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Warm-up question

● In your own words, what is research?

(answers courtesy of my CS 470 class)



What is research?

● “Research is the process of finding information.” 
● “Research is when you use your own time to understand and 

describe in words a topic you did not know about before.” 
● “Looking for credible information pertaining to a specific 

topic.” 
● “Utilization of academic, peer-reviewed publications in order to 

better understand or solve a problem.” 
● “It's taking concepts or ideas and collecting valuable 

information pertaining to it, with some fact checking of course!”



What is research?

● “Working at the edge of knowledge in a field attempting to 
push that frontier a little further with your work.” 

● “Thorough investigation into a subject, with the end result of 
finding new information.” 

● “Research is building on the work of others on a topic of the 
researchers choice to posit new arguments and find new 
discoveries that might interest yourself or the general public.” 

● “Learning new things then doing those things then writing 
about those things.”



What is research?

● The former is secondary research 
− Wikipedia: "summary, collation and/or synthesis of existing research" 

● The latter is primary research 
− OECD 2015: "creative and systematic work undertaken to increase 

the stock of [human] knowledge" 
− Goal: novelty! 
− Many subcategories: 

● Purpose: theoretical vs. applied 
● Target: formal vs. natural vs. social 
● Methodology: scientific vs. historical vs. artistic



Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

http://www.happyschools.com/bachelors-vs-masters-vs-phd/


Knowledge (visualized)
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all current human CS knowledge
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Knowledge (visualized)
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Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

specializing
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Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

publish a paper!

http://www.happyschools.com/bachelors-vs-masters-vs-phd/


Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

world expert in topic XYZ!!

http://www.happyschools.com/bachelors-vs-masters-vs-phd/


Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

"wait, you're still in school?!?"

http://www.happyschools.com/bachelors-vs-masters-vs-phd/


Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

Ph.D. (yay!)

http://www.happyschools.com/bachelors-vs-masters-vs-phd/


Knowledge (visualized)

based on http://www.happyschools.com/bachelors-vs-masters-vs-phd/

all current human CS knowledge

(the big picture)

http://www.happyschools.com/bachelors-vs-masters-vs-phd/


Another perspective

● As faculty advisors ... 
− Undergrad projects: we have a reference solution 
− Graduate projects: we know a solution is possible 
− Research projects: we think a solution might be 

possible



What is research?

● “Research is the process of systematically casting a fishing rod into 
the unknown and hoping that you reel in something worthwhile.  
 
Sometimes you catch nothing, sometimes you get something 
worthwhile, and sometimes you get something that looks worthless 
until it's published by somebody else three years later.  
 
But regardless you slowly begin to learn about the world on the 
other end of that hook.”



 If that is what, now how? 

● My advisor from UVA (Bill Wulf) 
● “We don’t really know how so we use the apprentice model.” 

● More detailed references 
● How to pick an advisor 

● “Getting Started in Undergraduate Research” 
● How to read a paper 

● “How to Read an Engineering Research Paper” 
● What I wish I knew/organization 

● “Organizing your Research and Developing your 
Research Skills” 

● “Everything I Wanted to Know about CS Graduate School 
at the Beginning but Didn’t Learn Until Later”

http://www.mathcs.richmond.edu/~kshaw/startUgradResearch.pdf
http://cseweb.ucsd.edu/~wgg/CSE210/howtoread.html
http://www.mathcs.richmond.edu/~kshaw/OrganizingResearch-acceptedversion.pdf
http://www.mathcs.richmond.edu/~kshaw/OrganizingResearch-acceptedversion.pdf
http://www.mathcs.richmond.edu/~kshaw/OrganizingResearch-acceptedversion.pdf
http://www.cs.unc.edu/~azuma/hitch4.html
http://www.cs.unc.edu/~azuma/hitch4.html
http://www.cs.unc.edu/~azuma/hitch4.html


Dr. Dee A. B. Weikle

Research Interests 
- Education (POGIL Project, Fourth Hour) 
- Workload Characterization (E-Flynn) 
- Computer Architecture (FPGA Design )



