTM, 2007, pp. 957-1009.

E. Emmioglu and Y. Capa-Aydin, “Attitudes and achievement in statistics: A meta-analysis study,” Statistics Education Research
Journal, vol. 11, no. 2, pp. 95-102, Nov. 2012, doi: 10.52041/serj.v11i2.332.

S. Tishkovskaya and G. A. Lancaster, “Statistical education in the 21st century: A review of challenges, teaching innovations and
strategies for reform,” Journal of Statistics Education, vol. 20, no. 2, Jul. 2012, doi: 10.1080/10691898.2012.11889641.

C. S. Rayat, “Measures of Dispersion,” in Statistical Methods in Medical Research, Springer, Singapore, 2018, pp. 59-63, doi:
10.1007/978-981-13-0827-7_7.

A. Kotacz and P. Grzegorzewski, “Measures of dispersion for multidimensional data,” European Journal of Operational
Research, vol. 251, no. 3, pp. 930937, Jun. 2016, doi: 10.1016/j.ejor.2016.01.011.

G. W. Cobb and D. S. Moore, “Mathematics, Statistics, and Teaching,” The American Mathematical Monthly, vol. 104, no. 9,
pp. 801823, Nov. 1997, doi: 10.1080/00029890.1997.11990723.

D. S. Moore, “Uncertainty,” in On the Shoulders of Giants: New Approaches to Numeracy, Washington, DC: The National
Academies Press, 1990.

GAISE College Report ASA Revision Committee, Guidelines for Assessment and Instruction in Statistics Education College
Report 2016. American Statistical Association, 2016.

C. J. Wild and M. Pfannkuch, “Statistical thinking in empirical enquiry,” International Statistical Review, vol. 67, no. 3, pp. 223—
248, Dec. 1999, doi: 10.1111/j.1751-5823.1999.tb00442.x.

D. S. Moore, “New pedagogy and new content: The case of statistics,” International Statistical Review, vol. 65, no. 2, pp. 123—
137, Aug. 1997, doi: 10.1111/j.1751-5823.1997.tb00390.x.

J. B. Garfield, D. Ben-Zvi, B. Chance, E. Medina, C. Roseth, and A. Zieffler, Developing students’ statistical reasoning:
Connecting research and teaching practice. Dordrecht: Springer Netherlands, 2008.

M. M. Capraro and H. Joffrion, “Algebraic equations: Can middle-school students meaningfully translate from words to
mathematical symbols?”” Reading Psychology, vol. 27, no. 2-3, pp. 147-164, Sep. 2006, doi: 10.1080/02702710600642467.

U. Andersson, “Skill development in different components of arithmetic and basic cognitive functions: findings from a 3-year
longitudinal study of children with different types of learning difficulties,” Journal of Educational Psychology, vol. 102, no. 1,
pp. 115-134, Feb. 2010, doi: 10.1037/a0016838.

R. N. Rubenstein and D. R. Thompson, “Discuss with your colleagues: Learning mathematical symbolism: challenges and
instructional strategies,” The Mathematics Teacher, vol. 94, no. 4, pp. 265-271, 2020, doi: 10.5951/mt.94.4.0265.

P. K. Dunn, M. D. Carey, A. M. Richardson, and C. Mcdonald, “Learning the language of statistics: Challenges and teaching
approaches,” Statistics Education Research Journal, vol. 15, no. 1, pp. 8-27, May 2016, doi: 10.52041/serj.v15i1.255.

M. Rangecroft, “The language of statistics,” Teaching Statistics, vol. 24, no. 2, pp. 34-37, 2002, doi: 10.1111/1467-9639.00080.
H. Shuard and A. Rothery, Children reading mathematics. London: J. Murray, 1984.

J. J. Kaplan, D. G. Fisher, and N. T. Rogness, “Lexical ambiguity in statistics: What do students know about the words
association, average, confidence, random and spread?” Journal of Statistics Education, vol. 17, no. 3, Nov. 2009, doi:
10.1080/10691898.2009.11889535.

J. J. Kaplan, D. G. Fisher, and N. T. Rogness, “Lexical ambiguity in statistics: How students use and define the words:
Association, average, confidence, random and spread,” Journal of Statistics Education, vol. 18, no. 2, pp. 1-22, Jul. 2010, doi:
10.1080/10691898.2010.11889491.

