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Abstract. This paper explores the impact of adaptive navigation support on
student work with parameterized questions in the domain of object-oriented
programming. In the past, we developed QuizJET system, which is able to
generate and assess parameterized Java programming questions. More recently,
we developed JavaGuide system, which enhances QuizJET questions with
adaptive navigation support. This system introduces QuizJET and JavaGuide
and reports the results of classroom studies, which explored the impact of these
systems and assessed an added value of adaptive navigation support. The results
of the studies indicate that adaptive navigation support encourages students use
parameterized questions more extensively. Students are also 2.5 times more
likely to answer parameterized questions correctly with adaptive navigation
support than without such support. In addition, we found that adaptive
navigation support especially benefit weaker students helping to close the gap
between strong and weak students.
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1 Introduction

Parameterized questions and exercises [1] emerged as an active research area in the
field of E-Learning . This technology allows generating many objective questions
from a relatively small number of templates created by content authors. Using
randomly generated parameters, every question template is able to produce many
similar, yet sufficiently different questions. As demonstrated by a number of projects
such as CAPA [2], WebAssign [3], EEAP282 [4], Mallard [5], parameterized
questions can be used effectively in a number of domains allowing to increase the
number of assessment items, decrease authoring efforts, and reduce cheating.

The work of our research group focused on exploring the value of parameterized
questions in the area of computer programming. We have developed and explored
QuizPACK [1], a system which is able to generate and assess parameterized questions
for C programming. Unlike the majority of modern system for automatic assessment
of programming exercises [6-8], which focus on program-writing exercises,
QuizPACK focused on program-tracing questions. This kind of questions is known as
very important [9], however there are almost no question generation and assessment



systems, which can work with these questions. QuizPACK was evaluated in a series
of classroom studies, which confirmed the educational value of this technology [1,
10]. We also found that the parameterized questions can be successfully combined
with the technology of adaptive navigation support. The use of adaptive navigation
support to guide students to most appropriate questions was found to increase student
ability to answer questions correctly and encourage them to use the system more
extensively (which, in turn, positively impacted their knowledge) [11].

While we confirmed the value of adaptive navigation support for parameterized
questions in several studies, our earlier research left a number of questions
unanswered. First, parameterized questions in area of C programming were not as
diverse from the complexity point of view as questions in other areas such as physics
[2]. As a result, it was left unclear whether adaptive navigation support can work in
the context of a broader range of question difficulty from relatively simple to very
difficult. Second, due to the decreased number of students in C programming classes,
we were not able to separately assess the impact of this intelligent guidance
technology on stronger and weaker students, which is an important typical research
question.

To answer these questions, we expanded our work on parameterized questions to a
more sophisticated domain of object-oriented Java programming, which is now the
language of choice in most introductory programming classes. This domain allows us
both: to introduce questions of much broader complexity and to explore our ideas in
larger classes. Capitalizing on our experiences with QuizPACK, we developed
QuizJET (Java Evaluation Toolkit), which supports authoring, delivery, and
evaluation of parameterized questions for Java [12]. A preliminary evaluation has
demonstrated that parameterized questions work really well in this domain: we found
a significant relationship between the amount of work done by students in QuizJET
and their performance. Working with QuizJET, students were able to improve their
in-class weekly quiz scores. We also found that their success in QuizJET (higher
percentage of correct answer) correlates with high scores on the final exam.

This paper presents the result of our second study of parameterized questions for
object-oriented Java programming. The goal of this study was to assess the added
value of adaptive navigation support on the student work with parameterized
questions in this domain. In addition to exploring this technology combination in a
new domain, the study specifically attempted to assess the impact of adaptive
navigation support to student work with questions of different complexity as well as
the impact of this technology on weaker and stronger students.

In this study we compared the impact of parameterized questions in two
introductory Java programming classes, featured the instructor, syllabus, and student
cohort (undergraduate information science students at the University of Pittsburgh).
One of these classes used QuizJET system and another used JavaGuide system, which
is QuizJET enhanced with adaptive navigation support service QuizGuide [13, 14]. In
the following sections we present briefly QuizJET and JavaGuide systems and report
the results of our classroom studies. We conclude with a summary of results and some
discussion of future work.