Computer Architecture
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System Design

Goals: 
- Set up infrastructure for fpga design 
- Make power measurements for each



E-Flynn
 S i n g l e D a t a 

Stream
Mul t ip le Data 
Streams

S i n g l e 
Instruction

SISD SIMD

M u l t i p l e 
Instruction

MISD MIMD

Flynn’s Taxonomy Expanded Flynn’s Taxonomy
int binary_search( int nums[], int first, int last, int x) { 
    while (first <= last) { 
          int center = (first + last) / 2; 
          if ( x > nums[center]) { 
             first = center + 1; 
          } else if (x < numbs[center]) { 
               Last = center -1; 
          } else { 
               return center; 
     } 
     return -1; 
} 
  
int main() { 
     int nums[] = { 1, 4, 8, 14, 17, 19, 25, 27, 29, 48, 49, 51, 53, 
57, 79}; 
     binary_search{nums, 0, 15, 14}; 
} 

Figure 2: C++ code for a binary search



E-Flynn at JMU
Kylie Davidson, Ryan Heick, and Mac Koslowski 
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My research interests (Mike Lam)

● Program analysis  (CS 430, 432) 

● Systems-level software tools  (CS 261) 

● High-performance computing  (CS 470) 

● Real number representations  (CS 261)

I write software tools (primarily instrumentation-based) to analyze computer programs, 
with the goal of improving performance or improving accuracy.

Current projects: 
● CRAFT and FloatSmith 
 Reports precision requirements for each instruction in a program 
 Create mixed-precision versions of a program (binary and source level) 
● SHVAL 
 Simulates running programs with an alternate precision (e.g., double vs. single) 
● Automatic differentiation (collaboration with LLNL) 
 Rigorously quantify each input's effect on each output 
● Less-Java (new/upcoming collaboration with Dr. Stewart) 
 New language/compiler for introductory programming



Dr. Michael 
Stewart

Teaches: 
• Intro (CS 149 and 159) 
• Interaction Design 
• Web Development (eventually) 
• Mobile App Development (eventually)

http://HCIentist.com



Human-Computer 
Interaction

Interdisciplinary research 
field centered around the 
way people use technology 
(or don’t) and the effects of 
technology use on people.

1.Gather qualitative and quantitative data 
about people and systems (evaluate) 

2.Produce Implications for Design 
3.Design 
1.Evaluate (gather qualitative and 
quantitative data about people and systems)



ThoughtSwap

EduGit 
• publication, adoption, and attribution of 

curricular materials 
• collaboration and critique of curricular 

materials



Process Oriented Guided Inquiry Learning 
in Introductory Computer Science

Helen Hu, Westminster College 
Clif Kussmaul, Muhlenberg College 

Chris Mayfield, James Madison University 
Aman Yadav, Michigan State University



What is POGIL?



Related Work  (in Chem Ed)



5-Year Project in CS



Dr. Kevin 
Molloy



• Reports of antibiotic resistance have 
increased 

• The U.S. Center for disease control reports 
over 2 million infections and 23,000 deaths 
each year due to antibiotic-resistant bacteria 
and fungi in the US  

• Despite the urgency and the need, a 
slowdown is occurring in delivering new 
antibiotics to market [1] 

Slide adapted from  D. Veltri – National Institute of Allergy and Infectious Diseases

[1] CDC https://www.cdc.gov/drugresistance/about.html

Motivation

Computational Modeling of AntiMicrobial 
Peptides (AMPs) Characteristics

Methicillin-resistant Staphylococcus aureus (left)
 Carbapenem-resistant Enterobacteriaceae (right)



• Bacterial proteins have a variety of 3D structures and functions

Cycle of Antibiotic Resistance

• Chance mutations in the DNA that 
codes for a protein can alter its 
shape and inhibit docking, allowing 
the bacteria to be "resistant" to 
the antibiotic

• Many antibiotics (blue) work by 
"docking" or interfacing with the 
protein (red) and blocking its 
natural function, resulting in the 
death of the bacteria  

X
• A new antibiotic is now needed and the cycle repeats



The MD photo taken from Wimley, Describing the Mechanism of 
Antimicrobial Peptide Action with Interfacial Activity Model (2010).

