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Abstract. Web-based parameterized quizzes provide teachers and students with
several advantages as the technology for self-assessment. However, the effect of
these advantages is strongly reduced, if a student does not receive enough
support and cannot see her/his progress during the course. We have developed
the system QuizGuide, which attempts to solve this problem by navigating
students through the quiz material of the course in adaptive way. Architecture,
interface and plans of future system development are described here. The paper
also presents first results of system evaluation.

1 Web-based quizzes as the technology for self-assessment

Starting from the development of first Web-based educational systems, several
successful technologies for online knowledge evaluation have been proposed [1, 2].
However, web-based quizzes have always played the leading role because of two
main reasons. First, it is relatively easy to organize all three main stages of the
question  “life  cycle” [2]:  authorization,  delivery/presentation, and
assessment/feedback generation, in comparison to such classes of web-based systems
as online simulation, collaboration support system or web-based ITS. Second, this
technology inherits from traditional in-class quizzes; it is natural for both teacher and
students to use it for knowledge assessment in the new conditions of web-based and
web-enhanced education.

With the transfer of question material to the web such context of using quizzes as
the self-assessment of student knowledge took on a special significance. Two trends
in modern education increasing the teacher burden have appeared: the courses become
more intensive, and the number of students grows (especially due to the distance and
continuous education). This leads to the lack of traditional formative feedback that
student can get in class. Web-based technologies for self-assessment, such as web-
based quizzes, can help to solve this problem by providing students with meaningful
information about their progress through the course and potential weaknesses [3].

Another strength of self-assessment technology is the self-motivation of students
[4]. In our evaluation study [5] performed on QuizPACK we analyzed the subjective
students evaluation of the systems. It was based on the questionnaires, filled by
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students after the term period of using system. More then 80% of students using
QuizPACK reported positive attitude to it and high interest in taking online self-
assessment quizzes.

The pedagogical value of self-assessment quizzes has been confirmed by the
number of papers. Regression analysis performed in [5] showed positive dependency
between student performance in class and both the amount of students' work with self-
assessment quizzes and their success (percentage of positive answers). Study reported
in [6] showed statistically significant evidence of improvement in learning course
material when students were using online self-assessment quizzes.

2. QuizPACK - parameterized quizzes

However, to possess all mentioned advantages in full degree, a system for self-
assessment needs fairly large number of quizzes. Otherwise, students will hardly
benefit from it, since familiar static question-answer pairs cannot reflect the real
student’s progress as well as initiate additional motivation.

The alternative to the large library of static question is the parameterized questions.
This way has been used in our QuizPACK system (see Fig. 1). The architecture and
interface of QuizPACK are described in details in [7]; the evaluation of the system is
given in [5]. Below we provide the brief overview of the main features of QuizPACK.
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Fig. 1. Student interface of QuizPACK.

QuizPACK is the system for parameterized web-based quizzes authorization and
delivery in the context of programming courses using C language. Each question in
QuizPACK is actually a template containing a simple C program, one of the constants



where is the generative parameter. When the question is delivered to a student
parameter is instantiated with a randomly chosen value. Figure 1 demonstrates the
student interface of QuizPACK (the question sample — 1a, and the feedback on correct
answer — 1b). After getting feedback students can proceed to the next question or go
back and try previous question (with another value of the parameter) once again.

3. QuizGuide — adaptive quiz navigation

QuizPACK evaluation study [5] and individual feedback, though positive, showed
that students suffer from the lack of guidance. Indeed, as a self-assessment tool
QuizPACK is supposed to help them in understanding their progress and finding
knowledge gaps. However students could hardly estimate where their weakest topics
are, and where they should feel confident without any support; they simply get lost.
Even with the option of parameterizes quizzes and fairly large topics combining
quizzes, we still needed to develop 46 quizzes to cover the whole course material. To
assist students in getting valuable feedback that can help them to locate themselves in
the course knowledge space we could apply the intelligent sequencing approach,
which is used traditionally for the quiz adaptation. Instead we have developed the
system QuizGuide, providing students with the adaptive navigation support by the
means of such AH technique as adaptive link annotation (see for example [8]).

The student interface of QuizGuide (fig. 2.) consists of two main parts: annotated
list of hyperlinks to topics and quizzes and the frame for a question load and feedback
generation.

“j QuizGuide. Adaptive quiz recommender. - Microsoft Tnternet Explorer -|0] x|
e Edt Vew Favortes Took Help ar
Qe ~ ) - [x] (2] (| ) search 5l Favortes @¥wedn )| (- L TS - 40 8k ]
Address ] hitp it eduf L COPKE_user=sergeyike_sd-gguide -]
Quiz Guid
- i?
|

arithmetic expressions

! variables
Quizt
Quizd
Quizd
@ constants [defing)
Quizt
Quizd

@ leaps (whils)

t@s increment decrement

Question 3

#define X 5.5

What is the final walue of f

<}

@ logical expressions

@' Submit I
loops (do while)
@) conattionals (if else)
Quizt
Quiz2
@ conditional operator ll

a Internet

Fig. 2. Student interface of QuizGuide.



