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Abstract

Faculty teaching data analytics at undergraduate level are often faced with the tension created by
student under-preparedness, the demands of the course, and time constraints. How do faculty close
this gap? In this paper, we propose the use of flow diagramming as an accessible method for interpreting
regression analyses, in ways that are time efficient and not alienating to the student. Our study shows
that the use of such flow diagrams has a positive effect on student understanding without additional
remedial instruction. Time saved can be directed at core learning objectives of the analytics.

Keywords: Data Analytics, Regression Modeling, Flow Diagram, Flow Chart, Teaching Aid

1. INTRODUCTION

The demand for analytics knowledge has led to
the incorporation of data analytics into business
curricula at both graduate and undergraduate
levels. Though these programs variously cater to
different levels of user expertise, from the casual
user to business analyst and data scientist
(Watson, 2013, 2015), what they all have in
common is an expectation for a foundational
understanding of statistical concepts. As a result,
data analytics courses typically stipulate an
introductory statistics course as a minimal
prerequisite because statistical understanding is
foundational to explanatory statistical modeling,
inferential testing and predictive analytics
(Shmueli & Koppius, 2011). Yet statistics are and

have often been one of the most difficult subjects
for undergraduate and even graduate students to
grasp. For many higher education institutions, at
undergraduate level particularly, the challenge is
compounded for the thousands of students who
graduate high school academically underprepared
for college.

Moreover, due to the large overlap between
business analytics, data analytics, and
information systems programs (Ceccucci, Jones,
Toskin, & Leonard, 2020) many analytics courses
are delivered from within Information Systems
(IS) programs and therefore are taught by IS
faculty. In environments where the student
population is diverse, faculty teaching these
courses have to manage conflicting forces such as
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meeting course objectives and analytics content
coverage, against balancing the needs and
foundational knowledge gaps of underprepared
students or students intimidated by the statistical
content. Faced with these constraints, it seems to
us, that faculty and/or programs have one of two
options. First, to accept that they have to reteach
statistical foundations and yield on some of the
depth in analytics content. While understandable,
the downside of this approach is arguably
watering down standards and increasing the cost
of the program. Another approach would be for
faculty to develop innovative methods and
approaches that readily open access to the
essential content even for underprepared and/or
students with low confidence about the material.
Such approaches would strategically and
efficiently assist in reviewing core concepts to
bring students up to speed while leaving time for
coverage of analytics course objectives.

Hence, the purpose of this study is to propose an
effective  pedagogical, visual artifact that
increases student efficacy in “relearning”
important fundamental statistical concepts for
analytics without explicit remedial instruction. In
this pilot study, we chose the topic of regression
analysis: namely, interpreting and
communicating one of the most prominent and
commonly used statistical modeling techniques,
simple and multiple linear regression. More
specifically, we use flow diagramming, an easily
understandable and widely used pedagogical aid,
to graphically depict the steps required to
successfully interpret and communicate linear
regression models. In addition, the proposed
artifacts are platform independent and can be
applied with a wide range of tools (i.e., SPSS, R,
Excel, or Python).

2. BACKGROUND

In the experience of the authors, students taking
an introductory analytics course often arrive,
notwithstanding the typical statistics prerequisite,
with little or no understanding of foundational
statistical concepts. This lack of understanding
extends both theoretically and in an applied
sense. Specifically, our analysis from two data
analytics undergraduate courses taught in the Fall
2019, at two regional universities, revealed the
following key challenges: 80% of students
struggled with interpreting and articulating the
regression coefficients; 60% of students had a
hard time explaining the role of R-squared; 30%
of students made incorrect conclusions about the
model fit.

These difficulties were not limited to regression

analysis, but also extended to statistical
inference. Undergraduate data analytics
students, in our experience, have difficulty

interpreting and communicating the results of
performed analyses. In reviewing prior literature
in statistics education, it shows that there are
three types of reasons for these difficulties:
affective (Ashaari, Judi, Mohamed, & Wook,
2011; Reid & Petocz, 2002), cognitive (Chiesi &
Primi, 2010), and pedagogical (Ramsey, 1999)
reasons. Weinberg & Abramowitz (2000, p. 1),
researchers in statistics education, concluded
that “our challenge is to find ways of presenting
information to our students so that it is
accessible, relevant, applicable and even vital to
their own areas of interest”.

