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Utilizing digital teaching aid to support functional
thinking process of maritime vocational college
students in solving linear interpolation problems based
on differences mathematical ability

L. TARIDA, M. T. BUDIARTO, A. LUKITO

ABSTRACT

Introduction. The problem and the aim of the study. Vocational maritime students need to understand basic mathematical
concepts to support shipping safety, for example, in the material on linear interpolation functions that can be used to estimate the
relationship between various variables needed to avoid shipping accidents. However, students need help solving mathematical
problems. Students require a functional thinking process to solve mathematical problems, primarily in generalizing the relationship
between quantities. Some of them have difficulty in the functional thinking process. In this case, we utilize a digital teaching aid in
the form of GeoGebra software, which has the potential to overcome the difficulties of functional thinking processes. Therefore,
this study aims to explore the functional thinking process of maritime vocational college students in solving linear interpolation
problems with GeoGebra to estimate relationships between variables that can avoid ship accidents.

Study participants and methods. This study involved (36) third-semester vocational maritime college students majoring in the
Deck Officer Program in Indonesia with different categories of mathematical ability, including (11) high, (24) moderate and (1)
low. This category was obtained based on their applied mathematics course scores in the first semester. A qualitative research
approach was used in this study. Data collection was carried out by giving students problem-solving tasks (PST) and PST-based
interviews. Data analysis began by calculating the frequency of occurrence of students' functional thinking aspects based on the
students' PST answers, transcribing the interview results based on PST and organizing PST results and transcripts according to
a framework that reflects the functional thinking process.

Results. The results showed that 50% of students achieved low functional thinking aspects with the frequency of occurrence
of three out of six functional thinking aspects, 33.33% of students achieved four functional thinking aspects, and 16.67% of
students achieved five functional thinking aspects. The functional thinking process of students with different mathematical
abilities improved after they used GeoGebra to solve PST. Students with high and moderate mathematical abilities achieved
all functional thinking aspects so that they discovered the general rules of linear interpolation used to estimate the relationship
between variables to avoid ship accidents. Students with low mathematical ability also experienced increased functional thinking
even though they only achieved four functional thinking aspects. The problem-solving stage can trigger functional thinking,
including identifying problems at the analysis stage, representing data at the design stage, finding recursive patterns and finding
covariational relationships at the exploration stage, finding correspondence relationships at the implementation stage, and
evaluating general rules at the verification stage.

Conclusion. This study concluded that GeoGebra improved maritime vocational college students’ functional thinking processes
in problem-solving, especially in visualizing relationships through function graphs. However, students with different mathematical
abilities showed different levels of engagement, and further research is needed to explore other types of tasks to improve
functional thinking in all students.
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INTRODUCTION

In the Mathematics Framework of the Programme for International Student Assessment (PISA)
2022, functional thinking is a cognitive process required in mathematical reasoning because of an
important role played in understanding mathematical structures as students move up to higher
grades [1]. Functional thinking is the main gateway to algebraic thinking, where algebra is central
to mathematics and the gateway to higher-level mathematical concepts [2; 3]. The importance
of functional thinking is marked by the development of related research since 1905 at the Meran
Conference until now [4; 5]. Smith characterized functional thinking as representational thinking,
highlighting the relationships between two or more varying quantities, specifically the kinds of
thinking that lead from specific relationships (individual incidences) to generalizations of that
relationship across instances [6]. Generalizing the relationship between varying quantities is
essential for school mathematics and applying real-life contexts [7; 8]. In real-life maritime fields,
functional thinking can be used to avoid accident risks because it makes quick and precise decisions
by analyzing the relationship between accident-causing factors such as wind speed, ocean currents,
and weather conditions to determine safe shipping routes [9]. The National Transportation Safety
Committee (KNKT) found that the cause of the ship capsizing was inaccuracy in the calculation of
ship stability related to considerations regarding the cargo capacity [10]. The accurate generalization
of the relationship between quantities, such as the relationship between ship stability and cargo
capacity, can reduce the risk of ship accidents. The importance of generalizing the relationship
between quantities proves the crucial role of functional thinking for maritime students. However,
research exploring functional thinking in maritime students still needs to be completed.

