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Abstract:  

High failure rate in the introductory programming courses of computer science (CS1) is a well-

known problem which is also believed to be the major reason in declining retention rates [15, 

14]. On the other hand, it is reported that some students change their major from computer 

science in spite of good grades they earn in the first two programming courses [16]. As a result, 

the Computer Science Education (CSE) community has identified the need to include various 

instructional teaching strategies and tools as part of course design to address students’ high 

failure rates in programming courses. In this paper, we propose a new model for teaching 

introductory programming course for large lecture and closed labs configuration using active 

learning techniques. Our primary studies confirm that a coherent lecture-lab model is very 

effective in first programming course in computer science (CS1). To achieve the desired 

coherency, we have developed our activities based on established theories such as Kolb’s 

learning model and Bloom’s Taxonomy (BT). The presentation of this work starts from 

analyzing few essential problems in students' learning of first programming course. Furthermore, 

we review our developed interventions or methods addressing the aforementioned problems. And 

finally, we propose our method which combines planning, evaluation and action together using 

Logic Model [11].  
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   Year  One	
  

Account  #	
  Award	
   January  2017  to  June  2017	
  

Faculty  
Stipend	
  

Transferred  directly  from  Academic  Affairs  to  Grantee  on  May  
17	
   $3850	
  

911250	
   Graduate  Student  Salaries	
   $3150	
    	
  

911300	
   Special  Pay  (Faculty  on  UNCC  payroll  other  than  Grantee)	
   	
  	
  

915000	
   Student  Temporary  Wages	
   	
  	
  

915900	
   Non-­student  Temporary  Wages  	
   	
  	
  

920000	
   Honorarium  (Individual(s)  not  with  UNCC)	
   	
  	
  

921150	
   Participant  Stipends	
   	
  	
  

925000	
   Travel  -­  Domestic	
   	
  	
  

926000	
   Travel  -­  Foreign	
   	
  	
  

928000	
   Communication  and/or  Printing	
   	
  	
  

930000	
   Supplies	
   	
  	
  

942000	
   Computing  Equipment	
   	
  	
  	
  

944000	
   Educational  Equipment	
   	
  	
  

951000	
   Other  Current  Services	
   	
  	
  

	
  	
   	
   	
  

GRAND  TOTAL	
   $7000  	
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   Year  Two	
  

Account  #	
   Award	
   July  2017  to  June  2018	
  

Faculty  
Stipend	
   Transferred  directly  from  Academic  Affairs  to  Grantee  on  May  18	
   $3850      	
  

911250	
   Graduate  Student  Salaries	
   	
  $3150    	
  

911300	
   Special  Pay  (Faculty  on  UNCC  payroll  other  than  Grantee)	
   	
  	
  

915000	
   Student  Temporary  Wages	
   	
  	
  

915900	
   Non-­student  Temporary  Wages  	
   	
  	
  

920000	
   Honorarium  (Individual(s)  not  with  UNCC)	
   	
  	
  

921150	
   Participant  Stipends	
   	
  	
  

925000	
   Travel  -­  Domestic	
   	
  	
  	
  	
  	
  	
  	
  

926000	
   Travel  -­  Foreign	
   	
  	
  

928000	
   Communication  and/or  Printing	
   	
  	
  

930000	
   Supplies	
   	
  	
  

942000	
   Computing  Equipment	
   	
  

944000	
   Educational  Equipment	
   	
  	
  

951000	
   Other  Current  Services	
   	
  	
  

	
  	
   TOTAL	
   $7000	
  

GRAND  TOTAL	
   $14000	
  

	
  

1.   Narrative	
  that	
  explains	
  how	
  the	
  funds	
  requested	
  will	
  be	
  used	
  is	
  provided	
  here.	
  
	
  

