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I. Introduction
In IST 210, students are introduced to various technologies used in database systems, including MYSQL, MySQL Workbench, MS Access, PHP, Oracle, and HTML etc.  Unfortunately, I have not been able find a textbook that covers these technologies and database concepts such as design, security, and database administration.  Therefore, I had developed a large set of course materials over the years. Most of the course materials are in the form of PowerPoint pdf slides, code examples, practice questions, and query examples made available to students in ANGEL.  I have observed that students have difficulty to navigate the course content in ANGEL, particularly when they are solving problems. Firstly, it is difficult to locate specific information in large pdf Power Point files (over 50 pages). Secondly, students need to use multiple pieces of information located in different files, but it is difficult to switch between course contents in ANGEL.  Thirdly, students are increasingly access information through their mobile devices, and pdf Power Point slides are not the best way to present course content in mobile devices. 

To address these problems, I developed a Word Press course site that brought all IST 210 course content together in Sites @ Penn State (http://sites.psu.edu/databases).  This website has been the main textbook for IST 210 since Fall 2015.  The course website has a mobile friendly, easy-to-navigate user interface.  Furthermore, I was able to use the website in an online version of IST 210 that I developed in Summer 2015.   
II. Project Design
The project started in Summer 2014 and finalized in Spring 2016. However, I will continue to improve the website by adding new materials and revising the existing content based on student feedback.  The project included the following phases.
Phase I: Preliminary Research and Website Template (Summer and Fall 2014)
In this phase of the project, we investigated the tools and capabilities of Sites @ Penn State to achieve the project objectives.  This phase was particularly important for the success of the project because when we started the project, we were not sure whether Sites @ Penn State could support all specifications and desired features of the website. The specific requirements of the website design were identified as follows: 
1. The website supports mobile devices, including smart phones. 

2. The website has a straightforward menu system that facilitates information search even in mobile devices.   

3. Code example are highlighted and formatted different from the text for easier readability. 

4. Content webpages include short interactive quizzes.

5. Only authorized students access the website.

 Phase II: Creating a website template (Fall 2014)

In this phase of the project, we designed the overall look and feel of the website. Word Press Education Pro was selected as the website template, and several user interface features of this template were customized using CSS in order to improve readability and navigation of the pages.  In addition, we figured out a way to create quizzes in the website using the Word Press Forms plugin.   
Phase III: Creating the course content (Spring 2015, Summer 2015). 
We started creating the course content and transferring it to the website at the end of Fall 2014, and the website was up and running in Summer 2015. In the creation of the course content, we used Gardner's theory of multiple intelligence, which suggests that asynchronous, technology-based content delivery should use multiple channels (text, audio, video, and interactive learning objects) to enhance student learning.  The website includes following content types:
· Text:  Text is primarily used to provide students with foundational concepts and knowledge.
· Videos: Short videos are used for software demonstrations. Students are expected to watch these videos in order to learn bells and whistles of MySQL and MySQL Workbench outside of the classroom. Thereby, we can have more time to perform high-impact learning activities such as problem solving and database design during the class time rather than learning trivial software features. 
· Pictures/Illustrations:  The concepts introduced through text are supported by many rich graphical demonstrations.   

· Code Examples and Practices: The website includes many SQL script and query examples. 
· Case Studies: These are SQL code examples that demonstrate how to use SQL in a specific domain through real-life examples. For example, students learn how to use SQL to analyze survey responses.    
· Quizzes: Most of the sections include a quiz through which students can check their understanding of the concepts in that section.  

The course website includes 46 webpages (more than 25,000 words), 17 quizzes, many video and graphical illustrations. The course content was organized into the following sections:  
1. INTRODUCTION