Students' functional thinking can be explored through functional thinking aspects. Table 1 presents
the conceptualization of functional thinking aspects from several experts.

Table 1
The summary of experts’ notions on functional thinking
Smith [6] Blanton & Kaput [11] Stephen et al. [12] Pitta-Pantazi et al. [13]

* Recursive patterning « Pattern building * Relationships between * Find functional relations
« Covariational thinking  Conjecturing quantities (recursive covaria- | * Represent data
 Correspondence relationship | « Generalizing tion and correspondence) * Predict unknown terms

« Justifying mathematical rela- | « Multiple representations using known data

tionships (pictures, words, variables, * Identify patterns

tables, and graphs)

Relationships between quantities consist of recursive patterning, covariational, and
correspondence [12]. Recursive patterning involves finding variation within a sequence of values,
covariational thinking is based on analyzing how two quantities vary simultaneously and keeping
that change as an explicit, dynamic part of a function’s description, and a correspondence
relationship is based on identifying a correlation between variables [6]. Recursive patterning
is defined as pattern-building [11] which is in line with identifying patterns [13]. Multiple
representations [12] are used as a tool to find a functional relationship [13], which involves
conjecturing and generalizing [11]. Justifying mathematical relationships [11] is needed in
predicting unknown terms using known data [13]. Based on the literature review, we developed the
functional thinking aspects used in this study (Table 2).

The emergence of students' functional thinking aspects can be triggered through problem-solving
[14; 15]. Problem-solving is essential for students because it is a 21st-century skill needed to
provide strategies to solve real-world problems across disciplines, such as the relationship between
maritime science and mathematics [1]. This follows the body of knowledge from the International
Association of Maritime Universities (IAMU), which states that problem-solving is one of the academic
skills maritime students need in studying mathematics [16]. Problem-solving can be presented
through tasks with non-routine mathematical problem criteria [17; 18]. Non-routine mathematical
problems cannot be solved with routine procedures, so they require functional thinking processes.

As previously mentioned, problems in the maritime context involve the interconnectedness of
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relationships to estimate the influence of several factors to avoid ship accidents [9; 19]. Linear
interpolation estimates an unknown value between two known values connected by a straight
line [20; 21]. Therefore, the task used in this study triggers students to find the concept of linear
interpolation function in the context of tanker load capacity in maintaining ship stability.

Table 2

Coding scheme of functional thinking aspects

Code Functional Thinking Aspects
ET1 Identifying the problem
Noticing the relationship between two quantities
FT2 Representing data
Transforming data from tabular to graphical form
FT3 Finding recursive patterns
Finding changes in each variable value based on the graph
ET4 Finding covariational relationships
Finding the relationship between two variables based on a graph to predict an unknown value based on a graph
Finding correspondence relationships
FT5 .
Creating general rules based on the graph
ET6 Evaluating generalization rule
Testing the correctness of the general rule

Schoenfeld's problem-solving stages were used in this study because they involve a cyclic
process that encourages the emergence of students' functional thinking aspects [22; 23]. The
problem-solving stages include analysis, design, exploration, implementation, and verification. The
exploration stage is the primary step in generalizing the relationship between quantities [18]. The
generalization process is obtained by changing the situation from concrete to abstract. Based on the
results of a preliminary study, it was found that maritime students needed help abstracting functional
relationships from real-world concrete situations. GeoGebra is believed to help overcome these
obstacles because it makes it easier for students to visualize representations of relations between
quantities [24; 25]. GeoGebra can be accessed online at https://www.geogebra.org/classic. Graphical
representations in GeoGebra facilitate the initial conceptualization of how changes in one quantity
affect simultaneous changes in other quantities [18]. Therefore, this study allows students to use
GeoGebra to complete problem-solving tasks involving graphical representations.

