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Abstract. This paper describes the level of statistical reasoning and the difficulties and errors
that occur in statistical problem-solving in prospective mathematics teacher students at STKIP
PGRI Jombang. This research is a qualitative study with a case study strategy. the case study in
the process of solving statistical problems carried out by the subject. The research subjects
were the 69 students at third-semester of Mathematics Education Program STKIP PGRI
Jombang who had taken descriptive statistics. The results of this study indicate that students
are not found at the idiosyncratic level, most of them are at the transitional and quantitative
level. while the analytical level is still a minority

1. Introduction

As students who will deal with a variety of data and information are required to §EJkble to manage,
analyze, and conclude the data correctly. Therefore students must be able to develop statistical
reasoning during lectures. Statistical reasoninggERfined as the way people reason with statistical ideas
and make sense of statistical information [1]. Statistical rcasoning is aflity in making interpretations
based on sets of data, graphical representations, statistical summaries, combines ideas about data and
chance, making inferences and interpreting statistical results. Statistical reasoning is a conceptual
understanding of important ideas, such as distribution, center, spread, association, uncertainty,
randomness, and sampling [2]. The existence of statistical subjects (descriptive statistics and
inferential statistics) in the college curriculum is expected to be able to train and develop students'
statistical reasoning skills. The benefits of these capabilities in the short term can be used in preparing
the final project and in the long temm can be used for other studies as well as the basis in making
decisions based on data. [2] explained the level of statistical reasoning, 1) Idiosyncratic; 2)
Transitional; 3) Quantitative, and 4) Analytical. Several studies related to statistical reasoning ability
have been done, [3] stating that the level statistical reasoning of educational study program students
and mathematics non-educational study programs is still low in the transitional and quantitative level,
as well as junior’high school mathematics teachers who follow PPM Lecturer Lecturer UPI activities
in Subang Regency and some participants of the junior high school mathematics teacher certification
certification in BMI Lembang obtained information that the average ability of junior/high school
teacher statistical Reasoning has only reached 32.15%. [4[gtated that students who have low
statistical reasoning have a lack of understanding of the notions of statistical objects, an understanding
of the benefits or the usefulness of statistics that are quite good. But the attention to statistical subjects
is still lacking.
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Relating to the low ability of statistical reasoning occurs because of the difticulties and errors of

students in understanding the concept of statistics and resulting in errors in solving statistics problems.
[5] explains some difficulties or obstacles experienced by someone in solving problems can occur in
each stage of prablem-solving. When referrifffiJto the stages of problem-solving according to Polya, it
is explained that: 1) lack of comprehension, 2) lack of strategy knowledge. 3) inability to translate the
problem into mathematical form 4) inability to use the correct mathematics, namely the inability to use
correct mathematics or difficulty in assessing whether what is done is correct.
Difficulties faced by students have anfmpact on the occurrence of errors in solving statistical
problems. Newman [6] [7] [8] explain several errors that can occur in the stages of the problem-
solving process, namely: 1) reading error, which is an error in reading the problem, errors occur in
reading words or sentencdfj or symbols contained in the problem. 2) comprehension error, which
occurs in the stage of understanding the problem, where someone misunderstand what is
needed’known and is asked in the problem. 3) transformation error, ocewrs in if wrong in interpreting
and identifying the appropriate mathematical operations to solve @ problem. 4) process skill error,
occurs in the stage of implementing the procedure where there is an error in implementing the work
procedure or in the calculation. 5) encoding error, occurs when students are wrong in writing the final
answer. Previous research only outlined the level of statistical reasoning [3] [9] and errors in solving
problems [10] [6] but have not analyzed errors that occur at eacBllevel of statistical reasoning ability.
Based on the above description, this study aims to identify the level of statistical reasoning and the
difficulties and errors that occur in solving statistical problems in prospective mathematics teacher
students at STKIP PGRI Jombang.

2. Method

Research is a qualitative study with a case study strategy, in which the r@karcher carefully
investigates a program, cvent, activity, process, or group of individuals [11]. The case study in
question is in the process of solving mathematical problems carried out by the subject, thef) the
researcher explores the process to obtain the research objectives. The research subjects were the third-
semester students of Mathematics Education Program STKIP PGRI Jombang who had taken
B criptive statistics, as many as 69 students as research subjects. Then the results of the analysis work
based on the level of statistical reasoning (Table 1) and the error indicator (Table 2) are then
confirmed through interviews to determine whether students experience difficulties or errors in solving
problems.