Additionally, the introduction of technology in
statistics education shifted the approach to
teaching statistics in ways that are instructional
to data analytics. In particular, technology
encouraged a shift away from emphasis on
computations, formulas, and procedures to an
emphasis on “statistical reasoning and the ability
to interpret, evaluate, and flexibly apply
statistical ideas” (Ben-Zvi, 2000, p. 130)
[emphasis added]. Arguably, this shift presaged
the widespread adoption and use of data analytics
where ability to interpret, evaluate and apply to a
variety of contexts is essential for analytics
students.

3. FLOW DIAGRAMMING USE FOR
PEDAGOGY

Flow diagrams, artifacts in computer science and
information systems were first introduced into
computing by John von Neuman in the 1940s;
they were introduced as a visual representation
of the logical structure of a computer program
(Ensmenger, 2016). At the time of the ENIAC
project, it is understood that flow diagramming
was chosen as a form of representation that was
readily accessible to the diverse members of the
team with different levels of prior knowledge.
Flow diagramming was also seen as “superior to
introducing a more radical departure in (logical)
notation” that some members would have been
familiar with (Arawjo, 2020). Priestley’s (2018)
historical treatment of Von Neuman’s work retells
how flow diagramming was used in the planning
and coding reports of the project to broaden
access to understanding of the work by a diverse
team:

“"[W]e have acquired a conviction that this
programming is best accomplished with the
help of some graphical representation of the
problem. We have attempted ... to
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standardize upon a graphical notation ... in
the hope that [it] would be sufficiently
explicit to make quite clear to a relatively
unskilled operator the general outline of the
procedure. We further hope that from such
a block-diagram the operator will be able
with ease to carry out a complete coding of
a problem” (p. 59).

Flow diagramming use increased, primarily
because of Von Neuman’s fame and it eventually
grew to have a commanding influence on
software engineering and programming for
decades to come (Arawjo, 2020). Flow diagrams
have since been used in a variety of contexts,
namely: in modeling production processes; in
aviation for training and process management
(Yazgan & Yilmaz, 2018); in the accounting field
to teach CPAs to communicate complex plans
(Lehman, 2000); as a quality improvement tool
for documenting, understanding, analyzing, and
improving business processes (Nesbitt, 1993); to
aid reading comprehension in the teaching of the
law (Zacharias, 1986). Flow diagram use endures
in aiding the teaching of introductory
programming and systems analysis and design
courses. Although, they have been criticized
specifically for their modeling accuracy in
programming (Hosch, 1977), they have lasted as
both process documentation and teaching aids
that make complexity readily accessible to a
novice. For information systems and computer
science students, they are familiar and useful
aids.

4. METHOD

To illustrate the use of flow diagramming in
analytics, we designed two flow diagrams: one for
simple linear regression and another flow diagram
for multiple linear regression. We emphasize that
the focus of these artifacts is on aiding and
strengthening students’ capacity for
interpretation and communication of analyses
(implying understanding).

Description of Flow diagramming Artifacts
In this section we describe the proposed flow
diagramming artifacts: to support simple linear
regression interpretation (Appendix A), and to
support multiple linear regression interpretation
(Appendix E). We refer here to regression as a
statistical method that seeks to estimate the
relationship between an outcome variable and a
predictor variable or set of predictors.

Simple Linear Regression
This flow diagram (Appendix A) focuses on four
key elements as well as the need to articulate the

regression equation: the significance F or p-value
for the F statistic, the intercept or constant; the
slope or coefficient of the independent variable
and its p-value; and the interpretation of R-
squared for model fit. We note that for simple
linear regression, the instructor may want to
remind students that the significance of F statistic
(p-value) is equal to the p-value of the coefficient
of the independent variable (IV) or slope.

Multiple Linear Regression

This flow diagram (Appendix E) focuses on five
key elements as well as the need to articulate the
multiple regression equation. The process is
similar to simple linear regression. However, with
multiple regression we assume students start
with all hypothesized independent variables
included in the regression model. The five key
elements are: significance F (p-value for the F
statistic), the intercept or constant; coefficients
of the hypothesized independent variables and
their respective p-values (we also assume
students can, in stepwise fashion, remove non-
significant variables, then re-run the model, i.e.
return to Step 1 of the flow diagram); the
interpretation of R-squared for model fit; and
adjusted R-squared. The final step is intended to
help nudge students to use adjusted R-squared to
reinforce understanding that adjusted R-squared
penalizes the addition of independent variables
that do not aid in predicting the dependent
variable where R-squared increases with every
additional variable regardless of its effect on the
dependent variable.

