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Abstract

Xaminer is an online exam tool developed by the Institute for System Software at the
Johannes Kepler University in Linz. However, an important question type that is often
used in other tools but is missing in Xaminer is the fill-in-the-blanks question type. In a
fill-in-the-blanks question students must write the missing text in the blank. This thesis
aims to integrate this kind of question into Xaminer. To create a fill-in-the-blanks ques-
tion, the lecturer enters the question into a text field and uses buttons to convert text
parts to blanks. There are three types of blanks: (1) text blanks, where students have to
enter a single word or even whole sentences, (2) numerical blanks, which require students
to enter a numeric value, and (3) dropdown blanks, where the student has to choose one
option from several given options. It is important to note that a single fill-in-the-blanks
question can consist of several different types of blanks. Furthermore, in a graphical
editor, the solution for the blank can be edited.

Kurzfassung

Xaminer ist ein Online-Klausuren Tool, welches vom Institut für Systemsoftware an der
Johannes Kepler Universität in Linz entwickelt wurde. Eine wichtige Frageart, welche
fehlt, aber oft in anderen Tools verwendet wird, ist die Lückentext-Frage. Bei einer
Lückentext-Frage müssen die Studierenden den fehlenden Text in die Lücke schreiben.
Das Ziel dieser Arbeit ist es, diese Frageart in Xaminer zu integrieren. Um eine Lück-
entextfrage zu erstellen, gibt der Dozent oder die Dozentin die Frage in ein Textfeld ein
und wandelt mithilfe von Schaltflächen Abschnitte des Textes in Lücken um. Es gibt
drei Arten von Lücken: (1) Textlücken, bei denen der Student oder die Studentin ein
einzelnes Wort oder sogar ganzen Sätze eingeben muss, (2) numerische Lücken, bei denen
Studierende einen numerischen Wert eingeben müssen, und (3) Dropdown Lücken, bei
denen der Student oder die Studentin eine Option aus mehreren vorgegebenen Optio-
nen auswählen muss. Es ist wichtig zu beachten, dass eine einzelne Lückentextfrage aus
mehreren verschiedenen Lückentypen bestehen kann. Außerdem kann in einem grafischen
Editor die Lösung für die Lücke bearbeitet werden.
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1 Introduction

As a result of the coronavirus pandemic face-to-face teaching at the university was no

longer possible. Within a short time, lecturers had to switch to online teaching. Online

learning platforms such as Moodle have been used to support lecturers in interacting

with students. By using Moodle, lecturers can provide students with documents, upload

teaching videos and assignments, or create exams. However, some features were missing

when designing exams via Moodle such as syntax highlighting for programming questions

or drawing pictures. Therefore, the Institute for System Software at the Johannes Kepler

University in Linz developed an online exam tool called Xaminer. Xaminer can be used

to create and hold exams. It is also possible to send emails to students and supervisors

with streaming links and exam links. After the exam, lecturers can grade the submitted

exams. The exam tool is constantly being developed to provide convenience to both

students and teachers.

Additionally, an important question type that is missing in Xaminer is the �ll-in-the-

blanks question type. A �ll-in-the-blanks question consists of sentences or paragraphs

containing blanks that must be completed by the student by typing words or phrases into

the blank or selecting the correct option from a dropdown list. The purpose of this thesis

was to implement this kind of question. To create such a question, three di�erent types

of blanks can be used: (1) text blanks, (2) numerical blanks, and (3) dropdown blanks.

A �ll-in-the-blanks question can be easily created by entering areference solutionwhich

is the full �ll-in-the-blanks text including the solutions of the blanks into the reference

solution text �eld. Afterward, we select the solution in the reference solution with the

mouse and convert the selected solution into a blank by clicking the corresponding blank

type button. Each blank type (text blank, numerical blank and dropdown blank) has

its own button to convert the selected text into a blank. Furthermore, the solution

for the blank can be edited in a graphical editor calledblank editor, which appears

automatically under the reference solution text �eld after we clicked the blank type

button. If we need another blank, the same process as previously described can be

repeated. Special attention has been paid to the easy and user-friendly creation of the

question. In a preview, the lecturer sees how the �ll-in-the-blank question will look like

for the students.
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2 Background

This section provides an overview of the tool Xaminer and explains some of its most

essential features.

