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Abstract 
In last years, increasing academic attention has been concerned on the effectiveness of Higher 
Education in developing relevant abilities and skills to workplace. The MS Excel software is widely 
used both in academic and professional scope. In Higher Education, it is a helpful tool for the teaching 
of statistic concepts, particularly linear regression and correlation, a common topic in engineering 
curricula. 
In this paper, we attempt to address these issues analysing the Excel software capabilities as a 
teaching tool in a statistic course. We examine the performance and engagement of two samples of 
50 students each of Chemical Engineering degree of the School of Engineering of Porto, in the 
academic years 2015-2016 and 2016-2017, when faced with an Excel task involving the linear 
regression and correlation content. 

This work shows the viability of this approach in the learning of some statistic concepts. Students 
achieved the task proposed goals and applied appropriately the concepts of linear regression and 
correlation in an engaged way. 
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1 INTRODUCTION 
The implementation of the Bologna process brought a number of didactical implications for higher 
education (HE). Modernisation in HE is indispensable and should be considered in order to contribute 
efficiently to the workplace. 

Statistical literacy skills are essential for today’s citizens to be critical and correctly interpret the 
available information in newspapers, magazines, as well as to be able to make personal or social 
decisions [1]. Statistical analysis is a critical tool in many fields, and as such, it is taught in courses 
across many programmes. In engineering degrees it is an important component. 

Several studies report that statistical subjects have high failure rates from earlier grades to higher 
education [1], [2], [3], [4]. Also, statistics is still accepted to be a difficult field [5], [6]. There are two 
main reasons that justify the difficulties reported. One is the very special nature of the statistical 
concepts due to the fact that statistical reasoning is very abstract and many students are unprepared 
with regard to prerequisites mathematical skills and abstract reasoning [3]. Other is the “unwillingness 
of instructors to recognize the implications of that fact for the teaching of statistics” [3, p.10]. 
Communication difficulties between students and teacher arise because what is evident for 
statisticians is not so obvious for learners. However, in last year’s statistics educators are rethinking 
the way how teach statistic developing innovative teaching strategies.  

Regression analysis is one of the most widely used statistical techniques in all areas of science and a 
significant part of many research projects. As well most statistical analysis, the goal of regression is to 
summarize observed data as simply as possible. Particularly, linear regression and correlation are 
fundamental concepts in any statistic course. These concepts explain the existence or non-existence 
of association between variables. Garfield in [4, p. 272] highlights the importance of this notion in the 
sentence “Knowing whether events are related, and how strongly they are related, enables individuals 
to explain the past, control the present, and predict the future”. Another issue that justifies the interest 
of this theme is related to the way in which correlation and regression are linked to decision making in 
an environment of uncertainty [8]. 
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The use of technological tools on teaching and learning statistics allows improving interactivity in 
learning, as well as making it more appealing for students. Technology and statistics are two key 
themes in the work of [9]. In their opinion statistical literacy skills must be activated together with 
statistical, mathematical and general world knowledge. 

The focus of higher education is also developing technical and soft skills in order to students can 
integrate and contribute positively to the progress of society. Deeper learning experiences are needed 
and therefore are emerging, particularly in STEM disciplines. Many success cases are reported in 
literature where computers and active learning enhance students understanding [10], [11], [12]. 

MSExcel is widely used in professional life and is a powerful tool for teaching. It is versatile software 
that can be used in many different ways from data management to statistical analysis and simulation. 
It is able to develop several skills and attaining various practical benefits [13].  

The project helps students learn Excel skills in an accounting environment that not only allows 
students to learn how to use selected Excel functions but also learn why and when these functions are 
useful. 

2 METHODOLOGY 
The objective of this study is to find out if students correctly apply the concepts of linear regression 
and correlation when confronted with laboratory data, more specifically in linear calibration. For this, a 
group task was proposed (see Table 1) in which they would have to perform a work on linear 
regression using the MSExcel. The data for the accomplishment of this work were provided by the 
teacher based on the data taken from [14]. Furthermore, students shall to deliver a report summarizing 
the outcomes and conclusions obtained in spreadsheet. 

