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Abstract
Statistical literacy, which is the ability to use statistics in daily life, is an essential skill for facing society 5.0.
This study aims to obtain some information about first-yearuniversity students ” ability to usesinpkdescrptive
statistics and data visualization, which had studied in secondary school. Qualitative data werecolectedusinga
set ofquestions from39undergraduate students. The main results are as follows. The students were able to
calculate various descriptive statistics, but some ofthemstillunable to determine suitable statis tics todescrbe
the data clearly. Related to data visualization, many students drewthe chart based on its easiness nstead ofthe
data or the purpose itself. Consequently, most of them produced an unsuitable or improper diagram.

Improvement in statistical teaching — both in theuniversity and the secondary schools — is needed so thatthe
students can use descriptive statistics and data visualization correctly.

Keywords: Statistics education, data visualization, descriptive statistics, qualitative.

Abstrak
LiterasiStatis tika, yakni kemampuan untuk menggunakan statistika dalamkehidupan s ehari-hari, merupakan
salah satu kemampuan penting untuk menghadapi masyarakat 5.0. Penelitian ini bertujuan memperoleh
informasiterkait kemampuan mahasis wa tahun pertama dalammempergunakan statistik des krip tifsederhana
dan visualisasi data yang telah mereka pelajaripada jenjang sekolah menengah. Data kualitatifddampulandari
39mahasiswa menggunakan beberapa soal, dan diperoleh hasil sebagai berikut. M ahasis wananpunenghitung
bermacamstatistik deskriptif, namun s ebagian dian tarany a tidak mampu menentukan statis tik yang tepatuntuk
menggambarkan data secara jelas. Berkaitan dengan visualisasidata, lebih banyak mahasiswayangmenentukan
bentukvisualisasidarisegikepraktisan alih-alih bentuk data atau tujuan visualisasinya. Hal ini berakibatpada
hasildiagramyang tidak sesuaiatau tidak tepat. Diperlukan peningkatan kualitas pengajaran statis tika— bak

pada jenjang pendidikan tinggimaupun sekolah menengah —agar mahasis wadapat mempergunakan statistik
deskriptif maupun visualisasi data dengan tepat.

Kata kunci: Pendidikan statistika, visualisasidata, statistik deskriptif, kualitatif.
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The 4.0 industrial revolution has occurred around the world, as indicated by the apicl growth of
technology, the mternet of things (IoT), artificial intelligence, and big data. As the volume of datagrows
at arate of 50% per annum (Waal-Montgomery, 2016), understanding data is an essential skill for any
data-driven society. Moreover, statistics can help people to filter the information by analysis of dataand
separate them from opinions (Widjajanti et al., 2017). Based on this situation, the need for statistical
literacy is increased (Frost, 2013). The definition and ca’muncms on statistical literacy are varyamong
literatures (Sharma, 2017). First, it also can be defined as transnumerative thinking where people will
be capable of making sense of and use a different representation of data to make sense of the situation
among them (Chick et al., 2005). Statistical literacy also can be seen in broader view, which conssts of
statistical understanding required in modern democracies and peoples dual role of statistical producer
and consumer (Gould, 2017).
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Due to its importance, statistical literacy competence should _hecome a part of the school
curriculum (Watson, 2003; Garfield & DelMas, 2010). In 2005, The Guidelines for Assessment and
Instruction in Statistics Education (GAISE) framework was LSECCI by the American Statistical
Association (Metz, 2010). It is known that statistical tcachingﬁmoted mn the mathematics school
curriculum at the K-12 school level (Weiland, 2017). In Brazil, statistics and probability are included
in the mathematics curriculum (Campos et al., 2011). Statistical literacy-related competencies areparts
of the Indonesian mathematics curriculﬁ from primary up to senior secondary school (Setiawan,
2019). Also the mathematical section of the Programme for International Student Assessment (PISA)
test contains the ‘data and unccmﬁy’ part (Rahayu & Wijaya, 2018), which intersect with the
components of statistical literacy. In the Trends of International Mathematics and Science Study
(TIMSS), this section is known as ‘data and chance’ domain (Mills & Holloway, 2017).