2.1 Xaminer

Xaminer is an online exam tool that is developed by the Institute for System Software

at the Johannes Kepler University in Linz. It has features such as syntax highlighting,

spacing with a tab or drawing a picture that other online tools such as Moodle do

not provide. These features are especially important for programming exams and make

it comfortable for the students. With Xaminer we can (1) create exams, (2) manage

student groups and supervisors, and (3) correct exams. Now we take a closer look at

these features.

2.1.1 Create Exams

When we create a new exam we must �rst set the exam title, the exam date, the start

time and the end time. An exam can consist of severalexam blocks. An exam block is

essentially an exam question or some plain text. At the moment we can choose between

these �ve question types:

1. Text question : The student has to answer by writing a free text.

2. Code question : The student has to answer by writing source code, e.g. a function

or a class.

3. Drawing question : The student has to answer by drawing a picture, e.g. drawing

a class diagram.

4. Single choice question : The student has to choose one answer of multiple possible

answers.

5. Multiple choice question : The student can choose more than one answer of

multiple possible answers.

2.1.2 Manage Student Groups and Supervisors

After we create an exam we can add student groups and supervisors to this exam. This

has the signi�cant advantage that every student and supervisor automatically gets an

email with exam information, a streaming link and an exam link. For this we must �rst
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specify how many student groups we have. Then we assign a supervisor and a streaming

link to each student group. After that the students must be added to these groups. We

can do this either by uploading a CSV �le or by adding them manually by entering each

student ID, study code, �rst name, last name and email in a text �elds. Finally, there

are two prede�ned email texts one for the students and one for the supervisors. Both

texts contain information about the exam, the streaming link and the exam link. The

prede�ned texts can be adjusted as required. Xaminar provides two buttons, one to send

the email to the supervisors and one to send the email to the students.

2.1.3 Correct Exams

After the exam the submitted exams can be exported as TXT, HTML or PDF. We will

receive a TXT, HTML or PDF �le for each submitted exam. Single choice questions

and multiple choice questions are corrected automatically. All other questions (text

questions, draw questions and code questions) must be manually corrected. The exam

submissions in HTML and PDF format are formatted nicely which makes correcting the

exam questions very easy.
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3 Idea

This section discusses the general idea of how a �ll-in-the-blanks question type should

be designed and presents two approaches on how to implement this question type. Fur-

thermore, the advantages and disadvantages of each solution are discussed. Finally, it is

explained which approach we have chosen and why.

3.1 General Idea

The basic idea is that we enter areference solution, which is the full �ll-in-the-blanks

text including the solutions of the blanks, into the reference solution text �eld and mark

(e.g with keywords) each part of the text that should be a blank. The student must then

write the correct answer in the blank. There are threeblank typeswe want to support:

1. Text blanks: The student must write a free text in the blank.

2. Numerical blanks: The student must write a number into the blank.

3. Dropdown blanks: The student must choose one answer of multiple possible

answers.

A �ll-in-the-blanks question can contain multiple blanks of di�erent blank types.

3.2 First Approach: Keywords

Our �rst approach was to use keywords to designate a blank. For this, we have to mark

the start and the end of the text which should be turned into a blank with a keyword.

We chose for the keyword$$, e.g. $$int$$ age = 24; means that int should be converted

to a blank. To distinguish between the di�erent blank types we decided to include a

letter in the �rst keyword section, we took f for a text blank, n for a numerical blank,

and d for a dropdown blank. For the dropdown blank we added a second keyword;; to

allow multiple answer choices. For exampleint;;string;;boolean means that the student

can choose between three possible answers: int, string and boolean. Here is an example

of how a blank of each blank type can look:

ˆ text blank: $f$int$$ age = 24;

ˆ numerical blank: int age = $n$24$$;

ˆ dropdown blank: $d$int;;string;;boolean$$ age = 24;
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A big advantage of this approach is that implementing this question requires little e�ort.

We just need a text �eld to write the question and mark the blanks with keywords.

Another bene�t is that the solution for the blank is directly in the reference solution

so we can edit the solution right there. Also extending the blank types or adding a

new blank type is very easy as we just need a di�erent or additional keyword. This

leads us to a major disadvantage which is that keywords require the user to learn a new

syntax. We need to know the meaning of all keywords and also know where to put them.

The keywords can also make the reference solution messy or bloated. In addition, it

is di�cult to recognize the solution in the reference solution at �rst glance, since the

solution di�ers from the reference solution only in the keyword at the beginning and end.