2 QuizJET: Parameterized Questions for Object-Oriented
Programming in Java

QuizJET system was developed to explore the technology of parameterized questions
in a challenging domain of object-oriented programming. QuizJET supports
authoring, delivery and evaluation of parameterized questions for Java programming
language. It covers a broad range of Java topics from Java basics to such advanced
topics as objects, classes, polymorphism, inheritance, and exceptions.

Tester Class | BankAccount.java

public class Tester {
public static vold main{String[] args) {

BankAccount myBankAccount = new BankAccount{49);
if { myBankéccount.getBalance{) > 50 ) {
myBankAccount . withdraw(50);
}
else {
myBankAccount.deposit{50);
}

double result = myBankAccount.getBalance();

}
}

What is the final value of result?

[ Submit
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public class Tester {
public static void main(String[] args) {
BankAccount myBankaccount = new BankAccount{49);
if { myBankAccount.getBalance() > 50 ) {

myBankAccount . withdraw(50);
i
else {
myBankaccount.deposit(50);
i

double result = myBankAccount.getBalance();

What is the final value of result?

CORRECT!

Your Answer is:
99.0

Correct Answer is:
99.0

Try Again

Fig. 1. The presentation (top) and the evaluation results (bottom) of a QuizJET question.



The delivery component of QuizJET allows students to access each question
pattern through a Web browser using a unique link (in original QuizJET, these links
were included into the course portal). Once a link to the question is accessed,
QuizJET generates a unique instantiation of the question (Figure 1), which features a
small Java program. The student’s challenge is to mentally execute the program and
answer a question such as: “What will be the final value of the specific variable?” or
“What will be printed in the console window?” A tabbed interface design supports
straightforward access to the full code of the problem, one Java class per tab. The
driver class named Tester Class, containing the main function, is presented on the first
tab, while other tabs show supporting classes (such as BankAccount in Figure 1). The
tabbed arrangement uniquely characterizes object-oriented programming where even
simple object-oriented program may require one or more imported classes.

To answer a question, students fill the answer in the input field and hit Submit. The
system immediately reports the evaluation results and the correct answer (Figure 1,
bottom). Whether their results were correct or not, students can hit the Try Again
button to assess the same question pattern with different parameters. This function
helps students achieve mastery of the topic. While it looks relatively simple from
user’s point of view, this functionality is supported by sophisticated authoring
(performed with a separate authoring component), generation, and evaluation
mechanisms, which are described in [12].

3 JavaGuide: Adaptive Navigation Support for QuizJET Questions

JavaGuide is an adaptive hypermedia system, which provides adaptive navigation
support for QuizJET questions. It is not a part of QuizJET, but an independent system,
which simply hosts links to QuizJET questions and guides the students to most
appropriate links using adaptive link annotation. In this sense, JavaGuide offers an
alternative ways for students to access the same set of QuizJET questions. A student
may choose to go through a regular course portal, select one of the lectures, and
choose one of the questions, which a teacher posted to this lecture. Alternatively, a
student can go to JavaGuide and select a question with the help of adaptive navigation
support. The question presentation and evaluation processes are the same in
JavaGuide and “plain”.

The interface of JavaGuide consists of the quiz navigation area and the quiz
presentation area (Figure 2). Navigation area provides the hyperlinks to QuizJET
questions, which are grouped into topics. By clicking on the topic name, a user can
expand or collapse questions for the topic. A click on a question loads the question
into the quiz presentation area. To assist students in navigating to the appropriate
topics and questions the links to each topics are annotated with an adaptive icon.

JavaGuide uses “target-arrow” annotations mechanism of QuizGuide [13], which
has been successfully used in a number of C-programming courses [13, 14]. Each
adaptively generated target icon expresses two layers of meanings: knowledge
adaptation and goal adaptation. For knowledge adaptation, a topic-based modeling is
adopted. Each topic contains several educational activities which identified by the
course instructor. Student progress with these activities defines the user understanding



of the topic. The number of arrows in the target represents the growth of student
knowledge of the topic. Goal adaptation is supported by a time-based mechanism
which presents the relevant topics according to course lecture sequence. The color of
the target expresses the relevance of the topic to the current course goal. The icon for
the current topic is shown as bright blue, its prerequisites are light blue, while target
icons for other earlier topics are gray. A crossed icon indicates that the student is not
ready for the topic yet.

