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Abstrak

This study explores the effectiveness of "verbal probes” through in-depth interviews
to uncover students' mathematical conceptual understandings that are not visible
from written answers. Using a descriptive qualitative approach, this study analyzed
the gap between written answers and verbal comprehension of three students with
different skill levels on PISA-like questions themed Uncertainty and Data. The
results showed a significant "gap between written answers and verbal
comprehension”. Students who give incorrect written answers, when interviewed,
are able to articulate a deeper conceptual understanding, identify their mistakes, and
explain correct procedures regarding the concepts of confidence intervals,
exponential growth, and probability. In contrast, students with limited verbal
comprehension consistently show reliance on number operations without a
conceptual foundation. The study concludes that in-depth interviews are a crucial
formative assessment tool to complement traditional methods. This allows
educators to accurately diagnose misconceptions and design more holistic and
targeted learning interventions.

Keywords: conceptual comprehension, verbal probes, mathematical assessment,
PISA-like, uncertainty and data.

INTRODUCTION

A deep mathematical conceptual understanding is a crucial foundation for
students' success in dealing with complex real-world challenges, especially in the
digital age that increasingly relies on data and probabilistic reasoning (Aliev et al.,
2024; Hernandez-Solis et al., 2023; Lee et al., 2020). However, assessing
conceptual understanding, especially in the context of mathematics, is often
challenging. Written answer-based assessment results do not always reflect the true
depth of student understanding, creating a "gap between written answers and verbal
comprehension” (Hankeln, 2021). This phenomenon indicates that students may
exhibit significantly different abilities when explaining concepts orally compared
to what they put into writing. Previous research has highlighted that students'
written answers can hide or even misrepresent their true level of conceptual
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understanding (Rzyankina et al., 2024; Sinaga et al., 2022; Wittmann, 2020). One
early indication of the limitations of written assessment is the tendency of students
to perform "numbers operations without a deep conceptual understanding (Surface-
Level Processing)” (Righteous, 2021). For example, some students tend to multiply
or divide numbers haphazardly without a solid conceptual foundation (Kowiyah et
al., 2019; Laily et al., 2020; Salmaini et al., 2021; Setyawan, 2017; Widada et al.,
2018). Even students who initially gave incorrect written answers and indicated an
effort to simply process numbers, were then able to articulate better understanding
verbally (Earl & Katz, 2006; Welji et al., 2022). This situation suggests that a purely
written answer may reflect only surface strategy or even confusion, rather than an
actual understanding of the concept.

Significant differences between written and verbal representations (Hwang &
Hu, 2013; Septiani, 2020; Silmi Juman et al., 2022; Utami et al., 2019) is the core
of the problem explored in this study. For example, students often give incorrect
written answers, even similar to students whose understanding is very limited.
However, "in interviews, they are able to articulate a much better understanding of
concepts, identify errors in their written answers, and explain the approach they
should take." Student 2, even though his written answer to Question 1 is incorrect,
is able to explain the concept of the confidence level and the standard value of Z
verbally. Similarly, Student 3 is also able to identify errors in his or her written
answers and demonstrate a strong understanding of the concepts being tested when
interviewed. This gap indicates that assessment methods that rely solely on written
products risk providing an incomplete or even inaccurate picture of students'
cognitive capabilities.

Uncovering this deeper understanding is important because conceptual
understanding is the foundation for meaningful mathematics learning and
knowledge transfer capabilities (Ahsan et al., 2024; Cahyono et al., 2020; Groth,
2018; Nirawati et al., 2021; Nurin et al., 2023; Plangg & Fuchs, 2022). If
assessments fail to identify misconceptions or superficial understandings,
appropriate learning interventions become difficult to design. Therefore, a method
is needed that is able to transcend the limitations of written answers to dig deeper
layers of understanding (subtle). "In-depth interviews managed to uncover
significant differences in their conceptual understanding, problem-solving
strategies, and metacognitive abilities”, which may not have been detected through
analysis of written answers alone.