Antimicrobial Peptides (AMPs) kill bacteria 
using mechanisms that are not as sensitive 
to the shape of specific proteins. They 
choose more general targets that are harder 
to be stopped by a few chance mutations 
and thus can be harder for certain species of 
bacteria to “resist”

AMPs

Research area: Develop algorithms to simulate AMP behavior so that we can 
better characterize: 
• properties of AMPs that make them effective 
• determine which AMP is best suited to kill a specific bacterial strains 
• long term: How to adapt (design) AMPs to target specific strain



Dr. Michael 
Kirkpatrick



Computing Ethics & Society



Empirical CS Education
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Figure 5: Visual representation of the linear regres-
sion model of final exam score

the primary goal was to find a way to bring active learning
into our systems courses.
Finally, we also need to address a commonly cited concern

about switching to active learning techniques: its impact on
coverage. That is, instructors often worry that adopting a
new pedagogy will interfere with their ability to cover all re-
quired material. In this instance, we do not feel that such a
concern is warranted. After doing an informal retrospective
mapping to the ACM 2013 curriculum recommendations,
we found no differences between coverage of Core Tier-1
and Core Tier-2 topics. Any differences between coverage
of Elective topics was negligible. Consequently, we find that
adopting these techniques will not have any measurable im-
pact on coverage.

5. CONCLUSION AND FUTURE WORK
In Fall 2013, we introduced two new techniques into our

OS course in an attempt to increase the amount of active
learning that happened in the classroom. These two tech-
niques, the RAP and the RSQC2, require a very modest
amount of effort on the part of the instructor, but initial ev-
idence indicates that they can be powerful first steps toward
improving student learning. Our statistical analysis, which
compares the Fall 2012 and Fall 2013 offerings of OS, shows
that there were statistically significant improvements in a va-
riety of measurements, even when demographic differences
were considered. Thus, for any instructor contemplating a
switch to an active learning pedagogy, we recommend these
two techniques as a low-cost transitional step.
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Figure 3: Self-reported C programming experience

performed significantly better in CS 450 than those in the
control group. Figure 4 shows the grade distributions for
the two offerings. The WDF rate improved from 13/49 in
Fall 2012 to 3/52 in Fall 2013; a one-sided χ2 test yielded
p = 0.004893, indicating significance. Similarly, if we look
at the students who did well in CS 450 (those earning As
and Bs, and only considering the subset of students who
responded), we see that the ratio of As and Bs improved
from 17/44 in Fall 2012 to 35/43 in Fall 2013, which yields
p = 0.0000596 in a one-sided χ2 test. Thus, the intervention
group showed a significant improvement in course grades.
In addition to overall course grades, we also observed a

significant improvement on programming projects. For in-
stance, both offerings were required to complete (working
in groups) portions of the Pintos OS projects [12]. In these
courses, the userprog project was completed at the end of
the semester. The average number of test cases (only a
subset were required) that the teams passed increased from
28/50 to 40/50. A t test yields p = 0.02391, thus indicat-
ing significance. As these were team projects, we attempted
to perform a linear regression that modeled the number of
test cases passed as a function of the team’s average C pro-
gramming experience and the intervention. The only factor
found to be significant was the intervention (p = 0.0678),
but the adjusted R2 value was 0.1535 (overall p = 0.09181
for the model), indicating the model produced by the regres-
sion is rather weak. However, what is interesting about this
regression is that teams’ average C programming experience
is not a significant predictor of test case success, regardless
of whether or not the intervention was present. This finding
is counterintuitive, as the Pintos projects are all written in
C, but it is welcome: It suggests that teams with less C ex-
perience in both groups were able to catch up with those with
more experience by the end of the semester.