The	
  project	
  starts	
  in	
  spring	
  2017,	
  and	
  during	
  that	
  semester	
  the	
  faculty	
  investigator	
  will	
  
execute	
  a	
  pilot	
  set	
  of	
  low	
  stake	
  assessments	
  with	
  the	
  proposed	
  active	
  learning	
  activities.	
  The	
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data	
  will	
  be	
  collected	
  in	
  spring	
  (and	
  in	
  the	
  summer).	
  Later	
  in	
  the	
  summer,	
  the	
  labs	
  and	
  
surveys	
  will	
  be	
  modified	
  for	
  fall	
  and	
  spring	
  of	
  2017-­‐18	
  based	
  on	
  the	
  analysis	
  of	
  the	
  data	
  and	
  
study	
  of	
  students	
  and	
  teaching	
  assistant	
  surveys.	
  In	
  case	
  of	
  teaching	
  the	
  course	
  in	
  summer	
  
of	
  2017,	
  more	
  data	
  will	
  be	
  collected.	
  The	
  major	
  research	
  by	
  the	
  faculty	
  will	
  be	
  done	
  during	
  
the	
  academic	
  year	
  of	
  2017-­‐18	
  when	
  extensive	
  data	
  will	
  be	
  collected	
  from	
  different	
  class	
  
sessions.	
  It	
  is	
  intended	
  to	
  present	
  the	
  result	
  of	
  this	
  work	
  at	
  one	
  of	
  the	
  prestigious	
  computer	
  
science	
  education	
  symposiums	
  or	
  conferences.	
  	
  

The	
  graduate	
  student	
  who	
  will	
  be	
  working	
  on	
  this	
  project	
  is	
  Nasrin	
  Dehbozorgi	
  who	
  is	
  a	
  new	
  
Ph.D.	
  student	
  in	
  the	
  college	
  of	
  computing	
  and	
  informatics	
  working	
  with	
  Mary	
  Lou	
  Maher	
  
and	
  Mohsen	
  Dorodchi	
  on	
  Design	
  Patterns	
  for	
  Active	
  Learning.	
  She	
  has	
  been	
  working	
  on	
  
design-­‐pattern	
  based	
  introductory	
  computer	
  programming	
  labs.	
  Her	
  CV	
  will	
  be	
  available	
  
upon	
  request.	
  

The	
  goal	
  is	
  to	
  publish	
  the	
  result	
  of	
  this	
  work	
  in	
  one	
  of	
  Computer	
  Science	
  Education	
  
Symposiums	
  or	
  Conferences	
  such	
  as	
  IEEE	
  Frontiers	
  in	
  Education,	
  Frontiers	
  in	
  Computer	
  
Science	
  Education,	
  and/or	
  ACM	
  Symposium	
  on	
  Computer	
  Science	
  Education	
  (SIGCSE).	
  

The	
  faculty	
  stipend	
  will	
  be	
  summers	
  of	
  2017	
  and	
  2018	
  for	
  working	
  on	
  the	
  overall	
  project	
  
findings	
  and	
  preparing	
  the	
  materials	
  for	
  applying	
  to	
  larger	
  grants	
  with	
  collaboration	
  with	
  
other	
  faculty	
  and/or	
  institutions.	
  The	
  graduate	
  student	
  stipend	
  is	
  mainly	
  to	
  pilot	
  the	
  surveys	
  
and	
  actively	
  participate	
  in	
  data	
  collection	
  and	
  analysis.	
  It	
  is	
  worthwhile	
  to	
  reiterate	
  that	
  NSF	
  
particularly	
  is	
  interested	
  in	
  educational	
  research	
  with	
  support	
  of	
  real	
  data.	
  	
  

	
  

	
  

	
  

	
  

2.   Has	
  funding	
  for	
  the	
  project	
  been	
  requested	
  from	
  other	
  sources?	
  	
  ___	
  Yes	
  	
  	
  __X__	
  No.	
  	
  If	
  yes,	
  
list	
  sources.
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Project Narrative:  

A.   Specific Aims 

Project Goal: In this work, we propose to develop and integrate a series of low-stake assessments 

into existing group activities to be used during lecture and lab sections of the introductory 

programming course (ITSC1212) based on a re-orientation of undergraduate computing 

education. The focus is on evaluation of student learning which is based on team-based active 

learning and peer-instruction and study the effectiveness of the interventions targeting students to 

understand the fundamental concepts of computer programming.  