We note that to use both flow diagrams, we make
rudimentary assumptions related to prior
instruction. For instance, for multiple regression
(Appendix E - Step 5), we assume that prior
instruction already covered that adjusted R-
squared is based on R-squared adjusted for the
number of predictors and sample size. We use
regression equations, in both cases, without the
error term. We also assume students are
previously instructed on the fundamentals
underlying regression analysis including the
checking of regression assumptions: linearity,
normality of errors, homoscedasticity,
independence of errors, and the role of residuals
in assessing regression assumptions.

Lastly, the proposed pedagogical flow diagrams
are intended to be used over time, with other
related and ideally  concept repeating
assignments. In other words, they can be used
again for predictive analytics based on regression
models. Below we provide sample assignments
and their rubrics (Appendix B, C, and D for simple
linear regression; and Appendix F, G, and H for
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multiple linear regression). It is not our intention
that these particular flow diagrams be used for
instructing regression analysis from scratch per
se. Rather we propose that instructors use them
as a remedial mechanism, to close the gap of the
forgotten or previously misunderstood concepts,
and for review. The purpose is to aid students in
gaining proficiency on how to interpret and
communicate regression analysis results by
focusing on essential information.

5. EXPERIMENTAL CONTEXT

To test the efficacy of the proposed pedagogical
aids, students enrolled in a business analytics
undergraduate course, in the Fall of 2020, at a
regional public wuniversity were given an
opportunity to use the flow diagrams as a
mechanism to review assumed prior knowledge
and provide feedback for this study. All students
admitted to the course were required to have
previously completed an introductory statistics
course as well as an introductory information
systems course, which covered introduction to
databases, data analysis and Excel.

Study Design

Our experimental design used a pre-test/post-
test approach (Campbell & Stanley, 2015) to test
the effect of wusing the above-mentioned
pedagogical aids on student understanding with
respect to interpreting and communicating
regression analysis results.

Students were presented with four different
problems: two for simple linear regression and
two for multiple linear regression. Each problem
included a hypothetical scenario describing the
student’'s role and the problem being
investigated, model output (generated using
Microsoft Excel data analysis tools), and seven
different questions about the model.

Step 1: students received a pre-test for simple
regression model (Appendix B), followed by a
post-test (Appendix C). Although both simple
linear regression models used the same data set,
the variables used in each model were different.
During the post-test, students were asked to use
the simple linear regression flow diagram
(Appendix A) as an aid to formulate responses to
the assigned problem questions.

Step 2: for multiple linear regression, the process
was similar to Step 1 above except a new data set
was used to generate the models. Students were
presented with a pre-test (Appendix F), followed
by a post-test (Appendix G). Variables in the

post-test model were changed; and only the post-
test included the flow diagram (Appendix E).

To consistently evaluate students’ responses to
the assigned pre-test and post-test problems,
grading rubrics were designed using the same
criteria and scoring schema (see Appendix D for
simple linear regression rubric and Appendix H for
multiple linear regression rubric).

Data Collection - Participants and Procedure
Each student in the course was asked to complete
the four problems. Responses were recorded
using a Qualtrics survey where each problem was
presented in a single screen and students were
not permitted to go back to a previous screen.
This ensured students could not change or correct
their answers in the pre-test while completing the
flow-diagram aided post-test. No review of linear
regression was conducted in class, students had
to rely on (assumed) prior knowledge. Out of
nineteen students invited to complete the survey,
fourteen students participated in the study (73%
response rate).

6. RESULTS

The data was analyzed using paired sample t-
tests. The results presented in Table 1 show
statistically significant differences in the mean
test scores between the pre-test and post-test for
both simple and multiple linear regression. These
results indicate that both flow diagrams had a
positive effect on student understanding and
interpretation of the statistical models presented
in the problems. More specifically, in the simple
linear regression assignment, we observed the
biggest improvements in responses relating to
the interpretation of the model significance,
explanation of the model fit i.e., R-squared, and
articulation of the findings. In the multiple linear
regression assignment, the improvements were
even more prominent and widespread. The
biggest differences were evident in the
interpretation of the intercept and model fit
including adjusted R-squared, formulation and
interpretation of the regression equation,
calculation of a predicted value of Y as well as
articulation of the overall findings. In addition,
when asked “How useful did you find the
flowchart aid in interpreting the data?”, almost
90% of students responded that they found the
flow diagram useful ranging from slightly to
extremely useful. Furthermore, 93% of students
said, they were somewhat likely to extremely
likely to use similar flow diagramming aids for
other topics in data analytics field.
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Pre-test Post-test
Outcome Min Max Min Max
SLR 0 79 0 95
MLR 0 77 0 96

