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Abstract
A preliminary study aimed at developing an integrated understanding of the functional and emotional aspects of user experience with products has provided a unique opportunity to introduce and/or reinforce a variety of concepts in data collection and analysis in an industrial engineering curriculum. The cell phone user experience study, conducted in March of 2004, involved undergraduate industrial engineering and industrial management students enrolled in two different courses. Subsequent data analysis involved four courses. The nature of the data collected in the study offers opportunities to investigate a breadth of data analysis methodologies. Quantitative performance data, semantic differential questionnaires, and qualitative responses to open-ended questions provide a variety of data types to explore and evaluate in courses such as introductory ergonomics and work measurement course and in the advanced quality engineering course. More advanced topics such as exploring alternatives for data analysis and integrating analyses will be addressed as appropriate in other advanced courses. 
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I.
Introduction
The goal of human-centered product design is to create products that are useful, usable, and desirable (see figure 1.) For many years, human factors has focused on two of these areas, focusing on research, modeling, and evaluating the functional usefulness and usability of products and systems. 
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Figure 1. Human Centered Product Design
In general, the goal has been to develop objective measures (typically, performance measures such as time to complete a task, number and type of errors, etc.) and to develop models useful for explicitly describing and/or predicting human performance or behavior.

In recent years, however, the role of emotion in product design has become a ‘hot topic’ for human factors professionals, and a variety of methods have been developed for identifying emotional needs and the emotional response people have to products (see, for example, [1]). These methods, drawing in large part on the experience of design researchers, have been used successfully in new product development and product design arenas to guide efforts of engineers and designers to create products that are “desirable” to potential customers [2]. 

To fully understand the user experience, a comprehensive model integrating all three components of human-centered product design is needed [3]. As a start in this direction, an exploratory study was devised and conducted to identify principal components that describe two of the three; namely, usability and desirability. One goal of the exploratory study was to develop potential research opportunities in the area of cell phone design and use.  The other goal was to provide hands on opportunities for engineering students to 1) understand
the needs of customers, clients, and end users, 2) develop specific skills to research and assess needs of customers, and 3) analyze and evaluate real world data in a variety of forms.
II.
Research Project Description

The cell phone user experience study was designed by Laura Moody and titled “Evaluation of the Emotional and Functional Aspects of User Interaction with Cell Phones”. Each experimental session would include an interviewer and a participant, who would be asked to conduct a series of tasks with respect to three very different cell phone models as shown in Figure 2.
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Figure 2. The Three Cell Phone Models Used in the Study

The tasks would include 1) completion of a semantic differential instrument, 2) a storytelling exercise, 3) a free association exercise, verbalization of three descriptors before using the phones, 4) phone dialing while looking at the phone, 5) phone dialing with eyes closed, 6) verbalization of three descriptors after using the phones, 7) phone ranking, and 8) opportunity for open ended comments. The interviewer would have a detailed written protocol, and would use that document to take notes on the participants’ verbal responses.  The phone dialing exercises would be recorded using a digital video recorder.  The completed semantic differential forms would be coded with the same identifier as the written protocol sheet so the responses could be matched during the analysis phase.  Students would be asked to sign a consent form to authorize use of written data, and a different form to authorize use of video data. Students would receive partial course credit for participation in the study.
It was decided that the research project would fit in well with the two courses scheduled to be taught in the spring term: ISE 311 (taught by Dr. Moody) and IDM 355 (taught by Dr. Burtner). Dr. Moody and Dr. Burtner submitted the required forms, including a detailed protocol, research instruments, participant list, and consent forms to the school’s Institutional Review Board for approval. Approval was granted before any students were involved in the project.
III.
Involving the Students

A.
Required Industrial Engineering and Industrial Management Courses

Eleven students enrolled in ISE 311: Ergonomics and Work Measurement were participants in the cell phone study.  It was believed that acting as participants would help the students understand the complexities of human factors studies, and that they would gain valuable insight into “handtool design” in general. Eight students enrolled in IDM 355: Quality Management were participants in the cell phone study. The study was linked to course content involving customer satisfaction, customer feedback, the Voice of the Customer principle, and the design of customer surveys.  It was hoped that participation in the project would increase the students’ awareness of qualitative vs. quantitative data and the advantages/disadvantages of each in understanding the Voice of the Customer. Each of the instructors used some aspect of the data collected to develop homework assignments for the students during the term in which they participated in the study.  It was felt that prior participation in the study would increase their motivation to do the assignments.
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Figure 3. Card Sorting Exercise

B.
Elective Courses
Students enrolled in ISE 428:Quality Engineering in the Fall 2004 term did not participate in the original study.  Rather, they were given an opportunity to use some of the data collected previously to gain experience “dealing with messy data”. The students participated in a card sorting exercise based on the phone descriptors and learned first hand the subjective nature of analyzing data. Dr. Burtner used this exercise as a springboard for several lessons on basic quantitative and qualitative data analysis techniques with an emphasis on Minitab and Excel skills.
Dr. Moody developed a proposal for an Independent Study course in which a student would be given the responsibility of collecting, organizing, and evaluating certain components of the data that was collected during the spring term. One student was invited to enroll in the course and met with Dr. Moody and Dr. Burtner weekly during the fall term.  
IV.
Analysis Techniques