  1.1 Representation of Data 

  1.2 Databases 

  1.3 Database Management Systems (DBMS)

2. DB DESIGN

  2.1 DB Design Process

  2.2 Entity Relationship Models 

  2.3 Entities (Tables)

  2.4 Relationships

  2.5 Referential Integrity 

3. CREATING DATABASES

  3.1 Numerical Datatypes

  3.2 Text/Date Datatypes

  3.3 Create Table

  3.4 Insert 

  3.5 Update 

  3.6 Delete 

4. NORMALIZATION

  4.1 1NF

  4.2 2NF 

  4.3 3NF 

  4.4 2NF and 3NF Examples 

  4.5 BCNF

5. DATA ACCESS

  5.1 Select: Distinct, AS, Order By 

  5.2 Comparison Operators

  5.3 Select, Where

  5.4 AND / OR / NOT

  5.5 Group By and Aggregate Functions

  5.6 Joins

  5.7 Sub-queries

  5.8 Case Study- Survey

6. ADVANCED ER

  6.1 Tree Structures

  6.2 Networks

  6.3 Sub-/Super-Types

7. ADMINISTRATION

  7.1 Role of Database Administrator

  7.2 Access Controls/Privileges 

9. SECURITY

  9.1 Database Security Needs

  9.2 Encryption in Databases 

  9.3 Common Database Treats and Attacks
In addition, the following video clips were developed during this phase of the project. These video clips were posted in YouTube and connected to the relevant pages of the website.
· Creating ER-Diagrams in MySQL Workbench
· One-to-one relationships in MySQL Workbench.
· One-to-Many relations in MySQL Workbench
· Non-identifying relationships in MySQL Workbench.
· Data integrity rules in MySQL Workbench.
· Creating Tables 

Phase IV: Website Evaluation and Revisions (Fall 2015, Spring 2016)
The website was used by IST 210 students during Fall 2015 (one section) and Spring 2016 (two sections). During this period, we collected data regarding the usability of the website as well as the quality of the course content.  A survey was developed to evaluate the usability of the website. The survey also included questions to learn students’ perceptions about the contribution of various content elements to their learning.  In addition, Google Analytics was used to track student behavior while they were using the website. Based on the student feedback and collected data, the website content was modified.  
III. Learning Outcomes & Discussion 
Student Perceptions about the Organization of the Website 

One of the motivations of the project was to organize the IST 210 course content in a logical, easy-to-navigate format. As seen in Figure 1, an overwhelming majority of students found the website very intuitive to navigate and the course content to be well organized.  
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Figure 1. Student perceptions about the organization of the website. 
Student Perceptions about Their Learning 

As seen in Figure 2, more than 95% of the students stated that the website significantly contributed to their learning in IST 210, and 90% of the students agreed that the website explained the concept very well. The effectiveness of the website was also commented in student SRTEs. In particular, the students appreciated the fact that they did not have to buy a textbook for the course. 
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Figure 2. Student perceptions about the content of the website.
Contributions of Various Content Types to Student Learning 

We were interested in investigating which type of content (text, videos, quizzes, code examples, and illustrations) contributed to their learning the most.  Students were asked to rank various content types in terms of their contributions to learning.  As a result, all content types had similar ranking as shown in Figure 3. This result shows that the delivery of content through multiple channels has merits. Some students preferred videos while others found text descriptions more helpful. In short, the website was able to provide different types of learners with different modes of learning.   

	[image: image5.png]With respect to this course site, please
arrange the following aspects in order of
most effective in helping me to learn (1) to
least effective in helping me to learn (5).
(move items to sort them)

Answered: 45 Skipped: 0
Videos
Hustrations
Code Samples

Site Navigation

Text
descriptions






Figure 3. Ranking of various content types in terms of contribution to student learning.

Figure 4 summarizes student perceptions about the effectiveness of text, videos, examples/illustrations, and quizzes. While all types of content seemed to support student learning significantly, quizzes and illustrative examples had slightly higher ratings.   
	[image: image6.png]I learned a great deal by reading the course
site.

Answered: 45 Skipped: 0

Strongly agree

Neutral

ovae |

Strongly
disagree

0% 0% 0% 0% 4% SO%  60% 0% G0% 0% 100%




	[image: image7.png]The examples and illustrations in the
course site were helpful.

et I
issres I
Strongly

disagree

0% 0% 0% 0% 4% SO%  60% 0% G0% 0% 100%





	[image: image8.png]The videos in the course site were helpful.

Answered: 45 Skipp:

Strongly agree

Neutral

|

Strongly
disagree

0% 0% 0% 0% 4% SO%  60% 0% G0% 0% 100%




	[image: image9.png]The quizzes in the site were a good tool to
self-evaluate my understanding of the
content.