This research contributes to the literature by exploring specifically the use of
"verbal probes” in the context of PISA-like mathematical literacy questions with a
focus on Uncertainty and Data content (Kong et al., 2022; Kusuma et al., 2022;
Maslihah et al., 2020; Panich et al., 2024; Zeng, 2024). Although there have been
many studies that discuss the importance of conceptual understanding (Cristia &
Cueto, 2020; Dayal & Cowie, 2019; De Lange, 1999; Johansson, 2003; McFeetors
et al., 2021; Sutton & Krueger, 2009; Widada et al., 2021), there are still limited
studies that systematically investigate how verbal inquiry can effectively uncover
the nuances of student understanding in specific domains relevant to the demands
of the 21st century, such as data literacy and uncertainty (Cristia & Cueto, 2020).
The need for data literacy is increasingly urgent amid the flood of information and


https://ojs.unpari.ac.id/JOMSE/issue/view/20

ncE Journal of Mathematics Science and Education
=== e-ISSN: 2623-2383. 15 Desember 2025, Vol. 8, No. 2, 109 - 136
OPEN ACCES https://ojs.unpari.ac.id/JOMSE/issue/view/20

data in the digital era (Hikamudin et al., 2023; Ilham & Rahman, 2024; Weigand et
al., 2024). The ability to understand, interpret, and critique data as well as
probabilistic reasoning are key competencies tested within the PISA framework
(OECD, 2019), but often students' deep understanding of these concepts is hidden
behind their formal answers.

This research argues that a descriptive qualitative approach, particularly in-
depth interviews, is the most appropriate method to capture the richness and
complexity of student understanding that cannot be measured by standard written
tests. By thematically analyzing data from in-depth interview transcriptions and
comparing them with written answers, this study will provide strong empirical
evidence of the value of "verbal probes” as a formative assessment tool that
complements traditional methods. This approach not only identifies the correct or
incorrect answers, but also delves into the reasons behind the students' responses,
exposing misconceptions (Kadarisma et al., 2020; Luneta, 2015; Makonye &
Fakude, 2016; Nguyena & Tran, 2014; Ozkan & Mehmet, 2012; Turmuzi et al.,
2024), and highlight their metacognitive ability to manage information, even when
information is missing in the question. This is in line with the view that assessments
must be informative and able to facilitate learning, not just measurement (Dandis,
2013; van den Heuvel-Panhuizen et al., 2014).

Through a comparative analysis of written and verbal representations, this
study aims to uncover how "verbal probes”Should"Unveilingor uncover a deeper
and often different mathematical conceptual understanding of what is presented in
a written format. The results of this study are expected to provide practical
implications for educators in designing more comprehensive assessment strategies,
enabling them to understand students' thinking processes more holistically and
providing more targeted learning interventions, especially in the face of modern
mathematical literacy challenges that prioritize data understanding and uncertainty
(Miller, 2023; Rajendra et al., 2024). It will also strengthen the argument for the
integration of qualitative methods in mathematical assessment research, paving the
way for further study of the impact of verbal probes on students' development of
long-term conceptual understanding.

Based on this background, this study aims to explore how the use of "verbal
probes"Through in-depth interviews can reveal students' deeper mathematical
conceptual understanding, which is often not revealed through their written
answers. In particular, this study focuses on PISA math literacy questions like
(Andari & Setianingsih, 2021; Novitasari et al., 2021; Ortega-Rodriguez, 2025;
Sepriliani, 2023; Siregar et al., 2020; Thomson et al., 2013; Xu et al., 2025) with
Uncertainty and Data content, covering confidence intervals, exponential and
logarithmic growth, and probability. This study will thematically analyze data from
the transcription of in-depth interviews with three students, comparing their verbal
comprehension with the written answers they have provided beforehand. Thus, this
study is expected to contribute to the practice of assessment in mathematics
education, highlighting the important value of dialogue and verbal interaction in an
effort to understand students' thinking processes and depth of knowledge more
comprehensively.

METHODS
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This study uses a descriptive qualitative approach to explore in depth students'
mathematical conceptual understanding, focusing on comparisons between written
answers and verbally expressed understandings. This approach was chosen because
it aims to uncover the nuances and depth of students’ understanding that may not be
captured through quantitative methods or written assessments alone.

Research Participants

The participants in this study were three students. The three students were
selected by 1 person each from three groups of students: (1) Student Group with All
Wrong Answers; (2) The group of students who answered correctly 25%-50%; and
(3) the group of students who answered correctly at least 65%.