Table 1.  Task items. 

Linear Regression 

In the Excel file is presented a table with the data referring to two variables and it is 
intended to analyze its degree of linear relationship.  

To analyse this possible linear adjustment between the two variables, present the following 
items in the order indicated: 

• Explanatory variables and response. 

• Least Squares Regression Line 

• Correlation coefficient 

• 90%, 95% and 99% prediction interval for an arbitrary value of the explanatory variable 

• 90%, 95% and 99% confidence intervals for the y-intercept  

• 90%, 95% and 99% confidence intervals for the slope  

• Hypothesis test for the y-intercept, not null, using significance levels 1% and 5%. 

• Hypothesis test for the slope, non-zero, using significance levels 1% and 5% 

Note: All previous items should be appropriately justified 

An example of the data provided to students is given in Table 2. In this case, the two variables 
involved in the study are “Hydrocarbon level” and “Oxygen Purity”. 

This task was proposed to two different groups of 50 first year students who attend the course of 
Applied Statistics (ESAPL) in the academic years 2015-2016 (G1) and 2016-2017 (G2) of the 
Chemical Engineering degree of the School of Engineering of Porto. 
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Table 2.  Data. 

Observation number Hydrocarbon level (%) Purity (%) 
1 0.99 90.01 
2 1.02 89.05 
3 1.15 91.43 
4 1.29 93.74 
5 1.46 96.73 
6 1.36 94.45 
7 0.87 87.59 
8 1.23 91.77 
9 1.55 99.42 

10 1.40 93.65 
11 1.19 93.54 
12 1.15 92.52 
13 0.98 90.56 
14 1.01 89.54 
15 1.11 89.85 
16 1.20 90.39 
17 1.26 93.25 
18 1.32 93.41 
19 1.43 94.98 
20 0.95 87.33 

The concept of linear regression and correlation was addressed in an expositive manner in two 
theoretical classes of 1 hour and in 2 theoretical practical classes of 1 hour 30 minutes each. In these 
classes the students had the opportunity to solve exercises and problems for the consolidation of the 
concepts, through the traditional pen and paper method complemented with the use of the Excel 
spreadsheet. 

The Excel spreadsheet is an essential tool in the treatment of statistical data. Due to its specificity and 
structure, this software allows: 

1 Rapid learning 
2 A fast and economical way to perform statistical calculations 

3 The use by students outside the school environment. 

For the accomplishment of the work was established the following rules (see Table	  3): 

Table 3.  Task rules. 

Number Rule 
1 The work should be exclusively developed in EXCEL spreadsheet from the file sent. 

2 In the spreadsheet the results must be obtained automatically after insertion of the formulas 
and not entered manually. 

3 All formulas entered in the spreadsheet must be clearly displayed. 

4 Comments on the values obtained should be clear and concise. 

5 
The work should be supported by a report with a maximum of two pages, in Word, Calibri 
11, which should include: Identification of the group; Summary of results; Conclusions and 
Bibliographical. 

6 The final work should consist of an Excel file (work) and a Word file (report). 

In this study the concepts related to statistical inference are discussed, in particular confidence 
intervals and hypothesis tests for the regression parameters and prediction intervals. These concepts 
were taught at an earlier stage in the context of the ESAPL curricular unit. 
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For the accomplishment of the task it was asked to students form a work group (maximum 3 
elements). With this work in addition to the proposed goal, it was also intended to promote group 
dynamics. For the G1 and G2 in a total of 50 students each, were organized 16 groups with 3 
elements and 1 of 2 students.  This work had a weight of 30% in the final mark of the evaluation. The 
work was carried out in four theoretical-practical classes, a total of 6 hours with the supervision of the 
teacher responsible for the curricular unit. 

3 RESULTS 

3.1 Excel results 
Table 4 presents a summary of some results for both groups who participated in this study (G1 and 
G2). It is possible to see the grades achieved by students (Portuguese grading scheme 0-20). This 
classification was obtained through the exclusive application of the Excel spreadsheet. In addition we 
are able to analyse if the objectives were fulfilled for all the topics addressed in this work, namely, 
linear regression and correlation, confidence and prediction intervals and hypothesis testing. 

