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The claim that the golden ratio appears in nature is frequently used as 

a context for mathematics learning; however, such claims require 

rigorous examination through precise variable definitions and 

appropriate analysis. This study critically examined whether 

internode-distance patterns in water spinach (Ipomoea aquatica) 

approximate the golden ratio. The objectives were to: (1) describe the 

pattern of five consecutive internode distances across 30 water spinach 

stems, (2) examine the closeness of adjacent-distance ratios to φ = 

1.618, and (3) translate the findings into an inquiry-STEM activity for 

ratio learning. The data comprised 150 distance measurements and 120 

adjacent paired ratios collected using AR Meter, a smartphone-based 

augmented reality measurement application. The analysis retained 

directional ratios to identify positional changes and used symmetric 

ratios, defined as the longer distance divided by the shorter distance, 

to evaluate proximity to φ. Differences among the five positions were 

tested using the Friedman test, while stem-level geometric means were 

compared with φ using the Wilcoxon signed-rank test. The results 

showed significant differences in internode distance by position, χ²(4) 

= 22.744, p < 0.001, Kendall’s W = 0.190. The arithmetic mean of the 

120 symmetric ratios was 1.629, which appeared close to φ but was 

influenced by two extreme ratios, 11.25 and 11.67. Only 11 of the 120 

ratios (9.17%) fell within a 5% tolerance of φ. Therefore, the data did 

not support a consistent golden-ratio pattern in water spinach internode 

distances. The educational value of this study lies in using an 

unconfirmed popular claim as a context for teaching measurement, 

reciprocal ratios, robust statistics, and evidence-based argumentation 

through inquiry-STEM. 

 

ABSTRAK 

Pernyataan bahwa rasio emas muncul di alam sering digunakan 

sebagai konteks pembelajaran matematika; namun, pernyataan 

semacam itu memerlukan pemeriksaan yang cermat melalui definisi 

variabel yang tepat dan analisis yang sesuai. Penelitian ini secara kritis 

mengkaji apakah pola jarak antar-ruas pada kangkung (Ipomoea 

aquatica) mendekati rasio emas. Tujuan penelitian ini adalah: (1) 

mendeskripsikan pola jarak lima ruas berturut-turut pada 30 batang 

kangkung, (2) menguji kedekatan rasio jarak yang berdekatan dengan 

φ = 1,618, dan (3) menerjemahkan temuan tersebut ke dalam kegiatan 

STEM berbasis penyelidikan untuk pembelajaran tentang rasio. Data 

terdiri dari 150 pengukuran jarak dan 120 rasio pasangan jarak yang 

berdekatan, yang dikumpulkan menggunakan AR Meter, sebuah 

aplikasi pengukuran realitas tertambah berbasis ponsel pintar. Analisis 

mempertahankan rasio arah untuk mengidentifikasi perubahan posisi 
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dan menggunakan rasio simetris—yang didefinisikan sebagai jarak 

yang lebih panjang dibagi dengan jarak yang lebih pendek—untuk 

mengevaluasi kedekatan terhadap φ. Perbedaan di antara kelima posisi 

diuji menggunakan uji Friedman, sedangkan rata-rata geometris pada 

tingkat batang dibandingkan dengan φ menggunakan uji Wilcoxon 

signed-rank. Hasil menunjukkan perbedaan yang signifikan pada jarak 

antar-ruas berdasarkan posisi, χ²(4) = 22,744, p < 0,001, Kendall’s W 

= 0,190. Rata-rata aritmetika dari 120 rasio simetris tersebut adalah 

1,629, yang tampak mendekati φ tetapi dipengaruhi oleh dua rasio 

ekstrem, yaitu 11,25 dan 11,67. Hanya 11 dari 120 rasio (9,17%) yang 

berada dalam toleransi 5% dari φ. Oleh karena itu, data tersebut tidak 

mendukung adanya pola rasio emas yang konsisten pada jarak antar- 

ruas daun kangkung. Nilai edukatif dari penelitian ini terletak pada 

penggunaan klaim populer yang belum terkonfirmasi sebagai konteks 

untuk mengajarkan pengukuran, rasio timbal balik, statistik robust, 

dan argumentasi berbasis bukti melalui pendekatan STEM berbasis 

penyelidikan. 
Copyright © 2026 by the authors  

This is an open access article distributed under the terms of the CC BY-SA license. 