3.3 Impact on final exam performance
As noted above, our intervention group (Fall 2013) demon-

strated significant improvements in the WDF rate, overall
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Figure 4: Fall 2012 vs. Fall 2013 CS 450 grade dis-
tribution

course grade, and programming projects. We also observed
that students performed better on the exams, as well. To
analyze exam performance in more detail, we performed a
multiple linear regression analysis aimed at describing final
exam scores as a function of demographics (C programming
experience, community college equivalency of the prerequi-
site, and prerequisite grade) and our intervention. Linear
relationships between final exam scores and each of the de-
mographic and intervention variables were reasonable, and
residual diagnostics for the final model (described below)
revealed no issues with model form or assumptions. We
found the community college equivalency factor to be in-
significant with the other factors present, and removed it
based on ANOVA results (p = 0.4958).

Recall that the C programming factor was self-reported
Likert-scale data. While we initially considered all four Lik-
ert responses as factors in the regression, we found the in-
crease to the third level, “Written several small programs,”
relative to having “No experience,” to be the only significant
factor (p = 0.0551). Consequently, we found it appropri-
ate to group the responses into two categories: those with
limited or no experience, versus those with at least some
experience with C programming.

Table 1 shows our model, which is significant with an over-
all p = 1.153 ∗ 10−12 and R2 = 0.5114, indicating that this
model captures the behavior well. According to this model,
the y-intercept for students in the intervention group was 24
points higher on the final exam when all other factors are
held constant. Furthermore, there was a significant inter-
action between the prerequisite grade and the intervention,
which changes the slope of the line for that class. The result
is that the weakest students (those who scored a D in the
prerequisite) in the intervention group benefited the most.
At the same time, though, the strongest students in the in-
tervention group also benefited but to a lesser extent.

Figure 5 illustrates the model in graphical form. In this
figure, the dotted lines indicate the model for the students
who had limited or no C programming experience, whereas
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Figure 4: CS1.5 retention did not drop after the
split, but did after the Calculus change.

first course (CS1X Grade), and the number of attempts for
the first course (CS1X Attempts); the latter factor was used
to consider whether students who repeated the course im-
proved their mastery of the material to the same level as
their peers. For CS2, the initial set also included the num-
ber of attempts and highest grade for CS1.5a.2

Table 3 shows the final models for CS1.5 and CS2 grades.
Q-Q plots of the residuals showed a nearly normal distribu-
tion in both cases, although the residuals for the CS2 grade
model included a very slight left skew. Given this skew and
the modest adjusted R2 values (0.2552 and 0.2021), Table 4
summarizes Spearman’s rank coe�cients that were used to
confirm the findings of the regression analysis.

The key observation from these models and calculations
is the change in significant factors from the CS1.5a model
to the CS2 model. All else held equal, the model predicts a
CS1 student would receive a CS1.5a grade that was, on av-
erage, approximately a third of a letter grade (0.319) lower
than an equivalent CS1a student. The Spearman’s calcu-
lation also found a small but statistically significant e↵ect
size on CS1.5a grades based on the student’s enrollment in
CS1 vs. CS1a. However, the CS1 boolean is no longer a
significant factor in the CS2 model; the only factor that
showed significance in the CS2 grade model was the stu-
dent’s CS1.5a grade. The Spearman’s calculation also sup-
ports this conclusion, give the large p-value (0.489) for the
CS1 boolean factor. Thus, there is a di↵erence in average

2The reader may recall from Section 3.1 that there was a
statistically significant di↵erence in CS1.5 retention between
the 2013-14 and 2014-15 cohorts. This di↵erence suggests a
combined model would be invalid. As this objection is valid,
we also repeated the regression analysis on the two cohorts
independently and produced comparable models (omitted to
avoid redundancy) whose significant factors were identical to
those presented here.