This happens especially when the solution consists of several lines. In addition, many

people are unfamiliar with the use of keywords, which can make people reluctant to use

them.

3.3 Second Approach: Graphical Editor

Our second approach uses a text �eld for the reference solution, similar to the �rst

approach. However, the blanks are added via buttons. There is a button for each blank

type. To create a blank, we have to click the respective blank type button. This appends

a keyword string to the reference solution at the current cursor position. For example,

the keyword string $TEXT-1 is inserted at the current cursor position when we press

the corresponding text blank button. If we now add a second text blank by clicking the

text blank button again, the keyword $TEXT-2 is appended to the reference solution.

In addition, it is also possible to select the solution in the reference solution and then

click on the desired blank type button. Therefore, the selected solution is replaced by

a keyword string, e.g. $TEXT-3 if we clicked on the text blank button. Furthermore,

the selected solution is inserted in ablank editor, which was added automatically after

the reference solution text �eld. A blank editor is a graphical editor where we can edit

the solution. Every blank has its own blank editor. If we had added a blank by only

clicking on a blank type button, the solution in the blank editor is empty. More detailed

information is provided in Section 4.

The big bene�t of this approach is that creating a �ll-in-the-blanks question is very

easy, as the buttons and the blank editor are self-explanatory. Another positive aspect

is that it can be easily expanded without complicating the question creation. However,

a problem that can occur is that it can become confusing when we have many blanks in

a question because of the many blank editors.
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The second approach was chosen because creating the �ll-in-the-blanks question is easier

with the help of a graphical editor. Another reason why the second approach was cho-

sen is that expanding the �ll-in-the-blanks question does not make the question creation

more complicated for the user.
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4 Realization

This section shows how a �ll-in-the-blanks question type is structured and what kind of

features it has. First, we will discuss the general part where we can provide information

for the students about the question. Then we talk about how to create a question and

how to edit a solution of a blank in a blank editor. Finally, we will show what the

question look like in the preview and exam look like.

In Figure 1 we see an example of a �ll-in-the-blanks question on theexam main page.

The exam main page is the page where we create the exam. It is divided into two parts:

on the left, we create and edit the question ( m1 , m2 and m3 ) and on the right, we see

the question preview ( m4 ).
m1 is the general part where we can provide information for the students, e.g. infor-

mation about how to solve this question. m2 is the part where we we add and edit the

reference solution. m3 shows the blank editor and the solution? extends Efor the text

blank. m4 is the preview of the �ll-in-the-blanks question and is constantly updated

while editing the question.

Figure 1: Overview of an example of a �ll-in-the-blanks question. On the left side we

create the question and on the right side we see the preview of the question.
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4.1 General Part

In the general part (see Figure 2) we give information about the question, e.g. the

achievable points for the question. With two arrows we can change the order of the exam

questions. In the task description text �eld we set the question's title and instructions in

Markdown [2]. Markdown is a lightweight markup language that enables users to format

text using a simple syntax. The general part is the same for all question types and has

already been implemented.

Figure 2: In the general part we provide information for the students.

4.2 Creating a Fill-in-the-blanks Question

We can create a �ll-in-the-blanks question with the reference solution text �eld and three

buttons for each blank type shown in Figure 3. If we need a blank we have to click on

the corresponding button. After clicking, a keyword string is added at the current cursor

position and a blank editor is added underneath the reference solution text �eld. The

keyword string is basically the blank's name and consists of two parts which are separated

by a hyphen. The �rst part is the blank type keyword. The blank type keyword depends

on the blank type and consists of$ and the uppercaseblank type. Following blank type

keywords exist in Xaminer: (1) $TEXT. (2) $NUMERICAL and (3) $DROPDOWN.

The second part of the keyword string is theblank name. It is generated automatically

and can be edited later in the blank editor (see Section 4.3). The blank name is necessary

so that each blank can be assigned to the corresponding blank editor.
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There are three possible ways to add a blank:

1. We click on a blank button when no text is selected: We get a blank editor where

the blank's solution is empty.

2. We select a text and then click a blank button: We retrieve a blank editor where

the blank's solution is the selected text.

3. We manually write the keyword and the blank name into the text �eld: We get a

blank editor where the solution is empty.

Figure 3: With the reference solution text �eld and the three buttons we can create a

�ll-in-the-blanks question.

11



4.3 Blank Editor

In the blank editor (see Figure 4) we can edit the blank and specify its solution. Each

blank type has its own blank editor which can be uniquely assigned by the blank name.