Table 1. Indicator of the levels statistical reasoning [9].

Level Indicator Indicator based problem

[diosyncratic  Support responses by providing Determine the impdEfance of whether or not
examples from vyour own the time of delay is based on your own
experience experience.

Transitional ~ Focusing on only one aspect of Decide based on the average delay or no
the data and limited reasoning  delay

Quantitative  Making more  than  one Don't think according to the context of the
comparison, difficulty to problem.

establish relationship There is a calculation of the mode, median,

average, or standard deviation, but cannot

establish a relationship between these
measures

Analytical Establishing relationship Decide which steps are most suitable for
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between the context and the data interpreting the data and are able to interpret
the meaning of this step in the context of the
problem.

Table 2. Indicator of the error by Newman [11]

Error type dicator
Reading error Wrong in reading terms, symbols, words or important information in a
problem

Comprehension 1. Don't know fhat is actually being asked about the question.
error 2. Incorrect in capturing information in the problem so that it cannot complete

the ncxﬂ:ruccs&

. Failure to change to the correct form of a mathematical model.
. Incorrect use of calculation operations

Transformation 1
2
3. Wrong in applying procedures
1
2

error

. Wrong in calculation or computation.
. Do not continue the settlement procedure.

Process Skill error
Encoding error 1. Do not write the@hal answer that is asked for the question.

2. Cannot conclude answers according to mathematical sentences.
3. Experiencing errors due to carelessness or inaccuracy

The mstruments in this study consisted of the main instruments and supporting instruments. The main
instrument is the researcher because it is directly related to the subject of research and cannot be
represented, as the main instrument of the role of the researcher as a planner to determine the focus of
research, select research subjects, collect data, analyze data, interpret data to report research results.
While the supporting instruments consist of questions of statistical problems by adapting the MEA
"On-time Arrival" with some adjustments related to the context of the problem to be contextual. While
the interview guideline instrument is used to confirm events or events on a particular subject that
indicated difficulties and errors in solving the problem. Data analysis techniques used are data
reduction, data presentation, and conclusion drawing.

3. Result and Discussion
The work results of students are analyzed and grouped based on the level of statistical reasoning,

obtained as the table below:
Table 3. Statistical reasoning levels analysis of prospective
mathematics teacher students

Level Amount %
Idiosyncratic 0 0
Transitional 45 65
Quantitative 20 29
Analytical 4 6

Total 69 100
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3.1. Idiosyncratic Level
Based on the data in Table 3 above, there were no students with the Idiosyncratic level.

3.2.  Transitional Level

In the study it was found that students at the transitional level dominated as many as 45 students, most
students only used one statistical measure in decision making, the average time of delay, or the
number of delay. The following are examples of student work presented in Figure 1 below:
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Figure 1. Examples of student work at the transitional level

Based on the results of student work, at the transitional level students focus on only one measure of
the data, namely the average time of delay (Figure 1 steps 5-17), then decide on the selected airline
based @ly on the smallest average time delay and not linking to other statistical measures. According
to [2], Sfudents on this level of start to use quantitative information in statistical problems, thercfgfe
starting to show quantitative reasoning; however, they do this in a limited. This study mentions that
students have a belief that is only suitable for a central tendency. The measure for a data set is the
arithmetic mean. At this transitional level, there is also a fundamental error in understanding the
information or data contained in the problem, where students only understand the problem and relate it
to just one statistical measure.

3.3, Quantitative Level

At the quantitative level, students use more than one statistical measure in decision making, for
example, the average time delay and the number of delays, the average delay time and the
maximum/minimum delay, the average time delay and the standard deviation. But students cannot
connect the two statistical measures in decision making, along with examples of student work at the
quantitative level.
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Figure 2. Examples of student work at the quantitative level

Students in the quantitative level can associate various measures in statistics, in this case, the average
delay (Figure 2 step 3-8) and the number of flight delays (Figure 2 steps 11-16) that occur within 20
days. Students can use more than onc statistical measure and combinc it in decision making (Figure 2
steps 19-25). However, errors occur in the form of Transformation errors, where errors occur in
implementing decision-making procedures, namely when multiplying between the average value of
delay with the number of delays. The concept of this calculation is not statistical procedures (Figure 2
steps 19-25). Judging from the difficulties experienced by students in the form of lack of strategy
knowledge, where students have difficulty in choosing the strategies used in decision making.

