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B1. Original Survey Forms 

 
In the following the original survey forms are presented. The surveys carry a 
header for the DNI number, which is the individual identification of the students, 
so it is assured that the relevant surveyed population participated, but also that 
confidentiality is assured as the author of this thesis work had no access in any 
form to that DNI number. The table B1 shows the sequence of the surveys and 
the respective target population. 
 
 

Survey No. Description 

1 Baseline assessment for team members 

2 Team members after receiving the intervention 

3 Team members three months after the intervention 

4 Team members six & nine months after the intervention 

5a Team Leader & Knowledge Manager baseline assessment 

5b Team Leader & Knowledge Manager 3 months after the 
intervention 

5c Team Leader 6 & 9 months after the intervention 

5d Knowledge Manager 6 & 9 months after the intervention 

 
Table B1. Survey sequence 

 
 

B.1.1.   Survey 1: Baseline Assessment for Team Members 
 
1. How much experience do you have with “working in a team”? 

(definition of working in a team: “A team that, within a given set of boundaries, 
is authorized, capable and willing to manage its own activities with 
interdependence to produce an agreed upon set of target outcomes”). 

 

none almost none a little bit some a lot 

     

 
If some or a lot, from where:  
  
  
 
2. A) Provided, you had experience with working in teams,  in which areas did 

you find the greatest difficulties 
 
Please rank the 3 most important ! (1=most important)  



DNI: _______________ 

 

 121

 
Purpose & Objectives of Team 
(the reason why the team exists) 

 

Capabilities of Team 
(the ability to build on the differences in skills, knowledge, experiences & 
individual differences) 

 

Dealing with Change 
(the ability to handle changes and respond to them) 

 

Team Rules & Norms 
(the adherence of the individual to the defined group behaviors) 

 

Communication  
(the ability to communicate and interact effectively amongst each other) 

 

Handling Conflict / Conflict Resolution 
(the ability to solve conflicts constructively) 

 

Recognition & Reward 
(the way in which achievements are recognized and celebrated) 

 

Team Operating Procedures 
(the extent to which a team is using methods and tools to improve its 
performance) 

 

Integrating New Team Members 
(the ability to handle changes in team membership 

 

Evaluation of Team Performance 
(the extent to which the team is assessing its own overall performance) 

 

Evaluation of Team Members Performance 
(the extent to which each member is assessing its own performance and 
that of others) 

 

 
2  B) In case you have not worked in teams, where would you anticipate the 

greatest difficulties? 
 
Please rank the 3 most important! (1=most important)  
 
Purpose & Objectives of Team 
(the reason why the team exists) 

 

Capabilities of Team 
(the ability to build on the differences in skills, knowledge, experiences & 
individual differences) 

 

Dealing with Change 
(the ability to handle changes and respond to them) 

 

Team Rules & Norms 
(the adherence of the individual to the defined group behaviors) 

 

Communication  
(the ability to communicate and interact effectively amongst each other) 

 

Handling Conflict / Conflict Resolution 
(the ability to solve conflicts constructively) 

 

Recognition & Reward 
(the way in which achievements are recognized and celebrated) 

 

Team Operating Procedures 
(the extent to which a team is using methods and tools to improve its 
performance) 
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Integrating New Team Members 
(the ability to handle changes in team membership 

 

Evaluation of Team Performance 
(the extent to which the team is assessing its own overall performance) 

 

Evaluation of Team Members Performance 
(the extent to which each member is assessing its own performance and 
that of others) 

 

 
3. Assuming that you want to improve your skills for working in a team, which 

training/learning method would you prefer? 
 
Please mark your preferred method 
 

Lecturing  

Interactive Workshop  

Case Studies  

Special Task Assignment with Coach Support  

Experiential Learning within your Team  

Self-study through reading, etc.  

 
4. Demographics 

 
When you entered this university, was Chemical Engineering your first option / 
choice?  
 

Yes No 

  
 

Male Female 
  
 
17- 20 21-25 26-30 over 31 
    

 
5. Please list a maximum of three hobbies (activities) that you practice: 
  
  
  
 
6. Please list three non-professional activities that you don’t like or hate: 
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7. Please indicate the background of your education.  
  
