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Abstract. The ITICSE 2013 Working Group Report predicted that pa-
per Computer Science (CS) books would be replaced by interactive elec-
tronic books (ebooks). CS ebooks provide the ability to run, edit, and
write code directly in a browser window. CS ebooks also include interac-
tive practice problems with immediate feedback. Several free interactive
ebooks have already been created for introductory computing courses.
Research has shown that using interactive ebooks leads to an increase in
use, motivation, and learning gains versus static ebooks. Teachers who
utilize more of the interactive features report more confidence in their
ability to teach the material than those who do not. This paper reports
on a log file analysis of two free interactive ebooks: one for the Advanced
Placement (AP) Computer Science Principles (CSP) course and one for
the AP Computer Science A (CSA) course. This paper examines usage
of the ebooks across the chapters of the ebooks and does an analysis
of usage of several of the interactive activities: short-answer, clickable-
area, and mixed-up-code (Parsons) problems. This type of analysis can
provide valuable information to both ebook authors and ebook platform
designers.
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1 Introduction

Early electronic books were simply digital copies of paper books. Still people
appreciated their portability and the ability to search this type of ebook [22].
Another early type of ebook, called a SuperBook, featured full text search, a
table of contents, and annotations [18]. More recently, interactive ebooks for
introductory computing courses have been developed, such as the OpenDSA
ebook [19] and several free ebooks on the Runestone open-source platform [2][14].

The ITICSE 2013 Working Group Report surveyed 75 SIGCSE members [11].
Most of the respondents (75%) agreed or strongly agreed that they planned on
teaching with an ebook in the next two years. This shows the growing importance
of ebooks. The working group also recommended that ebooks include: 1) user
control over pacing 2) practice problems with immediate feedback 3) learning
activities like interactive visualizations and the ability to write and edit code,
and 4) the ability for an instructor to customize the ebook modules.
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In a study of undergraduate students using an early version of an interactive
ebook, How to Think Like a Computer Scientist, on the Runestone platform,
over 90% of the undergraduate students said that they would like to use an
interactive textbook in another computing course [15]. Students particularly
liked the ability to run and modify the code directly in the ebook.

In a recent study comparing use of a static PDF textbook to an interactive
ebook in a large (n > 500) required CS1 course for engineering students, there
was an increase in use, motivation, and learning gains for the interactive ebook
[17]. The text for the two books was nearly identical, but the interactive ebook
also contained interactive program visualization and annotated code examples.

The author was part of a research team that developed an interactive ebook
for high school teachers to help them learn to teach the Advanced Placement
(AP) Computer Science Principles (CSP) course. AP CSP is intended to be
equivalent to a first course for non-majors at the college level (CS0). This course
covers programming fundamentals: variables, conditionals, loops, and functions.
The ebook for AP CSP included text, pictures, videos, executable and editable
Python code, audio tours of code, multiple-choice questions, fill-in-the-blank
questions, and Parsons problems. In a Parsons problem the learner places mixed-
up code blocks in the correct order as shown in Figure 1. Learners drag the blocks
from the left to the right to assemble a solution.

Fig. 1. An example Parsons problem in Python. The mixed-up blocks are shown on
the left and the correct solution is shown on the right.

The team found that teachers and students executed the code, answered
multiple-choice questions, and attempted Parsons problems [6]. Few teachers or
students watched the videos or listened to audio tours of the code. Students
attempted more of the interactive activities at the beginning of the chapter and
less by the end of the chapter. Teachers have found the ebook user interface to be
to be legible, easy to navigate, and usable [2]. In a small study (n = 10) teachers
who used more of the interactive features in the teacher ebook did better on the
post-tests and reported higher confidence in their ability to teach the material
[2].
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The author has been using the Runestone ebook platform to test the efficiency
and effectiveness of learning from solving Parsons problems versus fixing code or
writing code [7]. Some Parsons problems, called two-dimensional Parsons prob-
lems, require the learner to indent the code correctly. Some Parsons problems
include distractor blocks which are not needed in a correct solution. The author
invented two types of adaptation for Parsons problems: intra-problem and inter-
problem. In intra-problem adaption if the user fails to solve the current Parsons
problem, the problem can be dynamically made easier by disabling distractors,
providing indentation, or combining blocks. In inter-problem adaptation the dif-
ficulty of the next problem is modified based on the learner’s performance on the
previous problem. Studies have provided evidence that Parsons problems are a
more efficient and effective form of practice than fixing code with errors or than
writing the equivalent code [7][5][10].

The author also created an ebook for the AP CSA course. This course is
offered in high school and is intended to be equivalent to a first course for com-
puter science majors at the college level. It covers programming fundamentals
(variables, strings, conditionals, loops), 1D and 2D arrays, lists, object-oriented
programming, recursion, searching, and sorting. This ebook has been used to
help underrepresented students succeed in AP CSA [1][3][8][4]. However, usage
of this ebook had not been analyzed.

This study investigates how usage changed across the two ebooks (CSP and
CSA), how usage of some of the new interactive features (short-answer and
clickable-area) compared with other interactive features, and if the log file data
could be used to identify common errors in Parsons problems.

