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Abstract ( Modifying the epistemological vee (V diagram) of D. Bob Gowin 1981, we developed V-dot  ( V‧  ) diagram as an epistemological model framework for guiding an engineering creativity design and implementation team of novice students.  The V-dot diagram has two tapered sidelines representing, respectively, the knowledge and methodology researched, applied, generated, and developed.  The knowledge and methodology interact and resonate along the creativity generation and implementation.  The process starts wide and broad for creative ideas and concepts at the top of the V.  As the creativity goes through engineering design and manufacturing, the brave and daring ideas compromise with reality and the project condenses and focuses into product realization at the bottom tip of the V.  The whole process hangs onto and around the creativity, evolving from the top center to the bottom tip.  Therefore, we use the dot in the V-dot diagram to emphasize the pivotal role of creativity.   We implemented the V-dot framework into a web-based interface.  Through this interface, the team members documented 1. their creative idea generations, 2. the knowledge driving their project actions, 3. the methodology and technology they applied, thus 4. the knowledge and know how they acquired and developed, and 5. their creativity products.  The documentation served not only as an effective communication among the team members but also a valuable portfolio evidence of the creativity realization process.    Analyzing the portfolio record collected through the V-dot framework, we examined the activities of the team from the top, the formation of creative ideas, to the bottom, the creativity realization products.  It was found to be a converging process jolting and bouncing between the knowledge database and the methodological actions, through which the team members obtained new comprehension and awareness - their "a-has".  To novice members, the "a-has" many a times were the recognition of self deficiencies instead of enlightenment and know how.  The novices often reacted merely in affordable ways.  Namely, they compromised and abandoned original ambitions for easier and readily available amendments in response to setbacks in their creativity realization.  Therefore, the final compromised creativity products fell short of the proclaimed selling points of the original creativity.  The reasons and processes of such short falls would be discussed in the paper.     Without the V-dot framework for engineering creativity implementation, the revelation would not have been apparent.
Index Terms ( Gowin’s Vee, V-dot diagram, V‧  , epistemological model framework, novice engineering creativity product realization, design and  implementation, compromise and a-ha, setback

1. Introduction

1.1 Our Research Problem

As we were developing “Open-ended Mechanical Engineering Creativity Design and Implementation” course for students who were novice to design and hand-on works, we wondered what did the novices gain in the course, because it did not seem much. In the course, we taught principles and methodologies of creativity and design. We set the pace of the creativity design and implementation project. However, students had to work through their projects by themselves and we did not couch the students on technical details. As students went through creativity generation, design and implementation, they always run into setbacks. Then, they tended to go around obstacles and difficulties. Therefore, they seemed to end up with the realization of what they were short of and what were their inabilities. They did not demonstrate significant in-time acquisition of new capabilities. Therefore, what was the value of the course to the students and what could be done to improve the course were our research objectives.

1.2 Literature Review – Past Research Path 
As new technological society and human resource market evolve, there are new opportunities and demands in engineering education to apply computer hardware and software and to incorporate innovation, inter-disciplinary open-ended design, hand-on experiments, corporative team works [1]. There have been many researches on such implementation and improvements. Most literatures reported such curricular design and implementation from teachers’ point of view, the assessment of students’ achievements and products from teachers’ point of view [2-6]. To students, the changes in the engineering education would require the students to adjust their survival strategies to develop multi-facet talents in order to pass their new courses.  

Conventional courses taught students analytical theories and to establish the capabilities to solve problems with clear definitions and standard solutions. Students usually can finish their exercise problems in a few hours. On the contrary, the new open-ended hand-on problems generally are no longer clear-cut and may have many alternative solutions. It takes creativity and the capability of implementation to work through the problems. Therefore, it is assumed that students who could survive the new courses must have realized the new requirements and have developed new desirable capabilities. Our research takes a closer look at the students learning activities in order to discover their actual benefits from the courses.

1.3 To Whom Would This Research Concern?

To teachers and students on creativity design and implementation, this research proposed a computer network based V-dot framework to guide the students through the mental process of an engineering creativity realization team project. Analyzing the portfolio records that the students left on the system as categorized by the V-dot framework reveals the scaffolding necessity of the students, thus, provided valuable guidance for course improvements. 