CS1.5 Grade
Factor Est. SE t value Pr(>|t|)
(Intercept) 0.745 0.436 1.708 0.089 .
CS1/1a -0.319 0.126 -2.525 0.012 *
CS1X Grade 0.834 0.096 8.685 < 4e-16 ***
CS1X Attempts -0.600 0.224 -2.675 0.008 **
Residual standard error: 0.917 on 270 degrees of freedom
Multiple R-squared: 0.2633, Adjusted R-squared: 0.2552
F-statistic: 32.17 on 3 and 270 DF, p-value: < 2.2e-16

CS2 Grade
Factor Est. SE t value Pr(>|t|)
(Intercept) 1.187 0.234 5.079 < 1e-06 ***
CS1.5 Grade 0.512 0.075 6.788 < 2e-10 ***
Residual standard error: 0.723 on 177 degrees of freedom
Multiple R-squared: 0.2066, Adjusted R-squared: 0.2021
F-statistic: 46.08 on 1 and 177 DF, p-value: 1.651e-10

Table 3: Multiple linear regression models of CS1.5
and CS2 grades.

CS1.5 grade factor Spearman’s rank coe�cient
CS1 ⇢ = �0.158, p = 0.009 **
CS1/1a Grade ⇢ = 0.492, p < 3e-16 ***
CS1/1a Attempts ⇢ = �0.182, p = 0.002 **

CS2 grade factor
CS1 ⇢ = 0.052, p = 0.489
CS1.5a Grade ⇢ = 0.467, p < 5e-11 ***

Table 4: Spearman’s rank coe�cients provide ad-
ditional evidence for the significant factors in the
CS1.5 and CS2 grade regression models.

predicted CS1.5a grades for CS1 and CS1a students, but the
di↵erence disappears among students that persist to CS2.

3.3 Effect of skipping CS1 based on AP credit
To provide guidance about placement into CS1/1a, we

used T-tests to compare the mean CS1.5/1.5a and CS2 grades
for students who received CS1 credit for earning a score of
4 or 5. Table 5 shows the results. Given the small num-
bers of students with these scores, the data for all years
was combined. The key observation here is that there is a
statistically significant average CS1.5/1.5a grade di↵erence
between students who elect to skip CS1/1a with a score of 4
compared with those who scored a 5; however, the di↵erence
is no longer significant with the students who scored a 4 and
elected to take CS1/1a despite already having credit. There
were no statistically significant di↵erences among the CS2
grades. Although the results are not strongly conclusive, the
evidence seems to suggest that retaking CS1/1a is beneficial
for students with a score of 4 on the AP CS A exam.

3.4 Impact on Underrepresented Students
To evaluate the potential impact of these curricular changes

on underrepresented minority and women students, �2 tests
were performed on data about these sub-populations as in
previous analyses.3 Figure 5 shows the results for comparing
the CS1/1a retention rates among the sub-populations after
introducing the CS1/1a split and the Calculus/B- change.
In all cases, the p-value was very large, indicating there was
no evidence of a di↵erence in the sub-population retention
3Given small population sizes, only results with exact p-
values are presented.
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Figure 4: CS1.5 retention did not drop after the
split, but did after the Calculus change.

first course (CS1X Grade), and the number of attempts for
the first course (CS1X Attempts); the latter factor was used
to consider whether students who repeated the course im-
proved their mastery of the material to the same level as
their peers. For CS2, the initial set also included the num-
ber of attempts and highest grade for CS1.5a.2

Table 3 shows the final models for CS1.5 and CS2 grades.
Q-Q plots of the residuals showed a nearly normal distribu-
tion in both cases, although the residuals for the CS2 grade
model included a very slight left skew. Given this skew and
the modest adjusted R2 values (0.2552 and 0.2021), Table 4
summarizes Spearman’s rank coe�cients that were used to
confirm the findings of the regression analysis.

