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Abstract: This study developed a teaching strategy to strengthen scientific 
reasoning. The study proceeded through preliminary investigation, prototype design, 

iterative try-outs, and implementation. The preliminary study showed that differential 
and integral topics in classroom practice remained largely procedural and did not 
explicitly integrate modelling empirical data. In response, a strategy was designed 
to connect chemical phenomena, mathematical, and Maple-assisted. Participants 
were undergraduate students from two universities. Try-out I involved 17 Chemistry 
students and Try-out II involved 10 Chemistry Education students at university in 
Palangka Raya, Central Kalimantan, whereas the final implementation involved 30 
undergraduate students at university in Bandung, West Java. Comprehension scores 
increased from 33.22 to 64.88 in Try-out I and from 33.82 to 70.59 in Try-out II. In the 
final implementation, mean scientific reasoning scores increased from 34.40 to 72.27 for 
the mathematical aspect and from 31.85 to 70.65 for the chemistry aspect. Gains in 
scientific reasoning were very strongly correlated with gains in differential–integral 
understanding (r = 0.969, p < 0.001). These findings indicate that the developed strategy 
supports scientific reasoning by linking chemical phenomena, mathematical modelling, 
and Maple. The strategy should be examined in larger samples and other chemistry 
topics.  
 
Keywords: Maple; Mathematical Chemistry; Modelling; Teaching Strategy. 

  

Introduction  
Mathematical chemistry plays an essential role in 

undergraduate chemistry education because it provides 
the quantitative language needed to represent, analyse, 
and interpret chemical phenomena (Bain et al., 2019; 
Habiddin & Nagol, 2023; Merino et al., 2022). 
Differential and integral concepts are particularly 
important for describing rates of change, accumulation, 
kinetic processes, and other time-dependent chemical 
behaviours (Bain et al., 2018; Towns et al., 2025). 
Consequently, learning mathematical chemistry should 
extend beyond the manipulation of mathematical 
expressions. Students need to understand how 
equations represent chemical systems, how 
mathematical results relate to empirical evidence, and 

how those results can be interpreted within a 
scientifically meaningful context. 

Mathematics may be easier to understand when 
instruction begins with mathematical modelling because 
students first engage with phenomena or data, identify 
patterns, determine relevant variables, and formulate 
the relationships they observe into mathematical 
representations (Alsina & Salgado, 2022; Hasibuan et al., 
2024; Mukhlis et al., 2024; Paristiowati et al., 2022; Turner 
et al., 2022). Spanier (1980) conceptualized modelling as 
a process of translating real-world problems into 
mathematical forms, solving the resulting models, 
interpreting the results, and evaluating their consistency 
with the original phenomena. This view is reinforced by 
Frejd & Bergsten (2018), who identify description, 
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understanding, abstraction, and negotiation as essential 
components of mathematical modelling. Accordingly, 
formulas are not introduced merely as finished symbols 
or procedures. They are constructed as formal 
expressions of patterns and relationships embedded in 
data. These enable students to understand the origins, 
functions, and meanings of the mathematical concepts 
involved (Alsina & Salgado, 2022; Evendi, 2022; Roslina 
et al., 2023; Turner et al., 2022).  

Mathematical modelling also bridges reality and 
abstraction by requiring students to simplify situations, 
construct mathematical representations, and interpret 
the results within the original context (Cevikbas et al., 
2022; Jablonski, 2023; Selvia et al., 2025). Therefore, 
beginning mathematics instruction with modelling can 
make mathematical concepts more meaningful and 
comprehensible while simultaneously fostering 
problem-solving, creativity, and the ability to use 
multiple mathematical representations in real-world 
situations (Lu & Kaiser, 2022; Mukhlis et al., 2024). 

However, the integration of mathematics and 
chemistry presents persistent learning challenges. 
Chemistry students may be able to perform routine 
calculations but still experience difficulty applying 
mathematical concepts to chemical problems, 
interpreting graphs, coordinating multiple 
representations, and explaining the scientific meaning of 
mathematical results (Bain et al., 2019; Bunawan et al., 
2023; Towns et al., 2025). Previous research conducted in 
a comparable instructional context also reported that 
students had difficulty understanding the relevance of 
differential and integral concepts to chemistry and using 
these concepts to interpret chemical phenomena 
(Frantius et al., 2025). Such difficulties are intensified 
when instruction relies heavily on symbolic and 
mathematical representations without adequately 
connecting them to macroscopic and submicroscopic 
phenomena. Students therefore require structured, 
representation-focused learning experiences that help 
them coordinate chemical and mathematical forms of 
representation (Becker et al., 2017; Cirkony et al., 2022; 
Murni et al., 2022). 

These challenges are closely associated with 
scientific reasoning. Scientific reasoning involves 
identifying and controlling variables, examining 
quantitative relationships, interpreting correlations and 
probabilities, evaluating evidence, testing predictions, 
and drawing justified conclusions (Reith & Nehring, 
2022; Syarqiy et al., 2023). Model-based learning is 
relevant to the development of these abilities because it 
engages students in constructing representations of 
phenomena, comparing models with empirical data, 
evaluating the adequacy of explanations, and revising 
models when necessary (Bolger et al., 2021; Shin et al., 
2022). In mathematical chemistry, this process requires 

students to coordinate chemical knowledge with 
mathematical operations rather than treating the two 
domains separately. A mathematical equation should 
function not only as an operational device but also as a 
model through which students explain and predict 
chemical behaviour. 

Computational software can support realtion 
between mathematics and real chemistry by reducing 
the burden of routine symbolic manipulation and 
enabling students to explore mathematical relationships 
through numerical, symbolic, and graphical 
representations. Maple, for example, can be used to 
visualize functions, solve differential equations, 
estimate parameters, and examine how changes in 
variables affect a mathematical model (Abramovich, 
2023; Ionescu, 2021; Montgomery & Mazziotti, 2020; 
Olukemi Odumosu, 2018; Sallah, 2021). Nevertheless, 
the availability of computational software does not 
automatically promote scientific reasoning. Its 
pedagogical contribution depends on how it is 
integrated into activities that require students to connect 
phenomena, empirical evidence, mathematical 
representations, computational results, and scientific 
explanations. Without an explicit instructional structure, 
students may use software merely to obtain numerical 
answers without understanding the scientific meaning 
of the results. 

