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Abstract: Implementing a linked list in C++ is known to be a very difficult task for students in 

programming classes. We have developed a web-based tutor to help students understand the effects 

of individual C++ statements on a linked list, instead of demonstrating “large scale” operations as in 

other web-based systems. With our interactive, adaptive tutor, the student will learn how to 

implement a linked list in C++ without causing segmentation faults and memory leaks. The tutor 

watches every move the student makes and provides feedback based on the student’s misconceptions. 

The tutor enforces mastery learning by not allowing the student to move onto the next exercise until 

she can complete the current exercise without errors. This paper describes the current system design, 

and planned improvements and evaluations. 

 

Introduction 
 

C++ is a language often used to teach programming in computer science classes. Computer science 

students in data structure courses often have significant difficulties visualizing what each C++ statement does to a 

data structure they are creating.  This is especially true of data structures with pointers such as a linked list.   It 

often takes two semesters for some students to become comfortable in using pointers. To address this problem, the 

web-based Linked List Visualizer (LLV) was developed at California State University, San Marcos (CSUSM) 

(Yoshii 2016). Unlike other web-based systems (Castillo 2016, Chen 2001), LLV demonstrates the effects of 

individual C++ statements on a linked list, instead of “large scale” language-independent operations such as adding 

or removing a node. Our data structure students used LLV in the Fall semester of 2016, and we made improvements 

to its user-interface based on student comments. 

The primary goal of our current project is to extend LLV to include an interactive tutoring module to watch 

the student as she solves problems, and to diagnose and help the student based on the misconceptions she has, while 

emphasizing mastery learning. Another goal of the project is to keep the design as generic as possible so that we can 

reuse it for other data structures. An ultimate goal of the project is to make the tutor more intelligent. We have completed 

an initial version of the tutor, and it is ready to be evaluated with the students in our data structure course.   

 

Linked List and LLV 

 
 A linked list data structure in C++ is made up of nodes where each node contains an element and a pointer 

(or a link) to the next node.  A programmer can create nodes, add nodes, delete nodes to create and modify a linked 

list. To accomplish any of these tasks, the programmer must choose a correct sequence of C++ statements. Choosing 

an incorrect statement or an incorrect sequence would result in a disconnected list or even a fatal error such as 

accessing a node that does not exist (i.e. segmentation fault).  Even if an error is not fatal, some inaccessible nodes 

may be left in the computer’s memory (i.e. memory leaks or garbage cells). 

In LLV, the student chooses the next C++ statement by selecting from one of the three menus: set a pointer 

to an existing node or a new node, set the node element value, and delete a node. In this implementation of a linked 

list, the Front (F) pointer must point to the first node of the list, while the Rear (R) pointer must point to the very last 

node. The student many use other two temporary pointers T and P to accomplish her tasks. Immediately upon clicking 

on the Submit button, the effect is shown on the screen. In Figure 1, the student chooses to set the Front (F) pointer to 

go to the node right after the node the T points. The nodes that are no longer accessible from the Front pointer are 

greyed out. In Figure 2, the student tries to access a node that does not exist, leading to a segmentation fault. The 

student may use the Undo button to go back to the previous state or to reset the list to its initial state.  

LLV is an exploration “playground” where the student can experiment with any sequence of C++ statements 

to learn their effects on a linked list.  However, it tries neither to check the understanding of the student nor to 
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address the misconceptions she may have. Therefore, we have decided to create a tutoring module to lead the student 

to a correct implementation of linked list operations. 

 
 
 Figure 1: LLV Screen Example – inaccessible nodes 

 

 
 

Figure 2: LLV Screen Example – fatal error 

 

LLV Tutor Exercise Sequence  
 

The LLV Tutor exercises in Figure 3 correspond to the member functions of the linked list class the students 

must implement in a data structure course at CSUSM. They represent “large scale” operations for which the students 

must write correct C++ statements. In each exercise, the student must select a correct sequence of C++ statements to 

implement an operation. We refer to a selection of a C++ statement as “a move” make by the student. At the start, the 

student is told to solve the four basic exercises: 

 Add Front – to add a node to the front of the list. 

 Add Rear – to add a node to the rear of the list. 

 Delete Rear – to delete the rear node. 

 Delete Front – to delete the front node. 



 

 

Each exercise has two versions: a special case starting with or resulting in an empty list, and a regular case. The 

student is given these basic exercises in a random order. If she makes errors while solving a basic exercise, she must 

redo the same exercise until she completes it without any errors. Advanced Exercises are given only after the student 

solves all the basic exercises without making any errors: “Add before Ith” is to add a node before the Ith node, and 

“Delete Ith” is to delete the Ith node. Again, we continue reassigning the student these two advanced exercises until 

she solves them without making any error. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The Tutor keeps track of two different types of errors: 

 Fatal errors are those that cause segmentation faults.  