2 Ebook Features

The two ebooks used in this study include instructional material (text, video, ex-
ample code, audio tours, and images) as well as automated assessments (multiple-
choice questions, fill-in-the-blank questions, Parsons problems, etc) with imme-
diate feedback.

In a fill-in-the-blank question the learner enters an answer in response to a
question as shown in Figure 2. Regular expressions are used to give feedback.

Fig. 2. A fill in the blank question that asks the learner to predict what code will do
when it executes.



4 B. Ericson

In an audio tour, one or more lines of code are highlighted as the audio plays
as shown in Figure 3. This feature takes advantage of the fact that humans
can process visual and audio information at the same time [12][13]. While few
teachers or students play the audio tours, teachers have reported finding them
useful since they demonstrate how to describe code [9].

Fig. 3. An audio tour highlights a line of code as the audio explains that line.

2.1 Ebook Design

The ebooks were designed using a worked example plus interleaved practice prob-
lem approach based on research findings from educational psychology [20][21]. A
worked example is an expert’s solution to a problem. The ebooks provide code
examples with comments that explain the code as shown in Figure 4. Learners
can run and modify the code. This example uses a LOGO-style turtle that draws
with a pen as it moves as shown in Figure 4 [16].

Fig. 4. A worked example in Python using a LOGO-style turtle with comments ex-
plaining the code.
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Each worked example is typically followed by one or more practice problems
to encourage the learner to study the worked example and learn from it. The
example code shown in Figure 4 was followed by the multiple-choice question
shown in Figure 5 and the Parsons problem shown in Figure 6.

Fig. 5. A multiple-choice question with the correct answer selected.

3 Log File Study

We requested an anonymous log file from the Runestone platform. This file had
all user and institution information replaced with unique identifiers. The log file
contained data from the use of the two ebooks (CSP and CSA) from 8/13/2017
to 10/31/2018.

3.1 Usage Across the Chapters of the Ebooks

In a previous study there was a steady drop in the number of unique users who
attempted each interactive activity across a chapter of the How to Think Like a
Computer Scientist ebook [6]. We wondered if we would see this same pattern
across the CSA and CSP ebooks. We counted the number of unique users who
attempted any of the interactive items in each subchapter of each ebook.

AP CSA Ebook As shown in Figure 7 not as many unique users attempted
the pretest in chapter one of the AP CSA ebook as used an interactive feature in
chapter two. The first chapter was labelled preface, which may have led to some
users skipping it. In general there was a downward trend in the number of unique
users who used any of the interactive features from chapter two to chapter 13.
Over 3,500 users did something in chapter two, but by chapter 13 it was about
1,000 users. One exception to this pattern is chapter six, which is the Magpie
Chatbot lab. It had a much lower number of users than the surrounding chapters.
The AP CSA course includes three exemplar labs, but they are optional. This
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Fig. 6. A Parson problem with the code mixed-up on the left (with additional unneeded
code blocks) and the correct solution on the right.

Fig. 7. The number of unique users that used an interactive feature in each subchapter
of the AP CSA ebook.
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may be one reason why a lower number of users attempted this lab. Another
possibility is that teachers prefer to use the provided external lab materials.

There was an large increase in the number of unique users in chapter 14
and 15 as shown in Figure 7. This is not surprising since chapter 14 has non-
timed practice multiple-choice exams and chapter 15 has timed practice multiple-
choice exams. While there was a big jump in the number of users who tried
the first non-timed practice exam, it is still less than the number of users in
chapter two. This indicates that the ebook is being used for more than just
taking practice exams. It is also interesting to note that the number of unique
users typically decreases across the subchapters, until the easy multiple-choice
questions, where it increases again. One of the interesting findings is a common
dip in the number of unique users for subchapters that only contain run code
and no practice activities. This shows that users are more likely to attempt
the interactive practice activities, than run the example code. This is consistent
with our previous findings. Teachers told us that they did not feel that they
had to run the code if they thought they understood it [6]. They checked their
understanding by answering the interactive questions and if they were correct,
they did not run the code.

Most chapters contained a summary of new concepts that included the ability
to drag definitions to concepts. The second to last subchapter was usually code
practice. The last subchapter was mixed-up code (Parsons) problem practice.
As you can see in Figure 7 the number of users who attempted the Parsons
problems at the end of each chapter was similar to or in some cases larger than
the number who attempted the code problems.

Ebook for AP CSP As shown in Figure 8 over 1,500 unique users did some
interactive activity in chapter one of the AP CSP ebook, but by chapter five it
was less than 1,000 and by chapter 9 it was less than 500. As with the AP CSA
ebook, we see an increase again in chapter 24 with the practice exams. We also
see a decline across some chapters like chapter five, but then an increase in the
exercises at the end of the chapter.

4 Analysis of Short-Answer Questions

In a short answer question the user can enter one or more sentences in response
to a question. For example, in the AP CSA ebook we included text and images
that compared an array to a row of lockers and then asked the users if they
could think of another example of something that is like an array (like a row of
lockers). We were surprised to find that over 1,500 unique users had answered
this question as shown in Figure 9. In comparison only 500 users ran the code
that followed this question.