Int J Eval & Res Educ, Vol. 12, No. 2, June 2023: 924-940



Int J Eval & Res Educ ISSN: 2252-8822 a 937

[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]

[74]
[75]

[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]

[84]

[85]

[86]

A. Richardson, P. Dunn, and R. Hutchins, “The impact of tutor, extract and word on the correct definition of lexically ambiguous
words in statistics,” Proceedings of The Australian Conference on Science and Mathematics Education, 2013, pp. 185-192.

R. E. Mayer, “Rote versus meaningful learning,” Theory into Practice, vol. 41, no. 4, pp. 226-232, Nov. 2002, doi:
10.1207/s15430421tip4104_4.

J. Lithner, “A research framework for creative and imitative reasoning,” Educational Studies in Mathematics, vol. 67, no. 3,
pp. 255-276, Mar. 2008, doi: 10.1007/s10649-007-9104-2.

A. H. Schoenfeld, “Learning to think mathematically: problem solving, metacognition, and sense making in mathematics
(Reprint),” Journal of Education, vol. 196, no. 2, pp. 1-38, Apr. 2016, doi: 10.1177/002205741619600202.

A. Arcavi, “Symbol sense: Informal sense-making in formal mathematics,” For the Learning of Mathematics, vol. 14, no. 3,
pp. 24-35, 1994.

R. N. Rubenstein and D. R. Thompson, “Understanding and supporting children’s mathematical vocabulary development,”
Teaching Children Mathematics, vol. 9, no. 2, pp. 107-112, 2020, doi: 10.5951/tcm.9.2.0107.

M. E. Pierce and L. M. Fontaine, “Designing vocabulary instruction in mathematics,” The Reading Teacher, vol. 63, no. 3,
pp. 239-243, Nov. 2009, doi: 10.1598/rt.63.3.7.

E. Torigoe and G. Gladding, “Symbols: Weapons of math destruction,” AIP Conference Proceedings, vol. 951, pp. 200-203,
2007, doi: 10.1063/1.2820933.

M. Lovett, “A collaborative convergence on studying reasoning processes: A case study in statistics,” Cognition and Instruction:
25 Years of Progress, vol. 25, pp. 347-384, 2001.

G. A. Jones et al., “Using students’ statistical thinking to inform instruction,” Journal of Mathematical Behavior, vol. 20, no. 1,
pp. 109-144, Jan. 2001, doi: 10.1016/S0732-3123(01)00064-5.

E. S. Mooney, “A framework for characterizing middle school students’ statistical thinking,” Mathematical Thinking and
Learning, vol. 4, no. 1, pp. 23-63, Jan. 2002, doi: 10.1207/s15327833mtl0401_2.

T. Mapp, “Understanding phenomenology: The lived experience,” British Journal of Midwifery, vol. 16, no. 5, pp. 308-311, May
2008, doi: 10.12968/bjom.2008.16.5.29192.

J. Van De Pol, M. Volman, and J. Beishuizen, “Patterns of contingent teaching in teacher-student interaction,” Learning and
Instruction, vol. 21, no. 1, pp. 46-57, Feb. 2011, doi: 10.1016/j.learninstruc.2009.10.004.

K. S. Kurasaki, “Intercoder reliability for validating conclusions drawn from open-ended interview data,” Field Methods, vol. 12,
no. 3, pp. 179-194, Aug. 2000, doi: 10.1177/1525822X0001200301.

M. B. Miles and A. M. Huberman, Qualitative data analysis: An expanded sourcebook. Sage Publications, Inc, 1994.

J. Shaftel, E. Belton-Kocher, D. Glasnapp, and J. Poggio, “The impact of language characteristics in mathematics test items on
the performance of English language learners and students with disabilities,” Educational Assessment, vol. 11, no. 2, pp. 105—
126, May 2006, doi: 10.1207/s15326977eal102_2.

S. Cook and T. Fukawa-Connelly, “Toward a description of symbol sense in statistics,” in 15th Annual Conference on Research
in Undergraduate Mathematics Education, 2012.

S. Cook and T. Fukawa-Connelly, “Initial undergraduate student understanding of statistical symbols,” 2015.

D. Kuchemann, “Children’s understanding of numerical variables,” Mathematics in School, vol. 7, no. 4, pp. 23-26, 1978.

G. A. Jones, C. W. Langrall, E. S. Mooney, and C. A. Thornton, “Models of development in statistical reasoning,” in The
Challenge of Developing Statistical Literacy, Reasoning and Thinking, Dordrecht: Springer Netherlands, 2004, pp. 97-117.