1.4 Research Objectives

Since most students could not turn out products of appreciable quality in a loosely monitored engineering creativity design and implementation course project, we intended to research for improvements.  We looked into the process of their creativity implementation in details to find out 1. what were the events they encountered, 2. how did they deal with the events, especially, 3. how and why were their creative ideas altered and evolved during the process, so that we could uncovered the students’ difficulties, their enlightenments (a-ha’s), and the impact of these factors on the creativity implementation. 

Although we provided a framework reflecting the expert or teacher’s perspective, the students were free to record their journal in any arbitrary sequence. Our research tracked the students’ sequence and to reveal the students’ view and difficulties instead of assessing the students behavior comparing up to a deterministic canonical model. 

Our research will be reported in three steps in this paper: 1. exploring the interaction between the creativity and professional expertise in the students, we looked into the application of creative idea generation methodologies applied in the creative topic selection by the students, 2. looking into the engineering journal documented through our web based V-dot diagram interface [7], we examined the insights and contents of the students’ creativity converging process through out their design and implementation in order to uncover their new awareness, new maturity, and compromises, and, finally, 3. we were to deduce the important factors influencing the creativity realization.  

2. Theoretical Framework of The V-dot Diagram

As we were developing and implementing the “Open-ended Creative Mechanical Engineering Design” course, we found the following critical phenomena rather common among the students.

1. Team members went out to work on their share of tasks individually, however, they could not finish in time for integration according to project schedule. For example, “We had difficulty in getting a remote unit for the bike lock resulting in significant schedule delay. When the unit was finally soldered and brought to the team for assembly. The PC board was much bigger than it was planned. None of the case mockups fit. Since the time was running out, we had to tailor build the lock assembly directly without trial mock up.”

2. Goals and actions were somewhat sporadic and disoriented. For example, “Our planning was too rough. We did not prioritize the tasks. We worked on everything without emphasis. The mechanism should have been the key point of the mechanical design, yet, we spent a lot of time on appearance while the overall structure was not very proper. ”

3. There were short of the coordination of the sense of value in making decisions. For example, “After prolonged pondering, we abandoned the original and more difficult topic – a temperature controlled fan for a speaker stand which I proposed in the middle of the semester. After the decision, I went on to tell the team the details of my idea for more brain storming.”

4. Lack of communications. Encountering difficulties, team members did not ask for support from other team members. 

5. The team member capability and behavior were usually unforeseeable to other members. 

6. There needed someone to realign the team members from time to time. For example, “I realized the leadership is important. Since every one has limitation in his capability and people often leaves those he cannot handle aside. Only when the deficiency became critical, we discovered the seriousness of the problem. We need leadership to put proper talent at the proper place so that every one shares proper loading and the burden becomes even, fair and lighter to every one. The leadership problem has to be on me, the leader, instead of those been led. Generally, the leader does not have to possess any particular talent but the ability to communicate and to coordinate opinions.”

Therefore, from the students’ self reflection, engineering creativity design and implementation does warrant learning by doing and the teamwork difficulties do require proper scaffolding to overcome. Moreover, we do need a mechanism to capture and organize the vast portfolio of the students’ experiences in working through their creativity realization projects in order to reveal the insight of their behavioral tracks.  

2.1 The V-dot Diagram

In search of a mechanism which would scaffold the students project handling while capturing their activities and behavioral tracks, we discovered that the essence of Gowin’s epistemological vee (or V diagram) [8,9] can be modified to model the cooperative team project of creativity design and implementation. 

Gowin uses V diagram as an instrument to assess the learner’s understanding of scientific concept that high quality science teaching and learning has to trace back to understand the origination and construction of the knowledge conceptually and methodologically. Therefore, the two sides representing the conceptual and methodological process progressing interactively and converging towards unveiled clarity. Phenomenologically, comprehension involves the sharing of meaning, namely, inter subjectivity, resolution of incoherence between the two sides, and also the quest for parsimony and transparency. On the conceptual side, the learner needs to examine the world view, philosophies, theories, principles, constructs, concepts, and conceptual structures; on the methodological side, the learner works on the value claims, knowledge claims, interpretations, explanations, generations, results, transformations, and facts; while the top and bottom of the V diagram represents the focus questions and events / objects respectively. 
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Figure 1

An Example of The Web-Based V-dot Diagram Interface.