Apart from the inclusion of statistical literacy competence on the sﬁ)ul mathematics curricula,
several studies showed that undergraduate students” had various level of statistical literacy. Yotongyos
et al. (2005) presented that students from the Faculty of Education in a university in Thailand has
moderate level of overall statistical literacy. A large-scaled assessment of statistical literacy involving
more than 900 students in United States were done by Ziegler and Garfield (2018). Kim et al. (2019)
did a test and observed the lesson plan to measure pre-service mathematics teachers” statistic al literacy
in Korea. In Pakistan, a survey revealed that BS students has low level of statistical literacy (Hassan et
al., 2020). Similar result were found in Indonesian students from bachelor of education in mathematics
program and public administration program (Khaerunnisa & Pamungkas, 2017; Takaria & Talakua,
2018; Jatisunda et al., 2020).

In general, statistical contents in undergraduate level are continuation of the secondary school
level (Funny et al., 2019). Following Indonesian curric ulum, descriptive statistics and data visualization
is the parts of statistical literacy related competence that appeared from the secondary and primary
school level (Setiawan, 2019). Henceforth, it is reasonable to check whether the students are literate in
these competencies before introducing the other aspects of statistics such as estimation, hypothesis
tcstin%mrclation analysis, and many more.

This study aims is to present undergraduate students’ statistical literacy in terms of their ability
to use descriptive statistics and visualize data appropriately. Description of statistical literacy could be

used to check whether the students are literate in these topics.

METHOD
Approach and Subject

To extensively describe students” ability on descriptive statistics and data visualization, we used a
qualitative approach. Following Creswell (2014), this type of study have natural situation and suitable
to describe the actual result from the subjects. We provided no treatment or manipulation to the subjects

before and during the study.
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The subject of this study was 39 students on first semester of study at the undergraduate/bachelor
program in statistics of a public university in Indonesia. Most of the student were 17-18 year old, and9
(23.1 %) of them are males. One student had graduated from the pharmacy stream of voc ational senbr
secondary school (SMK), where the other had graduated from the mathematic s and science stream of
general or Islamic senior secondary school (SMA/MA) in Indonesia. It is known that 32 (82%) students

had finished their previous education in Java Island, whereas the other were came from outside Java

(i.e. Sumatera, Bali, Nusa Tenggara Barat, and Kalimantan).

Data Collection

The data were collected using a test for students. On preparing the test, we assume that students
have already known several descriptive statistics and data visualization, since these concepts arestudied
in the primary and secondary school. Although some students have learned statistical inference in the
twelfth grade of senior secondary school (Setiawan, 2020), we did not use this topic since it is taught
only in the mathematics and natural science stream.

Furmuﬂun of the questions were inspired by a list of questions for assessing statistical education
presented by Garfield and Ben-Zvi (2007) as well as Sharma (2017), with focus on using descriptive
statistics and visualizing data. The questions given to the subjects (in Indonesian language) and its

translation are presented in figure 1.

[ 5. Anda telah mengenal berbagai macam statistik deskriptif (mean, modus, median, simpangan baku,
dan lain lain). Misal dimiliki data sebaran usia penderita penyakit X di dua desa yang berbeda.
Desa A: 10, 12, 14, 35, 56, 58, 60
Desa B: 32, 34, 35, 36, 38

a) Seorang peneliti melaporkan bahwa rata-rata dan median usia penderita penyakit X di desa A dan B
adalah sama. Setujukah anda dengan pernyataan tersebut? Jelaskan.

b) Apabila saudara diminta memberikan satu statistik deskriptif lain untuk memperjelas informasi
yang diberikan peneliti pada nomor a di atas, statistik apa yang anda berikan? Hitunglah nilainya
dan berikan alasannya.

c) Seseorang meminta anda menyajikan data tersebut di atas dalam bentuk diagram. Diagram

apakah yang anda pilih? Buat dan jelaskan alasannya.

