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Abstract: This paper proposes an online testing and analysis system for studying students’ Creative 
Problem-Solving (CPS) ability in sciences. Using an open-ended essay-question-type test, students are 
asked to express their idea and imagine how to solve problems better. Based on previous works, we 
utilize an automated scorer for evaluating students’ CPS ability. This system serves as a real-time 
(self-)assessment for online learners and a useful research tool to gather data for CPS studies. We 
have re-examined the inter-rater reliability of our automated scorer with new samples, and conducted 
a questionnaire survey for usability inspection. The preliminary results show the system is reliable for 
automated scoring and satisfactory for system usability. A roadmap for future development is also 
proposed. 
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1 Introduction 

The assessment of Creative Problem-Solving (CPS) ability is taken as a useful index to investigate 
students’ creativity and problem solving abilities in psychological and educational research (Chang & 
Weng, 2002). We generally believe that using assessment of an open-ended essay-question-type for-
mat is a useful approach to evaluate students’ CPS ability. Students are required to express their 
self-generated thoughts in natural languages (e.g., Chinese) in such a test, and teachers or researchers 
may analyze students’ essays, one of the most comprehensive and authentic representations of stu-
dents’ thinking and reasoning, to study their comprehension, competence or creativity regarding the 
domain subjects. In the context of web-based education (WBE), it is considered essential and benefi-
cial to incorporate this type of assessments as a valuable component of online learning environments 
for better instructional decision-making and more advanced educational studies. 

Nevertheless, although online courses have been developed and deployed extensively more than 
ever, online testing, especially open-ended essay-question-type tests, is still underemphasized. One 
possible factor is that technologies required for online testing were not systematically developed and 
incorporated by practitioners of WBE. Though the development of certain types of testing, such as 
dichotomous-, single- and multiple-choices questions, may be intuitive and mature, the situation is 
very different from the case of open-ended essay-question-type testing, in which technologies for 
language processing and learner modeling can be more complicated and were less familiar to the 
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WBE community. In sum, we believe that it is crucial to conduct systematic investigation on the topic 
of online testing for open-ended problem solving tasks in order to further the effect of online learning. 

Grading is a great burden to teachers, especially for open-ended testing. With limited educational 
resources and given a large number of students, a prompt and valid way to evaluate students would be 
very useful to teachers. An approach to solve this problem is by adopting an automated scorer, made 
possible by Artificial Intelligence technologies, to grade a large volume of open-ended testing. 

In this research, we aim to develop an online testing system suitable for science education to assess 
students’ CPS abilities through open-ended essay-question-type testing. The system is designed to 
support three major functions: (1) students’ online answering to the test questions, (2) reliably auto-
mated processing and grading upon students’ responses, and (3) on-line inspection of statistical results 
with graphical visualization tools for teachers and researchers. More specifically, this work consists of 
three parts: (1) developing a fully integrated system that supports the aforementioned functionalities, (2) 
conducting a usability study of the user interface and interaction design of this system, and (3) re-testing 
the reliability of our automated scoring module, which was preliminarily shown to have a satisfactory 
performance for a small sample of students (Wang et al., 2005a). In this work, we have conducted a 
new empirical exploration with 70 students involved in the studies of system usability and grading 
reliability. In addition, we will also introduce some techniques to implement such a system, such as 
controlling students’ online resource access and collecting statistics about students’ scores.  

2 Previous Works 

The system described in this paper is based on our previous works in this series, including theo-
retical and empirical investigation of students’ CPS in sciences (Chang & Weng, 2002), user model-
ing for CPS (Wang et al., 2005a), and automated grading technologies designed for CPS studies 
(Wang et al., 2005b). The work pertaining to the research in this direction is described as follows. 

2.1 CPS: Creative Problem-Solving 

Problem-solving ability is viewed as an ability to think critically, reason analytically, and create 
productively, which all involves quantitative, communication and critical-response skills (American 
Association for the Advancement of Science, 1993). The system we have built is based on the theories 
of several measurements of creativity proposed in the literature (Hocevar, 1981; Yu et al., 2005). 

In our previous work on designing the paper-based assessment for CPS (Wu & Chang, 2002), we 
have taken Problem-Finding and Problem-Solving as different testing phases, and each phase is further 
separated as two parts: ideation (i.e., divergent thinking) and explanation (i.e., convergent thinking). 
The separation of such reasoning phases was originated from some theories of CPS (Basadur, 1995; 
Osborn, 1963). The paper-based answer sheet was designed with a two-column table for students to 
express their ideas and explanations, as showed in Figure 1.  