1.   Project Objectives: This project has three major objectives as listed below. 

a.   Creating a series of low-stake assessment techniques in evaluating the active 

learning activities.  

b.   Executing the developed assessments to collect data for formative as well as 

summative evaluation of the active learning activities. 

c.   Study the correlation between the effect of lab and lecture activities on student 

learning of fundamentals of programming. 

Statement of the specific research questions: We are going to collect data from students 

including grades to test the following research questions and hypotheses. For our baseline study, 

our control group will be from Spring and Fall of 2016. In addition, Spring 2017and Fall 2017 

will be our test group. The baseline study will use the grades as the major indicator. In another 

study, students are compared to themselves as far as the effect of interventions with the pre/post 

tests. Here are the research questions: 

•   Baseline Study Research Questions: 

•   Would the integration of low-stake assessments (and corresponding adjustments to the 

course) enhance students’ grades? 

•   Test 1: No effect observed on students’ grades comparing the test group and the 

control group for transfer and internal students (Spring Semester Students). 

•   H0: average student grades of (Sp 17) ≤ average student grades of (Sp16) 

•   H1: average student grades of (Sp 17) > average student grades of (Sp16) 
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•   Test 2: No effect observed on students’ grades comparing the test group and the 

control group for new freshman students (Fall Semester Students). 

•   H0: average student grades of (Fall 17) ≤ average student grades of (Fall16) 

•   H1: average student grades of (Fall 17) > average student grades of (Fall16) 

•   Pre-Post Tests 

•   Would infusion and integration of low-stake assessments enhance students’ motivation? 

•   Test 3: No effect observed on students’ motivation comparing before and after the 

interventions. 

•   H0: students’ attendance after interventions (post) ≤ students’ attendance before 

(pre) 

•   H1: students’ attendance after interventions (post) > students’ attendance before 

(pre) 

•   Would infusion and integration of low-stake assessments enhance students’ self-

satisfaction? 

•   Test 4: No effect observed on students’ self-assessment comparing before and after 

the interventions. 

•   H0: students’ self-assessment score after interventions (post) ≤ students’ self-

assessment before (pre) 

•   H1: students’ self-assessment after interventions (post) > students’ self-assessment 

before (pre) 

•   Would infusion and integration of low-stake assessments enhance students’ grades? 

•   H0: students’ grades show no improvement throughout the semester. 

•   H1: students’ grades show no improvement throughout the semester. 

 

2.   Rationale for the project: There are two major problems that we try to address, 1) enhancing 

the learning of programming by continuing on integrating active learning activities such as 

preparation before the lectures and labs and working on low-stake teams for peer-learning; 

and 2) enhancing the quality of students learning by infusing and integrating continuous low-

stake assessments into the course activities.  

3.   The impact of the study on undergraduate teaching and learning: We strongly believe that 

introducing undergraduate students to working in groups and actively learning in the 
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classroom impacts the learning of students significantly. Moreover, based on our prior 

experiments we need to adjust the activities and/or their orders based on students’ learning 

models. 

B. Literature Review 

B.1. Review of the students’ learning issues in computer programming 

It is reported and our observations also prove the fact that more than one single practice time is 

needed to learn programming topics [3]. One solution to this problem is to have students 

prepared before the class activities. In other words, the student’s productivity during the class 

activities would be much higher with preparation due to the following reasons [1]. 

1) A prepared student could interact with the instructor, teaching assistant, and peers more 

effectively. 

2) A prepared student applies the knowledge of the pre-lab to lab activities and therefore, learns 

the materials better. 

Our experiments as well as our findings from literature surveys confirm the effectiveness of the 

students’ preparations before the class as one of the most effective solutions to enhance the 

quality of their learning. When students attend class sessions without prior preparation, the core 

time of activity will be dedicated to preparing them to understand the details of activities and/or 

set up the basic parts of the experiments. Therefore, students are not able to efficiently 

accomplish the goals of the learning activity.  

