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Abstract

Rochester Institute of Technology (RIT) consists of eight colleges, including Engineering and
Science. An engineering student takes “core” math and science courses through the College of
Science, and both basic and advanced engineering courses through the College of Engineering.
This paper describes the collaborative efforts of a Professor of Statistics and a Professor of
Mechanical Engineering to increase the motivation for engineering students to learn statistics, to
increase the retention of what they learn, and to help them apply the concepts to engineering
problems, both in their statistics class and in future engineering courses.

Statistics textbooks have data from engineering applications, but the problems tend to be
simplistic in nature. From the one or two sentences of background information that are usually
provided with textbook problems, it is difficult to understand why someone would want to
collect and analyze this data. We have created modules consisting of more complete problems,
including why someone would want to examine this type of data and how the statistical method
used will provide a solution. Each stand-alone modul e contains a background and description of
an engineering problem. In some cases datais provided, in others the mechanism for data
collection is provided. Statistical processing of data, presentation of reduced results, and
interpretation are a part of each module. The modules can be assigned to students individually or
in teams.

Problems have been developed for a variety of topicsin statistics, and include descriptive
statistics for one and two variables, probability, and statistical inference for one and two samples.
The problems in each “module” have been designed to encourage critical thinking and to
motivate students with applications from their magjor. Problems are not limited to, but may be
used in conjunction with, active learning and cooperative learning techniques. At this point,
three modules have been completed, with plans for two or three more.

We anticipate that by actively engaging students in applying statistical methods to engineering
problems, they will be more motivated to learn the material, will see the connections between
their courses in science and engineering, and will be better prepared for subsequent courses.
These modules will provide faculty with an additional resource aside from the textbook. We also
anticipate that, given materials and appropriate support (e.g. training), faculty will be more
inclined to adopt changesin their courses. Feedback from students and faculty members will be
collected to formally evaluate the effectiveness of each module.
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Introduction

In order to teach well, every instructor should be ready to answer a student’ s (often unasked)
guestion: “Why should | learn this?’ In fact, an instructor should have several different and
persuasive answers to this question that help provide students a context where they might use the
course material as well as motivate them to learn it better.

This project resulted from bi-weekly lunch conversation series that the two authors had about
their teaching styles and their impact on the learning outcomes of students. Carol expressed the
concern that even though the current statistics textbooks did have engineering problems, often
the problems were simplistic in nature and did not provide sufficient engineering background to
build a student’s motivation. She also confided that she was not fully conversant in the
engineering concepts to help students appreciate how statistics was being meaningfully applied
to the textbook’ s engineering problem. Vinnie, on the other hand, was frustrated that students
having taken the Engineering Statistics course still struggled with statistical analyses of
experimental datain later engineering courses.

The two authors concluded that by developing and delivering a series of engineering modulesin
severa different formats (e.g. engineering kits, videos, and case studies) they could help educate
the statistics instructors about engineering applications; provide high-quality resources to
statistics instructors for easy integration into their statistics courses for engineers; begin a
collaboration among statistics and engineering faculty that teach the same sets of students; and
provide engineering students the motivation to learn statistics well, and be able to apply their
statistical skillsto engineering datain a meaningful and productive way.

The engineering modules proposed are based on concepts and |aboratory experiments from two
courses; Materials Processing (a 1% year course) and Materials Science (a 2™ year course). Both
are mandatory courses for mechanical aswell asindustrial engineering students. Having seen the
concepts and experiments already, the modules will actively engage students in applying
statistical methods to known engineering problems.

We anticipate that by actively engaging the engineering students in applying statistical methods
to engineering problems, they will be more motivated to learn the material, will see the
connections between their courses in Statistics and Engineering, and will be better prepared for
subsequent engineering courses. The modules will also provide statistics faculty with an
additional resource (besides the textbook) that is customized to RIT engineering students they
teach. We a'so anticipate that given instructional materials and appropriate training support,
statistics faculty will be more inclined to adopt/adapt the modules to their courses.