Instruments and Data Collection
Data collection is carried out through two main instruments:

1. Written Test: Students are given a series of math problems to work on in
writing. This written answer is the initial data on student understanding
before the interview is conducted. These questions are PISA math literacy
guestions like with Uncertainty and Data content, namely confidence
intervals (Question 1), exponential growth and logarithm (Question 2), and
probability (Question 3).

2. Verbal Probes: After students complete the written test, an in-depth
interview is conducted individually with each student. This interview aims
to:

o Exploring students' conceptual understanding further regarding the
answers they have written.

o Provide opportunities for students to articulate their thought
processes, identify errors in written answers, and explain the
approach that should be.

o Investigate aspects such as reliance on number operations without
conceptual understanding, metacognitive abilities, identification and
application of formulas, and sensitivity to information lost in
problems. The interviews are recorded and then transcribed verbatim
for analysis purposes.

Data Analysis
Data collected from the results of the written test and the transcription of in-depth
interviews were analyzed using thematic analysis techniques. This analysis process
involves the following steps:

1. Data Familiarization: Researchers repeatedly read interview transcripts
and students' written answers to gain a thorough understanding.

2. Initial Coding: Identify relevant data segments from interview transcripts
and written answers related to students' conceptual understanding, problem-
solving strategies, and metacognitive processes.

3. Theme Identification: Grouping similar codes to form potential themes.
The main focus is on themes that highlight the "gap between written answers
and verbal comprehension”, variations in depth of comprehension, and
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students' ability to articulate comprehension that is not apparent in written
answers.

4. Theme Review: Review and validate the themes that have been identified
to ensure that they accurately represent the data and answer the research
questions.

5. Definition and Naming of Themes: Provide clear definitions and
representative names for each major theme that emerges from the analysis,
as identified in the document (e.g., "Gap between Written Answers and
Verbal Comprehension”, "Reliance on Number Operations Without Deep
Conceptual Understanding™, etc.).

A comparative analysis was conducted between students' written answers and

their verbal responses during the interview to uncover how "verbal probes” can
"unveil” or reveal a deeper and often different mathematical conceptual
understanding than what is presented in the written format.

RESULTS AND DISCUSSION

Data Reduction

Based on the transcription of the results of in-depth interviews on 3 research
subjects (Student 1: Wrong Answer; Student 2: Correct Answer 25-50%; and
Student 3: Correct Answer 65% or more). The transcription was reduced and
presented in a question and answer format, summarizing the key points of the
responses of each student from the three students

Student 1 (Wrong Answer):

Based on the results of paper-and-pencil work, and in-depth interviews, the
Student 1 interview snippet is as follows.

Interviewer: Can you tell us how you understand this number 1 issue? What
is asked?

Student 1: The problem is that it's like calculating the average temperature,
and then there's a range. There is a number of -0.15C equal to 95%
confidence.

Interviewer: In your answer it says 'Average Temperature -0.15C in 50 years'.
Where did you get this -0.15C number? Why are there negative signs?

Student 1: That's already in the question, sir/ma’am. Negative may mean that
the temperature drops.

Interviewer: Then you write '0.15 x 0130°C". Can you explain the meaning of
this calculation and what is the number '0130°c"?

Student 1: Oh, that's... I think if there is a percentage or number like that, just
multiply. The number 0.15 I took from the question, then 0130... Is that
from the question too? | don't remember where it came from, but I think
it was a few times.
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Interviewer: What do you know about the '95% confidence level' and the
'standard deviation' in this matter? How are those two things supposed to
be used?

Student 1: 95% confidence level is yes... 95% sure it is true. That standard
deviation... Like the difference? | don't understand how to use it in this
matter.

Interviewer: What steps did you have in mind to find the requested
‘temperature range'?

Student 1: Yes, | tried to multiply the numbers. There may be other ways, but
I don't know the formula.

The answers in Student 1's paper sheet are as follows (See Figure 1):
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Figure 1 Student Answer 1 (Question 1)

Interviewer: What is the 2nd question about conservation?

Student 1: About the cases that increased by 10% every day, they kept asking
when it became 10 times.

Interviewer: You wrote '10%: 10 times'. What is the relationship between 10%
and 10 times in this matter?

Student 1: Yes, the question is 10% per day so that it becomes 10 times. So |
wrote that.

Interviewer: Then there is the calculation '10/10 =0, 1 DL'. Can you explain
how you came to this calculation? What do the numbers 10 above and
below refer to? What does 'DLs' mean?