  
  
 
8. Please indicate any previous working experience. 
  
  
  
 

B.1.2.   Survey 2: Team Members after Receiving the Intervention  
 
1. Do you perceive this teamwork intervention helpful? 
 

not at all a little bit somewhat rather very much 
     

 
2. Which module did you find most valuable? 
 
Rank the 3 most important! (1=most important)  
 
Common Purpose  
Team Capabilities  

Change  
Team Norms  
Communication / Conflict  
Recognition / Reward  
Team Operating Procedures  
New Member Integration  

Evaluation  
 
Please explain why:   
  
  
 
3. How would you rate the effectiveness of the delivery? 
 

bad low acceptable High very high 
     

 
4. Comments / Suggestions about the delivery  
  
  
 



DNI: _______________ 

 

 124

5. List at most five activities of any kind that you carried out prior to university 
without a conscious or explicit plan for expected tangible results (no clear 
purpose):  
 
  
  
  
  
  

 
6. List at most five activities of any kind that you carried out prior to university with 
a conscious or explicit plan for expected tangible results (clear purpose):  
 
  
  
  
  
  

 
7. List at most three activities of any kind that you participated in their conception, 
design, planning and implementation prior to university: 
 
  
  
  
 
8. In the activities listed in items 6 and 7 above did you (alone or with others) 
evaluate the results attained? 
 

not at all a little bit somewhat rather very much 
     

 
9. Do you usually assume responsibility for your own good or bad results prior to 
university? 
 
fully assume mostly 

assume  
partly 

assume 
some blame 

to others 
blame others 

     
 
10. Did you like to interact with others or alone prior to university? 

 
always with 

others 
mostly with 

others 
sometimes 
with others 

more on my 
own 

always alone 

     

 
11. Are you presently economically independent from your parents? 
 

not at all a little bit partly very much completely 
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12. Demographics (gender and age) 
 
Male Female 17-20 21-25 26-30 Over 31 

      
 

B.1.3.   Survey 3: Team Members Three Months after the  
   Intervention  

 
1. Which module out of the enhancing team performance training has helped 

you most in your work so far?  
 
Rank the 3 most important! (1=most important)  
 
Common Purpose  
Team Capabilities  
Change  
Team Norms  
Communication / Conflict  
Recognition / Reward  

Team Operating Procedures  
New Member Integration  
Evaluation  
 
Please explain your ranking:   
  
  
  
 
2. Could you give two specific examples on how the most important ranked item 

from above has helped you so far in the project?  
  
  
  
  
 
3. In which area do you feel a need to get additional help?  
 
Please explain why. 
  
  
  
  
 
Please indicate potential solutions. 
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4. What issues do you think are still not covered?  
  
  
  
  
 
 
5. List two activities that you carried out alone (not related to team activities) at 

the ETSEQ during the past 3 months with a conscious or explicit plan for 
expected tangible results (clear purpose):  

 
  
  
 
6. In the two activities that you listed above in item 5, have you qualitatively or 

quantitatively evaluated the results attained?  
 

not at all a little bit somewhat rather very much 
     

 
7. List a maximum of five activities that you carried out at the ETSEQ as a team 

member during the past 3 months with a conscious or explicit plan for 
expected tangible results (clear purpose):  

 
 
 
 
 
 

 
8. In the activities that you listed above in item 7, has your team qualitatively or 

quantitatively evaluated the results attained?  
 

Not at all a little bit somewhat rather very much 
     

 
9. After 3 months at the ETSEQ, do you consider that your attitude with respect 

to assuming responsibility for the results obtained by yourself has changed 
with respect to prior to university? 

 
not at all a little bit somewhat rather very much 

     
 
10. Do you now establish and follow a plan to overcome any of the difficulties 

concerning learning or team work organization that you (or your team) have 
identified?  

 
not at all a little bit somewhat rather very much 
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11. How many hours per week do you meet with the team leader regarding your 
project (first and fourth – year students’ project)?  

 
1 h 2 h 3 h 4 h 5 h or more 

     
 
If your answer is 5 hours or more, then please specify. 
 
  
  
  
 
12.  How many hours per week do you meet with the knowledge leader?  
      regarding your project (first and fourth – year students’ project)?  
 

1 h 2 h 3 h 4 h 5 h or more 
     

 
13.  How many hours per week do you meet with only your peers  
      regarding your project (first and fourth – year students’ project)?  
 

1 h 2 h 3 h 4 h 5 h or more 
     

 
14. What percentage of the total time allocated to team meetings is dedicate to       

discuss with your peers on the average ? 
 

0 % 25 %  50%  75 %  100 % 
     

 
15. What percentage of the total time allocated to team meetings is dedicated to 

discuss scientific or technical matters on the average?  
 

 0 % 25 %  50% 75 %  100 % 
     

 
16. What percentage of the total time allocated to team meetings is dedicated to 

discuss organizational matters on the average?  
 