Adaptation in QuizGuide is performed on the basis of two traditional features of
the user model: the knowledge level and the learning goal. Hyperlink to each topic is
annotated with an icon reflecting the relevance of this topic in the terms of the current
learning goal of the class and the level of knowledge that the individual student has
for the specific topic. The annotation mechanism uses the “target-arrow” abstraction.
Number of arrows in the target reflects the level of knowledge the student possesses
for this topic: the more arrows the target has, the higher the level is. The target color
shows the relevance of the topic concerning the current learning goal: the more
intensive color means that the topic is close to the current goal. Topics, which are not
ready to be studied because of a non-reached learning goal, are annotated with the
crossed target. Hence we have four levels of knowledge (from zero to three arrows)
and four levels of topic actuality (not-ready, current, previous and non-important).

When a student clicks on the topic name, the list of quizzes available for this topic
drops out. One more click on the topic name rolls this list back. Since the student
works only with one quiz at one time links to other quizzes are not necessary and
could be reduced. It does not mean however, that the student cannon drop out several
topics (see fig. 2). A click on the quiz link opens first question of this quiz. To
navigate through the quiz students can use the links Next Question or Repeat Previous
Question. As it is seen from the figures 1 and 2 quizzes for QuizPACK and
QuizGuide are the same. These systems use the common question material; and the
work of students with any of this system is reflected in the common user model.

As you can see from the figure 2, QuizGuide does not forbid students to work with
any of topics; it only recommends them by annotation. Students still can take any quiz
belonging to “non-ready” learning goal, and when the time comes for this topic to
become the current learning goal, previous students’ work with it will be taken into
account. The list of topics is fixed for students could not get lost in the material.

Brief help can be loaded in the main screen by clicking on the question mark icon.
Also the icon for refreshing the application is available. Each time the student clicks it
the new request is sent to the user model and the values for all topics are recalculated.

23 topics are determined in the course. They are connected to each other with
prerequisite relations. These topics form 15 learning goals. Actually, learning goals
acts as the lectures in the class, forming the flat sequence. Different topics have from
1 to 3 quizzes with 3 to 5 questions in these quizzes. Total number of quizzes is 46.
Total number of questions is more then 150. Quizzes have assigned complexity value
(from 1 to 3); quizzes with different complexity have different influence on the
knowledge level calculation.

5. Preliminary Evaluation

Currently QuizGuide has been used for a half of the term in the context of real class
environment for the undergraduate course Introduction to Programming taught in the
School of Information Science at the University of Pittsburgh. For more then a month
before working with QuizGuide students had been taking traditional QuizPACK
quizzes without adaptive navigation support. However, the quizzes they took were the
same that are used by QuizGuide. All data, obtained during the non-adaptive stage of



taking quizzes have been stored in the user model and then used by QuizGuide.
During the last month both adaptive and non-adaptive interfaces for quizzes have
been available for students, i.e. data got from non-adaptive quizzes and the one from
QuizGuide are equally considered for the user model updating.

Statistics that we got so far demonstrates the strong evidence that adaptive
navigation support for self-assessment quizzes provides additional motivation for
students to take quizzes. The average session length for non-adaptive quizzes is about
10 questions, when the average length of QuizGuide session is 26 questions, which
means after starting work with self-assessment quizzes students take about 2.5 times
more quizzes when adaptive navigation support exists. Only tierce of sessions for
non-adaptive quizzes has a length more then 10 questions, while for QuizGuide this
ration is more then twice bigger.

The analysis of students’ paths through the questions showed that with adaptive
interface they have got an additional motivation to use the parametric nature of
QuizPACK questions. If in the past they often tried to solve the same question with
different parameter values until they solve it correctly, now they also have new
educational goal — to reach the maximum knowledge level, to get three arrows on the
target. . It results in more then 10% higher performance of work with a tool. The
percentage of correct answers for the students who mainly used QuizPACK is only
32%, when the students, who had switched to QuizGuide and used it regularly, have
this ratio on the level of 43%.

At the same time we observe, that students are not persistent in using QuizGuide.
Some of them switch to QuizPACK and back. Some students use primarily non-
adaptive self-assessment quizzes. The numbers of active students for QuizGuide and
traditional QuizPACK quizzes are approximately the same, when the total number of
students using a tool is greater for non-adaptive quizzes. We are going to collect more
consistent statistics in the next month, which is the last before the final exam, and
traditionally is characterized by the increased students’ activity.

6. Future work

The system is currently developing in several directions. In the next versions of
adaptation mechanism we are is going to compare different formulas for knowledge
level calculation. We plan to recommend to the students the "best quiz" on every step.
Better-grained concepts structure is going to be designed. For this purpose we plan to
use the developed parsing component for automatic indexing of C programs, which
have been applied already for domain description in NavEx system [9].

The current architecture of QuizGuide/QuizPACK, allows adaptive and non-
adaptive components to use the same set of quizzes. This opens the exceptional
opportunities for adaptive navigation mechanism evaluation. In the future we are
going to perform more exhaustive comparative analysis of QuizPACK and QuizGuide
to estimate the pedagogical value of using adaptive annotation technology in this class
of systems.

Finally, web-based author interface is developing, which can provide us with new
users: teachers and students; new questions; and new statistics and feedback.



7. Summary

We have developed QuizGuide, the adaptive navigation system for web-based self-
assessment quizzes. This paper described the architecture and interface of QuizGuide
as well as the initial motivation for its creation. QuizGuide is strongly interconnected
with our old non-adaptive system QuizPACK and uses the same question material as
QuizPACK does. Preliminary evaluation of the system showed that students spend
much more time with adaptive self-assessment quizzes then with non-adaptive ones;
additional motivation leads to more extensive usage of parameterized nature of
QuizPACK questions. Future plans include further interface and architecture
development as well as system evaluation studies.
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