We have only skimmed the answers so far and plan to code the answers
into categories. We have noticed that some answers were off task (”potato”),
some were correct (”Donuts in a box”), and some were wrong (”an Array is
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Fig. 8. The number of unique users that used an interactive feature in each subchapter
of the AP CSP ebook.

Fig. 9. The number of unique users that attempted each interactive activity (problem)
in chapter eight subchapter one about arrays.
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like a bag”). Short-answer questions may be helpful for discovering common
misconceptions.

The AP CSA ebook also included a short-answer question that asked the user
what questions they had about arrays. We are currently examining the answers
to this question and plan to revise the ebook to include the answers to at least
some of these questions. One way to automatically evolve an ebook over time
would be to allow users to ask and answer questions in the ebook.

5 Analysis of Clickable Area Questions

This interactive feature has two types of questions: clickable code and clickable
table elements.

5.1 Clickable Code

In clickable code the user clicks on one or more lines of code to answer a question.
Each line that the user clicks is highlighted in yellow. The user clicks the Check
Me button to submit an answer. The correct lines that were clicked remain
highlighted in yellow and any incorrect lines that were clicked are boxed in red
as shown in Figure 10. Textual feedback is displayed under the question. It tells
the user how many of the correct lines were clicked and how many of the incorrect
lines were clicked.

Fig. 10. A clickable code question that shows the correct answers still highlighted in
yellow and the incorrect answers boxed in red.

.

The author added clickable code problems to the ebook for AP CSA. One of
the difficulties in learning to program is understanding the terminology. Novices
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often do not understand the difference between declaring a variable and initial-
izing a variable. The question in Figure 10 tries to help the user learn to spot
variable declarations.

As you can see from Figure 11 a higher number of users answered the
clickable-area questions than the other interactive activities in the same subchap-
ter. This is encouraging and means that we should further study the effectiveness
of this type of practice problem.

Fig. 11. The number of unique users that attempted each interactive activity in the
chapter on variables (chapter 3 subchapter 2)

.

5.2 Clickable Table Item

A common error with arrays is thinking that the first element is at index one
instead of zero. Clickable area problems display a question and table of values
and the user clicks on the table items to answer the question. Figure 12 shows
the user correctly identifying the values at index one and three. We found that
the number of users who attempted this type of activity in chapter 8 was lower
than, but similar to, the number who attempted nearly multiple-choice questions
as shown in Figure 9.

6 Analysis of Parsons problem

We counted the number of unique users who submitted the same incorrect so-
lution to each Parsons problem. The goal was to look for common error states
as a way to detect common student misconceptions. The problem with the most
unique users who submitted the same incorrect error state was a problem that
asked the user to insert a name in alphabetical order in a list as shown in Figure
13.
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Fig. 12. A clickable area question that asks the user to click on the array values at
index 1 and 3.

Fig. 13. A correct solution on the right side for a Parsons problem that asks the user
to insert a name in alphabetical order in a list. There is a distractor on the left side.
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Sixty percent of the users (467 of 778) checked an incorrect solution that
moved the nameList.add(index,name) inside the loop before the increment of
the index. Fifty-two percent (406 of 778) checked an incorrect solution with the
nameList.add inside the loop, but after the index increment.

Users are used to seeing loops that add something to a variable each time
through a loop, which may be why such a high percentage of users put the add
inside of the loop, instead of after it. This is likely the first time that a user
has seen a loop that only searches for the correct place to add an item. This
implies that it might be useful to provide a similar example before asking users
to solve this problem. A think-aloud study with this problem might also be
helpful to determine why students are placing the add inside of the loop. This
type of analysis can help uncover common problems and can be used to revise
the ebook to improve instruction.

7 Discussion

This paper first investigated how usage changed across two ebooks for Advanced
Placement (AP) Computer Science A (CSA) and Principles (CSP). In both
ebooks there was a similar drop off in the number of unique users who attempted
each interactive activity from the beginning of the ebook to the end. However,
more users attempted the practice exams at the end of the ebooks. This analysis
also showed that less users ran code in subchapters that only included a run code
activity with no practice problems. This implies that subchapters should include
more than just the ability to run code, such as adding practice multiple-choice
questions or Parsons problems. The paper next investigated usage of a couple of
newer interactive features: short-answer and clickable-area. It found that a high
percentage of users used these new features. More questions should be added
to the ebooks using these features and their effect on learning and motivation
should be studied. The paper also explored using the answers to the short-answer
questions to identify common misconceptions of arrays and common questions.
However, more work needs to be done on this to classify the answers.

Finally the paper determined which Parsons problem had the highest number
of unique users that all submitted the same incorrect answer. This type of anal-
ysis can be used to identify problems that should be further studied and used
to improve the instruction in the ebook by identifying where more explanation
and examples are needed.

Interactive ebooks can improve learning and motivation in computing and
are likely to replace paper textbooks. It is important to understand how ebooks
are actually used and what we can learn from the usage data. This information
can be used to improve ebooks by making them more engaging, improving in-
struction, and addressing misconceptions. Interactive ebooks can be used in large
introductory computing courses to provide immediate feedback and practice at
scale.
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