Previous studies have separately examined 
students’ mathematical reasoning in chemistry, model-
based inquiry, representation-focused science 
instruction, and computational tools for scientific 
learning (Bain et al., 2019; Bolger et al., 2021; Cirkony et 
al., 2022; Montgomery & Mazziotti, 2020; Mustika et al., 
2022; Sari et al., 2026). According to Spanier (1980),  
students should begin with an observable chemical 
phenomenon, formulate an initial mathematical 
equation, refine the equation into a form appropriate for 
analysis, use Maple to obtain a solution, and interpret 
the resulting model in relation to the empirical data. 
However, a teaching strategy that explicitly integrates 
observable chemical phenomena, differential–integral 
modelling, and Maple-assisted analysis within a 
coherent learning sequence remains limited. This study 
addresses that gap by introducing the PEE’SI 
(Phenomenon, Equation, Equation’, Solution, 
Interpretation) strategy as a new instructional 
framework. 

The novelty of this study, therefore, lies not merely 
in the use of Maple but in the systematic integration of 
chemical phenomena, mathematical modelling, 
computational analysis to support scientific reasoning. 
This integration is important because it positions 
scientific reasoning as an integral part of learning 
differential and integral concepts rather than as a 
separate, additional learning outcome. Accordingly, this 
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study aimed to develop a Maple-assisted PEE’SI-based 
teaching strategy and to examine its potential to 
strengthen undergraduate students’ scientific reasoning 
in mathematical chemistry. 

 

Method  
 
Research Procedure 

This study employed an educational design 
research approach to develop teaching strategy for 
Mathematical Chemistry. The research consisted of four 
phases: preliminary investigation, prototype design, 
iterative try-outs, and final implementation as shown in 
Figure 1. 

 

 
Figure 1. Research Procedure Flowchart 

 
Preliminary Investigation 

The preliminary investigation included course-
document analysis, classroom observations, interviews, 
laboratory-scale exploration, and Maple feasibility 
testing. The findings from this phase were used to 
design the PEE’SI teaching strategy. 

 
Prototype Design 

During the prototype design phase, the findings of 
the preliminary investigation were translated into a 
structured Maple-assisted PEE’SI teaching strategy. The 
prototype included learning objectives, instructional 
activities, student worksheets, Maple-assisted tasks, and 
scientific reasoning assessments organized through the 
Phenomenon, Equation, Equation’, Solution, and 
Interpretation sequence. Each component was designed 
to connect observable chemical phenomena with 
mathematical representation. 

 
Iterative Try-Outs 

The prototype design was evaluated through two 
iterative try-outs. Try-out I examined time allocation, 
worksheet clarity, practical procedures, students’ use of 

Maple, and the feasibility of the instructional sequence. 
The prototype was then revised based on observation 
notes, student worksheets, and interviews. Try-out II 
was conducted to evaluate the revised prototype before 
its final implementation. 

Participants were recruited according to the 
purpose of each development stage. Try-out I involved 
17 undergraduate Chemistry students and Try-out II 
involved 10 undergraduate Chemistry Education 
students at a university in Palangka Raya, Central 
Kalimantan. The try-out groups were used to identify 
implementation constraints and refine the instructional 
strategy rather than as comparison groups. 

 
Final Implementation 

In the final implementation phase, the revised 
teaching strategy was implemented with 30 
undergraduate students enrolled in a Mathematical 
Chemistry course at a university in Bandung, West Java. 
The implementation focused on differential and integral 
concepts in chemical contexts and followed the PEE'SI 
sequence. Students completed the pre-test and the post-
test. The tests were administered to examine changes in 
students’ scientific reasoning. 

 
Data Collection Techniques 

Data were collected using observation sheets, 
questionnaires, interview guides, student worksheets, 
and scientific reasoning tests administered as pre-tests 
and post-tests. Scientific reasoning was assessed 
through five indicators: identification and control of 
variables, proportional reasoning, correlational 
reasoning, probabilistic reasoning, and hypothetico-
deductive reasoning. 

 
Data Analysis 

Qualitative data were analysed descriptively to 
identify implementation constraints and guide 
prototype revision. Quantitative data were analysed 
using mean scores, raw gain, normalized gain, paired-
sample t-test, and correlation analysis. Normalized gain 
was calculated using (see Eq. 1), proposed by Hake, 
(1998). 

 

< 𝑔 >=
𝑆post−𝑆pre

𝑆max−𝑆pre
      (1) 

 
where 𝑆post is the post-test score, 𝑆pre is the pre-test 

score, and 𝑆max is the maximum possible score of 100. 
Normalized-gain values were categorized as low (𝑔 <
0.30), medium (0.30 ≤ 𝑔 ≤ 0.70), and high (𝑔 > 0.70). 
Statistical significance was determined at 𝛼 = 0.05, with 
very small probability values reported as 𝑝 < 0.001.   
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Result and Discussion 
 
The findings of this study show that the 

development of a Maple-assisted PEE’SI-based 
instructional strategy grounded in a clear instructional 
need and resulted in a meaningful improvement in 
students’ scientific reasoning (Table 1).  

 
Table 1. Preliminary findings 
Preliminary-
study 

Key findings Design implications 

Curriculum 
and 
classroom 
review 

Differential–
integral teaching 

remained 
procedural 

The strategy should 
promote 

phenomenon-based 
learning. 

Student 
learning 
evidence 

Struggled to apply 
mathematical in 

chemical contexts. 

Should strengthen 
scientific reasoning. 

Laboratory-
scale 
exploration 

Glucose-solution 
heating exhibited 

nonlinear 
behaviour. 

The phenomenon 
supported 

differential and 
integral. 

Technology 
feasibility 
and 
synthesis 

Maple supported 
multiple forms of 

mathematical 
exploration, but its 

classroom 
integration 

remained limited. 

These findings 
supported 

developing the 
Maple-assisted 

PEE’SI strategy for 
reasoning-oriented 

learning. 

 
The preliminary study indicated that differential 

and integral topics occupy a substantial portion of 
mathematical chemistry teaching, accounting for 38.20% 
of subtopics and 37.60% of instructional time, yet their 
treatment in classroom practice remained largely 
procedural. Course plans did not explicitly integrate 
empirical data, curve fitting, or symbolic computational 
tools such as Maple, and classroom activities dominated 
by symbolic derivation and routine exercises. Student 
responses further confirmed persistent difficulties in 
applying differential and integral concepts to chemistry, 
interpreting results, and understanding graphs. These 
findings revealed a mismatch between the curricular 
importance of differential and integral concepts and 
their predominantly procedural treatment, 
underscoring the need for instruction that explicitly 
connects mathematical representations with empirical 
phenomena and engages students in model-based 
scientific reasoning (Bain et al., 2019; Cirkony et al., 2022; 
Lazenby & Becker, 2019; Prain et al., 2023). This, in turn, 
justified the development of a more phenomenon-based 
and modelling-oriented strategy (Bolger et al., 2021; 
Kularajan & Czocher, 2025). 