L. L. Cooper and F. S. Shore, “Students’ misconceptions in interpreting center and variability of data represented via histograms
and stem-and-leaf plots,” Journal of Statistics Education, vol. 16, no. 2, Jul. 2008, doi: 10.1080/10691898.2008.11889559.

S. N. Friel and G. W. Bright, “Graph knowledge: understanding how students interpret data using graphs,” Annual Meeting of the
North American Chapter of the International Group for the Psychology of Mathematics, 1995.

K. Y. Li and S. M. Shen, “Students’ weaknesses in statistical projects,” Teaching Statistics, vol. 14, no. 1, pp. 2-8, 1992, doi:
10.1111/j.1467-9639.1992.th00195.x.

G. V. Barr, “Some student ideas on the median and the mode,” Teaching Statistics, vol. 2, no. 2, pp. 38-41, 1980, doi:
10.1111/j.1467-9639.1980.th00381.x.

G. Schuyten, “Statistical thinking in psychology and education,” in Proceedings of the Third International Conference on
Teaching Statistics (ICOTS), Dunedin, August 1990, Vol. 2, Teaching Statistics Beyond School Level, 1991, pp. 486-489.

S. K. Campbell, Flaws and fallacies in statistical thinking. New Jersey: Prentice-Hall, 1974.

D. R. Thompson and R. N. Rubenstein, “Learning mathematics vocabulary: Potential pitfalls and instructional strategies,” The
Mathematics Teacher, vol. 93, no. 7, pp. 568-574, Oct. 2020, doi: 10.5951/mt.93.7.0568.

T. Y. Guan and L. H. Hoong, “Explaining definitions in secondary school mathematics: a0, an, 0!” Australian Senior
Mathematics Journal, vol. 26, no. 2, pp. 28-37, 2012.

J. F. Baumann and M. F. Graves, “What is academic vocabulary?” Journal of Adolescent & Adult Literacy, vol. 54, no. 1, pp. 4—
12, Sep. 2010, doi: 10.1598/jaal.54.1.1.

R. Piercea, K. Stacey, and C. Bardini, “Linear functions: Teaching strategies and students’ conceptions associated with y = mx +
¢,” Pedagogies, vol. 5, no. 3, pp. 202-215, Jun. 2010, doi: 10.1080/1554480X.2010.486151.

M. L. Lunsford and P. Poplin, “From research to practice: Basic mathematics skills and success in introductory statistics,”
Journal of Statistics Education, vol. 19, no. 1, Mar. 2011, doi: 10.1080/10691898.2011.11889604.

H. W. Kim, T. Fukawa-Connelly, and S. A. Cook, “Student understanding of symbols in introductory statistics courses,” in The
Teaching and Learning of Statistics: International Perspectives, Springer, 2015, pp. 163-174.

D. P. Ausubel, The Acquisition and Retention of Knowledge: A Cognitive View. Springer Netherlands, 2000.

S. W. Chan, Z. Ismail, and B. Sumintono, “A Rasch model analysis on secondary students’ statistical reasoning ability in
descriptive statistics,” Procedia - Social and Behavioral Sciences, vol. 129, pp. 133-139, May 2014, doi:
10.1016/j.sbspro.2014.03.658.

A. Zaidan, Z. Ismail, Y. M. Yusof, and H. Kashefi, “Misconceptions in descriptive statistics among postgraduates in social
sciences,” Procedia - Social and Behavioral Sciences, vol. 46, pp. 3535-3540, 2012, doi: 10.1016/j.shspro.2012.06.100.

B. Conway, W. Gary Martin, M. Strutchens, M. Kraska, and H. Huang, “The statistical reasoning learning environment: A
comparison of students’ statistical reasoning ability,” Journal of Statistics Education, vol. 27, no. 3, pp. 171-187, Sep. 2019, doi:
10.1080/10691898.2019.1647008.

D. A. Showalter, “Attitudinal changes in face-to-face and online statistical reasoning learning environments,” Journal of
Pedagogical Research, vol. 5, no. 2, May 2021, doi: 10.33902/jpr.2021269257.

J. N. Lovett and H. S. Lee, “New standards require teaching more statistics: Are preservice secondary mathematics teachers
ready?” Journal of Teacher Education, vol. 68, no. 3, pp. 299-311, May 2017, doi: 10.1177/0022487117697918.

Making sense of students’ errors in solving problems related to measures of dispersion (Ng Chiew Leng)



938 a

ISSN: 2252-8822

[87] K.J. Newton, J. Leonard, B. R. Evans, and J. A. Eastburn, “Preservice elementary teachers” mathematics content knowledge and
teacher efficacy,” School Science and Mathematics, vol. 112, no. 5, pp. 289-299, 2012, doi: 10.1111/j.1949-8594.2012.00145.x.