The creativity realization process resembles the science learning process, while the conceptual cognition and physical experiences interact to push for the evolution of the original creative idea towards the realization of a creativity product.  The V diagram is modified into the V-dot diagram emphasizing the project evolution around the original creative idea, the principles of creativity, improvement goals, and the perceived product selling points represented by the dot on top of the V-dot diagram, as shown in Figure 1. As the creative idea gets pushed through design and implementation for a realized product at the bottom of the V-dot, the implementation action (the methodology side) is driven first by a priori knowledge (knowledge side). This process can be represented by an arrow from left to right. As the result of methodological activities, new experiences are gained and new knowledge is recognized and accumulated, which is then represented by an arrow from right to left. Going back and forth, the original creative idea is altered, modified, and brought towards convergence and a focused reality at the bottom tip of the V. Throughout the process, the knowledge recognized and constructed are deposited into the knowledge database on the left as the common wealth of a team. Using V-dot diagram as the framework to collect and organize the portfolio of a team’s progress, we could not only capture the phenomenological activities but also the causality sequences and contents of conceptual progression.  
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FIGURE 2

The Category Items in the V-dot Diagram

All tasks for the creativity design and implementation were listed and classified into twelve categories listed on the methodology side of the V-dot diagram as shown in Figure 2, while the correlated mental activities, comprehensions, and even psychological activities such as reflections, advices to future junior course mates were listed and classified into ten categories as listed on the knowledge side of the V-dot diagram.  The V-dot diagram was implemented as a web based engineering journal documentation interface and students were required to document all their activities through this interface.  The categories of on the methodology side were listed in their natural canonical sequence serving as a scaffolding model of an expert’s mental process. While there was no definite casual sequence for the categories on the knowledge side, the categories were listed in a sequence loosely related to the task categories on the methodology side. The first group of categories was a priori knowledge necessary for tasks and a posteriori knowledge to be gained from the execution of the tasks. The second and third group of categories documented the difficulties, teamwork memorandums, and reflections. These categories serve as hooks to fish out insight stories and mentality threads throughout a project. The last category on the knowledge side. namely, the memorandum and advices to future junior course mates, forces the students to look back into their project to produce a holistic review. This would inspire an abstraction and hopefully would cast the canonical scaffolding model of the creativity design and implementation in their mind after all. 

2.2 The Usage and Application of The V-dot Diagram

With web based V-dot diagram interface, the cooperation among the students during the project could be and coordinated on the computer network. Team members entered their engineering journals through the interface. They document their progresses incrementally through proper category items related to the nature of the tasks. The system should produce a holistic view of their growth. Since the category items were tailored as context specific to the process of creativity generation, design, and implementation. The creativity paths and realization tracks were much more identifiable through the categorized database. 

Every category item had its particular data fields to capture essential contents of its related tasks for analysis. For example, under “theory / hypothesis / principles”, students could document the theories necessary for the project; under “material properties”, they documented what were the appropriate materials and where were they obtained; under “manufacturing”, they could document know-how’s obtained; under “data sheet”, material properties such as specific heat, thermal conductivity, etc.; under “budget and control”, buyer’s tips; etc. 

After V-dot diagram interface in use, it demonstrated the following utilities:

1. It became a cognitive assisting tool.

The graphical arrangement and the order of category listing in the V-dot diagram was a strong visual cast to remind the students of the stage they were on, its location and the sense of direction in the year long project. Otherwise the students tend to get lost in the following mishaps: a. Project planning and Gantt chart had on decorative meaning at the project initiation. Students did not go back to check their progress against their original plots. b. Theoretical analytic training was useless. Although students found that implementation was difficult, they did not think their theoretical training could  provide guidance. c. Students did not think that the practical “awareness” gained through the implementation was knowledge and was worthy of documentation. d. Students were not aware nor sensitive to the strong causality or correlation between the tasks. 

2. The V-dot interface became a mental sharing platform.

Since the category items were design with particular hooks to fish not only what but also “why, how, but, after thoughts, rules, by-laws”, not only rational technical aspects but the phsychological pasions to come out of the students fingers, the V-dot diagram database became a shared growing mental model for the teams. Through what they documented in the system, as the project progressed, team members stay in touch with the deeper thoughts of others through the web. People don’t say everything at anytime face to face. 

3. V-dot database became an portfolio assessment tool.

Documenting through the V-dot interface, the students only had to do it incrementally, the amount of contents was tremendous. When data entered through V-dot interface, they were categorized making the portfolio analysis much easier. As we went through the data from the top of the V-dot diagram to the bottom, we could discover the perceverence in overcoming difficulties to realize their creativity selling point, their problem solving strategy and flexbility, the rationality of compromises and the depth of enlightenments. In addition to the quality of final products, these were the critical essence to constitute decent portfolio assessments. This was particularly important to assess the novices gain in such a course [10].