An important result of the preliminary phase was 
the identification of glucose-solution heating as a 
suitable phenomenon for model-based instruction. The 

laboratory-scale study produced consistent nonlinear 
temperature–time curves characterized by an initial 
acceleration phase, an inflection region, and a final 
asymptotic toward maximum temperature (Figure 2). 

In this study, laboratory-scale trials on glucose-
solution heating produced nonlinear temperature–time 
data with acceleration, inflection, and asymptotic 
behavior, making the phenomenon suitable for 
differential interpretation and Maple-assisted 
modelling. Students’ responses further indicated that 
Maple helped them visualize concepts, construct models 
from data, and reflect on model adequacy. 

 

 
Figure 2. Empirical Glucose-Heating Curves 

 

 
Figure 3. Maple Visualization Across Concentrations 

 
These features made the phenomenon highly 

relevant for connecting empirical observation, 
differential interpretation, nonlinear modelling, and 
parameter-based reasoning. Figure 3 shows the display 
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of Maple visualization of inflection behaviour (marked 
with *) and asymptotic tendency. In pedagogical terms, 
this choice was important because it enabled students to 
engage with mathematical ideas as tools for explaining 
real chemical behaviour rather than as isolated symbolic 
procedures (Bain et al., 2019; Bolger et al., 2021). 

On the basis of these findings, the study produced 
a PEE’SI sequence consisting of Phenomenon, Equation, 
Equation’, Solution, and Interpretation. This structure 
functioned not merely as a lesson sequence, but as a 
reasoning scaffold (Table 2). Figure 4 shows the PEE’SI 
strategy flowchart designed in this research. 

 

 
Figure 4. PEE’SI strategy flowchart 

 
Table 2. Pedagogical roles of each PEE’SI phase 
PEE’SI phase Pedagogical role Expected student 

engagement 

Phenomenon Introduces an 
observable 

chemical situation 
as the basis. 

Students identify and 
relate the 

phenomenon to prior 
knowledge. 

Equation Translates the 
phenomenon into 

an initial 
mathematical. 

Students formulate 
and propose a model. 

Equation’ Refines the initial 
equation into a 

form suitable for 
deeper analysis. 

Students reinterpret 
the model to chemical 

context. 

Solution Uses Maple to 
analyse and 
interpret the 

model.  

Students generate 
graphs, solve 

expressions, fitting, 
and evaluate model. 

Interpretation Returns the 
mathematical 
results to the 

original 
phenomenon. 

Students interpret 
parameters, and 

evaluate the adequacy 
and limitations. 

 
The phenomenon stage directed students to 

observe, identify variables, and recognize patterns 
(Mesci et al., 2020; Mustika et al., 2022; Vasconcelos & 
Kim, 2022). Students did experiments first to collect real 
data (Figure 5).  

 
Figure 5. Phenomenon Stage in Experiment 

 
The equation and equation’ stage guided them from 

empirical data toward formal mathematical structure 
and then toward chemically meaningful representation 
(Bielik et al., 2018; Kohen & Nitzan-Tamar, 2022; Sanjari 
& Manouchehri, 2024; Schuchardt & Schunn, 2016). 
Using Maple, students formulated mathematical 
modelling based on collected empirical data (Figure 6). 

 

 
Figure 6. Equation and Equation’ Stage in Maple 

 

 
Figure 7. Solution Stage in Maple 
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Next, the solution stage used Maple to support 
plotting, symbolic or numerical processing, parameter 
estimation, and quantitative evaluation through 
indicators such as R², RMSE, and MAE (Kwadzo et al., 
2021; Shekaari et al., 2019; Shin et al., 2022). These 
activities were done to generate final model (Figure 7).  

 

 
Figure 8. Interpretation stage in Maple 

 
Finally, the interpretation stage required students 

to relate the mathematical results back to the chemical 
phenomenon by explaining parameter meanings, 
interpreting model behavior, and evaluating the model’s 
assumptions and limitations (Khan, 2007; Lazenby & 
Becker, 2019; Markauskaite et al., 2020). Students were 
given some questions to confirm their understanding. 
The give questions guided them to deeper 
comprehension (Figure 8). 

These sequences are significant because they 
shifted instruction from procedural manipulation 
toward the epistemic practices of scientific reasoning. 
Students were trained to connect evidence, model, and 
explanation (Bielik et al., 2018; Malone & Schuchardt, 
2023; Shin et al., 2022; Vaesen & Houkes, 2021). 

The iterative try-out process further clarified how 
the strategy worked in practice (Table 3). Try-out I 
showed that students were generally able to generate 
empirical curves, regression equations, and model-fit 
statistics but several implementation constraints 
emerged. Especially in time allocation, worksheet 
clarity, and the technical demands of entering symbolic 
expressions into Maple. These issues were pedagogically 
important because they showed that the success of 
technology-supported modelling depends not only on 
the availability of software, but also on the clarity of 
scaffolding and the manageability of learning tasks 
(Chiu & Lin, 2019; Kaldaras & Wieman, 2023; Siller et al., 
2023; Tay & Toh, 2023). After revision, including 

simplification of procedures, clearer worksheet 
prompts, and additional time for discussing differential 
interpretation, Try-out II became more systematic and 
manageable. This improvement suggests that the 
effectiveness of the strategy strengthened through 
iterative refinement, which is consistent with the logic of 
design research (McKenney & Reeves, 2021). 

 
Table 3. Main revisions across the two try-out cycles 
Issue 
identified in 
try-out I 

Revision 
introduced 

Outcome in try-out II 

Insufficient 
time for 
modelling 

An additional 
session allocated, 
and some topics 

redistributed across 
meetings. 

Implementation 
became more 

systematic and 
manageable within 
the available time. 

Practical 
procedures 
were 
inefficient 

Technical 
procedures 

simplified to 
improve model 

efficiency. 

Practical activities 
completed more 

efficiently. 