The key observation from these models and calculations
is the change in significant factors from the CS1.5a model
to the CS2 model. All else held equal, the model predicts a
CS1 student would receive a CS1.5a grade that was, on av-
erage, approximately a third of a letter grade (0.319) lower
than an equivalent CS1a student. The Spearman’s calcu-
lation also found a small but statistically significant e↵ect
size on CS1.5a grades based on the student’s enrollment in
CS1 vs. CS1a. However, the CS1 boolean is no longer a
significant factor in the CS2 model; the only factor that
showed significance in the CS2 grade model was the stu-
dent’s CS1.5a grade. The Spearman’s calculation also sup-
ports this conclusion, give the large p-value (0.489) for the
CS1 boolean factor. Thus, there is a di↵erence in average

2The reader may recall from Section 3.1 that there was a
statistically significant di↵erence in CS1.5 retention between
the 2013-14 and 2014-15 cohorts. This di↵erence suggests a
combined model would be invalid. As this objection is valid,
we also repeated the regression analysis on the two cohorts
independently and produced comparable models (omitted to
avoid redundancy) whose significant factors were identical to
those presented here.

CS1.5 Grade
Factor Est. SE t value Pr(>|t|)
(Intercept) 0.745 0.436 1.708 0.089 .
CS1/1a -0.319 0.126 -2.525 0.012 *
CS1X Grade 0.834 0.096 8.685 < 4e-16 ***
CS1X Attempts -0.600 0.224 -2.675 0.008 **
Residual standard error: 0.917 on 270 degrees of freedom
Multiple R-squared: 0.2633, Adjusted R-squared: 0.2552
F-statistic: 32.17 on 3 and 270 DF, p-value: < 2.2e-16

CS2 Grade
Factor Est. SE t value Pr(>|t|)
(Intercept) 1.187 0.234 5.079 < 1e-06 ***
CS1.5 Grade 0.512 0.075 6.788 < 2e-10 ***
Residual standard error: 0.723 on 177 degrees of freedom
Multiple R-squared: 0.2066, Adjusted R-squared: 0.2021
F-statistic: 46.08 on 1 and 177 DF, p-value: 1.651e-10

Table 3: Multiple linear regression models of CS1.5
and CS2 grades.

CS1.5 grade factor Spearman’s rank coe�cient
CS1 ⇢ = �0.158, p = 0.009 **
CS1/1a Grade ⇢ = 0.492, p < 3e-16 ***
CS1/1a Attempts ⇢ = �0.182, p = 0.002 **

CS2 grade factor
CS1 ⇢ = 0.052, p = 0.489
CS1.5a Grade ⇢ = 0.467, p < 5e-11 ***

Table 4: Spearman’s rank coe�cients provide ad-
ditional evidence for the significant factors in the
CS1.5 and CS2 grade regression models.

predicted CS1.5a grades for CS1 and CS1a students, but the
di↵erence disappears among students that persist to CS2.

3.3 Effect of skipping CS1 based on AP credit
To provide guidance about placement into CS1/1a, we

used T-tests to compare the mean CS1.5/1.5a and CS2 grades
for students who received CS1 credit for earning a score of
4 or 5. Table 5 shows the results. Given the small num-
bers of students with these scores, the data for all years
was combined. The key observation here is that there is a
statistically significant average CS1.5/1.5a grade di↵erence
between students who elect to skip CS1/1a with a score of 4
compared with those who scored a 5; however, the di↵erence
is no longer significant with the students who scored a 4 and
elected to take CS1/1a despite already having credit. There
were no statistically significant di↵erences among the CS2
grades. Although the results are not strongly conclusive, the
evidence seems to suggest that retaking CS1/1a is beneficial
for students with a score of 4 on the AP CS A exam.

3.4 Impact on Underrepresented Students
To evaluate the potential impact of these curricular changes

on underrepresented minority and women students, �2 tests
were performed on data about these sub-populations as in
previous analyses.3 Figure 5 shows the results for comparing
the CS1/1a retention rates among the sub-populations after
introducing the CS1/1a split and the Calculus/B- change.
In all cases, the p-value was very large, indicating there was
no evidence of a di↵erence in the sub-population retention
3Given small population sizes, only results with exact p-
values are presented.
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