(http://creativecommons.org/licenses/by-sa/4.0) 

 

INTRODUCTION 

School mathematics should help students use concepts to interpret, examine, and 

explain phenomena. This expectation goes beyond computational ability. Students need to 

determine relevant quantities, select representations, evaluate the appropriateness of models, 

and communicate decisions based on data. The PISA 2022 results show that only 18% of 

Indonesian students reached at least Level 2 in mathematics. At this level, students begin to 

recognize how simple situations can be represented mathematically (OECD, 2022). This 

condition reinforces the need for learning that connects concepts with measurement, 

modelling, data interpretation, and claim evaluation. 

Ratio and proportion are foundational concepts for percentages, scale, similarity, 

rates, functions, probability, and modelling. However, students often treat ratios merely as 

procedures involving division or cross multiplication without understanding the 

multiplicative relationship between two quantities. Difficulties also arise when the direction 

of comparison changes because a/b and b/a produce different values and meanings. Studies 

on ratio learning in Realistic Mathematics Education (RME) and Pendidikan Matematika 

Realistik Indonesia (PMRI) indicate that mathematizable contexts, multiple representations, 

and strategic discussion help students move from informal comparison toward formal 

proportional reasoning (Ben-Chaim et al., 2012; Risdiyanti et al., 2024). 

One attractive context is the golden ratio. This value is denoted by φ and satisfies φ 

= (1 + √5) / 2 ≈ 1.618. Geometrically, a segment is divided according to the golden ratio 

when the ratio of the whole segment to the longer part is equal to the ratio of the longer part 

to the shorter part. The golden ratio is also the limiting ratio of two consecutive Fibonacci 

numbers. This relationship has made the golden ratio popular in discussions of art, 

architecture, and natural patterns. 

The popularity of the golden ratio also carries the risk of oversimplification. The 

closeness of a single measurement to 1.618 is often treated as evidence of a biological 

pattern. In plants, however, phyllotaxis primarily concerns the arrangement of lateral organs 

around the growing point, divergence angles, and changes in phyllotactic fractions. The 

golden angle of approximately 137.5° is related to angular arrangement, not to all 

morphological dimensions of plants (Godin et al., 2020; Okabe, 2015). Models of 

phyllotaxis also show that Fibonacci patterns can emerge through local interactions among 
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primordia and do not necessarily have to begin from a fixed golden angle (Yin & Tsukaya, 

2022). In addition, angles other than the golden angle can produce efficient light capture 

under certain conditions (Strauss et al., 2020). 

Internode distance in plant stems has a biological basis that differs from divergence 

angle. Internode length is influenced by plant age, position on the stem, light, water, 

nutrients, and growth responses. Studies have shown that watering intervals and nutrient 

provision significantly affect plant height and leaf number in water spinach (Wibowo & 

Sitawati, 2017; Apriastuti et al., 2023). Therefore, there is no theoretical reason why 

internode ratios should always approach φ. Nevertheless, this uncertainty has educational 

value. Students can learn that mathematics is not only used to find expected patterns; it is 

also used to reject claims when the data do not support them. 

An inquiry-STEM approach is appropriate for this purpose. Science provides 

questions about plant morphology and growth. Technology supports data recording, 

visualization, and processing. Engineering appears when students design consistent 

measurement protocols, test instruments, and improve procedures. Mathematics is used to 

construct ratios, choose measures of central tendency, assess error, and build arguments. A 

recent meta-analysis found that STEM education has a moderate positive impact on learning 

outcomes, although the magnitude of the effect depends on educational level, outcome type, 

duration, and implementation quality (Cao et al., 2025). Teles et al. (2024) also showed that 

the golden ratio can be used as a STEAM theme, but learning activities must distinguish 

popular knowledge from empirical evidence. 