Another common issue, which is proved from study of hands-on activities is that some of the 

concepts cannot be constructed in a simple process and require more iterations than the planned 

practice sessions [12].  

We have also observed similar problems in our labs and active learning lecture classes. To 

address this issue, we first started by searching among different students’ learning patterns, 

where we found Kolb’s learning model. His experiential learning theory (ELT), determines four 

different stages of knowledge construction that a learner has to go through: 1) stimulation, 2) 

experimentation, 3) reflection, and 4) abstraction [12]. 

B.2. Review of Logic Model for Program Planning and Evaluation 

The logic model combines three strategies or steps as Planning, Implementing and Evaluating. In 

the next sections, we will explain the details of the model as we are applying it to our project 

[11]. 
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B.3. Enhancing Problem Solving Skills 

Problem solving in the broad sense means solving different problems beyond traditional well-

formulated mathematical problems. In teaching problem solving skill, it seems that the focus is 

to educate learners to be able to solve different types of problems by following logical reasoning.  

Traditional models of learning with their hierarchical structures and instructional design 

indicated that problem solving is a combination of several building blocks, like rules, principles 

and concepts that the learners use to solve a problem [2].  

Polya in [6] classifies “problem solving” technique into four general categories: 

•   understanding the nature of the problem  

•   arranging a plan to solve the problem  

•   test the plan  

•   observe the outcome of the plan  

In [4] it states that the aforementioned steps are broadly adopted in learning programming 

concepts. Although these principles are very useful, however many students might not have 

enough confidence in applying them for solving a problem. Woods et al [7] also mentions that 

problem solving means relating to real world problem. It reports that most of the students that 

learn problem solving in university don’t have essential skills to solve real world problem. 

Gagne’s in 1985 define problem solving as a higher order thinking skill which synthesizes other 

concepts and rules into a higher order of rules that can be applied in a specific situation [5]. 

Although it has not been clearly identified, however it can be inferred that problem solving 

requires both analysis and synthesis skills and includes using and finding principles and rules to 

solve problems. 

From our perspective, the computer programmers should be able to apply the taught problem 

solving methods of computer science curriculum to real world problems. Therefore, problem 

solving means practical (real world) problem solving through synthesizing and analyzing. 

What kind of skills should problem solvers have? Jonassen et al [8] mention that problem 

solving includes two main components, which are: Attitude and cognitive aspects. He says that 

for solving problems, the learners should first want to solve it, and then they should believe that 

they can do it. In this regards he believes that important attitudinal factors that should be taken 

into consideration in the process of problem solving are knowledge about self, confidence, 
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anxiety, effort, and persistence. In the same direction, Woods et al [7] has proposed a more 

detailed list of problem solver’s characteristics categorized also into affective as well as 

cognitive domain of bloom’s taxonomy which is as listed below. 

Problem Solver’s Characteristics - Affective Domain:  
I.  Takes time to study the problem by reading, collecting information and defining it. 

II.  Approaches the problem systematically and organized. 
III.  Focuses on accurate solution rather than solving the problem quickly   

IV.   Is willing challenge with ambiguity and taking risk, accepts change and is able to manage the 

stress. 

V.  Demonstrates flexible approach to problem solving from different perspectives. 

Problem Solver’s Characteristics - Cognitive Domain: 

I.  Is able to use a process, and various heuristics and tactics to tackle problems  

II.  Observes the process of their problem solving and ponders upon its effectiveness.  

III.  Applies the relevant subject knowledge and critically and objectively evaluates the accuracy, 

quality and relevance of that knowledge. 
IV.  Takes notes of the ideas and draws charts/figures, when solving a problem. 
This observation recommends that the student should first practice on developing certain 

attitudes before they are able to acquire necessary skills to solve open-ended problems. 
Pattern is a solution to a problem that reoccurs in a specific context [9]. Alexander in [10] 

explains that a pattern "describes a problem which occurs over and over again in our 

environment, and then describes the core of the solution to that problem, in such a way that you 

can use this solution a million times over, without ever doing it the same way twice".  

In this project, we propose a model of teaching fundamentals of programming based on the ELT 

and Logic Model as explained in the next section. 