34. Analvtical Level

At this level students use more than one statistical measure, for example the average time delay and
the number of delays, the average delay time and the maximum / minimum delay, the average time
delay and the standard deviation and connect the two or more statistical measures in the retrieval
decision, here is an example of student work at the analytical level.




The 1st International Conference on Education and Technology (ICETECH) 2019 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1464 (2020) 012033 doi:10.1088/1742-6596/1464/1/012033

Wencari maskapn yg \etetlambataniya P paung lams = A . Arrliner— gome

1

2 Wencan magapi yg yamny . [ledandaatmn witty A airers S airlings— 8¢

3 HA = le+e 2041040 {5“04‘ o«r!oa-ni‘qu»#a*(‘{ A644104510 éagtor‘_lotz

a AO ..........

s Xpz letwotsile ru:.utmm:o«us-urr{mo+o+to-ns+9rm+_i.gm ,wg.
20 2,

6 e D8

7 L= w'r\s+s<~t;m1o1ﬂi{:_l_101oﬂo-noﬂorgtsfsrﬂfgfof_qg'.fn =g

% 1

9

K > D41LE 40 410404 + BOT L +DAD HOX T £5TH ﬁoﬂg,ﬁ.m; Pong ool

Eax lpisinsSetoebt tipastio e foroTio HotRTOH I NAD I,
70

n Dlatus meruparas Iammh Unhilc mean m

1w Aan Adaptian bagl poaurt yg Qaling Lama

s o yaity. 2 Madines. dy. fotal wacty (1,2 went (™) Yemudian

= paeg 6 Aictk yathy Ladunos dg folal wach, 9,35 wenit (ota™)

o ﬂa\ il bermcu Poda fgr\m:m min > waa sayo akap

s Monilih_Lawles faera' oto™ Werlamban g 35 ment tap

o L aurdineg Pada bar ke 4. gr?fmh mergalomi l@hﬂam’m‘m Yo mewakan

0 gkl (e t&mh; 50 Weni m& ulltan, pedagartan

" [(gbr{amba qﬂ mmatw warty cdicit m«tm

- [mlakf lama Br yg ) ‘ﬁnp: warhy brlanbaan_tat (Alm
w _athan fidak ag Y4 frlamiont Pl waefy % Lama ). dan wakk
2 paling Lamg_keclemiat 3¢ wemk,

Figure 3. Examples of student “ork at the Analytlca] level

Translated version
Look for the airline that is the longest delay, airline A = 90 minutes.
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the description above is a step to find the average delay, it was found that
the airline that was the longest delay was airline M for 11.2 minutes, then
the least was airline L for 9.85 minutes.

when referring to the average delay, [ will choose n Airlines, but on day 4 [
have experienced 2 delay of at most 50 minutes. My conclusion is based on
a small delay even though it is often late, namely airline B, because the
average delay is not too long and is the longest delay of 25 minutes.
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Based on the work in Figure 3, it shows that students can link problem-solving with 3 statistical
measures at once, the longest delay (Figure 3 Step 1), the most delay (Figure 3 Step 2) and the
average delay (Figure 3 Step 3-11). Students make decisions with the most appropriate steps in
interpreting the data, namely by the combination of the smallest possible oddgJof delay. In this
Analytical level, there are no difficulties and errors in solving statistical problems. According to Jones
et al [2], students on this level arc the best measure to interpret the data and are able to interpret the
meaning of this measure in the context of the problem. This level, the student uses inference based on
data and uses both quantitative and contextual knowle@e.

[9] states that statistical reasoning process consists of 1) Describing Data Displays; 2) Organizing and
Reducing Data; 3) Data Representing; and 4) Analyzing and Interpreting data, the level of statistical
reasoning is in line with the statistical reasoning process that occurs. Students who are at the highest
level can be interpreted as not experiencing difficulties and errors

4, Conclusion

Based on the description above, the researcher concluded that in the third semester students the
prospective mathematics teacher had a tendency to better understand statistical measures related to
statistical problems, but the skills in building relationships between existing measures needed to be
improved. Students are still accustomed to routine statistical problems, but are not familifgwith non-
routine or complex problems in the form of Model Eliciting Activities. Achievement of the level of
statistical reasoning with difficulties and errors that occur in each process.
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