In addition to allowing students to use GeoGebra to support successful problem-solving, this study
also involves mathematical ability. Mathematical ability is one of the success factors in the problem-
solving process [26]. Therefore, we would like to study how digital teaching aids (GeoGebra) support
the functional thinking process of maritime vocational college students in solving linear interpolation
problems based on differences in mathematical ability.

RESEARCH METHODS

This study was qualitative research to explore how digital teaching aid (GeoGebra) supports
functional thinking processes of maritime vocational college students in solving linear interpolation
problems based on differences in mathematical ability. This study involved 36 third-semester
vocational maritime college students in Indonesia majoring in the Deck Officer Program with different
categories in mathematical ability. Students' mathematical ability categories are obtained based on
their scores in applied mathematics courses in the first semester. Mathematical abilities are grouped
into three categories, namely, high mathematical abilities if the score (x) obtained is in the range
(80<x<100), moderate mathematical abilities if the score (x) obtained is in the range (60<x<80),
low mathematical ability if the score (x) obtained is in the range (0<x<60). After obtaining their
scores, we had 11 participants with high mathematics abilities, 24 with moderate mathematics
abilities, and 1 with low mathematics abilities.
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Data was collected by asking participants to solve problem-solving tasks (PST) and then
interviewing them based on their results. PST was given to participants in two different periods to
explore the differences in functional thinking processes when using GeoGebra to help them succeed
in problem-solving. In the first period, 36 participants worked on PST on a worksheet without the
help of GeoGebra. The results of the first-period PST answers were intended to design categories of
functional thinking emergence (see Table 3).

Table 3

Functional Thinking Categories

Functional Thinking Category Frequency of Occurrence of Functional Thinking Aspects
A Six aspects: FT1-FT6

Five aspects: FT1-FT5

Four aspects: FT1-FT4

Three aspects: FT1-FT3

Two aspects: FT1-FT2

One aspect: FT1

mm O 0O W

In the second period, three participants were selected to represent each category of mathematical
ability, including one participant with high mathematical ability, one participant with moderate
mathematical ability, and one participant with low mathematical ability. To prevent bias in the
research findings, we selected participants with the widest range of scores in each category of
mathematical ability. In addition, the selection of the three participants was also based on the
highest frequency of functional thinking aspects in each category of mathematical ability. So, each
selected participant had the highest functional thinking aspect representing their mathematical ability
category. The three participants were then labelled HMA for participants with high mathematical
ability, MMA for participants with moderate mathematical ability, and LMA for participants with low
mathematical ability. In this second period, the three participants were given laptops to access
GeoGebra, which was used as a tool for working on the PST. They worked on the PSTs one by one at
different times so that the researchers could focus more on making observations. This difference also
provides an opportunity to explore the use of GeoGebra in more depth through interviews based on
the PST results.

PST is designed based on the functional thinking aspects in Table 2. PST contains non-routine
problems related to linear interpolation. Linear interpolation is chosen because it can be used as a
solution to shipping safety problems. The application of linear interpolation to PST helps estimate
the relationship between the height and load capacity of a tanker ship. The estimated results of
this relationship can prevent overloading that causes the ship to sink. PST has been validated by
three experts who stated that the instrument is suitable for research with an average percentage
of 84.22%. Improvements to PST, according to expert suggestions, have also been made. PST
translated from Indonesian to English is presented in Figure 1.

The table below provides simulation data on cargo space height (m) and cargo space capacity
(DWT) on a Tanker Ship

Cargo space height ("m" ) 3 6 9 12 15 18 21 ‘
Cargo space capacity ("DWT")* 5 10 12 17 19 23 25 ‘

*cargo space capacity in 1x10% DWT
1. If the cargo space height is 14"m" , what is the estimated capacity?