Table 4.  Summary of results for grades and goals reached by students (Excel). 

  G1 (%) G2 (%) 

G
ra

de
s 

Less than or equal 10 values 4 0 

Between 10 and 12 values 6 50 

Between 12 and 14 values 32 30 

Between 14 and 16 values 48 8 

More than 16 values 10 12 

G
oa

ls
 

re
ac

he
d 

by
 to

pi
c Linear regression line and correlation 78 80 

Confidence and prediction intervals 90 80 

Hypothesis testing 84 78 

Next figure presents overall results (Excel work in the three topics) obtained by the two groups of 
students in the application of regression in Excel. 

 

 
Figure 1. Overall results. 
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For overall results interpretation, there are no significant difference between groups, as shown by 
variance analysis (F=1.83, p=0.18) in Table 6. 

  

 
Figure 2. Results in the topic linear regression line and correlation.   

In topic Linear regression line and correlation, there are no significant difference results between 
groups as shown by variance analysis (F=0.03, p=0.86) in Table 6. 

 

 
Figure 3. Results in the topic Confidence and prediction intervals.     

In topic Confidence and prediction intervals, there are significant difference results between groups as 
shown by variance analysis (F=4.25, p=0.04<0.05) in Table 6. 
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Figure 4. Results in the topic Hypothesis testing. 

In topic Hypothesis testing, there are no significant difference between groups as shown by variance 
analysis (F=1.09, p=0.30) in Table 6. 

3.2 Report results 
The analysis of the reports of this work was carried out based on the following criteria: 

• The group presents a summary of the results obtained in the spreadsheet, conclusions and 
bibliographical references. 

• The group presents incompletely the points referred to in the previous paragraph. 

Table 5 presents the results obtained in the report by the two groups, G1 and G2. 

Table 5.  Summary of results for grades reached by students (Report). 

Grades (Portuguese grading scheme 0-20) G1 (%) G2 (%) 

Less than or equal 10 values 2 2 

Between 10 and 12 values 28 44 

Between 12 and 14 values 34 18 

Between 14 and 16 values 24 24 

More than 16 values 12 12 

Next figure presents report results obtained by the two groups of students. 
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  Figure 5. Report results. 

Concerning the reports presented by students, there are no significant difference results between 
groups as shown by variance analysis (F=0.46, p=0.50) in Table 6. 

To a better analysis of main results, Table 6 summarizes some statistics (sd represents standard 
deviation and se standard error and N is the number of students in the study). 

Table 6.  Topics, global and report assessment. 

1 Linear regression 
line and correlation 

Confidence and 
prediction intervals 

Hypothesis 
testing 

Global 
Assessment 

Report 
Assessment 

 
G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 

N 50 50 50 50 50 50 50 50 50 50 
Mean 13.36 13.24 14.64 13.28 13.96 13.16 13.99 13.23 14.08 13.72 
sd 4.15 2.49 3.93 2.52 4.81 2,53 3,10 2,48 2,46 2,86 
se 0.59 0.35 0.56 0.36 0.68 0,36 0,44 0,35 0,35 0,40 

F. test 0.03 4.25 1.09 1.83 0.46 
p-value 0.86 0.04 0.30 0.18 0.50 

Observing the table above we realize that there is a slightly difference between the groups G1 and G2 
in topic Confidence and prediction intervals. 

4 CONCLUSIONS 
This study highlights how the use of the Excel spreadsheet proves to be a possible alternative to the 
traditional pen and paper method. Through this resolution it is noticed that the students correctly 
identified the variables - explanatory and response obtained the linear regression line (least squares 
method) and calculated the correlation coefficient. They correctly concluded that these two variables 
had a considerable degree of linear relationship.  

This methodology is motivating for the students in the sense of accomplishing a task with data of the 
same scope of their future professional life. In addition, group dynamics is strongly implemented with 
open discussion of the results that students are getting throughout the task. The theoretical concepts 
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learned are demystified and the stigma of statistics is relativized. With the present work, we indicate 
that the traditional teaching of Statistics should be complemented with the use of new technologies. 
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