4. V-dot documentation became the repository of hand-on experiences gained by the students over the years for future novices.

Web based V-dot system accumulated and demonstrated practical knowledge obtained over several generations of students. Every senior students who had a chance the Teaching Assistance to their junior school mates did get to show off their local knowledge of do’s and don’ts directly from the database. It also contains the difficulties, strategies of resolution, and stories on communication, control, and reflection. It became a valuable technical heritage.   

3. Research Methodology and Results

3.1 The Course – “Open Ended Creative Mechanical Engineering Design and Implementation” [11] 

The formal course name for the course under investigation is “Open-ended Creative Mechanical Engineering Design and Implementation.” It has been a two semesters elective course for junior and senior under graduates.  The first semester contains lectures and practices on pre-requisite principles and methodologies of engineering design process, designer teamwork, and creativity inspiration. There was a creative engineering contest organized and defined by the students in the semester. In order to gain more time for  design and implementation project, the creativity product idea generation, patent research, marketing, evaluation, and project proposal also paralleled the course activities in the semester. Usually only half of the students continued towards the design and implementation in the second semester. 

The second semester centered around project tasks – design, implementation, documentation, demonstration, and final presentation. Students were required to document all their activities and thoughts on the web for proportioned grades. Periodic project review presentations were scheduled and a few Q&A meetings were arranged for teachers on hand-on researches to appear in the class. 

3.2 The Students

The research of this paper targeted on the 50 mechanical engineering students taking the course in 2001 academic year. 42 of them were at their junior year and the rest were at their senior year. We had them group into twelve teams. They applied the creativity inspiration principles to come up with the definition of their team projects. We listed their title, proclaimed creativity selling points, and the principles of creativity applied in Table 1. 

	Team Number
	Project Title
	Principles of Creativity
	Creativity Selling Points

	2001-01
	Multifunction Umbrella
	transfer
	Reduces wind drag and has multi functionality.

	2001-02
	Quick Dry Sock Hanger
	change of direction
	A sock hanger which dries socks quickly.

	2001-03
	Solar Powered Back Pack
	transfer, combination
	Put fans in back pack for ventilation. Solar electric panel and recharge battery provide the power.

	2001-04
	Power Cord Spooler
	transfer
	A power cord spooler for computers.

	2001-05
	Multifunction Bicycle
	combination
	Structure design that the bike can morph into a chair. Remote triggered charm for allocation, flashing head lamp, and braking light.

	2001-06
	Brake Light
	extension 
	Increases brightness according to braking power.

	2001-07
	Light Adapting Sun Shades
	transfer 
	Auto angle adjustment according to brightness.

	2001-08
	Big Tommy Garbage Tank
	transfer 
	Compresses on the garbage when you close it.

	2001-09
	Luggage Going Upstairs
	transfer 
	Add fixture so that the luggage can slide upstairs along the stair rail.

	2001-10
	Battery Free Flash Light
	reversion 
	Powered by rotating handle.

	2001-11
	Multifunction Comfortable Helmet
	combination 
	Ventilated helmet with hidden earphones.

	2001-12
	Mosquito Catching Fan
	combination 
	Use fan mask as mosquito zapper.


TABLE 1

Creativity Projects and Their Originally Proclaimed Creativity Selling Point

3.3 Data Collection

The data were mainly collected from the V-dot diagram interface followed by interviews of key team members for verification and supplements.

1. Documentation Through the V-dot Diagram  Interface On the Web.

We asked the students to document particularly the following information for analysis: a. For each event track, do provide “what was the original acknowledgement” and “what was the a posteriori recognition (a-ha)”. b. After the a posteriori recognition, “what was the follow up actions taken”. c. The reasons for taking those follow up actions.

Different teams were different in their diligence on documentation. The amount of data entered into the database did not necessarily reflect the extent and depth of their teamwork. And, therefore, the V-dot documentation might not have all the details. Sorting through the data first would prepare the researchers on the issues to be verified and supplemented during the interview.

2. Interviews

The purposes were a. to supplement any deficiencies in the database and to verify the correctness of researchers’ interpretation regarding events, causality sequences, and reasons, b. to solicit the students comments on the course and its classroom activities, and c. to solicit their recommendations.