Worksheet 
prompts were 
not 
sufficiently 
explicit 

Questions revised 
with clearer 

wording and 
explicit references. 

Students were better 
able to follow tasks 

and interpret the 
intended context. 

Students had 
difficulty 
entering 
symbolic into 
Maple 

Analytical 
responses first 

written on paper 
before entered 

directly into Maple. 

Technical obstacles 
reduced, allowing 

students to focus 
more on modelling 
and interpretation. 

 
The feasibility of the assessment instrument also 

supported the study. Expert validation of the integrated 
test yielded an overall mean score of 3.30 (good), with an 
average item relevance score of 3.50, indicating that the 
instrument was appropriate for assessing differential–
integral understanding, scientific reasoning, and related 
higher-order thinking. Empirical testing with 32 
students allowed the revision of weak items based on 
difficulty and discrimination indices. This process was 
essential because the quality of the conclusions about 
students’ reasoning depends on the appropriateness of 
the instrument used to measure it. All 32 students had 
completed the Mathematical Chemistry course and had 
studied differential and integral concepts comparable to 
those assessed in the research instrument. 

Analysis of the post-test scores from try-out I, try-
out II, and the final implementation showed that 
instrument test demonstrated acceptable to good 
internal consistency, with Cronbach’s alpha coefficients 
ranging from 0.710 to 0.858. The coefficient increased 
from 0.849 in try-out I to 0.858 in try-out II, indicating 
improved internal consistency following the instrument 
revision. During the final implementation, the 
coefficient decreased to 0.710 but remained within the 
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acceptable reliability threshold (Taber, 2018). This 
decrease does not necessarily indicate a decline in 
instrument quality, as Cronbach’s alpha may be affected 
by differences in participant characteristics or ability 
homogeneity. Therefore, the instrument was considered 
reliable, although its level of internal consistency varied 
according to the participant group and measurement 
conditions. 

 
Table 4. Cronbach’s alpha coefficients for evaluation test 
Phase Cronbach’s alpha 

coefficients 
Category  

Try-out I 0.849 Good 
Try-out II 0.858 Good 
Implementation 0.710 Good 

 
Across the developmental stages, the mean 

comprehension scores increased from 33.22 to 64.88 in 
Try-out I and from 33.82 to 70.59 in Try-out II, indicating 
that the revised prototype functioned more effectively 
than the initial version. In the final implementation, 
further gains of scientific reasoning observed in both the 
mathematical aspect and chemistry aspect of scientific 
reasoning. 

 
Table 5. Gain scores in mathematical aspect 
Students Pretest Postest Gain N-gain Category 

S1 22.00 68.00 46.00 0.59 Medium 
S2 48.00 76.00 28.00 0.54 Medium 
S3 50.00 88.00 38.00 0.76 High 
S4 24.00 68.00 44.00 0.58 Medium 
S5 38.00 80.00 42.00 0.68 Medium 
S6 22.00 84.00 62.00 0.79 High 
S7 40.00 66.00 26.00 0.43 Medium 
S8 38.00 80.00 42.00 0.68 Medium 
S9 40.00 72.00 32.00 0.53 Medium 
S10 18.00 74.00 56.00 0.68 Medium 
S11 24.00 80.00 56.00 0.74 High 
S12 24.00 74.00 50.00 0.66 Medium 
S13 36.00 70.00 34.00 0.53 Medium 
S14 22.00 84.00 62.00 0.79 High 
S15 36.00 76.00 40.00 0.63 Medium 
S16 24.00 76.00 52.00 0.68 Medium 
S17 36.00 70.00 34.00 0.53 Medium 
S18 38.00 74.00 36.00 0.58 Medium 
S19 24.00 68.00 44.00 0.58 Medium 
S20 38.00 66.00 28.00 0.45 Medium 
S21 60.00 90.00 30.00 0.75 High 
S22 28.00 64.00 36.00 0.50 Medium 
S23 38.00 68.00 30.00 0.48 Medium 
S24 46.00 74.00 28.00 0.52 Medium 
S25 46.00 70.00 24.00 0.44 Medium 
S26 26.00 52.00 26.00 0.35 Medium 
S27 42.00 74.00 32.00 0.55 Medium 
S28 38.00 56.00 18.00 0.29 Low 
S29 40.00 66.00 26.00 0.43 Medium 
S30 26.00 60.00 34.00 0.46 Medium 
Average 34.40 72.27 37.87   

On the mathematical aspect (Table 5), the mean 
score rose from 34.40 in the pre-test to 72.27 in the post-
test. The average of gain score is 37,87 with most 
students reaching the medium gain category and several 
reaching the high gain category. Indicator-level analysis 
showed improvement across all observed components, 
with particularly strong gains in identification and 
control of variables, hypothetico-deductive reasoning, 
and probabilistic reasoning.  

On the chemistry aspect (Table 6), the same general 
trend appeared. The mean score rose from 31.85 to 70.65 
and the average of gain score is 38.81, with especially 
notable increases in hypothetico-deductive, 
correlational, and probabilistic reasoning. These results 
suggest that scientific reasoning strengthened when 
students were required to move repeatedly between 
phenomenon, model, computation, and interpretation 
(Kularajan & Czocher, 2025; Prain et al., 2023; Reith & 
Nehring, 2022). 

 
Table 6. Gain scores in chemistry aspect 
Students Pretest Postest Gain N-gain Category 

S1 38.39 67.86 29.46 0.48 Medium 
S2 43.75 75.00 31.25 0.56 Medium 
S3 45.54 85.71 40.18 0.74 High 
S4 33.04 78.57 45.54 0.68 Medium 
S5 26.79 82.14 55.36 0.76 High 
S6 34.82 86.61 51.79 0.79 High 
S7 31.25 62.50 31.25 0.45 Medium 
S8 16.96 66.96 50.00 0.60 Medium 
S9 27.68 75.89 48.21 0.67 Medium 
S10 25.00 80.36 55.36 0.74 High 
S11 36.61 77.68 41.07 0.65 Medium 
S12 26.79 72.32 45.54 0.62 Medium 
S13 25.89 67.86 41.96 0.57 Medium 
S14 25.89 71.43 45.54 0.61 Medium 
S15 34.82 70.54 35.71 0.55 Medium 
S16 25.89 65.18 39.29 0.53 Medium 
S17 22.32 62.50 40.18 0.52 Medium 
S18 17.86 69.64 51.79 0.63 Medium 
S19 25.00 67.86 42.86 0.57 Medium 
S20 48.21 78.57 30.36 0.59 Medium 
S21 44.64 82.14 37.50 0.68 Medium 
S22 36.61 72.32 35.71 0.56 Medium 
S23 35.71 61.61 25.89 0.40 Medium 
S24 36.61 62.50 25.89 0.41 Medium 
S25 31.25 64.29 33.04 0.48 Medium 
S26 33.93 50.89 16.96 0.26 Low 
S27 35.71 75.89 40.18 0.63 Medium 
S28 41.07 57.14 16.07 0.27 Low 
S29 19.64 58.93 39.29 0.49 Medium 
S30 27.68 68.75 41.07 0.57 Medium 
Average 31.85 70.65 38.81   