The blank editor appears automatically as soon as a new keyword string is added to the

reference solution text �eld. The blank editor consists ofheader and body. The header

is the same for each blank type and the body is di�erent for each blank type.

Figure 4: We can edit the blank's solution in the blank editor.

Header

The header (shown in Figure 5) is the same for every blank type. m2 shows the keyword

string composed of the blank type and the blank name. We can also minimize or maximize

the blank editor ( m3 ). If we minimize the blank editor the body disappears and we only

see the header. With m4 we can delete the blank. Both the blank editor and the keyword

string in the reference solution text �eld disappear.

By clicking the edit icon ( m1 ) the header will change and we can edit the blank type

and the blank name as shown in Figure 6. While the header is in edit mode the body is

greyed out and can not be edited. We can change the blank type via a dropdown menu

that lists all blank types. The blank name can be edited in the blank name text �eld

next to the dropdown. The blank name must not be empty, consist of one word and

not already exist. If at least one of these requirements is not met the blank name text

12



Figure 5: Header of the blank editor. Every blank type has the same header.

�eld gets a red border and a warning message appears below the blank name text �eld.

Changing the blank type or the blank name keeps the solution in the solution text �eld.

To make the changes e�ective we must click on the blue save button. Then we get the

header as in the beginning and we can edit the body again.

Figure 6: After clicking the edit icon we can edit the blank type and the blank name.
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Body

In the body, we specify the solution for text blanks and numerical blanks or the choices

of dropdown blanks. Consequently, the body of the blank editor is slightly di�erent for

each blank type.

1. Text blank

In Figure 7 we see the body of a text blank. In the solution text �eld, we can enter

the solution for the blank. The solution can consist of a single word or even entire

sentences. It is possible to enter additional solutions by clicking theAdd solution

button. An additional solution is needed when for example the student has to

de�ne a weight �eld in a Person class because the correct solution would be�oat

weight; or double weight;. After clicking the Add solution button, a second solution

option consisting of the solution's identi�er (e.g. Solution-2), a solution text �eld

and a delete button appears below the �rst solution. We can use the delete button

(circle with an X inside) to delete the blank. Deletion is only possible if there are

at least two solutions.

Figure 7: Body of a text blank's editor.

2. Numerical blank

Figure 8 shows the body of a numerical blank. It has the same format as a text

blank's editor body except that we can only enter a positive or negative number

as solution. We can use either a comma or a dot as �oating point. If the entered

solution is not a number as de�ned above, the border of the solution text �eld will

turn red and a warning message will appear below the solution text �eld.
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Figure 8: Body of a numerical blank.

3. Dropdown blank

In the body of a dropdown blank (shown in Figure 9) we specify the di�erent choices

by clicking the Add choice button and writing the choices into the solution text

�eld. We use the radio buttons to indicate the correct solution for the dropdown

blank. Only one radio button can be selected. We can remove a choice by clicking

the delete button.

Figure 9: Body of a dropdown blank's editor.

4.4 Visualizing the Question

We visualize the �ll-in-the-blanks question on the main exam page, where the lecturer

creates the exam and on the exam page, where the students write the exam. In order to

visualize the �ll-in-the-blanks question, we need to �rst transform the reference solution

into a suitable format. Once we have done that, we can easily visualize the question. This

is accomplished with the help of two frameworks: Vue.js [4] and BootstrapVue [1]. Vue.js

provides the tools to create the interactive elements of the question, while BootstrapVue

handles the formatting and presentation of the question.

Data Transformation

First, we need to split the reference solution based on the blank type keywords, which is

accomplished through the use of a regular expression. Consequently, we get an array in

which each entry is either a text or a keyword string. For example, if the reference solution

is List<Integer> list= $TEXT-1 ; , the array after splitting would have three entries and

15



would look like this: ["List<Integer> list= ", "$TEXT-1", " ;"] . Next, this array is

mapped to another array calledquestionParts, which has the type FITBQuestionParts .

This enables us to store relevant information such as the blank type, the solutions, and

the answer of the student. Additionally, we can store the width (class �eld cols) and the

height (class �eld rows) of the blank in the FITBQuestionParts class. This is essential

because the blank should have the same width as the longest solution (Figure 10,m2a ,
m2b ). In cases where the solution has more than one line, the width should be the

maximal width and the blank should have the same height as the solution (Figure 10,
m1a , m1b ).