[88] R. E. Groth, “Characterizing key developmental understandings and pedagogically powerful ideas within a statistical knowledge
for teaching framework,” Mathematical Thinking and Learning, vol. 15, no. 2, pp. 121-145, Apr. 2013, doi:
10.1080/10986065.2013.770718.

[89] M. Pfannkuch and D. Ben-Zvi, “Developing teachers’ statistical thinking,” in Teaching Statistics in School Mathematics-
Challenges for Teaching and Teacher Education, Springer, Dordrecht, 2011, pp. 323-333.

[90] J. Garfield and B. Chance, “Assessment in statistics education: issues and challenges,” Mathematical Thinking and Learning,
vol. 2, no. 1-2, pp. 99-125, Apr. 2000, doi: 10.1207/s15327833mt10202_5.

BIOGRAPHIES OF AUTHORS

APPENDIX 1

Ng Chiew Leng F: B8 2 js a PhD candidate, School of Educational Studies, University
Sains Malaysia, Penang. Her research focuses on scaffolding methods in the teaching of
statistics and mathematics. She can be contacted at email: ng988888@gmail.com.

Chew Cheng Meng g 2 is a mathematics education lecturer at the School of
Educational Studies, University Sains Malaysia, Penang, Malaysia. His research directions are
mathematics teacher training, mathematics teaching methods, and technologies in teaching,
learning and assessment. He has published many book chapters and articles in prominent
journals. He can be contacted at email: cmchew@usm.my.

Measures of dispersion diagnostic test
1. The cumulative frequency polygon in Graph 1 shows the number of hours a group of 72 people
spend watching television each week
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Use the graph to estimate:

i) The range of the distribution
Answer: ...

ii) The interquartile range
Answer: ...

iii) The quartile deviation
Answer: ...

2. The heights of 8 seedlings grown under condition A are: 15, 24, 21, 19, 20, 19, 13, 25 (centimeters)
a) Based on the heights of the 8 seedlings grown under condition A,
i) Calculate the interquartile range
Answer: ...
ii) Calculate the mean height
Answer: ...
iii) Calculate the standard deviation
Answer: ...

b) The mean and standard deviation of another 8 seedlings of the same plant species grown under
Condition B are 16.4 cm and 5.21 cm respectively. Compare Condition A and Condition B, which
condition is more suitable for the growth of the seedlings? State the reason (s).

Answer: ...

3. The masses, in kilograms, of the 30 students from Class A are given:
Table 2. The mass (in kg) of Class A

Mass (mkg) | 30<m <40 | 40<m <50 [ 50<m<60 | 60<m<70
Frequency 3 14 11 2

a) Based on the information given in Table 2,
i) Complete the necessary information in Table 3 to find the mean and standard deviation of the mass
of Class A.
Answer: ...

Table 3
Mass (m kg) | Frequency
30<m<40 3
40 <m <50 14
50 <m < 60 11
60 <m <70 2
Total
ii) Calculate the mean mass of Class A
Answer: ...
iii) Calculate the standard deviation of the mass of Class A.
Answer: ...

The mean and standard deviation of the mass (in kg) of students in Class B are given in Table 4.

Table 4
Mean Standard deviation
49 6.55

b) Compare, briefly, the masses of the students in Class A and Class B.
Answer: ...
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APPENDIX 2

For ungrouped data: x; ,x, ,x3 .... X,

And mean: x

The standard deviation is: ¢ = /Z(XLT_X)Z (First method)
Arrange as:

1 _
o’ = —X(x; — X)*

0% = %Z(xiz - 2x%,% + %%

sx? _Zx; nx?
o2 = P _ iy
n n

n

Ix?
0? = —2%x + X°
n

Tx?2
0*= — 28"+ &
n
Yx?
o2 = nl — 72
2 LA ;
of= |- % (Alternative method)

For grouped mid values: x; ,x, , X3, .... X,

And mean: x
The standard deviation is: o = /%f-x)z (First method)
Arrange as:

2 _ 1 2
o —Ef)?.f(xl X)

0% = %Zf(xi2 - 2% + %%

o2 = foiz_zfﬁ_i_ IrE
f f f
fx?
o= Ty g
If
fx?
P LS
If
2
g% = fol' — 2
If
2 .
o= %— %% (Alternative method)
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