Student 1: That's what I'm trying to share. 10% is 0.1. And then you want to
be 10 times. I divide 10 by 10, the result is 1. Then I wrote 0.1 again... |
also forgot what 'DL" stands for, maybe 'double fold' or what? I just made
it up at that time.

Interviewer: Did you think of using a specific formula for this kind of growth-
related question?

Student 1: Formula? I didn't think of it, sir/ma‘am. | don't know the formula.

Interviewer: How should we find the time it takes for cases to be 10 times if
the growth per day is 10%?

Student 1: | don't know the exact steps. Maybe tried it out every day?

The answers in Student 1's paper sheet are as follows (See Figure 2):
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Figure 2 Student Answer 1 (Question 2)

Interviewer: Can you explain what is asked in question number 3?

Student 1: Calculate the likelihood that two people have the same genotype.
There is AA, Aa, aa.

Interviewer: You wrote '50 + 25 + 25 =100 : 3'. Where did the numbers 50,
25, and 25 come from? Why add up and then divide by 3? What do you
want to look for with this calculation?

Student 1: That's the percentage number of the problem. I add up all 100, and
because there are 3 types of genotypes (AA, Aa, aa), | divide them by 3.
I think it's average or something like that.

Interviewer: The result was '9.5% Genotype Aa'. How is this figure obtained?
Is this the final answer to the probability of two individuals having the
same genotype?

Student 1: 9.5% that... The result of dividing 100 by 3 is about 33 commas. |
don't know where to get 9.5% from. It seems to be a miscalculation or a
complete misconception. No, that's not the final answer to the probability
of two individuals having the same genotype.

Interviewer: If we want to look for the probability of two random events
occurring simultaneously (e.g., the first individual of AA and the second
individual of AA), what mathematical operation is usually used?

Student 1: If the "and" is... Plus? Or reduced? | forgot the lesson of probability.

Interviewer: How do the correct steps signal to solve this problem?

Student 1: I don't know the right move, sir/ma’am. | was confused about where
to start.
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The answers in Student 1's paper sheet are as follows (See Figure 3):
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Figure 3 Student Answer 1 (Question 3)

Student 2 (Correct Answer 25-50%)

Interviewer: Can you tell us how you understand this number 1 issue? What
is asked?

Student 2: This is about the change in average temperature over 50 years,
which is a decrease of 0.15C. They are constantly asked to find the
temperature range with a 95% confidence level. That is, the range in
which the true average temperature is estimated to be with 95%
confidence.

Interviewer: In your answer it says 'Average Temperature -0.15C in 50 years'.
Where did you get this -0.15C number? Why are there negative signs?

Student 2: This number is already in the question. A negative sign means that
the temperature has decreased on average.

Interviewer: Then you write '0.15 x 0130°C'. Can you explain the meaning of
this calculation and what is the number '0130°c'?

Student 2: Oh, this... This answer seems to be wrong, sir/ma'am. This
calculation of 0.15 x 0130°C is baseless. I also don't remember where the
number 0130°c came from, maybe | misunderstood another problem or
thought it was a standard deviation, but it was clearly wrong.

Interviewer: What do you know about the '95% confidence level' and the
'standard deviation' in this matter? How are those two things supposed to
be used?

Student 2: The 95% confidence level means that there is a 5% chance that the
data we have is outside that range. To find a range at a given confidence
level, we need the mean, the standard deviation, and the Z-value of the
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standard normal table. For 95%, the Z-value is around 1.96. The formula
is an average plus and minus (the value of Z is multiplied by the standard
deviation divided by the root n). But in this case the standard deviation is
not given, so | am confused as to how to calculate it.

Interviewer: What steps did you have in mind to find the requested
‘temperature range'?

Student 2: The steps should be using the confidence interval formula: identify
the mean (-0.15C), find a Z-value for 95% (1.96), need a standard
deviation and sample size (50 years, maybe this is n?), calculate the lower
and upper limits. But since the standard deviation is not there, | can't
continue.

The answers in Student 2's paper sheet are as follows (See Figure 4):
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Figure 4 Student Answer 2 (Question 1)

Interviewer: What is the 2nd question about conservation?

Student 2: It's about growth, exponential growth of cases by 10% every day.
He was asked how long it would take for the number of cases to be 10
times the initial number.