It is easy to notice that JavaGuide annotation approach integrates prerequisite-
based adaptation that advises whether an item is ready or not ready and progress-
based annotation that displays the amount of knowledge already acquired by the
student. Both approaches are relatively popular and well explored in adaptive
educational hypermedia. For example, prerequisite -based approach is used in AHA!
[15], ELM-ART [16] and KBS-Hyperbook [17], while progress based annotation is
used in INSPIRE [18] and NavEx [19]. An interesting feature of JavaGuide and its
predecessor QuizGuide is the use of both annotation approaches in parallel.

QuizGuide

(5 2 Adaptive Navigation for Sei-Assessment Quizzes

4 =
*@' Tester Class | BankAccount.java
Variables

A@'Omeds public class Tester {
@ public static void main(String[] args) {
Y Classes

t t = new Bank t(79);
@ Basic Data Types if ( myBankAccount.getBalance() > 50 ) {

% myBankAccount . wi thdraw(50);
@ Constants s .

@ Stings ; nyBankiccount . deposi t(50);
@5 Avithmetic Expressions

© Decisions }
}

double result = myBankAccount.getBalance();

@Enn\ean Expressions What is the final value of result?
@ Switch [ Submit

@Wh\\e-Lnop &=
@ Do-While-Loop

@5 For-Loop

Nested Loops
@ Arrays ~|

Fig 2. JavaGuide Interface

4 Classroom Studies and Evaluation Results

The classroom study of our technology was performed in two undergraduate
introductory programming classes offered by the School of Information Sciences,
University of Pittsburgh. Online self-assessment quizzes were used as one of the non-
mandatory course tools. QuizJET was used in the Spring semester of 2008 and
JavaGuide was used in the Fall semester of 2008. Both tools featured the same set of
quizzes. All student activity with the system was recorded. For every student attempt



to answer a question, the system stored a timestamp, the user’s name, the question,
quiz, and session ids, and the correctness of the answer.

4.1 Basic Statistics

In both classes, student work with the systems was analyzed on two levels: overall
and within a session. On each level we explored following performance parameters:
Attempts (the total number of questions attempted by the student), Success Rate (the
percentage of correctly answered questions) and Course Coverage (the number of
attempts by the student for each distinct topic; the number of distinct questions
attempted by the student). In addition, we decided to examine all performance
parameters separately for students with weak and strong starting knowledge of the
subject. This decision was guided by the results of earlier research [20, 21], which
demonstrated that the starting level of knowledge of the subject may affect the impact
of adaptive navigation support on student performance. To achieve this separation, the
students were split into two groups based on their pre-test scores (ranging from a
minimum of 0 to a maximum of 20).

Table 1 compares student performance in QuizJET and JavaGuide. Strong students
scored 10 or higher points in the pre-test and weak students scored less than 10 points.
The table shows active use of the JavaGuide by both strong and weak students. It also
indicates a remarkable increase of all performance parameters in the presence of
adaptive navigation support. These results confirm that the impact of adaptive
navigation support on student performance, which was originally discovered in the
domain of C programming, is sufficiently universal to be observed in a different
domain and with a larger variety of question complexity.

Table 1.System Usage Summary

JavaGuide QuizJET
(Fall 2008) (Spring 2008)

Strong Weak All Users All Users

parameters (n=5) (n=17) (n=22) (n=31)

Attempts 131.2 123.82 125.50 41.71

Overall User  Success Rate 58.87% 58.20% 58.31% 32.15%
Statistics Distinct Topics 11.00 12.00 11.77 494
Distinct Questions 41.60 47.53 46.18 17.23

Average Attempts 29.82 30.51 30.34 21.50
User Session  Distinct Topics 2.50 295 2.85 255
Statistics Distinct Questions 945 11.71 11.16 8.88

4.2 The Impact of Guidance on Student Work with questions of Different
Complexity

Our next goal was to explore the significance of the obtained data and to explore the
impact of adaptive navigation support on user work with questions of different



complexity. To do that, all questions were categorized into 3 complexity levels (Easy,
Moderate and Hard) based on the number of involved concepts (which in ranged from
4 to as far as 287). A question with 15 or less concepts is considered to be Easy, 16 to
90 as Moderate, and 90 or higher as Hard. In total, both systems included 41 easy, 41
moderate, and 19 hard questions. We conducted two separate 2 x 3 ANOVA to
evaluate student performance measured by Attempts and Success Rate within two
different systems and three complexity levels. The means and standard errors for each
group are reported in Table 2.