Previous studies on the golden ratio in nature have more frequently emphasized 

identification activities or improvements in understanding after intervention, often with the 

implicit assumption that the pattern exists and simply needs to be confirmed. Few 

mathematics education studies have positioned the failure to confirm a popular pattern as a 

learning resource for robust statistics and claim evaluation, rather than merely reporting a 

negative result as a methodological footnote. The novelty of this study lies in using findings 

that do not support the golden-ratio pattern as an authentic context for teaching robust 

statistics and data literacy. The purpose is not to validate the mathematical beauty of nature 

but to train students to evaluate claims critically using evidence. Moreover, arithmetic means 

of ratios can be misleading when the data are skewed and contain extreme values because 

ratios are multiplicative. The geometric mean and median are more appropriate for 

describing typical values when comparisons can change sharply. 

This study used raw data from five internode distances across 30 water spinach stems. 

The scientific name used in this study was Ipomoea aquatica Forssk.; Ipomoea reptans Poir. 

is recorded as a synonym in modern taxonomic databases (Royal Botanic Gardens, Kew, 

2026). The term “leaf distance” in the initial document was operationalized as the 

longitudinal distance between stem nodes where leaves emerge. This study had three 

objectives: first, to describe the variation in five consecutive distances; second, to examine 

whether paired distance ratios showed consistent closeness to φ; and third, to formulate the 

findings into an inquiry-STEM activity design for ratio learning. The research questions 

were: (1) What is the distribution pattern of D1 to D5? (2) How does the conclusion about 

the golden ratio change when arithmetic and robust measures are used? and (3) How can the 

data be used to construct an inquiry-STEM activity that requires evidence-based 

argumentation? 
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METHOD 

This study employed an exploratory quantitative design followed by pedagogical 

translation. The quantitative component examined the golden-ratio claim using plant-

measurement data, whereas the pedagogical component translated the research process and 

findings into an inquiry-STEM activity. The study did not examine the effectiveness of the 

proposed instructional design. Therefore, the pedagogical output was positioned as an 

evidence-based activity design that still requires expert validation, classroom 

implementation, and empirical evaluation. 

The data were obtained from the “data Kangkung” file and the research proposal 

document. The dataset contained measurements from 30 water spinach stems selected 

through purposive sampling. Purposive sampling allows researchers to select cases based on 

predefined characteristics that are directly aligned with the objectives and methodological 

requirements of a study (Campbell et al., 2020). The inclusion criteria were stems with at 

least six active nodes and no visible physical damage or pest infestation. Each stem had five 

consecutive internode distances, identified as D1 to D5 and measured in millimetres. D1 

referred to the segment closest to the root, whereas D2 to D5 referred to the consecutive 

segments toward the shoot apex. 

 
Figure 1. Internode distances in water spinach 

Based on Figure 1, the raw dataset consisted of 150 measurements. Because five 

consecutive distances produced four adjacent pairs for each stem, a total of 120 adjacent-

distance ratios were analyzed. The primary instruments were the AR Meter application and 

an observation sheet containing the stem code, internode position, and measurement result 

in millimetres. The activity was designed for implementation at MTs Mathla’ul Anwar 

Cikaliung, Pandeglang. AR Meter was used by setting the measurement unit to millimetres 

and allowing the application to scan the surrounding surface before measurement. This 

calibration stage was important because the accuracy of smartphone-based augmented-

reality measurement depends on device tracking, camera positioning, and environmental 

conditions (Hasler et al., 2020). Two ratio forms were used so that growth direction and 

closeness to φ would not be conflated. The directional ratio preserved positional order and 

was calculated as follows: 
Directional internode ratio = Dᵢ₊₁ / Dᵢ 
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A directional internode ratio greater than 1 indicates that the next distance is longer, 

a ratio less than 1 indicates that the next distance is shorter, and a ratio equal to 1 indicates 

that both distances are the same. To compare two lengths with the golden ratio, which is 

greater than one, a symmetric ratio was used. This ratio divides the longer distance by the 

shorter distance. This transformation removes direction while preserving the magnitude of 

dissimilarity between the two distances. 

 

Symmetric internode ratio = Dlonger / Dshorter, so the internode ratio ≥ 1 

 

Numerical closeness to φ was expressed as relative error. Tolerances of 5% and 10% 

were used as descriptive categories, not as botanical standards. These categories were not 

used as the sole basis for drawing conclusions. 