2. What general rule do you use in estimating the cargo space capacity of the tanker? Please
explain it!

Figure 1 PST in English
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Functional thinking process begins when participants identify a problem by noticing the
relationship between two quantities: cargo space height and cargo space capacity (FT1). Based on
this relationship, participants will be more detailed in noticing which quantity influences (independent
variable) and which quantity is influenced (dependent variable). The data on the relationship between
the two quantities presented through a table does not show an implicit pattern, so it can trigger
participants to represent the data in a graphical form (FT2). Graphical representation facilitates
the initial conceptualization of how changes in one quantity affect changes in other quantities [18].
Graphical representation makes it easier for participants to find recursive patterns representing
changes in each variable (FT3). In addition to graphical representation, finding the relationship
between cargo space height and cargo space capacity is needed to predict an unknown value,
namely cargo space capacity, when the cargo space height is 14"m" (FT4). Thus, a solution can be
obtained for question 1. To find the general rule in question 2, participants will be involved in finding
correspondence relationships (FT5). The sentence "Explain it" in question 2 triggers participants to
test the correctness of the general rule (FT6).

The PST results data and interview transcripts were analyzed using the functional thinking aspect
coding scheme in Table 2, which is linked to Schoenfeld's problem-solving stages, including analysis,
design, exploration, implementation, and verification [22].

RESEARCH RESULTS

The results are presented based on the research aims to explore how digital teaching aids
(GeoGebra) support the functional thinking process of maritime vocational college students in solving
linear interpolation problems based on differences in mathematical ability. To achieve this aim, we
grouped the categories of participants' functional thinking aspects based on the PST results of 36
participants. These categories are associated with different mathematical abilities (see Table 4).
Explanations of each category from A to F can be seen again in Table 3.

Table 4
Distribution of functional thinking categories by mathematical ability
: » Category of Functional Thinking
Mathematical Ability Sub-Total of Students
A B (03 D E 7
High 0 4 7 0 0 0 11
Moderate 0 2 5 17 0 0 24
Low 0 0 0 1 0 0 1
Total of Students 0 6 12 18 0 0 36

Based on the grouping of functional thinking aspect emergence categories, 6 participants
(16,67%) were obtained with category B; 12 participants (33,33%) with category C; 18 participants
(50%) with category D. Based on the grouping of mathematical abilities, there were 11 participants
(30,56%) with high mathematical abilities, 24 participants (66,67%) with moderate mathematical
abilities and 1 participant (2,78%)with low mathematical abilities. There were 4 participants in
Category B and 7 in Category C of the 11 participants. There were 2 participants in Category B, 5 in
Category C and 17 in Category D of the 24 participants. Finally, 1 participant with low mathematical
abilities was included in category D. Grouping of students based on mathematical abilities and
functional thinking categories is also presented in graphical form (see Figure 2). Most participants
were in category D and had moderate mathematical abilities.

Utilizing GeoGebra to support functional thinking was explored more deeply through task-based
interviews. The functional thinking process is presented in three parts based on the differences in
participants' mathematical ability and the highest functional thinking aspect category, including high
(HMA) in Category B, medium (MMA) in Category B, and low (LMA) in category D. Furthermore, it
was analyzed based on six aspects of functional thinking (FT1, FT2, FT3, FT4, FT5 and FT6).
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Figure 2 Number of participants based on functional thinking and mathematical ability categories

1. The student with high mathematical ability (HMA)
FT1: Identifying the problem

Based on the PST answers and interview transcripts, HMA began to understand the problem of
tanker loading capacity after reading the PST in its entirety. HMA identified a relationship between
height and tanker loading capacity (FT1). The relationship was further analyzed through interviews,
which informed that the higher the height, the higher the tanker loading capacity. According to HMA,
the height of the cargo hold affects the tanker's loading capacity.

FT2: Representing data

HMA represents the height and capacity data of the loading space in the PST table into a function
graph, with the height as the x-axis and the capacity as the y-axis (FT2). When confirmed through an
interview, HMA stated that the graphic representation makes finding the relationship pattern of each
data pair more straightforward than the table representation. HMA represents the data into a graph
with the help of GeoGebra (see Figure 3).

