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Abstract 

The main purpose of this study is to measure changes of students' perception on their problem 

solving ability over time by using Rasch Measurement Model. Pre-experimental with one 

group pretest-posttest design was conducted to investigate how web-based learning system of 

design education, known as PROUD, affected students' perceptions on their problem solving 

ability. Thirty second year students pursuing their bachelor degree in technical and vocational 

education participated in the study. Respondents utilized PROUD for 14 weeks in the process 

of learning design. Problem Solving Inventory was used as a research instrument and 

appeared valid and reliable to measure the changes. A pretest was administered at the 

beginning of the course and a posttest after the learning completed. Changes in the students' 

perceptions on their problem solving ability were gauged using the rack and stack analysis. A 

paired sample t-test was also included in the data analysis. Result of the pretest and posttest 

were -0.147 ± 1.554 logits and -0.749 ± 0.980 logits, respectively. These findings indicate that 

the perceptions of the students on their ability to solve problem have increased significantly 

after using the PROUD (paired sample t-test, p = 0.032). These have proven that the use of 

PROUD changes the students' perception on their own problem solving ability throughout the 

learning process of design. 
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Introduction 

Teaching and learning process of design is a phenomenon that often receives great attention 

of many researchers in the field of design education (Ozturk, 2010; Choi, 2009; Siang & 

Duffy, 2004). Design education covers a very large area where it combines theoretical and 

practical aspects, art and science, teamworking, creative problem solving process, materials 

and multimedia contents. 

Horváth (2006) in his studies have discussed the changes that need to be done to enhance 

teaching and learning of design education. He discovered students are only equipped with the 

competencies that help them to pass in examination alone and not to solve design problem 

systematically and innovatively. However in recent years, many studies have been carried out 

on the design problem solving ability and the various aspects of design competencies (Van 

Doorn, Moes & Fain, 2008; Overbeeke et al., 2004; Bakarman, 2005). 

Competency is defined as the comprehensive capability to perform something in an effective 

and successful ways. It consists of a set purposeful set of behaviours that enables achieving 

design goals (Horvarth, 2006; Lewis & Bonollo, 2002). Competency enables problem solving 

in known and unpredicted situations. There are various views concerning competency that 

formed design capability.  

Design education is based on problem solving activities where the iterative solution process is 

carried out before the best solution is obtained (Niku, 2009; Cross, 2007; Renwick, 2004; 

Harris dan Wilson, 2003a; 2003b; Eggleston, 1994; 1996). According to Niku (2009), design 

is an iterative process because the is no solution that can best be obtained without process of 

evaluation, correction, modification, feedback and implemantation. Thus, students should be 

exposed and given the opportunity to develop their thinking skills to design, search and utilize 

the information,  use initiative, possess flexible and adaptable characteristics. 
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The rapid advancement of information and technology has had a significant impact on design 

education. The flexible web environment has been proven to be one of an effective way of 

delivering teaching and learning of design education. In design education, optimal learning 

can effectively happen in the simulation of real world and problem-based learning activities.  

Learning activities occur in a safe environment where errors are expected and failure will 

expand students’ learning experiences. Such learning environment can enhance students’ 

critical thinking, creativity, problem solving skills and outstanding performance. PROUD is a 

web-based learning system which has been developed to cater the needs of teaching and 

learning of design education in higher learning institutions. The flexible and multi-

dimensional pedagogies underlying the system will promote and accelerate meaningful its 

learning process. To date, only a few research has been done to improve students' ability in 

solving design problems. This study is significant for design education students because an 

educational intervention program such as PROUD will assist and encourage students to be 

more active in their learning. Students will take more responsibility for their own learning and 

this apparently will benefit their personal development. 

 

Materials and Methods 

A very few research has been conducted emphasizing the Rasch measurement model and its 

benefits in interpreting change in measure over time. The primary purpose of this study is to 

use the method of racking and stacking students' perception on their problem solving ability 

data within the Rasch measurement model to measure their changes over time after using 

PROUD in learning design education. 

 

An experimental design was conducted to investigate how web-based learning system of 

design education, known as PROUD, affected students' perceptions on their problem solving 



 4 

ability to studying design education. Thirty second year students pursuing their bachelor in 

education degree program participated in this study. Data were gathered from administering 

Problem Solving Inventory - Technology (PSI-TECH) test to the respondents before and after 

the completion of a one semester design education course. PSI-TECH is a modification of the 

original instrument Problem Solving Inventory (PSI) developed to assess the individual's 

perception of their attitude and behaviour in problem solving (Heppner and Baker, 1997; 

Heppner, 1988). Wu, Custer & Dyrenfurth, (1996) have made a modification on the 

instruction part of PSI to shift the focus of the respondent from the aspects of personal 

problem solving to technological problem solving. According to Scott, Koch & Stover (2009), 

PSI-TECH is an instrument that can help researcher understands the approach to problem 

solving among students of design. 

Rasch measurement model, also known as the Rasch model is a model in Item Response 

Theory families (IRT) was developed as a result of considerations of the abilities of each 

individual or respondent who answered the questionnaire, test or instrument and the item 

difficulty of each test or item (Rasch, 1980). According to Linacre (2011); Bond & Fox 

(2007), Rasch model can be used to ensure the instrument measuring ability. In examining the 

extent to which the data fit to the model, items that contributed to the misfit can be easily 

identified and the instrument can be modified accordingly. In this study, the Rasch model 

with racking and stacking method was applied to determine the changes in students' 

perceptions of the ability to solve problems after using PROUD. 