0 % 25 % 50% 75 % 100 % 
     

 
17. How would you characterize your attitude during team meetings, as mostly 

listening or mostly talking?  
 
mostly listen    mostly talking 
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18. How much have you contributed so far to establish the purpose (objectives) of 
your team?  

 
not at all a little bit somewhat rather very much 

     
 
19. How much do you contribute to the planning of the project by your team?  
 

not at all a little bit somewhat rather very much 
     

 
20. How often does your team evaluate its own activities to identify the causes for 

success or failure (strive for improvement)?  
 

never  once a month  weekly 
     

 
21. Please list the most relevant activities carried out in team meetings with the 

team leader and the time (%) dedicated to each of them?  
 
 % 
 % 
 % 

 % 
 % 
 % 
 % 
 % 

 
Comments:   
  
  
  
 
22. Please list the most relevant activities carried out in team meetings with the 

knowledge manager and the time (%) assigned to each one? 
 
 % 

 % 
 % 
 % 
 % 
 % 
 % 

 % 
 
Comments:   
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23. How responsible are you for the work assigned to you by the team 

(concerning first and fourth year students’ project) ?  
 

not at all a little bit somewhat rather very much 
     

 
24. How many times have you failed to attend team meetings during the past 3 

months (concerning first and fourth year students’ project) ?  
 

never once twice 3 to 5 times 6 or more 
     

 
25. How many times have you failed with team project deadlines in the work 

assigned to you during the past 3 months (concerning first and fourth year 
students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
26. How many times have your peers helped you understand a technical issue or 

scientific question through face-to-face discussions so far (concerning first 
and fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     

 
27. How many times have you helped your peers understand a technical issue or 

scientific question through face-to-face discussions so far (concerning first 
and fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
28. Have you learned something from your peers through the reasoning, methods 

and skills that they applied to deal with the project (concerning first and fourth 
year students’ project)?  

 
no a little bit somewhat rather very much 

     
 
29. How much have you learned from the discussions and interaction with the 

knowledge manager of your team (concerning first and fourth year students’ 
project)?  

 
Nothing  somewhat  a lot 
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30. How many times have you consulted the team members and knowledge 
leader of other teams during the past 3 months (concerning first and fourth 
year students’ project)?  

 
Never once twice 3 to 5 times 6 or more 

     
 
31. How many times have you shifted roles with your peers during the past 3 

months (concerning first and fourth year students’ project)?  
 

Never once twice 3 to 5 times 6 or more 
     

 
32. How many times have you qualitatively or quantitatively evaluated your own 

work (self-evaluation) during the past 3 months (concerning first and fourth 
year students’ project)?  

 
Never once twice 3 to 5 times 6 or more 

     
 
33. How many times have you qualitatively or quantitatively evaluated the work of 

the other team members during the past 3 months (concerning first and fourth 
year students’ project)?  

 
Never once twice 3 to 5 times 6 or more 

     

 
34. How many times have you qualitatively or quantitatively evaluated the team 

leader during the past 3 months (concerning first and fourth year students’ 
project)?  

 
Never once twice 3 to 5 times 6 or more 

     
 
35. How many times have you qualitatively or quantitatively evaluated the 

knowledge manager during the past 3 months (concerning first and fourth 
year students’ project)?  

 
Never once twice 3 to 5 times 6 or more 

     
 
36. How many times has the team evaluated the deviations of the work done 

(attained objectives) with respect to the planned one (concerning first and 
fourth year students’ project)?  

 
Never once twice 3 to 5 times 6 or more 

     
 



DNI: _______________ 

 

 131

37. How many times have you been requested to learn the work done by a peer 
and checked on it (concerning first and fourth year students’ project)?  

 
Never once twice 3 to 5 times 6 or more 

     
 
38. Do you perceive the team work in the project as an “all float or all sink”- 

situation (concerning first and fourth year students’ project)?  
 

“all sink”    “all float” 

     

 
39. Comments / Suggestions   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
40. Demographics (gender and age)  
 
Male Female 17-20 21-25 26-30 Over 31 

      
 

B.1.4.   Survey 4: Team Members 6 and 9 Months after the  
   Intervention  

 
1. Which module out of the enhancing team performance training has helped 

you most in your work so far?  
Rank the 3 most important! (1=most important)  
 
Common Purpose  

Team Capabilities  
Change  
Team Norms  
Communication / Conflict  
Recognition / Reward  
Team Operating Procedures  
New Member Integration  

Evaluation  
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Please explain why:   
  
  
 
2. Could you give two specific examples on how the most important ranked item 

from above has helped you so far in the project?  
  