 

Relative error = |internode ratio − φ| / φ × 100% 

Each stem had four symmetric ratios. Because ratios are multiplicative and their 

distribution was skewed, the representative value for each stem was calculated using the 

geometric mean (Limpert et al., 2001). This measure reduced the influence of extreme values 

compared with the arithmetic mean. 

gₛ = (rₛ₁ × rₛ₂ × rₛ₃ × rₛ₄)^(1/4) 

Descriptive analysis for D1 to D5 included mean, standard deviation, median, 

quartiles, minimum, and maximum. Differences among the five repeated-measurement 

positions were tested using the Friedman test, with effect size reported using Kendall’s W 

(Hollander et al., 2014). When the omnibus test was significant, pairwise Wilcoxon 

comparisons were conducted with Holm correction (Holm, 1979). 

For the symmetric ratios, this article reports the arithmetic mean, median, 

interquartile range, 10% trimmed mean, the number of values within the 5% and 10% 

tolerance ranges, and extreme values. The 5% and 10% tolerance thresholds were established 

to maintain methodological consistency between the descriptive criteria and the inferential 

framework of the study. The main conclusion was based on the distribution of geometric 

means across the 30 stems. Normality was examined using the Shapiro-Wilk test (Shapiro 

& Wilk, 1965). Because the distribution was not normal, the median gₛ was compared with 

φ using a two-sided one-sample Wilcoxon signed-rank test. 

 

RESULTS AND DISCUSION 

Table 1 shows that the mean distance decreased from 45.07 mm at D1 to 30.77 mm 

at D5. However, the large standard deviations in several positions indicate considerable 

variation among plants. The median of D1 was 44.50 mm, whereas the median of D5 was 

30.00 mm. D3 and D4 each had a minimum value of 4 mm. D5 had the widest range, from 

3 to 85 mm. These data indicate a decline from D1 to D5, which can be understood because 

internode distances toward the shoot apex are usually shorter than those in the lower and 

middle parts of the stem. 

Table 1. Descriptive statistics of internode distance by position 

Position n Mean SD Median CV (%) Q1 Q3 Min Max 

D1 30 45.07 16.26 44.50 36.1% 37.00 56.50 10 75 

D2 30 42.03 13.64 37.00 32.5% 34.25 49.25 18 71 

D3 30 40.77 13.10 38.50 32.1% 34.00 46.50 4 66 

D4 30 40.90 16.08 37.50 39.3% 30.25 45.00 4 75 
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D5 30 30.77 13.52 30.00 43.9% 26.50 34.75 3 85 

The Friedman test showed that internode distance differed by position, χ²(4) = 

22.744, p < 0.001, with Kendall’s W = 0.190, indicating a small-to-moderate effect. This 

means that although differences among positions were statistically consistent, the strength 

of the pattern was not large, and individual variation among stems still contributed 

substantially to data variability. Follow-up tests showed that D5 was shorter than D1, D2, 

D3, and D4 after Holm correction, with adjusted p-values between 0.004 and 0.012. No 

significant differences were found among D1 to D4. These results indicate statistically 

consistent positional change with moderate strength, but not a fixed ratio pattern. 

The directional ratios showed a tendency for the next distance to be shorter. From 

D1 to D2, 18 of the 30 stems had q < 1. From D2 to D3, 18 stems had q < 1. From D3 to D4, 

16 stems had q < 1. From D4 to D5, 20 stems had q < 1. This direction is consistent with the 

lower median at D5, but it does not form a constant ratio. 

Table 2 shows a large difference between the mean and median of the symmetric 

ratios. This difference occurred because of biological variation, as some internode distances 

did not follow the pattern of becoming progressively shorter toward the shoot apex. In the 

D2–D3 segment, the mean of 1.644 appeared close to φ, but the median was only 1.150. A 

value of 11.25 in one stem increased the mean. The same pattern occurred in D4–D5, with a 

mean of 2.026, a median of 1.333, and a maximum value of 11.667. Therefore, the arithmetic 

mean should not be used alone to evaluate the typical value. 