You knowseveraldescriptive statistics (eg. mean, mode, median, standard deviation, etc.). Suppose that
we have the data of age (in years) of people with disease X from two different villages.
Village A: 10, 12, 14, 35, 56, 38, 60
Village B: 32, 34, 35, 36, 38

a)  Aresearcherreported that the mean and median ofage ofpeoples with disease Xinvillage Aissame
with people in village B. Do you agree with that statement? Explain.

bl Suppose you are asked to give another descriptive statistics to explain the report given by the
researchermentioned in previous question, what statistics that you will give? Calculateitand give
your reason.

¢) Someone ask you to present the abovedata in formofa chart/diagram. What type of chartvouwill
use? Draw it and give your reason.

Figure 1. Questions used in this study
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As shown in figure 1, these questions had context, namely the patients’ age which means that the
data must be positive. The dataset consists of one variable with two categories or groups. Students with
higher level of statistical literac y would aware to the presence of two groups and are ableto show correct
comparison between them.

The first question ensures that the respondents can calculate the mean and median from raw -
ungrouped data. Since this is a closed question, students answer can be classified only into two groups,
namely the correct and wrong answer. The correct answer for median and mean of these two groups
were 35, which implies that they are equal.

The second question moves to the proper usage of descriptive statistics, while the last question
checks the ability to visualize the data in a suitable form. On answering these questions, students were
allowed to use calculator but not open any textbooks or references. Different from the test arranged in
Garfield and Ben-Zvi (2007) or Jatisunda et al. (2020), we did not give any specific descriptive statistics
nor chart type. Therefore, these questions can measure how respondents use their know ledge todecide
the usage of descriptive statistics and chart types.

Data Analysis

The obtained data were analyzed using the descriptive-explorative method, which focused on the

answer and the reason given by the subjects. Note that there are more than one correct answer for

questions (b) and (¢) since they are open question.

Table 1. Framework for classifying students answer in question (b) and (¢)

Level Answer of question (b) Answer of question (c)
Student provide non-sense statistics or ~ Student provide inc orrect chart or use
Low repeat calculation of statistics that wrong data to create the c hart.

already used in (a).
Student calculate descriptive statistics ~ Student create a chart but unable to
other than mean/median correctly, but show the difference between the two

Middle failed to show the difference between  groups or
the two groups or Student failed to use a proper scale on
The calculation was incorrect. the chart.

Student calculate descriptive statistics ~ Student create a c hart using proper
other than mean/median correctly and  scale and clearly show the difference
correctly presents the difference between the two groups.

between the two groups.

High

We collected the answer sheet from all students, sorting alphabetically based on their name, then
code the answer sheet as student #1, student #2, etc. The next step was the depth analysis of each
students’ answer on each question.

Regarding the descriptive statistics, we checked whether each student’s calculation of descriptive
statistics in question (a) and (b) was correct. These descriptive statistics answered on (b) thenchssified

using the criteria presented Table 1. In the next step, we evaluate subjects’ reason by made a list of all
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reason used in each level of statistical literacy. Similar reason were grouped and were given same code.
Representation of each group then presented in this paper.

Similarly, we examined the chart based on the criteria in Table 1, by paying more attention to the
scale and the readability of the chart. Reason for drawing such chart from each subject were tabulated,
coded, and grouped based on their content.

After all subjects” answer had tabulated, each researcher did the classifying and coding process
independently. Later, the results were compared each other and different classification or code were

discussed. Therefore, we can maintain the validity and objectivity of the process.

RESULTS AND DISCUSSION
Students’ Ability on Using Descriptive Statistics

In general, any descriptive statistics can be calculated based on quantitative or numerical data
manually or using an electronic calculator. Following Indonesian mathematics curriculum, students
learn several descriptive statistics from primary schoolup to senior secondary school. In the primary
school, they study how to calculate the mean, mode, and median, whereas, in secondary school, they
explore the quartile(s) and range. In senior secondary school, students learned the absolute deviation,
variance, and standard deviation. They also calculate each descriptive statistics studied before for the
grouped data. Consequently, when starting their study at the undergraduate level, students are familiar
and should be able to calculate and use various descriptive statistics.

From the answers to the first question, it can E seen that almost all respondents can calculte the
mean and the m:ﬁiﬂm They can show that both the mean and median of the patients’ age from village
A'is equal to the mean and median of patients’ age from village B. As seen in Figure 2, the calculation

of these statistics are quite simple.