 
The difference between pre-test and post-test scores 

in the final implementation was also examined 
statistically to determine whether the observed gain 
represented a meaningful improvement. The normality 
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of the gain scores was examined using the Shapiro–Wilk 
test (Table 7). The gain scores were normally distributed 
for both the mathematical aspect (𝑝 = 0.124) and the 
chemistry aspect (𝑝 = 0.464).  

 
Table 7. Normality of the gain scores 
Aspects Statistic df Sig. 

Mathematical 0.945 30 0.124 
Chemistry 0.967 30 0.464 

 
Therefore, paired-sample t-tests were conducted 

(Table 8). The results showed that post-test scores were 
significantly higher than pre-test scores for the 
mathematical aspect, with a mean difference of 37.87 
(𝑝 = 0.001) and for the chemistry aspect, with a mean 
difference of 38.81 (𝑝 = 0.001). These results provide 
inferential support for the descriptive improvements 
and indicate that students’ scientific reasoning increased 
significantly following the implementation of the Maple-
assisted PEE’SI strategy. 

 
Table 8. The paired-sample t-tests 
Aspects Mean df Sig. 

Mathematical 37.87 29 0.001 
Chemistry 38.81 29 0.001 

 
These findings also clarify the role of Maple. The 

results do not indicate that software alone improved 
students’ reasoning; rather, Maple became effective 
because it embedded in a structured modelling 
sequence. Its main contribution was to reduce routine 
algebraic burden and make mathematical relationships 
more visible, allowing students to focus more on 
interpretation, comparison of models, and evaluation of 
evidence (Bolger et al., 2021; Montgomery & Mazziotti, 
2020). In this study, Maple was not the starting point of 
instruction, but a tool used within the solution and 
interpretation stages to support deeper engagement 
with the model. This explains why the gains in scientific 
reasoning were strongest in indicators that required 
students to reason about variables, relationships, and 
evidence rather than merely calculate (Bain et al., 2019; 
Reith & Nehring, 2022). 

Another important result is the very strong positive 
correlation between gain in differential–integral mastery 
and gain in scientific reasoning (r = 0.969, p = 0.001, N = 
30). This finding indicates that the development of 
scientific reasoning did not occur separately from 
disciplinary learning, but together with students’ 
increasing ability to interpret, model, and explain 
differential–integral ideas in mathematical chemistry. In 
other words, scientific reasoning in this context appears 
embedded in conceptual understanding rather than 
added on top of it. This strengthens the argument that 
mathematical chemistry instruction should not separate 

content mastery from reasoning development (Bain et 
al., 2019; Bolger et al., 2021). 

Overall, the results and their interpretation suggest 
that the Maple-assisted PEE’SI strategy provided a 
coherent pedagogical framework for moving students 
beyond the procedural treatment of differential and 
integral concepts toward more interpretive and 
evidence-based reasoning. Its contribution did not 
derive from the introduction of technology alone. Maple 
was embedded within a structured modelling cycle that 
connected chemical phenomena, mathematical 
representations, computational exploration, and 
scientific interpretation. This design is consistent with 
evidence that students’ mathematical reasoning in 
chemistry is strengthened when they engage 
meaningfully with models rather than relying on 
algorithmic procedures. Digital tools are also most 
effective when integrated into guided instructional 
sequences (Bolger et al., 2021; Lazenby & Becker, 2019; 
Palacios et al., 2024). 

From a pedagogical perspective, these findings 
suggest that mathematical chemistry instruction may 
benefit from a shift from procedural teaching toward 
epistemic learning, in which students are positioned as 
active knowledge constructors who develop, test, and 
interpret models of chemical phenomena (Berland et al., 
2016; Bolger et al., 2021; Schukajlow et al., 2023). 
However, the findings should be interpreted cautiously 
because of the relatively small implementation group 
and the need for adequate scaffolding and student 
preparation when computational tools are introduced 
(Chiu & Lin, 2019; Orosz et al., 2023; Tay & Toh, 2023). 
Nevertheless, the results provide preliminary evidence 
that a phenomenon-based, Maple-assisted modelling 
strategy may support scientific reasoning in 
mathematical chemistry (Kwadzo et al., 2021; Malone & 
Schuchardt, 2023; Morris, 2025; Widiastuti & 
Kariadinata, 2021). 

 

Conclusion  

 
This study developed a Maple-assisted PEE’SI 

teaching strategy that integrates chemical phenomena, 
mathematical representation, and computational 
analysis in Mathematical Chemistry course. In the final 
implementation, students’ scientific reasoning scores 
increased significantly in both the mathematical and 
chemistry aspects, with mean gains of 37.87 and 38.81 
points, respectively (𝑝 < 0.001). Gains in scientific 
reasoning were also very strongly correlated with gains 
in differential–integral understanding (𝑟 = 0.969; 𝑝 <
0.001). It indicates that reasoning development was 
closely associated with students’ increasing ability to 
model and interpret chemical phenomena. 
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These findings suggest that the Maple-assisted 
PEE’SI strategy has potential to support scientific 
reasoning and conceptual understanding in 
Mathematical Chemistry. However, the findings should 
be interpreted cautiously because the final 
implementation involved only 30 students, was 
conducted in a limited institutional context, and covered 
a relatively short teaching period. Further studies 
should examine the strategy with larger and more 
diverse samples, longer implementation periods, 
comparison groups, and direct measures of instructional 
practicality and implementation fidelity. 

 
Acknowledgments  
The authors would like to thank all those people and 
institutions that helped us in this research. We extend our 
thanks to the Indonesian Education Scholarship, the Centre 
for Higher Education Funding and Assessment, and the 
Indonesian Endowment Fund for Education for supporting 
this research.  
 