 

Table 2. Distribution of symmetric ratios for adjacent internode pairs 
Segment n Mean SD CV (%) Median Q1 Q3 Min Max ≤5

% 

≤10

% 

D1–D2 30 1.449 0.420 28.99 1.344 1.169 1.62 1.00 3.000 3 5 

D2–D3 30 1.644 1.850 112.53 1.150 1.054 1.41 1.00 11.25 2 2 

D3–D4 30 1.398 0.406 29.04 1.233 1.132 1.53 1.00 2.696 4 6 

D4–D5 30 2.026 2.191 108.14 1.333 1.107 1.80 1.00 11.66 2 4 

All 

ratios 

120 1.629 1.466 89.99 1.276 1.100 1.60 1.00 11.66 11 17 

The arithmetic mean of all ratios was 1.629, only 0.69% above φ. If this value were 

interpreted without considering the distribution, the data could be concluded to approximate 

the golden ratio. This conclusion changes when robust measures are used. The coefficient of 

variation (CV) for all ratios reached 89.99%, with two of the four segments (D2–D3 and 

D4–D5) showing CV values above 100% (112.53% and 108.14%, respectively). A CV 

approaching or exceeding 100% indicates that the standard deviation is comparable to or 

even greater than the mean, which is a strong sign of data heterogeneity and the dominant 

influence of extreme outliers rather than a distribution clustered consistently around φ. By 

contrast, the D1–D2 and D3–D4 segments showed much lower CV values of approximately 

29%, indicating that ratio consistency was local and not uniform across the entire dataset. 

The median of all ratios was 1.276, and the 10% trimmed mean was 1.348. Only 11 of the 

120 ratios, or 9.17%, were within a 5% tolerance. Seventeen ratios, or 14.17%, were within 

a 10% tolerance. Numerical closeness occurred in only a small proportion of pairs and did 

not form a dominant pattern. The geometric mean of the four ratios was calculated for each 

stem. The values ranged from 1.063 to 3.087. The distribution was not normal, Shapiro-Wilk 

W = 0.757, p < 0.001. All confidence intervals were below φ. 
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The one-sample Wilcoxon signed-rank test showed that the location of the gₛ 

distribution differed from φ. Twenty-five of the 30 stems had gₛ values below φ. Four stems 

were within a 5% tolerance, while seven stems were within a 10% tolerance. The closeness 

of several stems was insufficient to demonstrate a general pattern. 

 

Table 3. Summary of robust stem-level analysis 

Analysis n/statistic Result Additional 

information 

Interpretation 

Median gₛ 30 1.403 IQR 1.188-1.556 The typical value was 

below φ. 

95% bootstrap 

median 

100,000 

resamples 

1.276-

1.506 

Does not include 

1.618 

Closeness to φ was not 

supported 

One-sample 

Wilcoxon 

W = 86 p = 

0.0026 

r = 0.55 Significant difference 

with a large effect size 

Within 5% 

tolerance 

4 of 30 13.33%  The pattern was not 

dominant 

Within 10% 

tolerance 

7 of 30 23.33%  Most stems were 

outside the tolerance 

range 

Table 3 has important implications for mathematics education, particularly for 

training students to distinguish apparent numerical closeness from strong statistical 

evidence. Bootstrap resampling shows that a single median value (1.403) is not sufficient to 

conclude closeness to φ. Students need to understand the range of uncertainty, or confidence 

interval, that would arise if sampling were repeated. This helps them recognize that strong 

conclusions must consider data variability, not merely a single value obtained from one 

measurement process. The median difference from φ was then tested using a one-sample 

Wilcoxon test, a non-parametric test appropriate for non-normal data. The result, W = 86, p 

= 0.0026, with an effect size of r = 0.55, indicates that the difference was statistically 

significant and practically meaningful, not merely a weak significance produced by a large 

sample size. 

