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Abstract 

The purpose of this research paper is to develop a pedagogy for the effective use of 

Microsoft Excel-based 3D simulation modelling algorithms to encourage student 

engagement and the development of critical-thinking skills in relation to the analysis of 

large datasets amongst third-level business students.  We will develop and subsequently 

test a number of such 3D simulation modelling algorithms with a specific group of third-

level business students in Galway, Ireland. These will focus primarily on a number of 

fundamental issues in economics, finance, and business data analytics. We will employ 

standard quantitative techniques to analyse student understanding of these threshold 

concepts before and after our intervention to gauge the effectiveness of this innovative 

pedagogical approach. We expect that our findings will demonstrate that when the 

students are taught through exposure to the 3D simulation algorithms, their engagement 

with the material and their critical-thinking skills are enhanced with this being further 

reinforced by an improvement in their test results. Furthermore, we hope this study will 

show that allowing the students to experiment with the 3D algorithms encourages higher-

order critical-thinking and an enhanced engagement with their studies. We feel that our 

pedagogical methods have universal applications, and that the teaching of academic 

disciplines other than Business Studies and Economics could be vastly enhanced by their 

use. There also exists the potential to expand our investigations into other concepts, 

including those from Applied Science and Engineering. Finally, the 3D models 

themselves could be made more sophisticated by the use of cutting-edge advanced 

techniques in Microsoft Excel, Python and NumPy. 

Keywords 

3D simulation algorithms, critical-thinking, student engagement, Markov processes, large 

datasets, data models, economic data, Microsoft Excel, Python, NumPy, OpenPyxl, R, 

universal application, self-reflection, self-evaluation 
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1. Introduction and Motivation 
 

Over the past decade, an effective pedagogy for critical-thinking and problem-solving 

relating to the analysis of large datasets has been sorely lacking. The adoption of 

threshold concepts in relation to the analysis of large datasets at Third-Level has become 

one of the most challenging problems facing educators in most countries. In fact, many 

countries have experienced serious problems with teaching students how to visualise 

large datasets in three dimensions (Reza, Ibrahim and Rahayu, 2018). These serious 

problems can be attributed to the lecturers’ inability to employ intuitive pedagogical 

frameworks in order to bring about these learning outcomes. Furthermore, the lack of 

important teaching competencies such as technology-enabled teaching and the innate 

ability to motivate and encourage students to actively engage in a desire to learn the 

subject exacerbate the issue (Ottevanger, van den Akker and de Feiter, 2007). However,  

the use of digitized 3D objects to promote critical thinking and engagement in classrooms 

has proven sucessfull with middle school students (Butcher et. al,2017). 

2. Methodology 

Initially, we propose to investigate the effectiveness of the use of these 3D Simulation 

Models in the teaching of the visualisation of large datasets to improve critical-thinking 

and problem-solving skills. Specifically, we will test the efficacy of the algorithms with 

First Year and Second Year students in the Galway Business School. This testing will 

begin in September 2018 and preliminary results will have been collected by December 

2018. The students are studying the following modules: Computer Applications for 

Business, Business Information Systems (BIS), Introduction to Accounting, and 

Introduction to Economics. 

There are two cohort intakes into each of the above modules, namely full-time and part-

time students. We propose to use the full-time students as the control sample (they will be 

taught in the traditional manner and not using the 3D models) and the part-time students 

as the test sample (they will be taught using the 3D models). We propose to use a 

multiple-choice quiz (MCQ) to test both cohorts’ understanding of the business topics 
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and then use a 2-tailed t-test to ascertain the efficacy of the use of the 3D visualisation 

simulation models. Specifically, this approach is appropriate because the sampling 

method will be simple random sampling, the samples will be independent, the sample 

size will be much smaller than the population size, and the samples will be drawn from a 

normal population. Finally, both the students and the lecturers will be invited to engage in 

written self-reflection and self-evaluation to determine what was learned and how it was 

learned – this will help to further determine the utility of 3D visualisation models to 

improve critical-thinking and student engagement. 

3. Moving from 2D to 3D Visualisation (using Microsoft Excel, VBA and 

Python) and Understanding of Key Concepts in Economics 

A fundamental question in business economics is the optimal level of advertising. 

Economic theory indicates that one factor contributing to product differentiation in 

monopolistically competitive markets is advertising. Determining the appropriate or 

profit-maximising level of advertising is crucial to the firm’s success. This posits itself as 

a three-variable system, with revenue, costs, and advertising affecting the ultimate choice. 

We initially propose to introduce the part-time students (test sample) to the analysis of 

these relationships using data that will be obtained by randomly sampling suitable large 

datasets under the assumption of either a 95% or 99% Hypothesis Level. The students 

will firstly examine 2D visualisation through Linear Correlation and Regression between 

each of the variables (revenue, price, and advertising expenditure). They will then be 

introduced to 3D Surface and Wire-Frame visualisation algorithms that will allow them 

to vary revenue and price and visualise the immediate effect on advertising expenditure, 

as well as using Microsoft Excel’s functionality to demonstrate the usefulness of 

sensitivity analysis. The students will be using these visualisation algorithms on multiple 

software platforms (Microsoft Excel, VBA and Python). 
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4. Creation of the 3D Simulation Data Models 

The 3D Simulation Data Models will be produced using a variety of computer resources 

and packages. We intend to employ a diversity of computer resources in order to produce 

our data models, as opposed to a single modelling package, because we believe that 

pursuing this strategy represents the optimal method of investigating the effectiveness of 

the use of 3D Visualisation Data Models to improve the critical-thinking and problem-

solving skills of students in relation to the analysis of large datasets. The computer 

packages we will use will be Microsoft Excel, Python, R, OpenPyxl and NumPy. We will 

exclusively use economic data to produce the 3D models as the students in both the test 

and control samples are business students. It should be noted that the 3D Simulation Data 

Models will be approximate models of the data in question and not precise models of the 

data. Further, we predict that the students will not have to understand how the 3D 

Simulation Data Models are produced in order for their critical-thinking and problem-

solving skills in relation to the analysis of large datasets to improve as the 3D models 

themselves are the critical pedagogical objects in this investigation in that they simply 

provide a uniquely visual understanding of the data being modelled. 

Figure 4.1 – Example of a 3D Surface Plot 
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5. Further Pedagogical Details of the 3D Visualisation Data Models 

In addition to the demonstration of the 3D Visualisation Data Models, we will instruct the 

students in the test sample to engage in the following activities during their tuition in the 

analysis of large datasets: 

- The students will be taught how to mathematically analyze and classify a range of 3D 

Visualisation Data Models that will have been produced using the methods above. The 

mathematical properties of the Data Models which emerge will provide insight into how 

the different categories of data used to produce the models relate to one another, how 

these respective relationships interact and develop, as well as what the unique 

characteristics of each individual relationship are. 

- The students will be allowed to modify the 3D Visualisation Data Models by altering 

the underlying data which will be used to produce the models. In addition, the students 

will be instructed on how to transform, re-orient and transport the 3D Data Models in 

three-dimensional Euclidean Space using simple mathematical mappings. Both of these 

techniques will reveal new properties of the Data Models, thereby increasing the 

students’ understanding of the real-world phenomenon being modelled, and further 

enhance the critical-thinking and problem-solving skills of the students in the test sample 

in relation to the analysis of large datasets. 

6. Conclusions and Further Work 

We believe that pedagogies involving real-world phenomena such as the profitability of a 

business, variability in blood pressure or the chemical composition of the atmosphere 

could be enhanced by the use of 3D Simulation Data Models in concert with the above-

mentioned mathematical techniques. 
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