Figure 10: The blank text �eld is as wide as the solution. When the solution has more

than one line then the blank text �eld has the maximal width.
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Visualization

After converting the data into the desired format, the next step is to visualize the �ll-

in-the-blanks question. To achieve this we used the two frameworks Vue.js [4] and Boot-

strapVue [1]. Usingv-for provided by Vue.js, we create a span element for each entry in

the questionParts array, as shown in Figure 11, m1 . In order to distinguish between the

di�erent blank types and display the appropriate blank element, we used the directive

v-if from Vue.js, which only displays the HTML element if the directive's expression

returns true. We have �ve di�erent HTML elements that should be visualized, depend-

ing on the blank type. We di�erent between text blanks where the solution has only

one row (Figure 11, m2 ) and more than one row (Figure 11, m3 ) because the text �eld

should have the maximal width when the solution has more than one row. When it is

a numerical blank (Figure 11, m4 ), we also display a text �eld, but only numbers are

allowed to be entered. If the entered text is not a number, the border of the blank text

�eld becomes red. A select element (Figure 11, m5 ) where we can choose one choice

of several choices is used if it is a dropdown blank. If it is not a blank, we display the

text in a span element (Figure 11, m6 ). An example of the preview and the exam is in

Section 5.

17



Figure 11: We display a blank text �eld for both text and numerical blanks, while a

select element is used for dropdown blanks.



5 Usage

In this section we will use an example to show how to create a �ll-in-the-blanks question

in Xaminer.

After logging into Xaminer we are on the main page where we can see upcoming and past

exams. To create a new exam we have to click on theNew button shown in Figure 12.

Figure 12: On the main page we see upcoming and past exams. We can also add and

delete exams on this page.

Clicking the button forwards us to the exam main page, which is displayed in Figure 13.

Here we set the title, date, start time and end time of the exam. Additionally, we can

provide general exam information for the students in the �rst text block. After we have

completed these initial steps, we can move on to adding a �ll-in-the-blanks question. To

do this, we simply need to select the �ll-in-the-blanks question type from the question

types dropdown and then press theAdd button, which is also shown in Figure 13. Doing

so inserts a �ll-in-the-blanks question block after the exam blockText block, as shown

in Figure 14. We set the points to 20 (Figure 14, m1 ) and enter the text Complete the

Student classin the task description text �eld (Figure 14, m2 ). Next, we insert the

reference solution into the reference solution text �eld. We want m3 to be a dropdown

blank, m4 and m5 to be a text blank, and m6 to be a numerical blank.

To convert m3 to a dropdown blank we need to select the wordimplements with

the cursor and click the Add Dropdown Blank button. This brings up a blank editor

for the dropdown blank under the reference solution text �eld (Figure 15, m3a ). On

19



Figure 13: On the exam main page we de�ne the exam content by adding exam blocks.

An exam block is a text block or an exam question. The question type can be selected

from the highlighted exam types dropdown.

20



the preview implements has been replaced with a dropdown (Figure 15, m3b ). In the

dropdown blank, we want to be able to choose betweenimplements and extends. Since

we selected the wordimplements it was automatically added as a choice in the dropdown

blank editor. We add the choiceextendsby using the plus button in the dropdown blank

editor. We do not need to change the radio button because in our case the correct answer

is already selected. The dropdown blank is now done and we convertm4 and m5 into

a text blank. We select this.name = name; this.age = age;and click on the Add Text

Blank button. This adds another blank editor for the text blank after the dropdown

blank editor (Figure 15, m4a ). The text in the preview is converted to a two-line text

�eld since our solution also has two lines (Figure 15, m4b ). We add a second solution

by clicking the plus button in the blank editor and entering the solution this.age = age;

this.name = name; in the solution text �eld. After that, we similarly convert m5 into a

text blank (Figure 15, m5a and m5b ). Now we need to transfer m6 into a numerical blank

by selecting the text and clicking the Add Numerical Blank button (Figure 15, m6a and
m6b ).

We change the blank name of all blanks in each blank editor by clicking on the edit

button (square with a pen in it), writing the new blank name in the blank name text

�eld and pressing the save button. Figure 15 shows the �nal �ll-in-the-blanks question.

In Figure 16 we see how the question looks like during an exam taken by students.
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Figure 14: A �ll-in-the-blanks question with a sample question where the red marked

words have to be transformed into blanks.
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