Pre-test Post-test
Outcome M SD M SD t
SLR 36 27 45 34 -3.20%**
MLR 34 29 45 34  -3.94%**

Note. SLR - Simple Linear Regression. MLR -
Multiple Linear Regression, ** p < .01, n = 14
Table 1. Descriptive Statistics & t-test
Results

7. DISCUSSION AND CONCLUSION

In this study, we proposed the use of strategically
designed flow diagrams focused on specific
knowledge gap areas in the most prominent and
commonly used statistical modeling techniques,
simple and multiple linear regression. We
selected flow diagrams because they have been
proven to foster conceptual understanding; are
good alternative to lecturing; and are both time
effective and time efficient. Using such flow
diagrams can assist faculty in reviewing core
concepts to bring students up to speed while
leaving time to focus on new analytics content.

From a student perspective, flow diagrams are
easy to understand and perhaps even familiar for
students in information systems and computer
science; ease of use and familiarity are precursors
to favorable affective evaluation. We believe
creating mechanism for underprepared students
to quickly feel more comfortable or less
intimidated by the demands and prior knowledge
assumptions of analytics courses can increase
student retention and avert conditions where
students struggle or prematurely drop out of the
course.

Additionally, our study shows that the test scores
were statistically significantly higher when using
flow diagrams. Similar methods may not only help
student understanding of individual concepts but
also may serve as important tools for managing
remedial work in analytics classes.

Finally, information systems students, in
particular, could be encouraged to create their
own flow diagrams for other analytical processes
they find individually challenging, thus unlocking
complexity for themselves. e.g., systematically
checking regression assumptions, hypothesis
testing from problem statement, data analysis to
drawing correct conclusion.

8. LIMITATIONS AND FUTURE RESEARCH

The proposed pedagogical flow diagrams do not
make a claim to comprehensively cover all issues
related to regression analysis. For instance, an
iterative part of the analysis includes examining
linear regression assumptions inclusive of
examining and interpreting residuals; these flow
diagram aids do not incorporate that. To minimize
the complexity and maintain the effectiveness of
the aid, we believe it would require a different but
similar flow diagraming aid. Such an aid could,
“walk” a student through how to use/interpret the
diagnostic features and charts for assessing
residuals generated by most statistical tools like
R, SPSS and Excel. For example, another flow
diagram could be used to aid a student needing
remedial activity on how to run the output to
examine residuals, remove outliers, or log-
transform the data and re-run the regression
model before interpretation. Likewise, we do not
explicitly model or review steps for performing
stepwise regression for multiple regression. For
remedial activities, instructors can design such
aids.