 
Figure 1. A snapshot of the answer sheet showing the pair-wise relation 

 between ideas and reasons. 



In each row of the table, students may fill in two consecutive text fields with an idea and the rea-
son(s) explaining that idea for a specific problem-solving scenario described in the testing question. 
More details and discussions of the design for this assessment can be found in Wu & Chang (2002) 
and Wang et al. (2005a, 2005b). 

2.2 UPSAM: User Problem-Solving Ability Modeler 

Our prior work has also proposed a user modeling system, User Problem-Solving Ability Modeler 
(UPSAM), which aims at abstracting and modeling students' responses in scientific problem-solving 
tasks (Wang, 2005a). By representing experts’ and students’ thoughts of problem-solving, including 
both ideas and reasons, in the formalism of bipartite graph, ideation and explanation are modeled as 
two disjoint sets connected with undirected edges. UPSAM enables us to compare any two bipar-
tite-graph-based user models to address research questions such as how well are this student’s an-
swers by using the expert’s answers as the criteria (i.e., essay grading) and what concepts are 
known/unknown by the student (i.e., learning diagnosis).  

An important feature of the UPSAM is that it maintains an expert model representing the domain 
experts’ knowledge and vocabulary against the problem-solving tasks, and it serves as a useful mod-
ule to process students’ open-ended answers and perform automated grading. 

2.3 Automated Scorer 

Based on UPSAM, we have developed an automated scorer for grading students’ responses toward 
the CPS test. The core concept is to use Information Retrieval (IR) technologies to match students’ 
responses against experts’ standard answers and then represent each student as a subset of the bipar-
tite-graph-based expert model (Wang et al., 2005b). We have collected many experts’ ideations and 
explanations from different aspects, and organize them into an expert model, which is aimed to be 
objective and equitable. Because of the structured answers format from UPSAM, the automated scorer 
can grasp students’ key concepts in order to evaluate their CPS ability based on each text entry. In 
addition, we also invite human graders to grade manually for comparisons. 

In this prior work, we have conducted an evaluation to corroborate the viability of the automated 
scoring scheme empirically. We found the Pearson’s correlation statistics r, which serves as an index 
of inter-rater reliability between human graders and our automated scorer, range from .67 to .82, which 
are positive, high, and statistically significant. The preliminary experiments showed that automated 
scoring is reliable to be used here, and it is also suggested that an integrated online system should be 
developed for testing, grading and further analyses (Wang, 2005a).  

3 Online Testing System: WOTAS 

The main objective of this paper in this line of research is to build an online system integrating 
our previously developed components with the newly designed modules (e.g., UI for testing and sta-
tistics reporting.) We have designed and implemented the Web-based Online Testing and Analysis 
System (WOTAS) such that a great number of students can access the system online concurrently with 
great stability and usability and teachers or researchers can easily diagnose the learning condition 
from those learners. The architecture of WOTAS is described below. 



3.1 Design Considerations 

 

Figure 2. System architecture for WOTAS. 
 

The system that we have design, as depicted in Figure 2, is divided into the client side and server 
side for different purposes. On the client side, the Flash-based User Interface (UI) is designed as a 
learning environment to collect students’ answer texts. As described earlier in Section 2.1, the pa-
per-based version of the CPS test comprises two testing phases. The first phase is for the students to 
write down their answers of Problem-Finding, and the second phase is for them to write down their 
answers of Problem-Solving. In these phases, students are asked to produce their ideas and point out the 
reasons of each idea, and then fill them in divided answer cells. Comparing to typical essays which are 
less structured, our CPS test was designed to be more structured with explicit identification of diver-
gent and convergent thinking such that the answers are easier to be processed by computers. Our 
Flash-based UI for testing or collecting students’ answers is currently designed to reflect the features 
of the original paper-based test, in which two testing phases and the ideation-explanation structure 
were realized through appropriate layout on separated sheets. 

When a student’s answers were posted to the server, the User Modeling Agent on the server side 
will first process them in order to generate the corresponding user model for further processing in the 
Automated Scorer Agent. In the students’ user models, the relations between the ideations and expla-
nations were represented as a subset of the prescribed bipartite-graph-based Expert Model. Based on 
the expert model, the Automated Scorer agent will then assign numeric scores to each student’s an-
swers, which are then used to compute each user’s CPS ability score. All of the raw or processed data 
are stored in the database module depicted in Figure 2, and these data can be reported in various forms 
according to the designated purpose. 