Author Contributions 
Conceptualization, D.F. and L.; formal analysis, D.F.; 
investigation, D.F.; methodology, D.F. and L.; supervision, 
L.; writing-original draft preparation, D.F.; writing–review 
and editing, L. All authors have contributed to the 
completion of this manuscript. They have read and agreed 
to the published version of the manuscript. 
 
Funding 

This research received no external funding. 
 
Conflicts of Interest 
The authors declare that there are no conflicts of interest. 
 

References  

 
Abramovich, S. (2023). Computational Triangulation in 

Mathematics Teacher Education. Computation, 
11(2), 31. 
https://doi.org/10.3390/computation11020031 

Alsina, Á., & Salgado, M. (2022). Understanding Early 
Mathematical Modelling: First Steps in the Process 
of Translation Between Real-world Contexts and 
Mathematics. International Journal of Science and 
Mathematics Education, 20(8), 1719–1742. 
https://doi.org/10.1007/s10763-021-10232-8 

Bain, K., Rodriguez, J. G., Moon, A., & Towns, M. H. 
(2018). The characterization of cognitive processes 
involved in chemical kinetics using a blended 
processing framework. Chemistry Education 
Research and Practice, 19(2), 617–628. 
https://doi.org/10.1039/C7RP00230K 

Bain, K., Rodriguez, J. M. G., & Towns, M. H. (2019). 
Chemistry and Mathematics: Research and 
Frameworks to Explore Student Reasoning. Journal 
of Chemical Education, 96(10), 2086–2096. 

https://doi.org/10.1021/acs.jchemed.9b00523 
Becker, N. M., Rupp, C. A., & Brandriet, A. (2017). 

Engaging students in analyzing and interpreting 
data to construct mathematical models: an analysis 
of students’ reasoning in a method of initial rates 
task. Chemistry Education Research and Practice, 
18(4), 798–810. 
https://doi.org/10.1039/C6RP00205F 

Berland, L. K., Schwarz, C. V., Krist, C., Kenyon, L., Lo, 
A. S., & Reiser, B. J. (2016). Epistemologies in 
practice: Making scientific practices meaningful for 
students. Journal of Research in Science Teaching, 
53(7), 1082–1112. 
https://doi.org/10.1002/tea.21257 

Bielik, T., Opitz, S., & Novak, A. (2018). Supporting 
Students in Building and Using Models: 
Development on the Quality and Complexity 
Dimensions. Education Sciences, 8(3), 149. 
https://doi.org/10.3390/educsci8030149 

Bolger, M. S., Osness, J. B., Gouvea, J. S., & Cooper, A. C. 
(2021). Supporting Scientific Practice through 
Model-Based Inquiry: A Students’-Eye View of 
Grappling with Data, Uncertainty, and 
Community in a Laboratory Experience. CBE—Life 
Sciences Education, 20(4), 1–22. 
https://doi.org/10.1187/cbe.21-05-0128 

Bunawan, W., Mihardi, S., Sitompul, P., & Ramadhani, I. 
(2023). Improving graphical and numerical 
representational competence coherence with 
laboratory investigation and computer to solve 
problem-solving of geometry optical materials. 
Jurnal Penelitian Pendidikan IPA, 9(7), 5055–5061. 
https://doi.org/10.29303/jppipa.v9i7.4153 

Cevikbas, M., Kaiser, G., & Schukajlow, S. (2022). A 
systematic literature review of the current 
discussion on mathematical modelling 
competencies: state-of-the-art developments in 
conceptualizing, measuring, and fostering. 
Educational Studies in Mathematics, 109(2), 205–236. 
https://doi.org/10.1007/s10649-021-10104-6 

Chiu, M., & Lin, J. (2019). Modeling competence in 
science education. Disciplinary and Interdisciplinary 
Science Education Research, 1(1), 12. 
https://doi.org/10.1186/s43031-019-0012-y 

Cirkony, C., Tytler, R., & Hubber, P. (2022). Designing 
and delivering representation-focused science 
lessons in a digital learning environment. 
Educational Technology Research and Development, 
70(3), 881–908. https://doi.org/10.1007/s11423-
022-10094-z 

Evendi, E. (2022). Mathematical thinking styles and its 
implications in science learning: A bibliometric 
analysis. Jurnal Penelitian Pendidikan IPA, 8(3). 
https://doi.org/10.29303/jppipa.v8i3.1720 

Frantius, D., Liliasari, & Nandiyanto, A. B. D. (2025). A 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12 Issue 7, 772-783 
 

781 

Proposed Learning Design: Application of 
Differential and Integral Concepts By Modeling the 
Heating Process of Glucose Solution. Jurnal 
Pendidikan Indonesia, 6(11), 4810–4823. 
https://doi.org/10.59141/japendi.v6i11.8743 

Frejd, P., & Bergsten, C. (2018). Professional modellers’ 
conceptions of the notion of mathematical 
modelling: ideas for education. ZDM, 50(1), 117–
127. https://doi.org/10.1007/s11858-018-0928-2 

Habiddin, H., & Nagol, I. L. (2023). Chemistry Students’ 
Mathematics Ability and Their Understanding of 
Buffer Solution. Jurnal Penelitian Pendidikan IPA, 
9(10), 8140–8145. 
https://doi.org/10.29303/jppipa.v9i10.3682 

Hake, R. R. (1998). Interactive-engagement versus 
traditional methods: A six-thousand-student 
survey of mechanics test data for introductory 
physics courses. American Journal of Physics, 66(1), 
64–74. https://doi.org/10.1119/1.18809 

Hasibuan, H. Y., Ruhiat, Y., & Santosa, C. A. H. F. (2024). 
Arithmetic proficiency of pre-service science 
teachers: An empirical study. Jurnal Penelitian 
Pendidikan IPA, 10(10), 7803–7812. 
https://doi.org/10.29303/jppipa.v10i10.9195 

Ionescu, A. (2021). Why Computational Teaching? The 
Advantage of Using the Maple Software in 
Teaching Exact Sciences. Atti Della Accademia 
Peloritana Dei Pericolanti, 99. 