Finally, this study is limited by a small sample
size. However, we reported qualitative
observations about students results and
specifically which questions to the problems were
addressed with more success while using the
aids, to supplement our quantitative analysis and
increase the validity of this study.
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Appendix A:
Simple Linear Regression Flow Diagram
Starnt
IV - Independent Variable
DV - Dependent Variable
Is p-value
Step 1, Locale for F-statistic
F-statistic significant?
(p-value
<.05)
YEE HO
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Appendix B:
Simple Linear Regression Assignment — Pre-test
Instructions: You are a research analyst for an automotive industry. Youwr boss has asked you to investigate if the engine
displacement size {in liters) affects the highway fuel economy [miles per gallon) based on a sample of 234 vehicles.
Given the following input from a regression analysis, please interprat the results by answering the questions listed
below.
U KLART DUTPUT
Repr cidein Balnitks
Rubtiche R 0765020021
R iguare DSBS TRERT2
Adpnted A lguse O SASO0NSE
Sandard frrar 1AW WAAI0H
Ohusrasbion 24
ANTAE
a | 55 M ’  Sepnificonog £
Argrevunn L AT AN AT RN1IA 13941015 LOIRGTT-dd
Arped sl 233 HIIAFHDS 14 TIATEIR]
Total 213 B0 k] ¥
Carflicwenis .1m"ﬂ~.'1’f Frooe | F Skat 1 Poagtar | dower 3% | Lpper 35% | Loy 6 0% 1 Lipger #5 0%
Intervegt IRATEGL0E  LTIIGTEER 4OSEATGRLE LIINGE-I1IS BAITEISIMG ATLIGMGH JLITEISIGG 3710054954
Diaplacement 1520588800 0LLSA51068T -18.05084007 ROISGTE-&6 -1LSLISITAS -1 14TRMGI -DS1IEITAE -LITRAGTE
Questions:
1. Imterpret the overall significance of the regression model. Report the statistic you used to answer this guestion
znd its value. {10 points)
2. Report znd Interpret the intercept/constant. {10 points)
3. Report znd Interpret the slope/regression coefficient of the independent varizble (10 points)
4. Report znd Interpret the model it {10 points)
5. Formulate and Interpret the regression equation for this model {10 points)
6. Use the model to predict the valus of ¥ given ¥1=3.7. |10 paintz)
7. Write a precize summary of your findings to your boss. Remember that your boss is not a dats analyst so make
sure to articulate your findings in an easy to understand language. (40 points)
Motes: Pleasze se= below, the description of the variables and a preview of the first 10 records of the data set.
Mirulfactarer Model Dnplacer=an?  Year Cylinders Trasmmiaaian  Divee by Highway Fsrl Ll
aud a4 i% 19040 4 PR ] T id FL B T ]
aud ad ig B ] d manualjm5) f H L -] e T ]
ayd FE F Fi i ] 4 manualms) T an iy} P T ]
i ad F JOGE d seta{ s f il £ i ] P EBERE
aud a4 15 19 B aalails) T 15 I P T ]
i & 15 1909 B manualms) f ia 36 B o T |
aud a4 Li i i B wuto{ ) I id I -] compe
aud & guanra 1& 1500 4 manual|ms) i ia i =] Lo T |
aud a4 quatira 18 19049 4 smita{is) 4 i5 5 P T ]
i a4 guatira ] Fi i) 4 manual]msl 4 vl F} P o T |
fanufacturer — name of the manufacturer of the car
iodel — model name
Displzcement — engine displacement (size) in liters
Year —year of car manufacture
Cylinders — number of cylinders
Transmiszsion — type of transmission such as automatic or manusl
Drive — type of drive such as f = front wheel drive, r = rear wheel drive, 4 = four-wheel drive
City — city miles per gallon
Highweay — highway miles per gallon
Fuel — fuel type such as p = premium, r = regular
Class —type of car
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Appendix C:
Simple Linear Regression Assighments — Post-test

Instructions: You are 2 research analyst for an automotive industry. Your boss has asked you to investigate if the
number of cylinders affects the city fuel 2conomy (miles per gallon) bazed on a sample of 234 vehicles. Given the
following input from a regression anzalysis, as well as wusing the flow chart included at the end of this assignment, please
interprat the results by answering the guestions listed below.

SUNBLARY OUTRUT

Argreeisn Sroticive

W pie B D00 1 E0E

B Sguare GEaRETIEY

Adpanind A Square DSATTESTAS

Mandird [rroe FREL k)

Dlirbbrwaligey hE

AT A

of a5 e F Sgnifwance F

Begrouve- 1 SMH0LIIES 2MD1IHER A4S LIRS I

Raphiial 737 1RO TLINOM G IBOTIRAG

Tois 211 4230 LR

Carfficeniy  Ddamelord Ereor I Taat P-wihur Lowerr 1% Upper 2% Cowwy 25.0%  Ulapev O5.0%

leriegt M PMITE  OEMENIAN MG RETEOOGT RAOSEE-130  RASSAIS MOGMGLSSNT  MUSSANGY DOEFIASAE
{ kgt 2. 41TaREE] QLAN}EIG - HLF2ITITTT  LDGEISE-5 -1 3EINS0TY -1 PIRETAEN -1 30T - LSTSETRE
Questions:

1. Imterpret the overall significance of the regression model. Report the statistic you uzed to answer this guestion
znd its value. |10 points)

2. Reportznd Interpret the intercept/constant. (10 points)

3. Reportand Interpret the slope/regression coefficient of the independent varizble (10 points)

4. Report and Interpret the model fit (10 points)

5. Formulate and Interpret the regression equation for this model {10 points]

5. Use the model to predict the value of ¥ given ¥1=2. {10 points]

7. Write 3 precize summary of your findings to your boss. RBemember that your boss is not a datz anzlyst so make
sure to articulate your findings in an easy to understand languzge. (40 points)

Motes: Pleaze ses below, the description of the variables and a preview of the first 10 records of the data set.