 

 

C.  Methods:  

Using Logic Model, we start from planning stage.  

Stage I: Clarifying program theory (Planning): 

As shown in figure 1, the planning includes the following steps. 
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Figure 1. Logic Model Steps in Planning Stage [11] 

1.   Problem/issue statement: help students learn a wide variety of skills such as: 

•   Course content,  

•   Critical and analytical thinking including interpretation of data and error analysis 

•   Problem solving 

•   Self-motivation and self-regulation 

•   Ability to work in teams 

•   Ability to make connection between class and lab, and lab and real world. 

•   Ability to communicate course concepts 

•   Curiosity 

•   Creativity  

 

2.   Community needs/assets:  

•   UNCC is promoting active learning as well as computer science education community. 

•   Effectiveness study as well as continuous improvement is a need.  
 

3.   Desired results (outputs, outcomes and impacts):  

•   Academically successful students (The rate of D’s, F’s, and W’s are reduced) 

•   Professionally sound students (The student assessment of active and team-based learning 

confirms the effectiveness of the method) 

 

4.   Influential factors:  
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•    Increase student’s interest in science 

•   Decrease the drop, or failure rates 

 

5.   Strategies:  

•   Setting clear expectation for students for the course and integrate them into course 

assignment 

•   Outline and model successful ways for students to achieve course goals 

•   Provide stepwise milestones and feedback for students to foster mastery experiences 

through the course 

•   Promote student monitoring of progress by requiring reflections on class and lab 

activities. 

•   Motivating the students by connecting the course to student’s interests and goals via use 

of context-rich problems, real life case studies, or problem based learning 

•   Use of team-based learning a structured class approach that involves peer support and 

individual accountability, to foster student’s self-regulation. 

 

6.   Assumptions:  

•   Spring semester students in Introduction to Computer Science Course (ITSC1212) are 

generally different from fall semester students which are normally coming as new 

freshman group. 

 

Stage II. Demonstrating program’s progress (Implementation): 

1.   Resources:	
   

•   Closed-lab (or dedicated lab) time and activities 

•   Active Learning classroom 
 

2.   Activities:  

•   Active Learning class activities, prelab and post labs for the lab 

 

3.   Outputs:  
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•   Academically successful students (The rate of D’s, F’s, and W’s are reduced) 

•   Professionally sound students (The student assessment of active and team-based learning 

confirms the effectiveness of the method) 

 

4.   Short & long-term outcomes (SMART: Specific, Measurable, Action-oriented, Realistic, and Timed)  

•   Short-term: Enhancement of student learning (as indicated by grades) and motivation 

level to learn (as indicated by self-assessments) 

•   Long-term: T-shaped Professional Graduates able to find jobs within 6 months of 

graduation 

 

5.   Impact:  

•   An adjustable active learning model which improves students’ learning abilities as well 

as self-confidence 

 

Table 1. Implementation Stage Details [11] 

Table 1 can be used during the second stage. 

Stage III:  Program evaluation questions and indicators (Evaluation):  

The Importance of “Prove” and “Improve” Questions 

 There are two different types of evaluation questions – formative help you to improve your 

program and summative help you prove whether your program worked the way you planned. 
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Both kinds of evaluation questions generate information that determines the extent to which 

your program has had the success you expected and provide groundwork for sharing with 

others the successes and lessons learned from your program. 

Benefits of Formative and Summative Evaluation Questions 

Formative Evaluation – Improve 

•   Provides information that helps you improve your program. Generates periodic reports. 

Information can be shared quickly. 

•   Focuses most on program activities, outputs, and short-term outcomes for the purpose of 

monitoring progress and making mid-course corrections when needed. 

•   Helpful in bringing suggestions for improvement to the attention of staff. 

 

Summative Evaluation – Prove 

•   Generates information that can be used to demonstrate the results of your program to 

funders and your community. 

•   Focuses most on program’s intermediate term outcomes and impact. Although data may 

be collected throughout the program, the purpose is to determine the value and worth of a 

program based on results. 