 

There are two techniques to structure the data matrix and applying Rasch measurement model 

analysis to measure change in level of readiness to be self-directed in learning over time 

(Wright, 2003). However, the data should fit the model prior to any analysis. Rasch model 

can be applied to identify changes in item difficulty (changes in content understanding) over 
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time by racking the data. By stacking the data, the Rasch model can be used to examine 

changes in person (changes in student performance) over time. The Winstep Rasch 

measurement software was used to perform Rasch analysis of the respondents' pre PSI-TECH 

and post PSI-TECH test data. Both data were "racked" and "stacked" before continuous 

measures were produced for the categorical responses of PSI-TECH tests. Racking and 

stacking allows the treatment on both pretest and posttest data (Wright, 2003). Then, Rasch 

analysis of the items was performed as if they were a 58 items instrument and item locations 

(measure) for each item were produced. Subsequently, stacking the data was conducted by 

appending vertically two separate sets of respondents as if they were 60 respondents involved 

in the study. Through the Rasch analysis, person locations for each respondent were 

calculated. Finally, changes in students' percepions on their problem solving ability  were 

determined by subtracting the post PSI-TECH measures from pre PSI-TECH measures. A 

paired sample t-test was applied for statistical inferences a difference in change between the 

tests. 

 

Results and Discussions 

The change of location for 89% of the items was positive. Positive changes in location 

interpreted that students more agreed at the end of the semester than at the beginning about 

their problem solving ability addressed by the items. For example pre PSI-TECH test for item 

21 (When I try to think of possible solutions to a problem, I do not come up with very many 

alternatives) was located at -1.82. The same item in the post PSI-TECH test was located at --

0.73. The change in location was positive (1.09) and proved that overall students' agreed more 

that they can think of many alternative solutions of a problem at the end of the semester than 

before it. However, there are six items, 5, 6, 7, 12, 15 and 16, with negative changes in 

location which indicated students less agreed about their ability to solve problem in the 
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learning addressed by the items. For example, pre PSI-TECH test for item 6 (After I have 

tried to solve a problem with a certain course of actions, I take time and compare the actual 

outcomes to what I thought should have happened) was at 1.29 and at 1.17 in the post PSI-

TECH test. The negative change in location (-0.12) signified that students as a group started 

to less agree about trying to scrutinize the solutions and perceived they are less able to solve 

problem in learning after the intervention. Figure 1 shows the scatterplot of post PSI-TECH 

test location against pre PSI-TECH test location for all items. The line y = x indicated no 

change in item difficulty. Points below the line represent items for which the change in 

location was negative. Items with small changes in location are located close to the line. 

 

Fig. 1. Pre PSI-TECH test and post PSI-TECH test locations for all items, with the line 

y=x. 

 

A primary interest with the stacked data was pre PSI-TECH test and post PSI-TECH test 

locations of each student. Negative changes in locations signify high level of perceptions of 

problem solving ability in learning after the intervention. Most of the students, 80%, 

perceived that their problem solving ability in learning increase at the end of the semester. All 

points below the line y = x show that post PSI-TECH locations were greater than pre PSI-
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TECH locations. The scatterplot in Figure 2 points that are close to the line y = x indicate 

marginal increase in perceptions of the ability, whereas points distant and below the line y = x 

depict greater level of increment. By analyzing the gap between the least square regression 

line the line y = x, increment level of perceptions for students with low pre PSI-TECH test 

locations likely to be higher than increment for students with higher pre PSI-TECH locations. 

Students who started the lesson with low level of perceptions to solve problem in learning 

may benefit more from the intervention than their peers who started with higher level of 

perceptions.  

 

Fig. 2. Pre PSI-TECH test and post PSI-TECH test person locations, with the least 

square regression line for the data (dotted) and the line y = x. 

 

At the beginning of the semester, students' level of perceptions of their problem solving 

ability were -0.147 ± 1.554 logits and the level increased after the intervention at -0.749 ± 

0.980 logits. As shown in Table 1, changes in students' perceptions were significant after the 

intervention (paired t-test, p = 0.032). Rasch analysis of racking stacking indicated students' 

R² = 0.16595 

-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

1 

2 

3 

4 

5 

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 

Posttest of perceptions on 
problem solving ability 
(logit) 

Pretest of perceptions 
on problem polving 
ability (logit) 

y	  =	  x	  



 8 

perception of the problem solving ability had significantly increased at the end of the 

semester.  

Table 1 T-test result for pre and post mean logits response for PSI-TECH 

PSI-TECH Test N Meann Std. Dev t df sig 
Pre 30 -0.147 1.554 2.256 29 .032* 

Post 30 -0.749 0.980 

*p < .05 

 

Conclusion 

The results from stacked data indicated students' perceptions on their ability of problem 

solving changed significantly after the using of PROUD in the process of learning design 

education. This finding provides meaningful interpretation to evaluate the impact of web-

based learning system for design education, PROUD, on the ability of problem solving among 

student. The outcomes from the racked data denoted the majority of items showed an increase 

in item difficulty in post PSI-TECH test. Items which are unexpectedly decreasing in 

difficulty in the posttest should be further studied to discover potential factors that contribute 

to the occurrence. On the other hand, the results from the stacked data depicted the majority 

of students more agreed that they are more confident towards their problem solving ability at 

the end of the semester. This study verified that the implementation of PROUD in learning 

design education had encouraged the development of students' problem solving ability. The 

methods of racking and stacking manifested an effective way to scrutinize data collected at 

multiple points of time. Researchers involved in any technical and vocational course 

development can use these findings to develop more technology-based instructional materials 

to stimulate the development of problem solving ability.  
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