Forthe average ofthe
village A data ....

u v
RN - rato olon pefo B ) Forthe average ofihe
- 2 ((1[ Vv
. 46 56 village B data ...
J L - .
Medtan (q.) dan pesa A A F 55, The median from
ya aan
tlatan:  unhkK Mencan Nijot mMedran cltngan Mudah, village Aand B ...
L umtwon data don yang terked| ( BerloKu untk data vy |, Explanations: to find
BT - B ailas) S, S0, pOl VT the median, sort the
Teenday 54, (39, 36, 39 g% ~datafromthe
smallest

Figure 2. Sample correct answer for the first question

If the students recognize the difference between the data from these two villages, they should

note that the second question asks them to give statistics that represent these differences. Based on this
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idea, any statistics that the calculation based on the data from each village yields a different value is a

correct answer.
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Figure 3. Descriptive statistics given by the respondent to answer the second question

Figure 3 shows that there are seven descriptive statistics given by the respondent to answer the
second question, which were dominated by dispersion measures (i.e. standard deviation, interquartile
range, and variance). Since all the data am:lifferent, the value of any dispersion measure between these
two villages is different. Similarly, the first quartile, third quartile, minimum, and maximum of data
from these two villages are different. More than half of all students belong to the high group, since they
show the difference between these two groups of data using correct statistics. The most popular reason
for this type of answer is to show the variability between the data, for example:

“Berdasarkan perhitungan dapat kita ketahui simpangan baku usia penderita penyakit X di

desa A dan B tidak sama. (From our calculation, we know that the standard deviation of age of
patients with disease X in the village A and B are not equal)” (Student #9)

“Karena menunjukkan tingkatan keberagaman dari data tersebut. (Because it presents the
degree of variability of the given data)” (Student #30)

Students in the second group, namely n medium level of statistical literacy, could use other
descriptive statistics but failed to show the difference of these group. This group dominated by students
that (incorrectly) calculate the mode of the data, while the data for each village have no mode. Sample

reason given by students in this group were as follows.

“Rata-rata, median, dan modusnya sama. (The mean, median, and mode are same)” (Student

#18)

“Karena nilai yang sering muncul hanyalah 35. 35 muncul paling banvak 2 kali, yang lain
hanyalah sekali. (Because the most frequent data is 35. 35 was appeared two times, while the
others are only once)” (Student #21)
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“Karena dengan banyaknyva modus dapat mengetahui nilai yang sering keluar dan bisa
memperjelas informasi. (Because by using mode we are able to know the most occurred value

and can get clearer information)” (Student #3).

[t can be seen that the both Student #18 and Student #21 calculate the mode incorrectly, which cause

them stated that the mean, median, and mode were same. On the other hand, Student #3 did notcakulte

the mode so that he/she might not realize that there were no mode in the data. Another type of students

on this group provided wrong calculation of variance (i.e. did not taking the square of difference)which

resulting in zero variance and did not provide another statistics.

In the third group, namely the lowest statistical literacy, we found several students that repeatthe

calculation of mean or median, or transforming the data into table. These students might not aware to

several descriptive statistics mentioned in the questions, as presented by Student #28. Further

classification of improper answer are presented in Table 2.

“Memberikan rata-rata merupakan informasi vang tepat dan pasti karena sudah diketahui
berapa rata-ratanya. (Present the mean is a correct and certain imformation because its value

has been known)” (Student #28, present the mean which already calculated).

Table 2. Incorrect answer of question (b) represent low statistical literacy

Types of improper Sample answer
answer
Non-sense statistics: b) smgi UnEoA L ntae an’“”‘”“’" yer sentase . -
calculating the mean Posa A = (04 12414435 5Bt ¥lo07 5t
and present them as a ¥ f”d‘ _
percentage. - Peia b = ﬂtar_‘-%i_b&_ X[ = 35%
3 /(oo
Assuming presence of b. Teals kelamin. < ; —
another information AT : }Prrempesn —
(jenis kelamin = sex) DL A l0<g Lok - Lok puikcr i ?? Lokt - Lak!
that did not given nor 1255 52 <’;
asked in the question. ‘: s;‘ & (E 4
Sk <E 38 (; ; 5
<8 <: didra b yang menalidap pEnyal K
Y perempien *i9
5 d?t,:gmrm.n yuny menglday pe AyRkit X = 1§ orang Laki ~Laki * )} 21 ofons -
Laki -Loki yang mengidup penyait ¥+ G 2 orng . jumloht MO ereny
quenlah i 5k o rans
Doing hypothesis b) Qofist $ng digunakan  adaldh petedacm amao - doa pla - (o oD @ Ka —
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2! Unloxn hol &n
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From Table 2, an interesting result is that several students are unable to use the given dataset. They ask
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more information, or, add some information that were not presented nor asked by the question, with