The arithmetic mean is calculated by summing all 120 symmetric ratio values and 

dividing the total by the number of observations. Thus, each ratio receives equal weight and 

contributes directly and proportionally to the total. The results showed that the arithmetic 

mean of the 120 symmetric ratios was 1.629, almost identical to φ. However, this mean did 

not represent most of the data. Two very large ratios, 11.25 and 11.67, increased the 

aggregate value. The median of 1.276 and the 10% trimmed mean of 1.348 provided a 

different picture. Therefore, the closeness of the mean to φ emerged through compensation 

between many low values and a few very high values. 
This phenomenon is important in learning statistics and modelling. Students often 

regard the mean as a neutral summary. This dataset shows that the choice of statistic must 

consider the shape of the distribution. For ratio data, values of 2 and 1/2 indicate changes of 

the same magnitude but in opposite directions. After the ratios are made symmetric, extreme 

values can occur when one distance is very small. The geometric mean is more appropriate 

for summarizing multiplicative change because it operates on a logarithmic scale. 
The results also emphasize the distinction between exploration and confirmation. 

Exploration may begin with the conjecture that a ratio is close to 1.618. Confirmation, 

however, requires a consistent pattern, correct variable definitions, explicit criteria for 
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closeness, and analysis that is resistant to extreme values. One or several close samples are 

insufficient to assert a law of growth. 
The context of water spinach is relevant because it is easily obtained, measurable, 

and produces data that are not constructed to fit textbook answers. In RME, a context 

functions as a source of mathematization, not merely as a story background (Van den 

Heuvel-Panhuizen & Drijvers, 2020). Concretely, students measure internode distances from 

30 water spinach stems and construct consecutive distance ratios from D1–D2 to D4–D5, 

representing horizontal mathematization from physical measurement to a ratio model. From 

the 120 ratios obtained, students calculate the percentage error relative to φ and find that 

only 9.17% fall within a 5% tolerance. They then compare the mean (1.629) and median 

(1.276) to understand the skewed distribution. These data allow students to develop an 

understanding of ratios through real comparisons before moving toward percentage error, 

distribution, and inference. 

The main value of the activity is not finding the golden ratio but testing a claim. 

Students learn to evaluate whether a numerical claim is supported by distributional evidence 

or merely by arithmetic coincidence. They are invited to compare D2/D1 with D1/D2 to 

understand that a ratio and its reciprocal cannot be used interchangeably. This error in the 

direction of variable definition is a common misconception in early statistical reasoning. 

Students then observe how a single data point, such as a ratio of 45/4, produces an extreme 

symmetric value of 11.25 that functions as a leverage point and shifts the mean 

disproportionately. By comparing the mean, median, and geometric mean within the same 

dataset, students build evidence-based arguments following the scientific argumentation 

structure of claim, evidence, and justification (Faizah et al., 2021): whether closeness to φ is 

a systematic pattern or an artefact of a skewed distribution. This process turns the activity 

from a mere computational exercise into a critical reasoning exercise with data. 

Risdiyanti et al. (2024) found that RME-based ratio and proportion designs require 

contexts that support progressive modelling and strategic discussion. This study adds a 

context that produces non-ideal results. The irregularity of the data forces students to discuss 

measurement precision, biological variation, outliers, and the limits of generalization. This 

context is closer to scientific and modelling practice than tasks that always produce exact 

numerical answers. 

Based on the results shown in Table 4, the activity was organized into five phases: 

(1) formulating the problem, (2) designing and testing the measurement, (3) processing the 

data, (4) testing the model, and (5) communicating the decision. Each phase connects inquiry 

practices with STEM components. The design can be used for ratio, statistics, or modelling 

topics at the Islamic junior secondary school level. The activity is planned for four meetings 

and may use rulers, simple calipers, scaled photographs, or measurement applications. 

 

Table 4. Syntax of an inquiry-STEM activity based on water spinach data 

Phase Main activity STEM 

integration 

Guiding 

question 

Achievement 

indicators 

1. Formulating 

the problem 

Students 

evaluate the 

claim that 

“water spinach 

leaf distances 

follow the 

golden ratio” 

Science: stem 

morphology. 

Mathematics: 

ratio definition. 

What 

variables 

must be 

measured so 

that the claim 

can be 

tested? 

Students can 

transform a claim 

into a testable 

research question. 

Students can 

identify the 

variables that 
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Phase Main activity STEM 

integration 

Guiding 

question 

Achievement 

indicators 

and identify the 

required data. 

must be 

measured. 