Marufacturer Model Daplscement LT Cybrdery Trasamivuon Drive ity Hagtonay Fusl Clase
wad [ 18 e 4 I LE 2% P gt
did al La ] 4 J 11 25 e Doyl
waid a4 1 2008 4 il a1 B e
s a4 kS H008 & a1 b ]
wad s 8 e B I b k] P
L ad P A 5] 1] PP ab eS| 1 EE B ]
aaid ad Ll 2008 [] aatior 8% 1 LB ar P
wad ad guattro L8 e 4 maraami| 4 LE 28 P
e ol guallo L b 4 iata|l5] 1 Lk 2% Ll
aail ail giammron b o0 d i g ] el | d ] kil ]

hanufacturer — mame of the manufacturer of the car

hModel — model name

Displzcement — engine displacement (size) in liters

Year —year of car manufacture

Cylinders — number of cylinders

Transmizsion — type of transmission such as automatic or manusal
Drive — type of drive such as f = front wheel drive, r = rezr wheel drive, 4 = four-wheel drive
City — city miles per gallon

Highweay — highway miles per gallon

Fuel —fuel type such as p = premium, r = regular

Class — type of car
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Rubric for Grading Simple Linear Regression Pre-test and Post-test

Appendix D:

Grading Rubric: Simple Linear Regression Assignment

Student Name:

model: F statistic/Null Hypothesis

is not reported using the

model is reported correctly regression model is

Needs Improvement Satisfactory Excellent
0-1 points 2-3 points 4-5 points Weight Points Possible Points Earned | Weighted Points
Interpretation of overall significance of the The significance of the model The significance of the The significance of the

correct statistic. The and interpretation is reported correctly and 0.1 o
interpretation is missing or partially correct. interpreted accurately.
completely incorrect.
Interpretation of the intercept/constant: B0 Intercept/constant of Intercept/constant is Intercept/constant is
regression line is not reported reported correctly and reported and interpreted
correctly. The interpretation 'interpretation is partially  accurately. 01 0
is missing or completely correct.
incorrect for the
constant/slope.
Interpretation of the slope/regression Slope/regression coefficient is | Slope/regression Slope/regression
coefficient: B1 not reported correctly. The | coefficient is reported coefficient is reported
interpretation is missing or correctly and and interpreted 01 0
completely incorrect for the  |interpretation is partially  accurately.
slope/regression coefficient. correct.
Interpretation of mode! fit: R-squared R-squared is not reported R-squared is reported R-squared is reported
correctly. The interpretation correctly and and interpreted 01 0
is missing or completely interpretation is partially  accurately.
incorrect for R squared. correct.
Formulation and Interpretation of regression The equation is not The equation is formulated The equation is
equation Y hot = BO+B1X1 formulated correctly. The correctly and formulated and
interpretation of the equation | interpretation is partially  interpreted accurately. 0.1 0
is missing or completely correct.
incorrect,
Colculote the predicted value of ¥ using o The predicted value of ¥ is not ' The predicted value of Y is  The predicted value of ¥
specific value of X1 calculated correctly. partially correct. is calculated accurately. 0.1 0
Articulate your findings: Write a summary of The articulation is incorrect or 'The articulation is partially The articuation is
your findings. missing. complete and partially complete and accurate. 0.4 o
correct.
Total Score 0
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Appendix E:
Multiple Linear Regression Flow diagram

Is

Step 1. Locale
F-statistic

(p-value
<.05)

YES

pvalue for
F-statistic
significant?

W - Independent Variable
DV - Dependent Variahle

ND

Step 2. Locale the
intercept/constant (Po).

J

o incicates the averages value of DV ()
when the Vs (0 X ) egua) zemo.
y = Pt [k, fexn

Thea Vs in the model do
not explain a significant
amount of variance in the
Dv. & different set of Vs
may be investigated.

Step 2. Locate the slope of an
IV (start with the first).
y = PotfiXy 4Pz faXa

Interpret the slope:
siope indicales the magnitude of
change in the DV for every 1-umit
imcrease in the IV () holding other
IVis) constant,

this slope
statistically
significant?
(p-value

The Visnota

(Negative siope (-] indicates
decrease, posithe slope (+)
incicades incrisase)

significant
predictor of DV, IV
may be removed.

HEL -

e there
more Vs o
Interpret?

lo determing tha
miodel fit.

change) in DV that is
explained by the Vs,

k.