 Misconception-based errors that would lead to an undesirable state. 

In addition, the Tutor keeps track of useless moves that are not necessary for the specific exercise. In all cases, a 

warning message is given and the error is recorded in a database. The student continues from the previous move.  
Exiting from the Tutor will take the student to a web page where she can choose between LLV and the Tutor. 

When she returns to the Tutor, she must restart from the same exercise where she had left off.  

Advanced 

Exercises 

Figure 1: Exercise Sequence 
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Figure 4: Re-entering the Tutor 

 
 

Figure 5: The Tutor Screens  

 

Watching the Student 
 

Like the intelligent PAT–PUMP Algebra Tutor (Koedinger 1998), the Tutor uses if-then goal-driven rules to 

watch the sequence of moves made by the student. The syntax of a rule is: 

 IF The goal is to <exercise goal> 

THEN Check that <sub goal> 

{ AND <sub goal>} 

All sub-goals must be “solved” by the student in the given order.  The following is an example of a rule for a correct 

sequence of steps to delete the Front node.   

IF The goal is to delete Front node on a multiple-node List 



 

 

THEN Check that a temporary pointer goes to the same place as Front  Next 

AND Front Node is deleted using Front 

AND Front goes to the same place as the temporary pointer 

If a sub-goal does not match a student move, a list of “buggy rules” are checked to see if one of them matches the 

move. The following is one of the buggy rules for the same exercise.  If a buggy rule matches the student’s move, 

an associated error message is appended to the generic warning message and is displayed as shown in Figure 5. 

IF The goal is to delete the Front node on a multiple-node List 

THEN Check that the Node is deleted using a pointer other than Front 

Error message: Please use Front for deleting the Front node in the Delete Front exercise. 

All errors are also mapped to common misconceptions whenever possible. There are currently 6 common 

misconceptions the Tutor handles: 

1. A pointer can point to itself. 

2. Memory Leaks (leaving inaccessible nodes in the memory) are harmless. 

3. The pointer on the right side of “=” is moving. 

4. The list can loop around. 

5. The list can end with non-null. 

6. F can be used as a temporary pointer in adding or removing other nodes. 

A hint to correct the misconception is given only when the same mistake is repeated in an exercise.  

 By using a set of rules and database tables for watching and diagnosing the student, we can easily add or change 

rules and database contents to accommodate new types of misconceptions and other types of exercises.   

 

Implementation 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

LLV developed in 2016 is composed of a simulated linked list in C++ and the user-interface in HTML5 with 

graphics in Scalable Vector Graphics (SVG).  The two parts communicate via CGI (Common Gateway Interface). The 

advantage of this approach is that: 
1. A simulated linked list can handle all anticipated student moves, and any resulting inaccessible nodes can 

be displayed. 

Student 
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Figure 6: System Components 



 

 

2. It is easier to simulate a data structure in C++ than in HTML5. 

Then, we decided to implement the Tutor components in PHP and MySQL.  We chose PHP as a server side 

scripting language for the following reasons: 

 PHP and MySQL can communicate easily.  

 PHP and C++ can communicate easily via a file instead of CGI. 

PHP is used for watching and diagnosing the student. MySQL is a relational database management tool. It is used 

for storing all the information on each student: student id, student password, milestones achieved, and for each 

exercise, how many times it was attempted, whether it was completed, the number of fatal errors and non-fatal 

errors, all the moves made by the student in each exercise, and how these moves are related to known 

misconceptions.  Figure 6 shows how all the components work together.   

The above framework can be reused for creating a tutor for another data structure by replacing the C++ 

simulation module and the SVG graphics rendering part, and by typing the rules and the misconception list for the 

data structure. 

 

Conclusion and Future Work 

 
Based on LLV, we built an interactive, adaptive tutor to help the student understand the effects of 

individual C++ statements on a linked list. With the Tutor, the student will learn how to implement a linked list class 

in C++ without causing segmentation faults and memory leaks. The LLV Tutor watches every move the student 

makes, stores all the moves made by the student in a relational database, and provides feedback based on the student 

specific misconceptions. The rule-based diagnosis with the use of MSQL tables has resulted in a system design that 

is extensible for other data structures.  

The LLV Tutor is ready to be used by our data structure students.  We plan to collect feedback to make 

further improvements to the user-interface and error messages. To improve its adaptability and to allow more control 

by the student, we are currently working on the following: 

 The Tutor should assign remedial exercises depending upon the mistakes the student makes while solving 

an exercise. To do this, we need to 1) display the result of the misconception-based move, and 2) have a 

remedial exercise for each common misconception 

 The Tutor should use the history of student errors to choose the order in which exercises are presented. 

 The Tutor should provide a hint for the next move when requested by the student.  

 The Tutor should allow the student to make useless moves but give a warning message. 

We will conduct a summative evaluation of the system after the above improvements have been 

incorporated.   
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