The Modules

The modules are being developed in three different formats. engineering kits, videos, and case
studies. Statistics instructors can then choose one or more formats for inclusion in their courses
depending on their course structure, teaching style, and their students' learning styles. Each
modul e includes guided data analysis with appropriate contextual questions, instructions for a
formal write-up, and an evaluation form.
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Rockwell Hardness Module. Rockwell hardness test* is the most valuable and most widely
used mechanical test for evaluating the properties of metals. The Rockwell test is simple to
perform and does not require a highly skilled operator. A single hardness measurement can be
made in less than a minute making it an excellent choice for process and quality control
applications. In a C scale Rockwell hardness (Rc) testing, a 10 kg minor load is applied first on
the diamond indenter to establish the reference position. A subsequent major load of 150 kg is
then applied, and the additional indentation depth is automatically converted into the Rc number
displayed digitally.

The data set includes 25 hardness measurements for each of five hardened tool steel specimens.
The instructor may choose to use a single specimen or to compare several specimens. Guided
data analysis with appropriate contextual questionsis provided for exploring graphs, descriptive
statistics, population models, and statistical inference. The instructor may use any parts of the
module individually or together.

The analysis begins with an examination of the data. Students create histograms and/or boxplots
and use these for an initial assessment of typical value, variability, unusual observations, and
distributional shape. Next, descriptive statistics (mean, median, standard deviation, etc.) are
obtained. Students must choose the “best” measure of center and spread among those obtained.

A histogram of the hardness measurements for one specimen, and descriptive statistics for this
sample, are shown below:

Frequency
w
\

I I I I I I I I
82.0 824 828 832 836 840 844 848

Hardness
Descriptive Statistics: Hardness
Vari abl e N Mean Medi an Tr Mean St Dev SE Mean
Har dness 25 83. 444 83. 500 83. 443 0. 689 0.138
Vari abl e M ni mum Maxi num Q (0]
Har dness 82. 000 84. 900 82. 900 83. 950
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The histogram is unimodal and fairly symmetric. Thus, the mean and standard deviation are the
preferable measures of center and spread for this sample.

After the sample(s) have been examined, students may continue the analysis by using the
samplesto investigate the population of interest. This starts with creating probability plots to
determine a reasonable popul ation type for the measurements. Based on this population type, the
students may choose an appropriate method for statistical inference (e.g. normal theory method,
non-parametric method, or bootstrap method). Several topicsin statistical inference are
applicable here — constructing a confidence interval for a single population mean, comparing two
population means with two-sample methods, or comparing several population means via one-
way analysis of variance.

Additionally, one may use a sample to estimate the mean hardness measurement or to predict a
future value for a hardness measurement.

Predi cted Val ues for New Observations

New Cbs Fi t SE Fit 95. 0% Cl 95. 0% PI
1 83. 444 0.138 ( 83.160, 83.728) ( 81.995  84.893)

Based on the sample shown in the histogram above, there is a 95% chance that the next hardness
measurement will be between 81.995 and 84.893.

K noop I ndentation versus Load Module. In Knoop microhardness testing', a precisely shaped
rhombic-base pyramidal diamond indenter is used with loads of 100 to 1000 g. The ratio of long
to short diagonal of the indentation is approximately 7, and therefore the length of the long
diagonal is measured with aid of a microscope. The Knoop hardness number (KHN) istheratio
of the applied load (in kg) to the unrecovered projected area (in mm?) of the indentation. KHN
testing is a valuable method for controlling numerous production operations, and is also widely
used in materials research. A single measurement takes less than two minutes making it an
excellent choice to collect data for statistical studies.

Even though it is often assumed that KHN is independent of the applied load, it is observed® that
KHN values decrease with increasing loads when loads are less than 500 g. The apparent
increase in KHN with decrease in load is attributed to errorsin the determination of the
indentation size and aberrations in the elastic recovery of the indentation.