3.4 Data Analysis and Results

V-dot database and interview data [12-14] were scanned to identify related events for novices’ new recognition (a-ha’s). The analysis was done from both macroscopic and microscopic point of view. Macroscopically, we examine the original creativity selling points at the top of the V-dot diagram when the project was proposed and the realized features of the final product at the bottom tip of the V. We compare the differences between the two to find out the fall off.  Microscopically, we examine each new recognition events to see what the follow up actions the teams took in order to find out the impact on the a-ha’s and the reasons of their decisions. The microscopic analysis would interprets the underlining mechanism causing the creativity fall off from the top to the bottom.

3.4.1 Analyzing The Fall Off’s Between the Original Creativity Selling Points and their Implementation in the Final Product
Looking into the creativity compromises macroscopically, the fall off between the initiation and the final products appeared in five different aspects as listed in Table 2 below.

	The Aspect of Creativity Fall Off
	Description

	lack of  original functionality
	The originally proclaimed functionality was absent from the final product.

	less than expected  functionality
	The originally proclaimed functionality did not turn out as eye catching as it was expected.

	Just a mock up without physical effects or load baring capacity
	Due to compromises and retreats, the final product might just take up some shape but no physical effecs. 

	unstable or unreliable product
	The functionality of the product was unstable that it could fail during demo.

	Product different from design drawing
	Due to poor design experiences, the design on the drawing needed  modification to be built properly.


TABLE 2

The Aspects of Creativity Fall Off’s Between the Original Selling Points and Their Implementation in the Final Product

Looking into the contents of every project, we account the seriousness of its fall off’s in every of the five aspects listed in Table 2. The seriousness of every aspect was classified into 0 insignificant, 1 somewhat, and 2 serious. The projects are listed according to the cumulative seriousness scores. The situation of the fall off’s and the main reason causing the fall off’s are also shown in Table 2.  

	Team Number.and Project Title
	Description of Creativity Fall Off
	Major Reason
	Score of Seriousness

	05 Multifunction Bicycle
	Remote function was missing and lights did not flash.
	electric circuits
	7

	10 Battery Free Flash Light
	Could not find appropriate  rechargeable batteries. The application of reversal mechanism of electricity -> motor rotation as rotation -> electricity was not implemented. Therefore, the brightness of the flash light was not enough.
	electric circuits
	6

	04 Power Cord Spooler
	Functionality failed at demonstration. There were similar products on the market already.
	marketing, material
	5

	12 Mosquito Catching Fan
	Final product was to combine a cut open existing fan shield with an existing mosquito zapper by wooden frame and their electric circuits. The final product was not practical and features might not be quite appealing.
	Conceptual design 
	5

	07 Light Adapting Sun Shades
	There was one design change  that brightness trigger condition was changed from shade open when indoor brightness low to shade close at out door brightness high. The manual – automatic mode switch was missing.
	electric circuits
	4

	11 Multifunction Comfortable Helmet
	Rain drop wiper was abandoned. Air ventilation was not effective. The safety protection effect of the helmet was compromised.
	electric circuits, marketing
	4

	08 Big Tommy Garbage Tank
	It was able to achieve garbage compression by force saving mechanism. Original idea to use electricity for full automation was abandoned.
	electric circuits
	3

	09 Luggage Going Upstairs
	The product was tailored to the particular stair rail in the department building. Although it was able to slide upstairs along the rail, human effort saving was ineffective.
	mechanical
	3

	03 Solar Powered Back Pack
	Two change over preserved the successful implementation of original creativity. The first change over was the recognition that solar electric panel did not have enough power capacity and they needed batteries for energy buffering. The second was that decision added too much weight rendering the product impractical and costly.
	electricity, conceptual design
	3

	02 Quick Dry Socket Hanger
	The shape was changed from cylindrical to square due to manufacturing difficulties and material availability. The function to combine multiple modules was sacrificed. Short in electric power capacity, the fan speed was too low to dry the sock quickly. 
	electric circuits
	3

	06 Brake Light
	The brake light turn on was changed from electro magnetic sensing to mechanical. And the final product was a mock up without physical functionality.
	electric circuits
	3

	01 Multifunction Umbrella
	Flashy add on functions in addition to the wind drag reduction effect  were not clearly proposed at the initiation. The LED’s and electric power were added-on by trial and error.
	conceptual design, creativity generation
	2


TABLE 3

Project Ranked in the Seriousness of Creativity Fall Off’s Through Out Implementation

It is apparent that the dominant cause for creativity fall off’s through out implementation was the deficiencies in handling electric circuits. This also meant all teams attempted to incorporate electric functionalities in their creativity selling points.