2. Designing 

and testing the 

measurement 

Groups 

determine 

measurement 

points, units, 

instruments, 

repetitions, and 

procedures for 

handling 

missing leaves. 

Technology: 

AR Meter 

digital 

measurement 

tool. 

Engineering: 

protocol and 

calibration. 

Do two 

observers 

produce the 

same data? 

Students can 

prepare 

measurement 

steps. 

Students can 

conduct 

measurements 

appropriately. 

3. Processing 

the data 

Students 

calculate 

directional 

ratios, 

symmetric 

ratios, relative 

error, mean, 

median, and 

geometric 

mean. 

Mathematics: 

ratios, 

percentages, 

and statistics. 

Why do the 

mean and 

median tell 

different 

stories? 

Students can 

calculate the 

directional ratio 

(D2/D1) and 

explain how it 

differs from its 

reciprocal 

(D1/D2). 

Students can 

correctly calculate 

relative error of a 

ratio with respect 

to φ. 

4. Testing the 

model 

Students create 

graphs, identify 

outliers, 

conduct a 

simple 

sensitivity 

analysis, and 

compare the 

results with φ. 

Science: 

evidence and 

uncertainty. 

Mathematics: 

distribution 

and modelling. 

Are several 

close values 

sufficient to 

state a 

general 

pattern? 

Students can 

create graphs 

showing the 

distribution of 

ratios. 

Students can test 

whether there is 

clear evidence 

supporting the 

golden-ratio 

claim. 

5. 

Communicating 

the decision 

Groups write 

their claim, 

evidence, 

reasoning, 

limitations, and 

a plan for 

further 

measurement. 

Integrated 

STEM: 

argumentation 

and design 

improvement. 

What 

evidence can 

support or 

reject the 

group’s 

conclusion? 

Students can 

formulate a 

conclusion about 

the golden-ratio 

claim. 

Students can 

communicate 

their conclusions 

to other groups 

and respond to 
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Phase Main activity STEM 

integration 

Guiding 

question 

Achievement 

indicators 

other groups’ 

conclusions. 

 

This study provides three main contributions. First, it uses a popular but unconfirmed 

golden-ratio claim as an authentic context for learning ratios, measurement, and data-based 

reasoning. Second, the analysis distinguishes among directional ratios, symmetric ratios, 

mean, median, and geometric mean, showing how the choice of statistic can change the 

conclusion. Third, the negative result is translated into an inquiry-STEM design that 

positions uncertainty and model revision as part of mathematics learning. 

Teles et al. (2024) demonstrated the potential of the golden-ratio theme for STEAM 

learning. This study complements that work by offering the methodological message that 

popular themes need to be tested and may be rejected. This approach supports an 

understanding of STEM as a process of seeking evidence rather than merely producing a 

product. 

For future research in mathematics education, the next design should test the learning 

trajectory. Researchers may compare students’ understanding of ratios before and after the 

activity, analyse students’ strategies when determining the direction of ratios, and observe 

changes in their ability to evaluate claims. Design-based research can be used to refine 

guiding questions, table formats, and statistical scaffolding. 

 

CONCLUSION 

Data from 30 water spinach stems showed substantial variation in the five internode 

distances. Position D5 tended to be shorter than D1 to D4, but the change did not follow a 

fixed ratio. The arithmetic mean of the 120 symmetric ratios was 1.629, which appeared 

close to the golden ratio. However, this value was influenced by two extreme ratios. Robust 

measures produced a different result. The median ratio was 1.276, while the median stem-

level geometric mean was 1.403, with a 95% bootstrap interval of 1.276 to 1.506. The 

Wilcoxon test showed a significant difference from φ. Only 11 of the 120 ratios were within 

a 5% tolerance. Sensitivity analysis led to the same conclusion. Therefore, the data do not 

support a consistent golden-ratio pattern in water spinach internode distances. The main 

contribution of this study is not the validation of the golden ratio but an empirical example 

of how ratio definitions, outliers, and statistical choices affect conclusions. The data can be 

used as an inquiry-STEM context for developing proportional reasoning, data literacy, and 

evidence-based argumentation. The effectiveness of the instructional design still needs to be 

tested empirically. 
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