Interviewer: You wrote '10%: 10 times'. What is the relationship between 10%
and 10 times in this matter?

Student 2: 10% is the growth rate every day. 10 times that target number of
final cases compared to the initial number.

Interviewer: Then there is the calculation '10/10 =0, 1 DL". Can you explain
how you came to this calculation? What do the numbers 10 above and
below refer to? What does 'DLs' mean?

Student 2: This calculation is also wrong, sir/ma'am. | try to associate the
number 10%, maybe I think 10% is 10/100, then | want to be 10 times so
there is another number 10. But 10/10 = 1, not 0.1. | don't remember what
'DL' was abbreviated, maybe | just composed it. This is clearly a
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misconception.

Interviewer: Did you think of using a specific formula for this kind of growth-
related question?

Student 2: Yes, you should use the exponential growth formula:
N(t)=NO(1+nt.

Interviewer: How should we find the time it takes for cases to be 10 times if
the growth per day is 10%?

Student 2: We want N(t)=10 = NO. So, 10 * NO=NO * (1+0.10)t. 10=(1.10)t.
To find t, we need to use a logarithm: t=log(10)/log(1.10).

The answers in Student 2's paper sheet are as follows (See Figure 5):
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Figure 5 Student Answer 2 (Question 2)

Interviewer: Can you explain what is asked in question number 3?

Student 2: Asked if we take two individuals randomly, they both have exactly
the same genotype.

Interviewer: You wrote '50 + 25 + 25 = 100 : 3'. Where did the numbers 50,
25, and 25 come from? Why add up and then divide by 3? What do you
want to look for with this calculation?

Student 2: The numbers 50, 25, and 25 are the probabilities of each genotype
given in the question. I summed it up because... I think this has something
to do with total probability. But why divide it by 3? Oh, that's wrong,
sir/ma‘am. | shouldn't have divided 3.

Interviewer: The result was '9.5% Genotype Aa'. How is this figure obtained?
Is this the final answer to the probability of two individuals having the
same genotype?

Student 2: This 9.5% figure... This is the wrong result of the wrong calculation.
This is not the correct final answer.

Interviewer: If we want to look for the probability of two random events

10
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occurring simultaneously (e.g., the first individual of AA and the second
individual of AA), what mathematical operation is usually used?

Student 2: If there is a word "and" for events that are independent of each
other, we use probability multiplication. So, the probability of the first
individual of AA and the second individual of AA is the probability of
AA multiplied by the probability of AA.

Interviewer: How do the correct steps signal to solve this problem?

Student 2: Correct step: First, identify the possible genotypes of the same: (AA
and AA), (Aa and Aa), or (aa and aa). Second, calculate the probability
for each of these possibilities by multiplying the probability of each.
P(AA and AA) = 0.25 x 0.25 = 0.0625. P(Aa and Aa) = 0.50 x 0.50 =
0.25. P(aa and aa) = 0.25 x 0.25 = 0.0625. Third, since these three
possibilities are mutually exclusive, we add up the probabilities: 0.0625
+0.25 + 0.0625 = 0.375. So, the probability is 37.5%.

The answers in Student 2's paper sheet are as follows (See Figure 6):

Zj‘nl'('e‘?‘(—\m\‘; ffA: 25%
Aa=%0%
da = 25%

Dk YA . 93uang Joma 7
_owab

P(2 Sama) = PAN)+ P (4a)+(t)

= BT ok

=100 % .

//

Figure 6 Student Answer 2 (Question 3)

Student 3 (Correct Answer Minimum 65%o)

Interviewer: Can you tell us how you understand this number 1 issue? What
is asked?

Student 3: This question provides information about the change in average
temperature over 50 years, i.e. there is an average decrease of 0.15

11


https://ojs.unpari.ac.id/JOMSE/issue/view/20

ncE Journal of Mathematics Science and Education
=== e-ISSN: 2623-2383. 15 Desember 2025, Vol. 8, No. 2, 109 - 136
OPEN ACCES https://ojs.unpari.ac.id/JOMSE/issue/view/20

degrees Celsius. Then asked the temperature range, which seems to refer
to the confidence interval for the average temperature change at a 95%
confidence level.

Interviewer: In your answer it says 'Average Temperature -0.15C in 50 years'.
Where did you get this -0.15C number? Why are there negative signs?