Step 4. Locale and
interpret R-sguared

R-squaned indicales the
amounl af vabiance (%

Step 5. Locate Adjusted
R Sguared.
Adjusted Resquaed
represents the amount of
vatiance in DV that has
been adfusted for he
adaitional Vs added fo the

mone,

End
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Appendix F:
Multiple Linear Regression Assignments — Pre-test
Instructions: Department of Public 3afety [DOS) has hired you 25 3 consultant to help them explore historical dats
collected from 50 states of the United States of America. Their first grierity is to study if Population size {in millions) and
Income per capita (in thousands) affect murder rate (%). Given the following output from z regression analysis, please
interprat the results by answering the guestions listed below. |
SUMARY DUTPUT
Bppressann Srotians
Mukighs R D46 TEIIGE
R Square LEFEILT
Adpisied B Squans DLATITLSELE
Stasadaed Emos EETENTETr
Db atinnm. 1]
Al
& 55 [ r Sagrsfurancy I
Regressan ) MO TLLIROEIAG4 S GTEGTELN O0O00AETISIS
FRenidusl ar ST ABASIOL 10, 17EGEOE
Tatal 48 67, TASH
Coffrhnati Sronsard Eevas ¢ Srat P ke Cowrr S58  Upger $58  Lowrw 9508 Linper S5.00
[— 14.34137802 1400650475 4 900OTITET CLOOGISTRES TATIOTMOM 1 36SEA0E1 7321077034 Fi.35568081
Papulslan OVEAB4EDE I0WEEIA1E  DOMOSES] OO00INIEE OQIAXSSK OSSEIENGEE OU11AKAR0RD O SSE4EDERE
Ireame DAEMESIIT  OMMTIMIG - 3EISEIAE OLOCI2IOS04 0I40MMOE OOMSATIIT 0ISIMINE 0030547127
Questions:
1. Interpret the overall significance of the regreszion model. Report the statistic you uzed to answer this gquestion
znd its value. {10 points)
Z. Report and Interpret the intercept/constant. (10 points)
3. Report znd Interpret the slopes/regression coefficients of the independent variables (10 points)
4. Reportand Interpret the model fit (10 points)
& Formulatz and Interpret the regression equation for this model {10 points)
5. Use the model to predict the walue of ¥ given X1=10, ¥2=50_ (10 points)
7. Write a precize summary of your findingz to DIOS. Remember that your boss is not a data analyst so make sure to
articulate your findings in an easy to understand languzage. (40 points)
Motes: Please see below, the description of the variables and a preview of the first 10 records of the data set.
Pogulation Incoene llneracy  LdeEsp  Murder HiGrad  Frost Area
hlabama 1615 M 21 B.5 151 413 20 SOT08
Maska 0365 6315 15 SE| 113 667 152 SEed3
Aizona i 153 1.4 M55 T8 581 15 113417
Arkargas an EN I MsE SR T &5 L1945
California 1% s514 13 . SE 1 20 156341
Colorads 2541 a4 07 106 BE B39 66 103766
Connecticut 31 5348 11 T1AR i1 58 139 4862
Deelavware 0579 409 09 M0.06 Bl 546 103 1962
Flogida BT 4815 13 Mush 0.7 516 11 54050
Georgia 4.931 4091 . basd 139 406 L SBOT3
Paopulation — population estimate in millions a5 of July 1, 1975
Inceme — income per capital as of 1974, in thousands
lliiteracy — percent of population who is illiterate as of 1970
LifeExp — life expectancy in years from 1363-1971
Murder — murder and non-negligent manslaughter rate per 100,000 population as of 1970
H3Grad — Percent of high-school graduates as of 1970
Frost — average days with minimum temperature below freezing betwesn 1930-1560
Area—land area in sguare miles
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Multiple Linear Regression Assignments — Post-test

Appendix G:

SUMMARY QUTPUT

Rrgression Stalis

s

Instructions: Department of Public Safety (DO5) has hired you as a consultant to help them explore historical data
collected from 50 states of the United States of America. They would like to investigate if Murder rate (%) and High
School graduation rate (3] affect Life expectancy (number of years). Given the following output from a regression
analysis, as well as using the flow chart attached on the second page of this assignment, please interpret the results by
answering the questions listed below.

Muiltiple B O.A1415858
R Squane 0,062 B4 60GE
Adjusied R Squase 0.BARST006T
Standard Error 0.7O5HTLTIE
Observationd 50
ANOVA
af 55 | AS F Sigajicance F

Teegression 7 SRSISGIENT 10.2641314 4670110018  RA161E-12
Residual 47 IETTO3EETY  0.633411824
Teasl & oo e ek

Coefficients  Siandard Erroe ¢ Seat Poralus Loverr 958 Uiy G5% Lower 95.0%  Ugser 95.0%
Imtercept 7020708802  L01S667ER2 69.21266811 S.S0GMIE-49 68.25082070 TLMOMAJA GB.25BE2ITY 72.34004a24
Murder 0.23M90095 00ISTESIII -6.719245063 1.1B051E-02 -0.308073828 -0L1GLI0S3EL -0.30B07AETE -0.1GE105361
HEGrad O.043RA7200 CQ0IE1TGEEE 2. 721374355 OO0BORRIES 00011444185 OQOTEIICMEI 0011884185 0.076330413
Questions:

1. Interpret the overall significance of the regression model. Report the statistic you used to answer this guestion

and its value. (10 points)
Report and Interpret the intercept/constant. (10 points)

Report and Interpret the model fit (10 points)
Formulate and Interpret the regression equation for this model (10 points)
Use the model to predict the value of ¥ given ¥1=8, X2=70. (10 points)

-

articulate your findings in an easy to understand language. (40 points)

Motes: Please see below, the description of the variables and a preview of the first 10 records of the data set.

Population Income Iliteracy Lifefsp Murder HSGrad Frost hrea

Alabama 1.615 3624 4.1 0905 151 413 20 50708
Alaska 0,365 6315 15 6931 113 667 152 Sh6d32
Arizona 2,212 453 LB f55 78 B5E1 15 113417
Arkansas 211 3378 19 7066 101 399 a5 51945
Califarnia 21,198 51.14 1.1 1.7 103 GG 20 156361
Colorado 1541 48 84 L) T1a 68 639 166 103766
Connecticut 3.1 53.48 1.1 12.48 31 56 139 4862
Delaware 0579 48 0% 09 FLiL 6.2 546 103 1082
Florida 8277 48.15 1.3 066 0.7 5ke 11 54000
Georgia 4.931 4091 Pl 0854 139 406 al T

Population — population estimate in millions as of July 1, 1975

Income — income per capital as of 1974, in thousands

Illiteracy — percent of population who is illiterate as of 1970

LifeExp — life expectancy in years from 1965-1971

Murder — murder and non-negligent manslaughter rate per 100,000 population as of 1970
H5Grad — Percent of high-school graduates as of 1370

Frost — average days with minimum temperature below freezing between 1930-1360
Area —land area in square miles

Report and Interpret the slopes/regression coefficients of the independent variables (10 points)

Write a precise summary of your findings to DOS. Remember that your boss is not a data analyst so make sure to
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Appendix H:
Rubric for Grading Multiple Linear Regression Pre-test and Post-test

Grading Rubric: Multiple Linear Regression Assignment

Student Name:

Needs Improvement Satisfactory Excellent
0-1 points 2-3 points 4-5 points Weight Points Possible Points Earned Weighted Points
Interpretation of overall significance of the The significance of the model  The significance of the The significance of the
model: F statistic/Null Hypothesis is not reported using the model is reported correctly regression model is
correct statistic. The and interpretation is reported correctly and 0.1 5 o
interpretation is missing or partially correct. interpreted accurately.
completely incorrect.
Interpretation of the intercept/constant: B0 Intercept/constant of Intercept/constant is Intercept/constant is
regression line is not reported reported correctly and reported and interpreted
correctly. The interpretation  interpretation is partially  accurately. 01 5 0
is missing or completely correct.
incorrect for the
constant/slope.
Interpretation of the slope/regression Slope/regression coefficients  Slope/regression Slope/regression
coefficient: B1 & B2 are not reported correctly. coefficients are reported  coefficients are reported
The interpretation is missing  correctly and and interpreted
or completely incorrect for interpretation is partially  accurately. 0.1 5 0
the slope/regression correct.
coefficients.
Interpretation of model fit: R-squared and R-squared and Adjusted R- R-squared and Adjusted R- R-squared and Adjusted
Adjusted R-squared squared are not reported squared are reported R-squared are reported
correctly. The interpretation  correctly and and interpreted 0.1 5 0
is missing or completely interpretation is partially  accurately.
incorrect for R squared. correct.
Formulation and Interpretation of regression The equation is not The equation is formulated The equation is
equation ¥ hat = BO+BIX1+B2X2 formulated correctly. The correctly and formulated and
interpretation of the equation interpretation is partially  interpreted accurately. 0.1 5 0
is missing or completely correct.
incorrect,
Colculate the predicted value of ¥ using o The predicted value of ¥ is not  The predicted value of Y is  The predicted value of Y
specific value of XI & X2 calculated correctly. partially correct. is calculated accurately. 0.1 5 0
Articulate your findings: Write a summary of The articulation is incorrect or The articulation is partially The articuation is
your findings. missing. complete and partially complete and accurate. 0.4 5 0
correct.
Total Score 0
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