This data set contains ten indentation size measurements at each load setting (100, 200, 300, 500
and 1000g). The moduleis designed to assist students in an investigation of least squares
regression. The analysis starts with a scatterplot of indentation size versus load. Students
examine the graph for evidence of arelationship between load and indentation size. Next they
compute the coefficient of correlation and evaluate whether alinear relationship would be

appropriate.
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Pearson correl ation of Load and I ndentation Size = 0.990

Based on preliminary evidence, a standard linear regression analysis (using load as X and
indentation sizeas Y) is performed. Since the regression has a high coefficient of determination,
students tend to feel very confident about the regression function. When they obtain aresidual
plot, however, it is evident that alinear relationship between load and indentation size is not
sufficient. A transformation of the datais required (alinear relationship between the square of
indentation size and load is more appropriate). Instructors have the option of extending this
module to cover other topics in regression — e.g. normality of the residuals, and significance of
the slope.

Pennies Module. The statistics textbook? used in our courses has a number of examples and
problems related to dimensional and mass data on coins. Standridge and Marvel® describe a
similar laboratory exercise on large metal washers.

The kit contains 100 old pennies and 100 new pennies, and tools for measuring diameter, height,
and mass. In collecting their own data, students can see first-hand the difficulties that
researchers encounter — e.g. some observations don't fit the “ standard” that we expected (the
penny may be deformed) and it’s not always obvious how to make the measurement (the penny
may not have a uniform height). The intent of this module isfor students to explore relationships
between two quantitative variables or between one quantitative and one qualitative variable.

Several options are available with thismodule. Simple linear regression analysis (including
scatterplots, correlation, least squares regression, etc.) is one option. Students can investigate the
rel ationships between mass and height, mass and diameter, and mass and volume. Obtaining
regression equations, interpreting parameters, predicting response values, and verifying
assumptions are included here. Alternatively, an instructor can have students examine the
relationship between condition of the pennies (old or new) and mass (or volume) using two
sample inferential methods for comparing means and/or variances.
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In samples obtained by the authors, side-by-side boxplots of mass for old and new pennies, as
well as descriptive statistics, seem to indicate that older pennies have somewhat larger “typical”
mass than new pennies and significantly greater variability anong individual mass values.

Descriptive Statistics: Mass by Condition

Vari abl e Conditio N Mean Medi an Tr Mean St Dev
Mass " New 50 2.4953 2.4929 2.4948 0. 0097
'ad 50 2.7168 2.5114 2.7053 0. 2838
Vari abl e Conditio SE Mean M ni num Maxi mum Q (0]
Mass " New 0.0014 2.4771 2.5183 2.4879 2.5021
"ad 0. 0401 2.4698 3. 1360 2.4972 3.0759
3.15 ]
3.05 —
2.95 —
n 2.85 —
0
o
= 275 —
2.65 —
2.55 —
l;l ‘
2.45 — ‘ ‘
‘New' ‘old'
Condition

Additionally, aformal test for equal variances (shown below) finds sufficient evidence that the
populations of old and new pennies do, indeed, have different variances.

Test for Equal Variances for Mass

95% Confidence Intervals for Sigmas Factor Levels
- 'New'
'Old"
\ \ \ \
0.0 0.1 0.2 0.3 0.4
F-Test Levene's Test
Test Statistic: 0.001 Test Statistic: 30.777
P-Value 1 0.000 P-Value : 0.000

The Feedback Process

Each module that is used by an instructor will be evaluated by two separate surveys: one of the
statistics instructor, and the other of engineering students. Evaluation forms will be provided as
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part of each module. These brief formswill assist in determining the motivation of the students
and their perception of how much they learned from the modules, as well as the instructor’s
perception of theseitems. At the end of the term, the information that is collected through the
evaluation process will be processed and used to evaluate the effectiveness of the modules.

Status of the Project

Currently, the three modul es described above are ready for use in the spring quarter. Additional
information about these modules can be found in another paper® in the proceedings of this
conference. Modules using particles size analysis and surface roughness are in the devel opment
stage. We plan to have five (or possibly six) modulesin total. At the end of the spring quarter,
an overall evaluation of the project will take place.

Conclusions

This project aspires to achieve several important outcomes — to improve student learning
outcomes and to increase collaboration among colleagues — through the devel opment of
engineering modules for statistics courses. Each self-contained module provides data (or the
tools to collect data) and guided data analysis with appropriate contextual questionsto lead
students through an investigation of an engineering concept. Options within each module allow
the course instructor to choose statistical topics that are applicable at a variety of points
throughout the introductory engineering statistics course.
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