some reason as follows,

“Statistik yvang perlu ditambahkan seperti: jumlah penduduk desa A dan desa B; jumlah
penduduk desa A dan desa B yang sehat (Added statistics should be: the number of population
in village A and village B; number of healthy people in village A and village B)” (Student #30)

“Dengan adanya jumlah penderita di tiap wmur, maka kita dapat mencari nilai dan
membandingkannya (If the number of patients in each level of age was available, we can find
the value and compare them)” (Student #33)
Reason given by Student #33 show that she did not understand that the presented data was the overall
raw data instead of arranged data in the frequency distribution. Student #10, who purposed a hypothess
testing procedure to answer this question, might think that hypothesis testing is the part of descriptive
statistics instead of inferential statistics.
Based on these results, it can be inferred that mostly students were know and able to calculate
various descriptive statistics. Meanw hile, they might have poor competence in determining suitable
statistics to describe and compare the raw data. Some of them also unaware that not all statistics (ie.

mode) can be used in any dataset.

Students Ability on Using Data Visualization

As presented in Figure 1, the data in the question was ages of peoples with certain disease, which
can be classified into intc:r'valaratiu scale. Theoretically, the suitable data visualization might be bar
charts, dot plot, histograms, box (-and whisker-) plot, or stem-and- leaf plot.

From 39 participants of this study, only 37 participants that provide an answer for this questons.
Most of the students (40%) use bar chart to display the data, which seem reasonable since this type of
data visualization has been used from the primary school levelup to the higher secondary school level.
The box plot as wellas the stem-and-leaf plot were used by one student each, while the dot plot used
by four students. Most of the students had created two separated chart, or one chart for each villages,
instead of combining these information into one chart. As a consequence, it is possible that same chart
type (eg. bar chart) looks very different: one was present the difference between the two villges clearly,
whereas the other contains various mistakes and difficult to understand.

Following the classification in Table 1, students” answers showing high statistical literacy are
presented in Table 2. These charts clearly show the difference of patients’ age from these two villages
and use correct scale in the axes. Some of the students in this group presented all data in one chart,
whereas the other used two separate chart. When the latter method was chosen, statistical-literate
students must create same scale for each chart so that the reader can compare the data between these

two groups easily.
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Table 3. Sample proper chart types with clear/correct graphing

Figure

Explanations

A boxplot clearly show
the same median and the
different variability of the
data between these two
groups.

Npne i pbon dotn Klenepk | ke denge Fagrme Ingharie e

fepognee nng Hdak dagat mewbedhar (Hirnga besal Frek

5) o) (lamuee  Bambos  Aoitne:
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. s . ee - 57'|
_w."
by G Pendeib 0t )
ai dega A

wean = %
A= g

! [ » ) [ © e
Ligia pemderito  Demyokd & Pesa -

A stem-and-leaf plot was
good for presenting the
difference of wvariability
between the two villages.

A dot plot comparing the
patients age, clearly show
the variability of age
between these two
villages. The central
tendency can be simply
guessed from the display.

A T A
00 s
'fl‘(-ﬂ(l’ﬁ-

A bar chart made by
grouping the patients” age
into five classes. The
difference of patients’ age
among the two groups
can be clearly seen.