The data lent itself to the application of both qualitative and quantitative methods. We present a sampling of the methods applied so far and acknowledge that this is just the tip of the iceberg.  As stated earlier, this is an exploratory study, with a rich and extensive database.
A.
Graphical Methods

Our independent study student was asked to explore a ways to analyze the 21 bipolar descriptors on the semantic differential form.  After discussions with Dr. Moody, she developed a scoring mechanism and a visual way to compare the results for the three different phones.  Select results are shown in Figure 4.
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Figure 4.  Analysis of Semantic Differential Data
The videotaped phone dialing exercise presented an even bigger challenge.  Dr. Moody collated preliminary error data results and used them in her ISE 311 class.  After spending a considerable amount of time viewing the videotapes, the independent study student developed a unique way to characterize the location (direction) of the errors. The results for two phones are shown in spider charts in Figure 5.
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                    Figure 5. Spider Charts
B.
Quantitative Analysis

A single semester-long course in probability and statistics is a prerequisite for all of the industrial engineering courses involved in this study.  The course description is as follows: {Techniques and applications of linear algebra, probability and statistics.  Solutions of systems of linear, algebraic equations, Gauss elimination,  Cramer’s rule, matrix inverse, matrix algebra, eigenvalues and eigenvectors.  Variability and representation of data.  Laws of probability, random variables and distributions.  Confidence intervals and statistical hypotheses testing.  Quality control and statistical inference.  Design of experiments.  Regression analysis. } As can be seen, the course covers a lot of content, and students have limited opportunity to apply what they learned during the course. The text is Walpole and Myers [5].
Students were given a chance to apply their statistics skills in the ISE 311 class. The students were asked to analyze the timing data that was collected when the study participants dialed numbers while looking and not looking at the phone.  The exercise produced mixed results.
The industrial management students take a non-calculus based statistics course from the math department.  Advanced topics, such as design of experiments, are introduced in the IDM 355 course. Dr. Burtner developed a spreadsheet containing data from the descriptors (both free association and three words) and preferences exercises. Students in IDM 355 were given the spreadsheet in electronic form and told to use at least three of the eight quality improvement tools list in their data analysis text. [6 ]  The tools include process diagrams, check sheets, Pareto charts, cause-and-effect diagrams, histograms, scatter diagrams, design of experiments, and control charts.  All of the students chose Pareto charts and check sheets. However, they found it difficult to find a third way to analyze the data.  Two used a single factor ANOVA. One used a two factor ANOVA (incorrectly). Several students tried to use the categorical data to build a histogram, which of course, was incorrect. The assignment was beneficial to all and caused a considerable amount of class discussion.
V.
Pedagogical Considerations

Those who have used open-ended assignments with undergraduates are aware that there are pitfalls to this methodology.  Students often express discomfort with the loose nature of some of the assignments.  They are very concerned about how they will be graded when there is no one right answer.  Yet we continue to conduct these projects because we believe the students benefit from new ways of thinking required by direct involvement in an experiment and analysis of the data afterwards.

Our independent study student said she would definitely do this again; she felt it was more relevant and a better model of what she would be doing in the future. She felt the experience helped her synthesize data, improve her problem solving and creativity, and gave her valuable experience working together with professionals. Overall she felt it was a good transition to the workplace, and it was very beneficial to work with professors on a personal/professional basis rather than in a classroom.  However, time management could be a challenge.  Although the deliverables were fewer than in a regular class, the time requirements were at least the same because of the need to “figuring things out and do outside research”. Finally, the independent study student commented that she had gotten a lot out of the term as far as learning to look at raw data and determining how to approach it , but perhaps more importantly, she marveled at how people with different viewpoints (ie Dr. Burtner and Dr. Moody) approached the same data differently. It was a great learning experience for all three of us.
We are nowhere near developing our unified theory, but we are on our way, and the students have benefited also. In the near future we hope to conduct statistical analyses of the quantitative data (error tallies and time-to-dial data collected from the video.) We need to look at typical/common descriptors by phone, evaluate positive/negative connotations, look for possible links between descriptors and preferences, evaluate story-telling results, and of course, develop ideas for future projects. We will continue to explore methodologies for developing an integrated understanding of the user experience.

VI.
Conclusion

This paper described a preliminary study aimed at developing an integrated understanding of the functional and emotional aspects of user experience with products has provided a unique opportunity to introduce and/or reinforce a variety of concepts in data collection and analysis in an industrial engineering curriculum. To date, the cell phone user experience study has involved undergraduate industrial engineering and industrial management students enrolled in four different courses. The nature of the data collected in the study provides opportunities to investigate a breadth of data analysis methodologies. Quantitative performance data, semantic differential questionnaires, and qualitative responses to open-ended questions provide a variety of data types to explore and evaluate. Students in the introductory ergonomics and work measurement course evaluated performance data in the context of the ergonomic design of the product, while students in the advanced quality engineering course gained experience evaluating qualitative data concerning study respondents’ reactions to the product. As stated earlier, this is an exploratory study, with a rich database, and we are frequently discovering new ways to look at the data. More advanced topics such as exploring alternatives for data analysis and integrating analyses will be addressed as appropriate in future advanced courses. 
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