Jablonski, S. (2023). Is it all about the setting ? — A 
comparison of mathematical modelling with real 
objects and their representation. Educational Studies 
in Mathematics, 307–330. 
https://doi.org/10.1007/s10649-023-10215-2 

Kaldaras, L., & Wieman, C. (2023). Cognitive 
Framework for Blended Mathematical 
Sensemaking in Science. International Journal of 
STEM Education, 10(1), 18. 
https://doi.org/10.1186/s40594-023-00409-8 

Khan, S. (2007). Model‐based inquiries in chemistry. 
Science Education, 91(6), 877–905. 
https://doi.org/10.1002/sce.20226 

Kohen, Z., & Nitzan-Tamar, O. (2022). Contextual 
Mathematical Modelling: Problem-Solving 
Characterization and Feasibility. Education 
Sciences, 12(7), 454. 
https://doi.org/10.3390/educsci12070454 

Kularajan, S., & Czocher, J. A. (2025). The Role of 
Reasoning with Quantities in Undergraduates’ 
Modeling Activities. International Journal of Research 
in Undergraduate Mathematics Education, 11(3), 622–
652. https://doi.org/10.1007/s40753-025-00273-7 

Kwadzo, S. E., Sogli, J. K., & Owusu, A. (2021). Use of 
Maple Software to Reduce Student Teachers’ 
Errors in Differential Calculus. African Journal of 
Mathematics and Statistics Studies, 4(3), 32–46. 

https://doi.org/10.52589/AJMSS-KBCFARPR 
Lazenby, K., & Becker, N. M. (2019). A modeling 

perspective on supporting students’ reasoning 
with mathematics in chemistry. ACS Symposium 
Series, 1316, 9–24. https://doi.org/10.1021/bk-
2019-1316.ch002 

Lu, X., & Kaiser, G. (2022). Creativity in students’ 
modelling competencies: conceptualisation and 
measurement. Educational Studies in Mathematics, 
109(2), 287–311. https://doi.org/10.1007/s10649-
021-10055-y 

Malone, K. L., & Schuchardt, A. (2023). Modelling-based 
pedagogy as a theme across science disciplines–
Effects on scientific reasoning and content 
understanding. European Journal of Science and 
Mathematics Education, 11(4), 717–737. 
https://doi.org/10.30935/scimath/13516 

Markauskaite, L., Kelly, N., & Jacobson, M. J. (2020). 
Model-based knowing: How do students ground 
their understanding about climate systems in 
agent-based computer models? Research in Science 
Education, 50(1), 53–77. 
https://doi.org/10.1007/s11165-017-9680-9 

McKenney, S., & Reeves, T. C. (2021). Educational design 
research: Portraying, conducting, and enhancing 
productive scholarship. Medical Education, 55(1), 
82–92. https://doi.org/10.1111/medu.14280 

Merino, C., Marzábal, A., Quiroz, W., Pino, S., López-
Cortés, F., Carrasco, X., & Miller, B. G. (2022). Use 
of augmented reality in chromatography learning: 
How is this dynamic visual artifact fostering the 
visualization capacities of chemistry 
undergraduate students? Frontiers in Education, 7. 
https://doi.org/10.3389/feduc.2022.932713 

Mesci, G., Schwartz, R. S., & Pleasants, B. A. S. (2020). 
Enabling Factors of Preservice Science Teachers’ 
Pedagogical Content Knowledge for Nature of 
Science and Nature of Scientific Inquiry. Science and 
Education, 29(2), 263–297. 
https://doi.org/10.1007/s11191-019-00090-w 

Montgomery, J. M., & Mazziotti, D. A. (2020). Maple’s 
Quantum Chemistry Package in the Chemistry 
Classroom. Journal of Chemical Education, 97(10), 
3658–3666. 
https://doi.org/10.1021/acs.jchemed.9b01176 

Morris, D. L. (2025). Rethinking science education 
practices: Shifting from investigation-centric to 
comprehensive inquiry-based instruction. 
Education Sciences, 15(1). 
https://doi.org/10.3390/educsci15010073 

Mukhlis, Sa’dijah, C., Sudirman, & Irawati, S. (2024). 
Students’ thinking literacy process in mathematical 
problem-solving. Jurnal Penelitian Pendidikan IPA, 
10(5), 2337–2345. 
https://doi.org/10.29303/jppipa.v10i5.7676 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12 Issue 7, 772-783 
 

782 

Murni, H. P., Azhar, M., Ellizar, E., Nizar, U. K., & 
Guspatni, G. (2022). Three levels of chemical 
representation-integrated and structured inquiry-
based reaction rate module: Its effect on students’ 
mental models. Journal of Turkish Science Education, 
19(3), 758–772. 
https://doi.org/10.36681/tused.2022.148 

Mustika, D., Hasby, & Azmi, U. (2022). Need analysis of 
basic chemistry practicum based on computation. 
Jurnal Penelitian Pendidikan IPA, 8(4), 2337–2344. 
https://doi.org/10.29303/jppipa.v8i4.1987 

Olukemi Odumosu, M. (2018). A Simplified Approach 
to Students’ Learning of Equivalent Solutions to 
Some Integral Calculus Problems. International 
Journal of Discrete Mathematics, 3(1), 21. 
https://doi.org/10.11648/j.dmath.20180301.13 

Orosz, G., Németh, V., Kovács, L., Somogyi, Z., & 
Korom, E. (2023). Guided inquiry-based learning in 
secondary-school chemistry classes: a case study. 
Chemistry Education Research and Practice, 24(1), 50–
70. https://doi.org/10.1039/D2RP00110A 

Palacios, A., Pascual, V., & Moreno-Mediavilla, D. 
(2024). Methodological design in the use of virtual 
simulations in chemistry: A systematic review. 
Journal of Technology and Science Education, 14(3), 
701–719. https://doi.org/10.3926/jotse.2357 

Paristiowati, M., Rahmawati, Y., Fitriani, E., Satrio, J. A., 
& Hasibuan, N. A. P. (2022). Developing Preservice 
Chemistry Teachers’ Engagement with 
Sustainability Education through an Online, 
Project-Based Learning Summer Course Program. 
Sustainability (Switzerland), 14(3). 
https://doi.org/10.3390/su14031783 

Prain, V., Xu, L., & Speldewinde, C. (2023). Guiding 
science and mathematics learning when students 
construct representations. Research in Science 
Education, 53(2), 445–461. 
https://doi.org/10.1007/s11165-022-10063-9 

Reith, M., & Nehring, A. (2022). Fostering Scientific 
Reasoning Competencies in Undergraduate 
Laboratories Using “Classical” Kinetics 
Experiments. Journal of Chemical Education, 99(12), 
3915–3922. 
https://doi.org/10.1021/acs.jchemed.2c00340 

Roslina, Apriana, E., Hakim, L., & Andalia, N. (2023). 
Mathematical reasoning ability and mastery of 
science concepts in high school students. Jurnal 
Penelitian Pendidikan IPA, 9(10), 8934–8940. 
https://doi.org/10.29303/jppipa.v9i10.4931 

Sallah, E. K. (2021). Use of Maple Software to Reduce 
Senior High School Students ’ Errors in Integral 
Calculus. African Journal of Educational Studies in 
Mathematics and Sciences, 17(2), 51–59. 