In the group of students with medium level of statistical literacy, we find two kinds of answer as
follows. Despite presenting the data in a suitable chart, several students did not give much attention to
the scale on the axis. As presented in Figure 4, they only put the value of the data below the axis wihout
see the difference between them. The chart still be able to read, but the comparison between those two
groups would be difficult to do. Compared to charts on Table 2, these charts did not represent the

difference of variability between these two groups.
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Figure 4. Correct data visualization in wrong scale.
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Second, we found that several students use improper chart types to display the data, as presented
in Table 4. Similar to those in Figure 4, these charts were unable to present the different variability of

the data between these two villages.

Table 4. Sample improper chart representing middle level of statistical literacy

Figure Explanations
© Diogram baravg % Only convert the raw data
e [ ' into bars; no explanations
| i ¥ -?ﬂ(ﬂ A . on the horizontal axis.
.~ U SRR = Although the difference

between the two villages is
represented by the colour,
this chart is unacceptable.

Alanrm - doar redoh Atfihar don drkandingear

* % i Since the data consists of
T i (B)« Pera & only one variable, there
T e o was no reason to made two
e oo dimensional plot.
| //
LI - s 3 P Ge

A pie chart might
represent the grouped
data, but it is very difficult
to compare the patients’
age between these two
groups.

Mogram  ungkatan -
Utia pendetiio penyat ¥ didea 4 Laa wr_dilr{a penuctet X o dem B

Although the content is
correct, Venn diagram is
used in set theory and not
proposed to display
numerical data. The
variable also not
mentioned in the diagram.

The correct parts of charts in Table 4 were only the variable and groupings of data. Instead of
make the reader understand the data easily, these chart types might cause the reader confused. Almost
all chart types there will be difficult to create and read if the number of subject is very large.

Students with low level of statistical literacy created several charts that did not represent the
original data. These charts might use irrelevant data or unimportant variable. Such types of ¢ hart, which
displayed in Table 5, represent the lowest competence on data visualization among all students

participated on this study.
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Table 5. Sample improper chart representing low statistical literacy on data visualization

Types of mistakes

Sample answer

Failed to identify the Dagpam lrefroran 3 ZA5 oz 503 Yo  —=u Desa A
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data.
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namely the patients’
sex that were not
available in the original
data.
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o

besa— B
Lak| - Lak;

Why students choose a chart type to represent the dataset? Our study finds that seven respondents

give no reason for their data display types. However, various reasons given by the students can be

classified into four categories, as shown in table 6.

Table 6. Classification of student reason when visualize the data

Types of reason Explanation

Sample answer

Data-based reason Mention data properties,
eg. number of variable,

groups, types, etc.

“Karena data yang diberikan merupakan data
tunggal dan terdiri dari dua kelompok A dan B
(Because the data are single- valued and consist
of two groups A and B)” (Student #16)

Related to the chart
types or chart usage.

Chart-based reason®

“Informasi dari data kuantitatif  dapat
terangkum dalam diagram ini. (Information
from quantitative data can be presented in this
diagram)” (Student #10)

Mention the purpose, ie.
what are need to show or
present from the data.

Purpose-based reason

“Dapat  menampilkan  hubungan  jumlah
penderita dengan umurnya. (Canrepresent the
relations between the number of patients and
their age) (Student #31).

Related to the people
who make and/or will
read the diagram.

People-based reason

“Agar mudah terbaca sehingga dapat dengan
mudah menentukan simpulan mana vang
mudah diambil. (Will be easier to read, so that
the conclusion can be taken easier)” (Student

#13)

*In this study, all chart-based reason were combined to the data-based reason.
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Among these types, more than half of the participants wrote people-based reason, while therarest
was the purpose-based reason. How students’ reason are related to the data visualization? Almost all
students that draw correct diagram (perform high level of statistical literacy) wrote data-based reason,
which sometimes combined to the other types of reason. In contrast, most of students with incorrect
diagrams were only able to give people-based reason or give no reason at all
giscusﬁan

The goal of this study is to present undergraduate students’ statistical literacy in terms of their
ability to use descriptive statistics and visualize data. Usage of ill-structured essay question yield some
benefit over the multiple choice question such as the ARTIST test (Garfield et al., 2002). Various types
of students answer can be found and classified to measure students” ability on using descriptive statistics
and data visualization. Compared to the questions provided by Sharma (2017), our test not only measure
students’ ability to read and interpret the statistics or chart, but also to measure students” ability to use
proper statistics or chart which should be interpretable and meaningful.