3.4.2 The Contents of New Recognitions (A-Ha’s)
Now we look at the microscopic aspects. We identified from all engineering journal 44 new recognitions (a-ha’s) by all the teams. We like to grasp the picture of the contents of these recognitions. We sorted their contents according to the category items in the V-dot diagram so that we would know when and where did the students encounter most difficulties. The results were summarized in Table 4 below. However, the event count histogram list in ranking order was shown in Table 5 that electric circuits indeed caused the most troubles, while mechanical design, material selection, acquisition, manufacturing, design fallacies, and team works were all mind bugging. 

	A-ha Category
	Original Cognition
	Content of New Recognition
	Situation of Enlightenment

	creativity Initiation
	Functionality design for flashy eye catch.
	There was already existing patents with the same design.
	patent search

	design fallacies
	Felt it would be easier for debugging their knowledge by incremental put together rather than holistic design before manufacturing.
	The mechanical design professor insist that layout design before manufacturing should be the canonical procedure to be attempted and experienced.
	expert consultation

	material acquisition 
	Purchasing many small tools and components, felt that it would come in handy. 
	Found overstocked with spare parts or parts with wrong specifications. Budget was wasted.
	at the hardware store

	mechanism design
	Compression plate location became more self adapting and would not tilt when it was supported by springs at four corners.
	Increasing the gap between the spring and compression bar made the mechanism motion much smoother.
	testing

	electric circuits
	Use the solar electricity panel to drive the fan directly for ventilation.
	The power output was not enough even on the computer CPU fan. Had to add an energy storage device.
	testing

	Material properties and manufacturing
	Adding a spike lock to the power cord spooler would be a good idea.
	In practice, it added friction to the spool that the spring was not strong enough and the cord retraction force turned weak.
	manufacturing 


TABLE 4

The Contents of New Recognitions

	
	Category Item
	Counts
	Percentage (%)

	
	electric circuits
	12
	27

	
	mechanism 
	8
	18

	
	material properties, manufacturing
	7
	16

	
	material acquisition
	6
	14

	
	design fallacies
	5
	12

	
	teamwork,  expectation and emotions
	5
	12

	
	others
	1
	2

	
	Total
	44
	100


TABLE 5

Histogram of New Recognition by V-dot Categories

3.4.3 Categorizing The Type of Follow Up Actions in Response to New Recognitions
We looked into the responses by the novices after their recognition to provide clue on how to turn setbacks into opportunities to grow. The after recognition responses were categorized and summarized in Table 6. It appeared that the students tended to “overhaul” their original design, most of the time, upon the recognition of their obstacles. They changed original design concepts, manufacturing process, or material specifications. They went back to alter their original creativity selling points instead of modification of implementation strategies to conquer the obstacles while preserving the selling points.

	Action
	Counts
	Per Cent (%)
	Description
	Examples

	overhaul
	20
	44
	Encountering difficulties in manufacturing or machining, tried to proceed by changing original conceptual design, manufacturing process, or material selections.
	The “multifunction bicycle” team wanted to implement flashing light on the bike. They thought a simple circuit would do. After consulting with the professor teaching electric circuits, they found even such a simple circuit was beyond their capability. They decided to buy flashing light bulb off the shelf.

	Improve-ments
	8
	20
	Keeping the essence of the original design, make adjustments just to improve functionality, stability, or team work situation.
	The gap between spring and compression bar was too small that the compression plate might tilt and jam at  various garbage height. Enlarging the gap turned it smooth.

	no action
	7
	16
	A-ha did influence the creativity implementation. There may not be the necessity to make changes.
	The “quick dry sock hanger” thought they could make use of the hot air blower. However, after disassembly, they realized that it was inapplicable. 

	com-promises
	5
	11
	Accepting degraded or less than expected  functionality and reliability.
	Found difficulties in reshaping hard plastic pipe regardless by heating or resin joining. Existing joining angles had fixed angles. Decided just to work with what’s available.

	abandon-ment
	4
	9
	Abandoned original design or functionality without adjustments or supplements. 
	The “comfortable helmet” team could not find voltage boost devices at the electronic component store. They abandoned the idea.