As for teachers or researchers, the system uses the Score Analysis module to show students’ scoring 
results and overall statistics tables. Teachers may consider it useful to find those students who need 
learning helps and discover new ideas or concepts from students’ answers. For researchers, it is an 
effective analysis tool for their evaluation of the experiments. 



3.2 Implementation 

   
Figure 3. Flash interactive User Interface in the front side of the online testing system. 

 
In the client side of the testing system, we use the popular interactive technology on the web, 

Macromedia Flash (http://www.adobe.com/products/flash/), to build a rich user interface aiming to 
bring a vivid environment for them to deeply get involved. The environment is also designed to be 
non-preemptive such that the users are not allowed to access other web resources when the testing is in 
session. It ensures that all users can only access the same information even though the computers are 
connected to the network or internet.  

In the testing process, the users will first be presented an introduction of this test. After signing in 
the test, the system starts a countdown of 25 minutes, and users will enter a simulated problem-based 
situation. The users will be prompted with a detail description of the scenario for questions as showed 
on the left of Figure 3, and given an answer sheet for them to write down their answers in the slots 
shown on the right of Figure 3. Students are allowed to go back and forward between the question and 
the answer sheets. No matter the users have finished or not, after 25 minutes, the program will send the 
answers that it has collected to the server. Finally, there is a questionnaire to acquire their opinions 
about the usability of this online testing system. 
 

 
Figure 4. The Flash client connects to a Java server by using OpenAMF remoting 

 
In order to send the collected data from the client to the server, we need a dynamic web-page 

technology that facilitates the data transfer. Here, we use an open-source toolkit called OpenAMF 
(http://www.openamf.org/), as sketched in Figure 4 for transferring data from a flash program to a 
Java-based server program. An advantage of using this technology is that the developers do not have 
to handle lower-level implementation details between heterogeneous programming environments, 



such as Flash and Java. With the component-based object-oriented designs brought by the Flash and 
Java technologies, developers do not have to design a series of web pages connected with hyperlinks 
in order to fulfill a specific application goal. It is unlike other dynamic web-page technologies, such 
JSP/PHP/ASP, which typically operate information “page by page”. A component-oriented technology 
on the client side like Flash and an object-oriented technology on the server side like Java jointly pro-
vide an ideal environment for modularizing the system. Such modularization is considered important 
in developing a sophisticated online testing system. We believe that the technologies that we have 
used should be noteworthy and informative to other works of this kind in the WBE community. 
 

   
Figure 5. Statistics report module for students’ scores and survey results 

 

A report module is designed to present the complete detail answers that students wrote and the 
statistics tables of students’ CPS scores graded by automated scorer and human graders, as shown in 
Figure 5. Dynamic statistical visualization, which designed and produced by ColdFusion 
(http://www.adobe.com/products/coldfusion/), is incorporated for teachers or researchers to analyze 
the distribution of students’ scores and to diagnose students’ misconceptions for future instructional 
decision-making. 

4 Empirical Explorations 

The purposes of our experiments on empirical explorations are to re-test the reliability of the 
automated scoring mechanism and to survey the system’s usability. The study was conducted in a 
public high school in middle Taiwan, with 70 students involved in the evaluation. 

4.1 Re-testing the reliability of automated scoring 

In the pervious pilot study of empirical evaluation with 20 students, we have found that the corre-
lation statistics r for human-to-computers inter-rater reliability range from .67 to .82, which are high 
and statistically significant. In this research, with a sample of 30 students’ data from the pool of the 70 
students involved in this study, we intend to re-test the machine scorer’s reliability compared with the 
grading results derived by human graders. The result derived in this study by comparing the results by 
automated scorers and two human graders reveals that the Pearson’s correlation r achieves .87 and .92, 
which indicates a high and positive correlation. The result is consistent with our previous finding of 
the positive reliability of the automated scoring modules as described in Wang et al. (2005b). 



4.2 Usability Study 

After finishing the CPS online test, students were asked to complete a questionnaire for us to in-
vestigate the usability of the user interface and the test flow. Those questions and the results are shown 
as follows in Table 1. 
 

Table 1. The statistics of online questionnaire after using the online testing system (n = 70). 