Student 3: This -0.15C number is directly given in the question as the average
temperature change. A negative sign indicates that there is a drop in
temperature.

Interviewer: Then you write '0.15 x 0130°C". Can you explain the meaning of
this calculation and what is the number '0130°c'?

Student 3: Oh, this is my written answer seems to be wrong, sir/ma'am. The
calculation of 0.15 times 0130 is irrelevant to finding the confidence
interval. I don't remember where the number 0130 came from. This is not
the right move.

Interviewer: What do you know about the '95% confidence level' and the
'standard deviation' in this matter? How are those two things supposed to
be used?

Student 3: The 95% confidence level means that if we sample many times and
calculate the confidence intervals, 95% of those intervals will contain the
actual population parameter values. Standard deviation measures the
distribution of data. We need the standard deviation of the sample to
calculate the standard error average, which is used in conjunction with
the value of Z (1.96) to establish the confidence interval. The formula is
approximately an average of + (Z/t value x standard error). Standard error
is usually calculated from the standard deviation divided by the root of
the sample size.

Interviewer: What steps did you have in mind to find the requested
'temperature range'?

Student 3: First, identify the sample mean (-0.15C) and sample size (n=50
years). Second, determine the level of trust (95%). Third, look for the
critical value of Z (1.96). Fourth, we need the standard deviation value
of this temperature change, which is not given in the problem. If the
standard deviation of the sample(s) is known, we calculate the standard
error: SE = s / \n. Fifth, calculate the confidence interval: Average + (Z
x SE). Since the standard deviation does not exist, this problem cannot
be calculated numerically.

The answers in Student 3's paper sheet are as follows (See Figure 7):
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Figure 7 Student Answer 3 (Question 1)

Interviewer: What is the 2nd question about conservation?

Student 3: This question is about the exponential growth model. The daily
growth rate is known and it takes time to reach a certain multiple of the
initial value.

Interviewer: You wrote '10%: 10 times'. What is the relationship between 10%
and 10 times in this matter?

Student 3: 10% is the relative growth rate per period of time (per day). 10
times is the multiplier factor to be achieved from the initial amount.
Interviewer: Then there is the calculation '10/10 =0, 1 DL'. Can you explain
how you came to this calculation? What do the numbers 10 above and

below refer to? What does 'DLs' mean?

Student 3: This calculation is a wrong scribble, sir/ma‘am. This is not the right
way to solve the problem of exponential growth. | don't remember the
meaning of this 'DL".

Interviewer: Did you think of using a specific formula for this kind of growth-
related question?

Student 3: Yes, this problem is solved using the exponential growth formula:
N(t)=NO * (1+n)t.

Interviewer: How should we find the time it takes for cases to be 10 times if
the growth per day is 10%?

Student 3: We want to find t when N(t)=10 * NO. So, 10 * NO=NO * (1+0.10)t.
10=(1.10)t. To find t, we use logarithms: t=log(10)/log(1.10). Using a
calculator, log(10)=1 and log(1.10)=0.0414. So t=1/0.0414=24.39 days.

The answers in Student 3's paper sheet are as follows (See Figure 8):
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Figure 8 Student Answer 3 (Question 2)

Interviewer: Can you explain what is asked in question number 3?

Student 3: Asked the probability that two individuals taken independently of
this population would have identical genotypes, i.e. AA and AA, or Aa
and Aa, or aa and aa.

Interviewer: You wrote '50 + 25 + 25 = 100 : 3'. Where did the numbers 50,
25, and 25 come from? Why add up and then divide by 3? What do you
want to look for with this calculation?

Student 3: The numbers 50, 25, and 25 are the probabilities of each genotype.
The sum of 50+25+25=100% is true because it is the total probability.
But dividing it by 3 is wrong, sir/ma’am. Maybe try to find the average,
but it's irrelevant.

Interviewer: The result was '9.5% Genotype Aa'. How is this figure obtained?
Is this the final answer to the probability of two individuals having the
same genotype? Student 3: This 9.5% figure is the result of an incorrect
calculation, so it's not the correct answer.

Interviewer: If we want to look for the probability of two random events
occurring simultaneously (e.g., the first individual of AA and the second
individual of AA), what mathematical operation is usually used?
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Student 3: If the two events are independent, to find the probability of both
occurring ("and™), we multiply the probability of each event.