	Total
	44
	100
	
	


TABLE 6

Categorization of Novices Response After New Recognition

Cross-referencing Table 5 and 6, we found some correlations: 1. The most frequent “a-ha” made the teams realize that their deficiencies was dealing with electric circuits, so that they made adjustment to detour, evading the difficulties. 2. The second ranking “a-ha” was on mechanism where more team developed better designs and achieved in depth recognitions and know-how in contrast to electricity. 3. In the category of “material properties and manufacturing”, “a-ha’s” were new recognition of the knowledge on assembly and machining, which often led to compromises. 4. In purchasing, recognitions of unfamiliarity with material specifications and catalog dimensions were the majority. The responses were also mostly compromises.

3.4.4 Analyzing The Reasons of the Follow Up Actions
We also looked into the reasons for the actions they took. Deficiencies in practical knowledge were the major causes, namely, the technology of manufacturing, availability of materials, analytical capabilities. Since they were unaware of these deficiencies, they designated creativity selling points beyond their capabilities. They could not come up with modules matching required spec and functionalities. They could not find the market source either. However, budget constraint was not a problem to most of the projects.

	Reasons for Action
	Counts
	Percentage (%)
	Remarks

	inability in manufacturing
	10
	28
	Encountered manufacturing difficulties unforeseen at the design stage.

	alternative better solution found
	7
	19
	Changed action due to autonomous discovery of better alternative methods.

	material unavailability
	6
	17
	

	deficiencies in academic background
	5
	14
	Resulted in design problems due to academic short comings,

	short of budget
	3
	8
	Alternative actions due to budget limitation.

	problems at testing
	3
	8
	Actions taken after problems discovered at testing.

	expert advice
	2
	6
	Actions taken at the experts’ or teachers’ advices.

	discovery of existing patent
	
	
	Change project title or design content to avoid patent imfringement.

	unknown
	6
	
	

	Total
	42
	100
	


TABLE 7

Histogram of the Reasons of the Follow Up Actions

template:

3.5 Limitation

Although scores were portioned to encourage the amount of engineering journal documented through the V-dot diagram interface and we did ask the students to record every event, idea, response, and actions, the extent of completeness varied from team to team greatly. It was a new habit to establish after all. The computer and the web might not be available to the students all the time all their living places, and few of them were the diligent book keeping type. Moreover, the style of cooperation differed from team to team. Some teams had all members contributing their individual data into the system, while there were teams who had dedicated persons to do the data entry just to hold onto the scores. Therefore, the truthfulness and the completeness of the data acquired from the V-dot database contributed to the biggest uncertainties to the reliability of the analysis. The V-dot data needed to be verified and supplemented with interviews. 

4. Discussions

Based on the macroscopic and microscopic analyses, we realized that facing setbacks in creativity implementation was inevitable to the novices. At the project initiation, the novices were willing to adopt automatic mobile with electrically powered functionalities as their creativity selling points. However, they were unable to assess their hand-on capability, especially the capabilities to deal with electric circuits. Therefore, the first recognition by the novices was their technical shortcomings. However, this recognition did not turn into an opportunity to strive for grow up. We would, discuss for the reasons behind the characteristic behaviors.

4.1 Characteristic Behaviors of Novices in Design and Implementation

1. The novice students seldom did creative idea generation based on their professional knowledge. 

From the title and creativity selling points of the projects, many of them fell into the myths that the combination of multiple functionalities would result in flashy new products. However, the add-on functions they could propose only bore secondary values.   

2. As the project progressed into manufacturing, application of creativity generation principles for problem resolutions reduced further more.

Students did applied creativity inspiration techniques like brain storming and mind mapping at the project proposal stage. However, going deeper into the creativity implementation, the spirit of creative problem solving gave way to trial and error just for one workable solution. Therefore, the processes were nothing but compromises on creativity ambitions and detours around obstacles.

3. Novices relied on what they can see, off the shelf materials and components, they did not know how to acquire materials according to design specification from professional suppliers.

Moving from conceptual design into layout design, they felt that they were still short analytically since they had not put what they had learned on paper to work in real world before. Therefore, they often were unwilling to analyze and to sort through complicated implementation planning. They had no confident in themselves as to look for materials from professional catalogs according to design specifications. They had to rely on what came into sight off the shelf to be purchased and put together easily. Therefore, implementation was constrained by available sizes, strength, and had originally planned functionality compromised.