Table 2. Means and standard error of Attempts and Success Rate, by system and complexity level

QuizJET JavaGuide
(2008Spring) (n=31) (2008Fall) (n=22)
DV Complexity Level M=+SE M=+SE
Easy 38.52+8.40 75.77+9.98
Total Attempts Moderate 25.06+ 8.40 4132+998
Hard 5.58+8.40 841+998
Attempts Easy 94+ 22 1.85+ .26
(per question) Moderate 61+ 22 101+ 26
Hard 29+ 22 0.44+ 26
Easy 38.00% +5.70% 68.73% + 6.70%
Success Rate Moderate 28.23% +5.70% 67.00% + 6.70%
Hard 11%90% = 5.70% 39.32% + 6.70%

The first 2 x 3 between-subjects ANOVA was performed on Atfempts as a function
of System (QuizJET and JavaGuide) and Complexity Level (Easy, Moderate and
Hard). We found that JavaGuide received a significantly higher number of Attempts
than QuizJET, F(1, 153)= 6.042, p= 015, partial °=.038. This result showed that
adaptive navigation encourages students to work with parameterized questions. We
also found that students had significant higher Attempts on the easy quizzes in
JavaGuide than in QuizJET, F(1, 153) = 7.081, p = 009, partial °= .044 (Figure 3,
left). There were no significant differences found between the systems for the
moderate and hard quizzes.

The second set of 2 x 3 between-subjects analysis of variance was performed on
Success Rate. We found that with JavaGuide, students achieved significantly higher
Success Rate than with QuizJET, F(1, 153) = 40.593, p <.001, partial > = .210. The
size of effect for the three complexity levels was respectively 1.81 (p = .001), 2.37
(p <001) and 3.30 (p = .002) times higher than the Success Rate in QuizJET. This
means that regardless of the complexity of the quizzes, students were, on average, 2.5
times more likely to answer a question correctly when it was accessed with adaptive
navigation support than without such support. As shown on Figure 3 right, the
Success Rate for JavaGuide is dramatically higher than for QuizJET.

The analysis of the impact of adaptive navigation support on student work with
questions of different complexity leads to some interesting observation. First, it seems
that adaptive guidance encourages students to do more work early in the course when
the questions are relatively easy, while also preventing them to venture too fast into
the area of very hard questions. Second, the investment of student efforts on work



with easy questions pays back across all three complexity levels. The knowledge
gained while working with easy questions helped students to achieve better success in
dealing with moderate and hard questions as well. Most pronounced, this effect is in
the area of hard questions. While the number of attempts on hard questions is similar
in two groups, the success rate with hard questions is more than three times larger in
JavaGuide group. Apparently, the prerequisite-based guidance of JavaGuide prepared
the students to face complex questions by exploring easier ones.

Aotal Attempis Success Rate
100 100%
80  80%
‘g 60 E 60% —*— Quiz]ET
E 38.52 2 %
2 “0 E % —8— JavaGuide
20 8.41 92 20% 0
25.06 5.58 0%
Easy Moderate Hard Easy Moderate Hard
Complexity Level Complexity Level

Fig 3. The total Astempts(left) and the Success Rate (right) of two systems on different
complexity levels