  
  
 
3. In which area do you feel a need to get additional help?  
 
Please explain why. 
  
  
  
 
Please indicate potential solutions. 
  
  
  
 
4. What issues do you think are still not covered?  
  
  
  
 
5.  List two activities that you carried out alone (not related to team activities) at 

the ETSEQ during the past 3 months with a conscious or explicit plan for 
expected tangible results (clear purpose):  

 
 
 
 
6. In the two activities that you listed above in item 5 have you qualitatively or 

quantitatively evaluated the results attained?  
 

not at all a little bit somewhat rather very much 
     

 
7. List a maximum of 5 activities that you carried out at the ETSEQ as a team 

member during the past 3 months with a conscious or explicit plan for 
expected tangible results (clear purpose):  
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8. In the activities that you listed above in item 7, has your team qualitatively or 
quantitatively evaluated the results obtained? 

 
not at all a little bit somewhat rather very much 

     
 
9. After 3 or 9 months at the ETSEQ do you consider that your attitude with 

respect to assuming responsibility for the results obtained by yourself has 
changed with respect to prior to University? 

 
not at all a little bit somewhat rather very much 

     

 
10. Do you now establish and follow a plan to overcome any of the difficulties 

concerning learning or team work organization that you (or your team) have 
identified?  

 
not at all a little bit somewhat rather very much 

     
 
11. How many hours per week do you now meet with the team leader?  
 

1 h 2 h 3 h 4 h 5 h or more 
     

 
12. How many hours per week do you now meet with the knowledge manager?  
 

1 h 2 h 3 h 4 h 5 h or more 
     

 
13. How many hours per week do you now meet with only your peers?  
 

1 h 2 h 3 h 4 h 5 h or more 
     

 
14. What percentage of the total time allocated to team meetings is dedicate to 

discuss with your peers on the average? 
 

0 % 25 % 50 %       75 % 100 % 

     
 
15. What percentage of the total time allocated to team meetings is dedicated to 

discuss scientific or technical matters on the average? 
 

0 % 25 % 50 % 75 % 100 % 
     

 
16. What percentage of the total time allocated to team meetings is dedicated to 

discuss organizational matters on the average?  
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0 % 25 % 50 % 75 % 100 % 
     

 
17. How would you characterize your attitude during team meetings, as mostly 

listening or mostly talking?  
 

mostly 
listening 

   mostly talking 

     

 
18. How much have you contributed so far to establish the purpose (objectives) of 

your team?  
 

not at all a little bit somewhat rather very much 
     

 
19. How much is now your contribution to the planning and realization of the 

project by your team?  
 

not at all a little bit somewhat rather very much 
     

 
20. How often does your team now evaluate its own activities to identify the 

causes for success or failure (strive for improvement)?  
 

never  once a month  weekly 
     

 
21. Please list the most relevant activities carried out in team meetings with the 

team leader during the past three months and the time (%) dedicated to each 
of them?  

 
 % 
 % 
 % 
 % 

 % 
 % 
 % 
 % 
 
Comments:   
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22. Please list the most relevant activities carried out in team meetings with the 
knowledge manager during the past three months and the time (%) assigned 
to each of them? 

 
 % 
 % 
 % 
 % 

 
Comments:   
  
  
 
23. How responsible are you now for the work assigned to you by the team so far 

(concerning the first and fourth year students’ project)?  
 

not at all a little bit somewhat rather very much 
     

 
24. How many times have you failed to attend team meetings during the past 3 

months (concerning the first and fourth year students’ project)?  
 

never once twice 3 to 5 times 6 or more 
     

 
25. How many times have you failed with team project deadlines in the work 

assigned to you during the past 3 months (concerning the first and fourth year 
students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
26. How many times have your peers helped you understand a technical issue or 

scientific question through face-to-face discussions during the past 3 months 
(concerning the first and fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
27. How many times have you helped your peers understand a technical issue or 

scientific question through face-to-face discussions during the past 3 months 
(concerning the first and fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 
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28. How much have you learned from your peers through the reasoning, methods 
and skills that they applied to deal with the project so far (concerning the first 
and fourth year students’ project)?  

 
nothing a little bit somewhat quite  a  lot a lot 

     
 
29. How much have you learned from the discussions and interaction with the 

knowledge manager of your team so far (concerning the first and fourth year 
students’ project)?  

 
nothing a little bit somewhat quite a lot a lot 

     

 
30. How many times have you consulted the team members and knowledge 

manager of other teams during the past 3 months (concerning the first and 
fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
31. How many times have you shifted roles with your peers during the past 3 

months (concerning the first and fourth year students’ project)?  
 