FT3: Finding recursive patterns

Data changes are an essential step in estimating the capacity of the cargo space when the height
is 14"m" . HMA found changes in the height and capacity of the cargo space through graphs with the
help of GeoGebra (FT3). The interview results confirmed that the graph was a tool for HMA to find a
recursive pattern in the form of two similar rectangles. HMA constructed the first rectangular DIHJ]
with the height data as the length of the rectangle (DI; HJ) and the capacity as the rectangle's width
(DJ; IH). HMA constructed the second d rectangle DLEM with the height data as the length of the
rectangle (DL; EM) and the capacity as the rectangle's width (DM; LE).

FT4: Finding covariational relationship

Based on the interview results, HMA confirmed that "every three times the height of the loading
space increases, the cargo space capacity increases by no more than five (FT4). The relationship is
found in the table. The graph shows the relationship more clearly by focusing on the data at a height
of 12"m",14"m,and" 15"m" . HMA found a relationship that every time the length of the rectangle
increases, the width also increases, forming rectangular patterns that can be seen in Figure 3b (FT4).
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(a) (b)
Figure 3 (a) Graph representation (FT2) by HMA; (b) Recursive pattern discovery (FT3) by HMA

FT5: Finding correspondence relationship

HMA finds a correspondence relationship based on the pattern of two similar quadrilaterals. This
finding is the basis for HMA to create a general rule (FT5). HMA compares the length (p1; p>) and width
(I1; 1) of the two quadrilaterals to obtain a general rule of linear interpolation marked with a red box in
Figure 4. HMA answers that when the height of the loading space is 14m, the capacity is 18,33DWT.

2 P Yo _Eom L, L ETE Gy
L P Ya=V1 XX ! X2 — Xq ? !
i ) 17+ 2" 14— 12) 18,33
PEEN = _ — PEEN = _ — PIEN =

Figure 4 General rule by HMA

FT6: Evaluating generalization rule

Based on confirmation through interviews, HMA evaluates the general rule by trying various data
in the table. If the calculation results of the cargo capacity obtained do not significantly differ from
the known cargo capacity in the table, then HMA considers the general rule suitable for estimating
unknown data among known data (FT6).

2. The student with moderate mathematical ability (MMA)
FT1: Identifying the problem

MMA begins to understand the problem by reading the PST as a whole. MMA identifies a
relationship between height and tanker load capacity (FT1). MMA states that increasing the height of
the tanker's cargo hold increases the tanker's load capacity.

FT2: Representing data

MMA transforms the height and capacity data of the loading space in the table into a function
graph with the help of GeoGebra, as shown in Figure 4 (FT2). The height is represented by the
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x-axis, and the capacity is represented by the y-axis. Based on the interview transcript from MMA,
the graphic representation solves the problem of overcoming the difficulty of finding the relationship
pattern of each pair of data in the table.

FT3: Finding recursive patterns

MMA found changes in data on the height and capacity of the cargo space through the graph that
had been created (FT3). MMA found a recursive pattern in the form of two similar triangles; the first
triangle is symbolized by Apjk, the second triangle is symbolized ApyE (see Figure 5b)

(a) (b)
Figure 5 (a) Graph representation (FT2) by MMA; (b) Recursive pattern discovery (FT3) by MMA

FT4: Finding covariational relationship

MMA had difficulty understanding the relationship between data pairs through tables. MMA found
the relationship between each data pair of height and cargo space capacity through graphs by
focusing on data at heights of 12m, 14m, and 15m. The relationship between the two quantities
found was that each time the base of the triangle increases, the height also increases, which can be
seen in Figure 5b (FT4).

FT5: Finding correspondence relationship

MMA compares two similar triangles to find a general rule in estimating the ship's cargo space
capacity when the cargo space height is 14m (FT5). The general rule found is a linear interpolation
rule marked with a red box in Figure 6 by comparing the base (a1; ay) and height (ty; ty). Based on
the calculation in Figure 6, it is obtained that when the cargo space height is 14m, the cargo space
capacity is 18,33DWT.

tz_azey_Jﬁ_x_-’ﬁ(_)y y_x_xl(y 1)
ke A = W= V20
ty, a4 Yo—=VY1 X2 — X Xy — Xy

X — X 7
- =y, — =174+ — (14— 12 = 18,33
oy Y1+x2_x1(3’2 Yooy T ) oy

Figure 6 General rule by MMA
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FT6: Evaluating generalization rule

MMA evaluates the general rule by zooming in on the graph in GeoGebra so that the capacity of the
cargo hold is between 18,3332DWT and 18,3334DWT when the cargo hold's height is 14m (see Figure
7). This capacity is not much different from the calculation results in Figure 6 previously (18,33DWT),
so MMA considers the general rule suitable for estimating unknown data among known data.