Interviewer: How do the correct steps signal to solve this problem? Student
3: Step: First, determine all possible pairs of the same genotype: (AA,
AA), (Aa, Aa), and (aa, aa). Second, calculate the probability for each
pair using the multiplication rule: P(AA and AA) = 0.25 x 0.25 = 0.0625;
P(Aa and Aa) = 0.50 x 0.50 = 0.25; P(aa and aa) = 0.25 x 0.25 = 0.0625.
Third, since these pairs are separate events, add up the probabilities:

P(Same Genotype) = 0.0625 + 0.25 + 0.0625 = 0.375. So, the probability
is 37.5%.

The answers in Student 3's paper sheet are as follows (See Figure 9):
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Figure 9 Student Answer 3 (Question 3)

Thematic Analysis
Based on the results of the in-depth interview data with the three students,
several main themes can be identified through thematic analysis techniques:

1. Gap between Written Answers and Verbal Comprehension
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This theme highlights the significant differences between what students write as
answers and the conceptual understanding they verbally demonstrate during the
interview.

o Student 1: Demonstrated consistency between incorrect written answers
and very limited verbal comprehension in all questions.

o Student 2 and Student 3: Both often give incorrect written answers, even
similar to Student 1's answer (for example, Question 1 says '0.15 x 0130°c’
and Question 2 '10/10 = 0.1 DL"). However, in interviews, they are able to
articulate a much better understanding of concepts, identify errors in their
written answers, and explain the approach they should take.

o Student 2: Even if the written answer to Question 1 is wrong, he
can explain the concepts of confidence level, the need for standard
deviation, and the value of Z. For Question 2, he recognizes the
exponential growth formula and the use of logarithms. For Question
3, he correctly explained how to calculate the combined probability.

o Student 3: Also identify his or her written answer errors for all three
questions. He demonstrated a strong understanding of confidence
intervals (Question 1), exponential growth and logarithms (Question
2), and probability calculations (Question 3).

2. Reliance on Number Operations Without Deep Conceptual Understanding
(Surface-Level Processing)

This theme describes the tendency of students to perform mathematical operations
on the numbers available in the question without a strong understanding of the
concepts being tested.

o Student 1: Consistently exhibits this pattern. For example, he multiplies the
numbers in Question 1 because "if there is a percentage or number like that,
just multiply" and divides the numbers in Question 2 arbitrarily. In Question
3, he adds up all the percentages and then divides them by the number of
genotype categories, thinking it's to find an average.

e Student 2 and Student 3: Their initial written answers to Question 1 ('0.15
x 0130°c") and Question 2 ('10/10 = 0, 1 DL") indicate an initial attempt to
simply process the given number, before they realized and corrected the
approach verbally.

3. Variations on the Depth of Understanding of Scientific and Mathematical
Concepts

Interviews reveal differences in the level of understanding of concepts between
students:
o Student 1: Very superficial understanding or misconception of almost all
concepts tested, such as confidence levels, standard deviations, exponential
growth, and the basics of probability.
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Student 2: Demonstrate a developing understanding. He was able to
identify key concepts such as confidence intervals and Z-values (Question
1), exponential growth formulas and logarithms (Question 2), and rules of
multiplication and addition in probability (Question 3). However, he is
sometimes still hesitant or hampered by a lack of information (e.g., the
standard deviation in Question 1).

Student 3: Demonstrate the most powerful and profound conceptual
understanding. He understands not only formulas and procedures but also
the assumptions and limitations that underlie them. For example, he
explains the meaning of the 95% confidence level, the importance of
standard deviations and how standard errors are calculated (Question 1), the
application of logarithms in exponential growth with estimation calculations
(Question 2), and systematic steps in solving complex probability problems
(Question 3).

4. Metacognitive Abilities and Fault Recognition

This theme relates to students' awareness of their own thought processes and the
ability to identify mistakes.

Student 1: Often admits "don't know", "forget", or "ngarang". This shows
an awareness of its limitations, even though it has not been able to overcome
them.

Student 2 and Student 3: Both actively identify and admit errors in their
written answers during the interview. They can explain why their initial
approach was wrong, which indicates a higher level of metacognition.

5. Identification and Application of Mathematical Formulas/Procedures

The ability of students to remember and apply the right formula or procedure varies.