Answered: 45 Skipped: 0

Agree

Neutral

sonaby e _

Disagree

Strongly
disagree

0% 0% 0% 0% 4% SO%  60% 0% G0% 0% 100%






Figure 4. Student perceptions about helpfulness of different content types.
In current form, the website includes more than 25,000 words. Long descriptions of concepts are avoided, and a plain dialogue-type writing style is used to improve the readability of the text. Figure 5 shows that majority of the students found the website easy to read.  
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Figure 5. Students perceptions about the clarity of writing style.
We also used a text analysis tool to find the most frequent phrases and frequencies of words in student responses to two open-ended questions.  As summarized in Figure 6, the students frequently used terms “Examples”, “Organized”, “Code”, and “Easy to Understand” while they described the major strength of the website. This result also indicates that the students appraised code examples and illustrations very highly.  The students used the terms “Examples” and “Quizzes” more frequently than the others while they were making suggestions to improve the website. Clearly, the students recommended including more examples and quizzes. 
	What are the major strengths of this course site?
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	What changes could be made to the course site to assist you in learning?

[image: image13.png]Explanations ... Quizzes uaera COUrse

ook EXamples code samples Think
Learning Instead aweres Quiz






Figure 6. Text analysis of the student comments to two open-ended questions. The text size of phrases represents their frequency of occurrence in student comments.  
In addition to the survey, data were collected by Google Analytics to better understand the students’ interactions with the website. The main metrics used for analysis were page views and average time on page. These metrics were used to compare each web page and the content on the page to the projected amount of student interaction. A total of 2297 data points were generated between the time period of January 10, 2016 through March 4, 2016. The analysis only included the pages that contained course materials covered during the specified time period, which were Chapters 1 through 5. In order to analyze the students’ interaction with the IST 210 course website, each of the website’s pages needed to be categorized based on level of interaction.  In order to categorize the pages, each page was carefully observed for a number of characteristics. The pages were coded based on five attribute categories: quizzes, exercises, code examples, images, or videos. If a page contained the content, it would receive a (1) in that category, and (0) otherwise. After the page was analyzed for all categories, its scores were added. Each page could receive a total of five points if it contained all the categories. The lowest score that the page could receive was 0 points if the page only had text and contained none of the five categories. 

The data collected revealed a significant correlation between the number of views a page received and the interactive score of the page. Based on the page’s interactive score, it was determined that the greater the interactive score the more views the page received, as shown in Figure 7. Pages that have an interactive score of zero are solely text-based, but still contain important course content. However, it can be concluded that students gravitate more towards website pages that are less text-based and require more student engagement.
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Figure 7. The relationship between the page views and the interactive score of a page.
We also investigated features of the web pages that lead to higher student engagement. This investigation showed that quizzes had the most significant impact on the engagement of students with the website. Table 1 shows the means and standard deviations of the metrics average time on page and page views for the pages with and without a quiz. For average time on page, there is a strong significant and positive relationship between the presence of a quiz and average time spent on that page (t=-3.238, p=0.001). For page views, there is also a significant and positive relationship between the presence of a quiz and page views (t=-2.411, p=0.016). These results show that having an interactive quiz in the page has a positive effect on students’ engagement with the page.   

Table 1. The Effect of Quizzes on Student Engagement
	Characteristics/Involvement
	Mean
	Std. Deviation
	t value
	p value

	Average Time on Page
	Without 

Quiz 
	136.16

Seconds
	298.849
	-3.238


	0.001

	
	With 

Quiz
	179.99

Seconds
	343.137
	
	

	Page views
	Without

Quiz
	1.36

Views
	0.876
	-2.411
	0.016

	
	With

Quiz
	1.45

Views
	0.897
	
	


Scholarly Outcomes
· Learning Analytics: A Case Study of a Web-Enhanced Course, Brittney Romanowski, Schreyer Honors College Thesis, Spring 2016. 
Recommendations
At the end of the project, we were able to achieve and exceed the objectives that we identified for the IST 210 website.  It is clear that Sites @ Penn State is a very versatile platform to develop online educational content. 

Conclusions
The most significant outcome of the project is the IST 210 course website which will be used as the course textbook for years to come. We will be able to update the course content as the database technology changes over the years. 

The analysis of website interactions through Google Analytics resulted in two important findings about the design of the course website as follows:  

· It is beneficial to break long pages into separate pages or sections, with more interactive content integrated. It is also recommended to have flat designing only with one level of menu navigation. This design feature facilitates effective navigation of the content. 
· Students expressed that the in-page quizzes were the main feature within the course website they use for reviewing. These quizzes offer instant feedback to the students in order for them to gauge their understanding of the material. The data collected through Google Analytics confirmed this claim because students tend to spend more time on a page if the page includes a quiz. Through student feedback, it is recommended that instructors have in-page quizzes built in to their website content. Students can take these in-page quizzes on their own, to test their understanding and review the material, which they found valuable. 
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