4. Novices attempted implementation without layout design for material specifications and dimensional planning.

Most of the teams had only worked out conceptual sketch drawing before they tried to collect materials of uncertain dimensions and properties and to tailor fit the components together intuitively by even just temporary fixtures through trial and error. Most of them didn’t put their analytical training to use because they either did not believe it was applicable, felt the pressure of time to have results, or simply became inpatient with the seemingly inefficiency of “messy” hand-on works. There were always more details than one could have anticipated to be figured out and taken cared of to see appreciable results. However, without the analytical design, it would be difficult to find an acceptable solution for even a little bit complicated problems.

Because of the characteristics described above, the recognition by the novices of their short comings did not turn into a challenge to quest. This is even more serious when the implementation involves electric circuits. The reasons are discussed as follows.

4.2 The Impact of Knowledge Deficiencies in Electricity on the Quality of Final Products 

From Table 3 and 5, it was apparent that almost all novices had difficulties in electric circuits during their projects, and their strategies in response were either abandonment or a non-electro non-magnetic alternative. Therefore, the setbacks caused by electricity and electronics were more serious problems than those by mechanics and mechanisms. We are discussing their possible reasons below providing clues for scaffolding for improvements.

1. Students lacked physical sense of electrical power and its related physical effects.

Application of electrical components in mechanical system is inevitably for sensing and actuator driving. There is much less chances for pure signal processing and logics.  Therefore, it is very important that the designers and practitioners take care of power driving capability for thermal and photonic effects and power endurance concerns. The students had to have work through experiences before they dare to imagine and to try.

2. Electric status cannot be monitored by human senses directly. It takes handy instrumentation techniques and embedded analytical mind to work on electric circuits. 

The effectiveness of the mechanical system is usually apparent visually, audibly, and by the sense of touch. Therefore, the ME students could indulge themselves in the intuitive trial and error while working on a mechanical implementation. But, when they intended to build flashy functions involving electric circuits, they had to put their instrumentation and analytic training to use. Otherwise, the result could be nil instead of any superficial mock up at all.

3. The students lacked the hand-on capability of debugging.

It takes logical thinking to trace the electric circuit flow forward and backward to localize the bug location. The bug could be mistaken wiring, faulty wires, faulty components, cold soldering, and even ones misunderstanding of the function of the circuit or components. Any one mishap renders the malfunctioning of the circuit. Only when one posses the bug identification logics and techniques, can one start to grow up professionally and autonomously. Only when a student is willing to care for the details to do analytical designs, to trace all the signals, to verify his design by practice, can he be admitted the professional arena of mechatronics design and implementation.

5. conclusion

Investigating the process of the enlightenment “a-ha” process of the university students working through their engineering creativity implementation project through V-dot documentation and its analysis, we discovered that the hand-on novices relied mainly on their living experiences instead of the theoretical knowledge they learned from the mechanical engineering courses they took. They would not applied their academic knowledge to produce creative ideas, to identify selling points, nor to evaluate the feasibility. From their journal, what they realized were the deficiencies and fallacies in their technical specialties. However,  most of the students stayed on the surface of the recognition. They did not propose any solutions nor took any actions on their shortcomings. Only a few students did come up with better resolution and progressed into the deeper technical aspect of the implementation. Therefore, superficial recognition only leads most of the teams to elude the difficulties and to end up with compromised results which were either far from original creativity or with no real creative value. 

Accounting their difficulties and setbacks, two shortcomings were detrimental: 

1. Lack of pre-requisite hand-on knowledge in electricity and electronics deprived the students from the implementation of multi functional, automatic, flashy, and mobile creativity product.  The concept of power and physical effectiveness, the application of instrumentation to monitor electricity, and the logical approach of debugging were the essentials they need. Without prior hand-on experiences on applying these concepts most of the students could not meet their creative ideas at the finish line.

2. Unwillingness to follow canonical design and implementation procedure set the students in unfruitful back tracking iterations on mechanical creativity realization. Students tended to jump into intuitive assembling from whatever available based on sketch drawing without layout design for details and material selections. Therefore, their implementations were constrained to what were available off the shelf. The creativity value and the functionality were destined for compromise and even sacrifice out of their final products. 

Therefore, these will be the focal points of scaffolding improvements for such a course for hand-on novices under loose supervision.
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