Student 1: Explicitly states that they did not think of using the formula or
did not know the formula for Questions 1 and 2. For Question 3, he also did
not know the correct procedure.

Student 2: Able to name the correct formula for exponential growth
(Question 2) and explain the components of the confidence interval formula
(Question 1) and the rule of probability (Question 3).

Student 3: Not only remember the relevant formulas (confidence interval,
exponential growth) but also explain how to use them in detail and
accurately, including the use of logarithms and the steps of calculating
probabilities.

6. Sensitivity to Information Lost in Questions

This theme especially appears in Question 1, where information about standard

17


https://ojs.unpari.ac.id/JOMSE/issue/view/20

ncE Journal of Mathematics Science and Education
=== e-ISSN: 2623-2383. 15 Desember 2025, Vol. 8, No. 2, 109 - 136
OPEN ACCES https://ojs.unpari.ac.id/JOMSE/issue/view/20

deviations is not included.

o Student 1: Unaware of missing information or the importance of standard
deviations.

o Student 2 and Student 3: Both independently identified that the standard
deviation was not given in the question, and this precludes the numerical
calculation for the temperature range (confidence interval). It shows a
deeper understanding of the prerequisites and limitations of the application
of statistical methods.

This thematic analysis showed that although all three students may have produced
similar written answers in some cases, in-depth interviews managed to uncover
significant differences in their conceptual understanding, problem-solving
strategies, and metacognitive abilities.

Discussion

This discussion focused on the results of data reduction from in-depth

interviews with three students, highlighting differences between verbally expressed
conceptual understandings compared to their written answers. Student 1, who gave
the overall incorrect written answer, showed very limited conceptual understanding
during the interview. He tends to perform "numbers operations without a deep
conceptual understanding (Surface-Level Processing)”, such as multiplying
numbers without a clear basis or dividing carelessly. Student 1 is also unaware of
the use of relevant formulas for exponential growth or probability problems. This
Is consistent with research showing that written assessments alone often fail to
capture a lack of deep understanding (Nasution & Hafizah, 2020; Purba & Surya,
2020; Swaroop et al., 2024; Varma et al., 2021).
In contrast, Student 2 and Student 3, despite initially giving erroneous written
answers to some passages, showed a much better ability at verbally articulating their
conceptual understanding. They were able to identify errors in their written answers
and explain the approach they should take, including mentioning relevant formulas
such as confidence intervals and exponential growth as well as probability
multiplication rules for independent events. These findings support the argument
that "verbal probes™ can uncover deeper understandings that are not detected
through written assessments alone, highlighting the "gap between written answers
and verbal comprehension™ that is crucial for effective learning interventions (De
La Paz & van Garderen, 2024; Faber et al., 2024; Zakariya, 2023). Their ability to
revise comprehension when interviewed suggests the potential for comprehension
that has not yet been fully manifested in written form, in line with the study of
metacognition in mathematical problem-solving (Wijn et al., 2023; Barwasser et
al., 2024; Hsiao et al., 2018; Jie et al., 2022; Le et al., 2024).

CONCLUSION

The conclusion of this study confirms that "verbal probes™ through in-depth
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interviews are effective in revealing students’ mathematical conceptual
understanding, especially in PISA-like Uncertainty and Data questions. Written
answers often do not reflect the depth of comprehension, creating a "gap between
written answers and verbal comprehension”. Student 2 and Student 3, even if the
written answers are wrong, are able to articulate a better understanding of concepts
verbally, identify mistakes, and explain the approach that should be. They
demonstrate an understanding of confidence intervals, exponential growth, and
probability. In contrast, Student 1 whose entire answer is wrong, shows reliance on
number operations without a deep understanding and difficulty in identifying
relevant formulas. In-depth interviews managed to dig into more subtle layers of
understanding that were not detected through written assessments.

Suggestions for teachers to integrate "verbal probes™ in assessments for early
identification of misconceptions and students' deep understanding.

The implication of this study is the need to shift the assessment paradigm to
holistic assessment that includes students’ thinking processes for more targeted
learning interventions.

Advanced Research is the expansion of the sample, the exploration of different
types of verbal probes, the comparative study of the impact of interventions based
on "verbal probes”, and the development of students’ metacognitive related to
comprehension gaps.
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