•   Helpful in describing the quality and effectiveness of your program by documenting its 

impact on participants and the community. 

Evaluation Question Development Process: 

1.   Focus area:  

Our focus in on learning the course content, increasing students’ self-motivation and 

improving their problem solving and teamwork skills. 

 

2.   Audiences:  

We identified the audiences as teacher and student. 

3.   Questions:  

Here are the examples of the questions that we ask in the low-stake assessments. 
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Students: 

•   How do I know if I have learnt a concept? 

•   How do I identify where I have problems? 

Teachers/TA: 

•   How can I get regular report/feedback from students’ performance 

•   How do we know if the method is improving the student’s motivation? 

•   How do we know if the method is improving the student’s learning? 

 

 

4.   Information use: 

•   The hypothesis tests mentioned earlier in this proposal is going to be based on the 

collected data. 

 

5.   Indicators: 

•   Many students don’t know what they don’t know. To improve the learning 

process, we intend to help students focus on the thought process (i.e. the ability to 

be meta-cognitive which includes thinking whether they know or understands 

something) 

•   This can be done by asking students questions about their thought process in 

problem solving by class-wide collaborative interactions and thinking aloud and 

challenging each other (i.e. having a ‘journal club’ every other week, it can be an 

online discussion or at the end of class). This will be a guided discussion by TA/ 

Instructor raising a topic for students to think and talk about. A well-studied form 

will be given to students to be filled out at the end of discussion to collect their 

reflective ideas. 

•   Students are also required to fill out reflection forms individually at the end of 

each class. 

•   The data of both reflections (collaborative and individual) are collected and a 

reflection analysis for mid-course changes/corrections will be applied. 
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•   Lab-test and quizzes and tests (grades in general) are another factor to determine 

the improvement of students. 

•   We have a pre-test and post-test at the beginning and end of each semester to 

evaluate student’s knowledge and level of interest/motivation in the field. (I 

should search for methods to measure the level of interest or motivation, have no 

clear idea currently) 

 

6.   Technical assistance:  

•   CCI has the learning analytics initiatives and well as other centers in the 

university that might be interested in contributing to the data analysis of this 

project. 

 

D. Evaluation 

Project evaluation will include collection of data in the use of design patterns in introductory 

programming courses and to assess the degree to which these tools impact students’ grasp of 

performance. As mentioned before, we try to find out whether preparation (and follow up) 

activities for the lab and lecture would have any affect on performance of the students in lab 

tests, lecture tests, and overall grade. 

It includes a formative assessment by collecting input and feedback from students enrolled in the 

ITSC 1212, via qualitative and quantitative means. Student assessment will include a variety of 

indicators (such as grades, students’ surveys, TA surveys) as direct causal links are not possible 

in quasi-experimental educational interventions. Data collected will include the test grades in lab 

and lecture as well as the overall all final grade of students. Pre and posttest surveys will be 

developed to collect additional data.  

Summative assessment will include student learning outcomes, as identified in course grades and 

test outcomes, results from passing grades and retention changes, student survey input, course 

evaluations, and interview themes. Overall assessment of the project will be determined by 

evaluating activities and tracking participants throughout the grant lifecycle, presented in 

summative reports, as shown in the following table. 
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E. Dissemination: The results of this work will be presented to UNCC community to increase 

the level of awareness related to open source and its benefits. It is also the intention of the 

investigator to publish the result of the work in computer science education symposiums and 

conferences. 

F. Human Subject: The students are the human subject in this study and the IRB process will be 

followed before asking them to participate in the study. 

G. Extramural Funding: N/A. 

H. TimeLine:  We execute the project in the following steps. 

 Activity for Spring 2017 Tentative Date 

1 Preparing the student surveys and IRB approval  Spring 2017 

2 
Integrating the surveys into the Canvas Assignments and 

Activities as a part of the course 
Summer 2017 

3 Execution of the method Fall 2017, Spring 2018 

4 Data Collection  
Spring 2017, Fall 

2017, Spring 2018  

5 Data Analysis Spring/Summer 2018 
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