All respondent of this study were undergraduate students in Statistics major in their first semester.
Therefore, it can be deduced that they were aware (and might has some interesting) to the statistical
content in the senior secondary school mathematics. However, this study reveal that most of them have
medium to high level of statistical literacy in using proper descriptive statistics, but low to medium kvel
of visualizing data. Although this study does not acc ount students from other study programs, fist-year
university level with similar background might have similar profiles in statistical literacy before
obtaining a statistical course in the undergraduate level.

Comparing to the other research on statistical literacy with similar subject, this study give an
emphasis to the usage of describe statistics and data visualization. Some benefits of this focus is as
follows. First, the students are asked to use higher order thinking skills, since they must evaluate which
descriptive statistics or charts that should be used instead of just calculating a proposed statistics. As a
result, students’ difficulties to solve this problem correctly might also reflects their low ability on
statistical reasoning, which needs to be confirmed using the other test (Sabbag et al., 2018). Second,
this result implies that teaching of statistics in undergraduate level needs to review the concepts on
statistics that had been studied in the previous level, with emphasis on higher order thinking skills such
as evaluating the usage of descriptive statistics and data visualization. Last, this study can reveal
students’ reasoning behind data visualization which can be grouped into four types (data-based, chart-
based, purpose-based, and people-based). However, further research is needed to reveal the relations
between the competence on data visualization and statistical reasoning.

How the problem of undergraduate students’ statistical literacy can be solved? Numerous study
show that sufficient ability in statistical literacy could not be developed by statistical teac hing that
focused on gathering statistical knowledge, learning facts and formulas, and obeying standard

procedures (Schield, 2004). As a consequence, improvement in statistical teaching — both in the
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university and secondary level education — is needed so that students become able to use the proper
descriptive statistics and data visualization. Statistical learning in schools, which is dommated by
computational aspects of statistics instead of conceptual understanding (Tiro, 2018), should be
synchronized (Ridgway et al., 2011).

Regarding the data visualization, teaching strategy using various modern tools has been
developed, for example Nolan and Perret (2016) or Gelman and Nolan (2017). Following Wolfe(2015),
several textbooks on communication courses can help us to find c ompleted guidelines for determining
the visualization types. Numerous literatures on students’ difficulties (Boels et al., 2019; Dewi et al.,
2020), misconceptions (Zaidan ef al., 2012; Chan & Ismail, 2013; [smail and Chan, 2015; Yusuf et al,
2017), as well as learning obstacles (Sotos ef al., 2007) can be used as references to develop proper
strategies in teaching descriptive statistics. By noting that students’ interest in statistical literacy
competence is affected by prior mathematics achievement (Carmichael ef al., 2010, Jatisunda et al.,
2020) and self-efficacy (Carmichael et al., 2010), the strategies used for teac hing statistics should give
emphasis on these variables. For example, teacher can use the statistical reasoning learning environment
(Hidavah et al., 2018), project-based learning strategy (Zhang & Fang, 2019), scaffolding approach
(Murod et al.,, 2019), guided discovery learning (Hariyanti & Wutsqa, 2020), as well as various
technology (Suhermi & Widjajanti, 2020). Last, the multi-literacy model that frequently used n
developing primary and secondary school curricula (Abidin, 2017; Nurgiyantoro et al., 2020) should
consider the statistical literacy.

The growth and presence of Big Data around the world can be used to develop further research
as follows. Since many spreadsheets and statistical software are available, a survey can be done using
larger dataset. Students can be asked to calculate the descriptive statistics and visualize the data using
this software. More variables and categories can be implemented to the problem so that a higher level

of statistical literacy can be evaluated.

CONCLUSION

This study analyzed the statistical literacy of first-year students from major statistics at a public
university, with a focus on their ability to use descriptive statistics and to visualize the data. Most of the
student are able to use descriptive statistics, but less of them are able to visualize the data properly.
Students also use various reason in determining the suitable visualization of a given dataset. Although
these competencies has been taught in the previous level, more reinforcement on descriptive statistics

and data visualization should be given for the students so that they would be able to use them properly.
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