18.3334

18.3332 :
]
|

18:333
13.9996 13.9998 14  14.0002

Figure 7 General Rule Evaluation by MMA

3. The student with low mathematical ability (LMA)
FT1: Identifying the problem

LMA reads the question in the problem first before reading the description of the problem. Based
on the activity, LMA notices a relationship between the height and the load capacity of the tanker
(FT1): when the height of the cargo hold is longer, the load capacity of the tanker is greater. The
height of the cargo hold affects the load capacity of the tanker.

FT2: Representing data

LMA needed help estimating the loading space capacity at a height of 14m based on the problem
table. The problem table presents data pairs between the height and the loading space capacity. The
results of the problem identification were not enough to answer the problem questions, so LMA used
GeoGebra to convert the data from the table to a graph (FT2). LMA represented the loading space
height data on the x-axis and the loading space capacity data on the y-axis (Figure 8a).

FT3: Finding recursive patterns

LMA finds changes in height data and load capacity in straight lines between the two closest points
on the graph that has been created (FT3). There are six straight lines between the two closest points
(see Figure 8a).

FT4: Finding covariational relationship

LMA plots point (14,y) on a straight line between points (12,17) and (15,19). In Figure 8b, LMA
finds that the points on the graph are increasing upward (FT4). According to LMA, the increase
represents the addition of each ship's height and load capacity.

FT5: Finding correspondence relationship

Based on the straight line between the two points passing through (14,y), LMA adds the two cargo
space capacities when 17DWT (yg) and 19DWT (yq) and then divide them by two (see Figure 9).
LMA does not change the mathematical symbols related to the method used to estimate cargo space
capacity based on known data. Based on these calculations, the cargo space capacity is obtained as
18DWT when the cargo space height is 14m, as shown in Figure 9 below.
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Figure 8 (a) Graph representation (FT2) by LMA; (b) Recursive pattern discovery (FT3) by LMA
17+ 19

FT6: Evaluating generalization rule

LMA did not evaluate the method used to estimate the ship's cargo space capacity based on
known data. Based on the interview transcript, LMA was confident with the method used because the
calculation results remained on a straight line between the two closest points. Thus, LMA considered
the method appropriate for estimating unknown data among known data.

DISCUSSION

Based on the results of this study, most maritime vocational college students were in category
D, which means they achieved three of the six aspects of functional thinking, including identifying
problems, representing data, and finding recursive patterns. This achievement indicates the need
to involve activities that can develop students' functional thinking processes, such as the use of
GeoGebra in solving linear interpolation problems. Several previous studies reported that Geogebra
is one of the digital teaching aids successfully used to develop students' functional thinking processes
siswa [25; 27]. The success of utilizing GeoGebra is in line with the findings of this study, especially
in students with different mathematical abilities. Students with high mathematical ability (HMA) and
students with moderate mathematical ability (MMA) achieved five of the six aspects of functional
thinking before using GeoGebra to solve problems. After using GeoGebra, HMA and MMA achieved
all aspects of functional thinking. HMA and MMA found different general rules for linear interpolation.
Furthermore, students with low mathematical ability (LMA) also experienced an increase in the
achievement of functional thinking aspects after using GeoGebra. Previously, LMA only achieved three
of the six functional thinking aspects. After using GeoGebra, LMA achieved four of the six functional
thinking aspects. However, LMA has yet to find a general rule for linear interpolation. This finding
indicates that in addition to GeoGebra, differences in mathematical ability also affect differences in
the improvement of functional thinking.