Sanjari, A., & Manouchehri, A. (2024). Interactive 
Learning: Unpacking the Influence of Computer 

Simulations on Students’ Mathematical Modeling 
Processes. Education Sciences, 14(4), 397. 
https://doi.org/10.3390/educsci14040397 

Sari, N., Wulansari, R. E., Syahril, Dewi, I. P., Desky, A. 
H. A., & Mahera, L. (2026). The effect of android-
based learning and learning motivation on 
learning outcomes in computer science in the 10th 
grade at SMK Negeri 1 Sumatera Barat. Jurnal 
Penelitian Pendidikan IPA, 12(6), 260–266. 
https://doi.org/10.29303/jppipa.v12i6.15001 

Schuchardt, A. M., & Schunn, C. (2016). Modeling 
Scientific Processes With Mathematics Equations 
Enhances Student Qualitative Conceptual 
Understanding and Quantitative Problem Solving. 
Science Education, 100(2), 290–320. 
https://doi.org/10.1002/sce.21198 

Schukajlow, S., Krawitz, J., Kanefke, J., Blum, W., & 
Rakoczy, K. (2023). Open modelling problems: 
cognitive barriers and instructional prompts. 
Educational Studies in Mathematics, 114(3), 417–438. 
https://doi.org/10.1007/s10649-023-10265-6 

Selvia, A., Arnawa, I. M., Arnelis, & Yarman. (2025). 
Integrating scientific inquiry in mathematics 
education: Development of a problem-based 
learning module to enhance mathematical literacy 
in vocational high school students. Jurnal Penelitian 
Pendidikan IPA, 10(1), 667–674. 
https://doi.org/10.29303/jppipa.v11i9.12565 

Shekaari, H., Ahadzadeh, I., & Karimi, S. (2019). 
Understanding solvation behavior of glucose in 
aqueous solutions of some deep eutectic solvents 
by thermodynamic approach. Journal of Molecular 
Liquids, 289, 111000. 
https://doi.org/10.1016/j.molliq.2019.111000 

Shin, N., Bowers, J., Roderick, S., McIntyre, C., Stephens, 
A. L., Eidin, E., Krajcik, J., & Damelin, D. (2022). A 
framework for supporting systems thinking and 
computational thinking through constructing 
models. Instructional Science, 50(6), 933–960. 
https://doi.org/10.1007/s11251-022-09590-9 

Siller, H.-S., Nitzan-Tamar, O., & Kohen, Z. (2023). 
Scaffolding practices for modelling instruction in 
STEM-related contexts: insights from expert and 
novice teachers. ZDM – Mathematics Education, 
55(7), 1351–1364. https://doi.org/10.1007/s11858-
023-01529-9 

Spanier, J. (1980). Thoughts about the essentials of 
mathematical modelling. Mathematical Modelling, 
1(1), 99–108. https://doi.org/10.1016/0270-
0255(80)90010-X 

Syarqiy, D., Yuliati, L., & Taufiq, A. (2023). Exploration 
of argumentation and scientific reasoning ability in 
phenomenon-based argument-driven inquiry 
learning in Newton’s law material. Jurnal Penelitian 
Pendidikan IPA, 9(9), 7264–7272. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12 Issue 7, 772-783 
 

783 

https://doi.org/10.29303/jppipa.v9i9.4589 
Taber, K. S. (2018). The use of Cronbach’s alpha when 

developing and reporting research instruments in 
science education. Research in Science Education, 48, 
1273–1296. https://doi.org/10.1007/s11165-016-
9602-2 

Tay, Y. K., & Toh, T. L. (2023). A model for scaffolding 
mathematical problem-solving: From theory to 
practice. Contemporary Mathematics and Science 
Education, 4(2), ep23019. 
https://doi.org/10.30935/conmaths/13308 

Towns, M. H., Rodriguez, J.-M. G., McAfee, S. C., & 
Dreyfus, T. (2025). The Intersection of Chemistry 
and Calculus: a Mutually Beneficial Crossroad. 
International Journal of Research in Undergraduate 
Mathematics Education, 11(4), 709–728. 
https://doi.org/10.1007/s40753-025-00272-8 

Turner, E. E., Roth McDuffie, A., Bennett, A. B., Aguirre, 
J., Chen, M., Foote, M. Q., & Smith, J. E. (2022). 
Mathematical Modeling in the Elementary Grades: 
Developing and Testing an Assessment. 
International Journal of Science and Mathematics 
Education, 20(7), 1387–1409. 
https://doi.org/10.1007/s10763-021-10195-w 

Vaesen, K., & Houkes, W. (2021). A new framework for 
teaching scientific reasoning to students from 
application-oriented sciences. European Journal for 
Philosophy of Science, 11(2), 56. 
https://doi.org/10.1007/s13194-021-00379-0 

Vasconcelos, L., & Kim, C. M. (2022). Preservice science 
teachers coding science simulations: 
epistemological understanding, coding skills, and 
lesson design. In Educational Technology Research 
and Development (Vol. 70, Issue 4). Springer US. 
https://doi.org/10.1007/s11423-022-10119-7 

Widiastuti, T. T., & Kariadinata, R. (2021). Maple 13 
assisted problem based teaching in vector calculus 
course. Journal of Medives : Journal of Mathematics 
Education IKIP Veteran Semarang, 5(1), 83. 
https://doi.org/10.31331/medivesveteran.v5i1.13
66 

 



  < g > =     S post −   S pre    S max −   S pre


 


    S post


    S pre


    S max


   ( g < 0 . 30 )


   ( 0 . 30 ≤ g ≤ 0 . 70 )


   ( g > 0 . 70 )


  𝛼 = 0 . 05


  p < 0 . 001


   ( p = 0 . 124 )


   ( p = 0 . 464 )


   ( p = 0 . 001 )


   ( p = 0 . 001 )


  p < 0 . 001 )


   ( r = 0 . 969 ; p < 0 . 001 )