4.3 The Impact of Guidance on Weak and Strong Students

As mentioned above, students were categorized as strong students if they have 10 or
more points on pre-test and as weak otherwise. We discovered that stronger students
had a significantly higher Success Rate with the QuizJET system than weaker students
did, F(1, 87) = 4.760, p = .032, partial 1]2 = .052. However, we did not find any
significant differences between strong and weak students’ Success Rate with the
JavaGuide system, F(1, 60) = 007, p = 931, partial > < .001. With adaptive
navigation support, both strong and weak students achieved similar performance on
each complexity level of quizzes. Without such support, there was a greater gap
between strong and weak students. Thus, adaptive navigation support can, indeed,
adapt to the student starting level of knowledge guiding students of both levels to
appropriate quizzes. An analysis of the Atfempts per question uncovers the mechanism
behind this observation. The statistics shows that weak students using JavaGuide had
a significantly higher number of Atfempts made in easy questions than they did in
QuizJET, F(1, 147) =7.658, p = .006, partial 1]2 = .050; while stronger students using
JavaGuide had a significantly higher number of Attempts in harder quizzes, F(1, 147)
= 4089, p = 045, partial 5° = 028. This suggests that JavaGuide indeed guides
students to quizzes that match the students’ knowledge: weaker students were more



often guided to work on easy quizzes while stronger students were usually led to work
on harder quizzes. Figure 4 shows the pattern of differences found between strong and
weak students on various complexity levels for the two systems. The means and
standard errors for each group are reported in Table 3.

Table 3. Means and standard error of Attempt per questions and Success Rate by system, complexity level
and knowledge level

QuizJET JavaGuide
(2008Spring) (2008Fall)
DV Knowledge Complexity M=SE M=SE
Level Level
Easy 1.11 + .32 143 + 553
Strong Moderate 59+ .32 1.32 = 553
Attempts Hard 39+ .32 97 + 553
(per question) Easy 78 = .309 1.97 = 300
Weak Moderate 63 +.309 92 +.300
Hard 20 +.309 29 = .300
Easy 48.27% +8.10% 67.80% = 14.00%
Strong Moderate 39.40% +8.10% 59.80% + 14.00%
Success Rate Hard 12.07% + 8.10% 49.00% + 14.00%
Easy 28.38% +7.80% 69.00% = 7.60%
Weak Moderate 17.75% + 7.80% 69.12% =+ 7.60%
Hard 11.75% + 7.80% 36.47% =+ 7.60%
Attempts per question Success Rate
= 24 1
S
2 2 2 —— Quiz]ET
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=9 ‘\. 9 - Weak
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Fig 4. The pattern of differences in the Attempts per Question & Success Rate for QuizJET and
JavaGuide, on a variety of knowledge and complexity levels

4.4 Subjective Evaluation

To evaluate the students’ subjective attitudes toward the systems, we administered
questionnaires at the end of both semesters. Overall, 97.37% of the students strongly



agreed or agreed that the system should be used again in teaching this course and that the
online self-assessment quizzes were relevant to what was presented in class. In terms of
learning, 91.12% of the students considered that the self-assessment quizzes contributed
to their learning in this course. 71.71% of the students thought that online self-
assessment quizzes provided useful feedback. For further improvement on the
systems, we also collected students’ opinions on system features. 23% of them hoped
to have future systems available for handheld computers so that the quizzes can be
taken anywhere.

5 Summary and Future Work

This paper explored the impact of adaptive navigation support on student work with
parameterized questions for object-oriented programming. The results demonstrated
that adaptive navigation encourages students’ to use parameterized questions more
extensively and significantly increases their success rate. Students were, on average,
2.5 times more likely to answer a question correctly with adaptive navigation support
than without such support. Most pronounced was the increase of student work with
easy questions. However, encouraging students to work more on easier questions, the
navigation support got them much better prepared to face complex questions as well.
By categorizing the students’ initial knowledge levels into strong and weak, we found
that adaptive navigation support effectively guided both strong and weak students to
the appropriate quizzes and contributed to a uniformly high success rate.

According to the subjective evaluation, students perceived the online self-
assessment quizzes as helpful to their learning. Most of them appreciated the systems.
However, about a quarter of the users considered feedback from the self-assessment
quizzes to be lacking. These results provoke several new challenges and give us new
directions for improvement in the future. Since JavaGuide and QuizGuide were
developed from the same set of theories, we are also interested in investigating the
differences between online self-assessment quizzes in C and Java. To understand
more about the educational values in this context, we plan to perform a more
exhaustive evaluation of the systems.
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