 
Table 1 gives the mean rating, the standard deviation for six aspects of this system. Every student 

gives each question a score between 0 and 7. We find Q1 and Q3’s average ratings are close to 3.5, 
which means “No suggestion” on this scale (i.e. (0+7)/2 = 3.5). The mean of Q1 reveals than some 
students are not used to using the online testing system. Therefore, we may have to consider how to 
enhance students’ familiarity to the system in the future. The mean of Q3 may indicate that some stu-
dents have some problems to tell the difference between ideation and explanation. We think the pos-
sible cause may include that the introductory explanation of the test is not informative enough for the 
students to comprehend. 

The means of Q5 and Q6 are close to 4.5, which mean “I agree” in this scale. This could suggest 
that students have the demands of further interactive learning tools to improve their creativity learning. 
Therefore, we think it is reasonable for us to have the supposition that online interactive learning sys-
tem could be useful for students to learn creativity although it needs to be verified in the future. 

5 Future Development Roadmap 

Our future work includes four parts: 1) enhancing the usability 2) designing an automated feedback 
faculty 3) enhancing the grading performance by a self-learning mechanism, and 4) improving the 
analysis module, as showed in Figure 6. 

 On a rating scale of 0 to 7 Mean STD

Q1 I can easily use this Online Testing System, and there is no any problem when I an-

swer to every question. 

3.52 1.66

Q2 I am used to this interactive browning mode, and know the testing flow very well. 4.10 1.50

Q3 I clearly know the difference between “Ideas” and “Reasons” when I answer those 

questions. 

3.55 1.61

Q4 I consider the creativity was produced by me myself, so I do not need other facilities 

to guide me. 

3.68 1.72

Q5 At the online testing, if I can interact with others, such as MSN or Chat Room, I 

think I will be more creative. 

4.68 1.69

Q6 If the system could return my testing score, I would like to use it as an evaluation 

tool for self-study. 

4.47 1.80



 

Figure 6. The future roadmap of this Web-based Online 
Testing and Analysis System. 

 
1) Enhancing usability: We believe that a good using experience will lead to better testing and 

learning in CPS. According to our usability study, the users’ feedbacks reveal that there is still room 
for improvement in several aspects of online testing, such as clear introduction, user interface design, 
interactive operations and so on. A good way for improvement is to have a focus group discussion with 
the students who had given lower scores on this issue. Another possible way is to record the user’s 
interaction with the system in the course of the test process and then analyze these acquired data to 
propose improvement on the interface design.  

2) Designing an automated feedback faculty: Several recent works on Intelligent Tutoring Sys-
tem (ITS) pay much attention to natural language-based tutorial system with conversational dialogues 
(Grasser et al., 2001). We are also planning to design a tutoring agent who can interact with students by 
providing timely hints in order to help the students to think critically. Furthermore, we need to conduct 
more studies on the nature of creativity in order to design a system that can help the students produce 
their ideas more creatively. 

3) Enhancing grading performance by self-learning ability: We consider the self-learning abil-
ity very important for the automated scorer to improve grading quality because human’s grading 
standards are revised according to their experience as the time goes by. In our system design, we will 
realize the self-learning ability with a feedback mechanism in the automated scorer. For example, a 
practical method would be to add a feedback inspector between the expert model and the automated 
scorer agent. The job of the inspector is to find better answers or more creative solutions in order to 
extend the expert model. We hope that with the improving expert model, the system can enhance its 
grading quality incrementally as the user basis expands. 

4) Improving analysis module: For teachers or researchers, a desirable feature of the test system 
would be to find those students who need learning helps. Through the analysis of score comparison and 
qualitative text answers, we can easily grasp the students’ learning situation. Therefore, we would like 
to develop a more advanced analysis module that can support the common analysis methods expected 
by the teachers. 



6 Conclusions 

In this paper, we have described the design and implementation of an online testing and analysis 
system for open-ended CPS tests. The system is designed based on prior works investigating theoreti-
cal and empirical foundations of CPS as well as technologies for modeling and measuring the CPS 
ability. In the implemented system, we have used the web technologies to integrate our previously 
developed components for user modeling and automated scoring and a newly designed interactive 
user interface for students to do problem-solving tasks. A web-based tool has also been designed to 
help teachers and researchers analyze the test results. A replicated correlation study containing 30 
sampled students’ data shows that our automated scorer is competent compared to human graders. In 
addition, we have conducted a usability study via a survey in order to understand usability issues and 
suggest future improvements. Based on this framework, we have also proposed the roadmap of future 
developments for improving various aspects of the system. These ongoing works will be reported in 
more details soon. 
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