Utilizing GeoGebra can improve students' functional thinking because they are involved in
interactive visualization. Visualization makes it easier abstraction for students to understand and
model real-world situations into function graphs. Visualization supports the functional thinking
process because it is a bridge for students to understand patterns and build relationships between
two quantities before moving on to higher abstraction steps [13]. The function graph created by
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students with the help of GeoGebra represents the relationships between the height of the cargo
hold and the loading capacity of a tanker ship, which makes it easier for students to understand the
concept of linear interpolation functions. Students observe the relationship between the data on the
function graph more accurately because they can zoom in, zoom out and perform other interactive
movements on the function graph in GeoGebra. The straight line between the two points drawn by
students in GeoGebra helps them understand the concept of a straight line as a representation of a
linear function. In addition, they can find triangle or quadrilateral patterns by adding auxiliary lines
between the two points. Previous research also supports the role of GeoGebra in improving students'
functional thinking because it provides them with more opportunities to explore relationships
between variables through interactive graphical representations in a more concrete way [25; 28].

Students use GeoGebra to solve linear interpolation problems on PST contains non-routine
mathematical tasks that trigger students' involvement in functional thinking processes. This aligns
with previous studies using non-routine mathematical tasks to develop students' functional thinking
[29; 30]. Non-routine tasks contain two interrelated variables: the height of the cargo hold and the
load capacity of the tanker. The load capacity reflects the total load that can be accommodated by
the ship. If the load height exceeds the load capacity, the ship can become unstable because the
load is not distributed correctly [31]. Ships that lose stability will increase the risk of capsizing and
sinking, causing losses [9]. Analysis of the relationship between these variables is critical in shipping
planning and preventing ship accidents. This study discovered linear interpolation through graphical
representation, which helps estimate the relationship between variables to prevent ship accidents.

Non-routine tasks require guess-and-check, working backwards, and looking for patterns, so
they require cognitive processes to complete them, such as functional thinking processes [15]. The
process involves problem-solving stages, including analysis, design, exploration, implementation,
and verification. In this study, the problem-identifying aspect emerged at the analysis stage because
students began to identify problems by recognizing changes in each data set on tankers' height
and load capacity. The representing data aspect emerged at the design stage because students
designed a strategy based on the characteristics of the problem, namely by changing data pairs in
the table into graphs. Students made the graph design because the problem was complex to solve
by looking at the table. The finding recursive patterns aspect emerged at the exploration stage
because students found changes in the data on tanker height and load capacity based on graphs
by trying various solution strategies. The finding of covariational relationships also emerged at
the exploration stage because students tried various strategies to find relationships between the
data on tanker height and load capacity through graphs to estimate unknown values. In line with
Pittalis et al. [18], the exploration stage is known to determine students' success in continuing the
process of finding general rules of relationships between quantities. The generalization is found in
the correspondence relationships aspect. This aspect appears at the implementation stage because
students apply solutions from exploration results by performing calculations so that general rules of
linear interpolation are obtained to estimate unknown data values among known data. The evaluating
general rule aspect appears at the verification stage because students re-check the correctness of the
solutions obtained.

CONCLUSION

In conclusion, the study shows that the use of GeoGebra can improve the functional thinking
process of maritime vocational college students in solving problems based on differences in
mathematical abilities. GeoGebra facilitates students in the abstraction process to model real-
world situations in the form of relationships between the height of the cargo hold and the loading
capacity of tankers through interactive visualization into function graphs. Through the function graph,
students with high and medium mathematical abilities can find general rules of linear interpolation
by comparing the pattern of two similar triangles and the pattern of two similar quadrilaterals.
Meanwhile, students with low mathematical abilities do not symbolize the method used to estimate
unknown data among known data. The study's findings directly affect learning practices in maritime
training professionals by involving non-routine tasks using GeoGebra. However, this study has
limitations in the types of tasks with table and graphic representations. Further research is needed
to explore other types of tasks that have the potential to improve the functional thinking process in
each student with differences in mathematical abilities.
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