Never once twice 3 to 5 times 6 or more 
     

 
32. How many times have you qualitatively or quantitatively evaluated your own 

work (self-evaluation) during the past 3 months (concerning the first and fourth 
year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
33. How many times have you qualitatively or quantitatively evaluated the work of 

the other team members during the past 3 months (concerning the first and 
fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
34. How many times have you qualitatively or quantitatively evaluated the team 

leader during the past 3 months (concerning the first and fourth year students’ 
project)?  

 
never once twice 3 to 5 times 6 or more 
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35. How many times have you qualitatively or quantitatively evaluated the 
knowledge manager during the past 3 months (concerning the first and fourth 
year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
36. How many times has the team evaluated the deviations of the work done 

(attained objectives) with the respect to the planned one during the past 3 
months (concerning the first and fourth year students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     

 
37. How many times have you been asked to learn the work done by a peer and 

checked about it during the past 3 months (concerning the first and fourth year 
students’ project)?  

 
never once twice 3 to 5 times 6 or more 

     
 
38. Do you perceive the team work in the project as an “all sink or all float”- 

situation?  
 

“all sink”’    “all float” 
     

 
39. Comments / Suggestions  
  
  
  
  
  
 
40. Demographics (gender and age)  
 
Male Female 17-20 21-25 26-30 Over 31 

      
 
41. Demographics (choice of school) : When you entered this University, was 

Chemical Engineering your first choice? 
 

Yes No 

  

 
     If no, what was your first choice? __________________________________ 
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B.1.5.   Survey 5a : Team Leader and Knowledge Manager 
Baseline        Assessment  
 
1. How much experience do you have with “working in a team”? 

(definition of working in a team: „A team that, within a given set of boundaries, 
is authorized, capable and willing to manage its own activities with 
interdependence to produce an agreed upon set of target outcomes”). 

 
none almost none a little bit some a lot 

     

 
If some or a lot, from where:  
  
  
  
  
 
2. In which areas did you experience or do you anticipate the greatest difficulties 
when working in teams?  
 
Please rank the 3 most important! (1=most important)  
 
Purpose & Objectives of Team 
(the reason why the team exists) 

 

Capabilities of Team 
(the ability to build on the differences in skills, knowledge, experiences & individual 
differences) 

 

Dealing with Change 
(the ability to handle changes and respond to them) 

 

Team Rules & Norms 
(the adherence of the individual to the defined group behaviors) 

 

Communication  
(the ability to communicate and interact effectively amongst each other) 

 

Handling Conflict / Conflict Resolution 
(the ability to solve conflicts constructively) 

 

Recognition & Reward 
(the way in which achievements are recognized and celebrated) 

 

Team Operating Procedures 
(the extent to which a team is using methods and tools to improve its performance) 

 

Integrating New Team Members 
(the ability to handle changes in team membership 

 

Evaluation of Team Performance 
(the extent to which the team is assessing its own overall performance) 

 

Evaluation of Team Members Performance 
(the extent to which each member is assessing its own performance and that of others) 

 

3. Assuming that you want to improve your skills for working in and leading a 
team, which training/learning method would you prefer?  
 
Please mark your preferred method 
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Lecturing  

Interactive Workshop  

Case Studies  

Special Task Assignment with Coach Support  

Experiential Learning within your Team  

Self-study through reading, etc.  
 
4. How do you classify yourself with respect to the following characteristics?  
 
analytic : 

not at all  somewhat  Extremely 
     

 
creative : 

not at all  somewhat  Extremely 

     
 
controlling : 

not at all  somewhat  Extremely 
     

 
visionary : 

not at all  Somewhat  extremely 
     

 
leading by examples : 

not at all  Somewhat  extremely 
     

 
opportunistic : 

not at all  Somewhat  extremely 
     

 
hierarchy driven : 

not at all  Somewhat  extremely 
     

 
informal : 

not at all  Somewhat  extremely 
     

 
independent : 

not at all  Somewhat  extremely 
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risk taking : 
not at all  Somewhat  extremely 

     
 
5. How would you like your role to be? 
 
commanding : 

not at all  Somewhat  extremely 
     

 
uniform : 

not at all  Somewhat  extremely 
     

 
inspirational : 

not at all  Somewhat  extremely 
     

 
methodical : 

not at all  Somewhat  extremely 
     

 
people oriented : 

not at all  Somewhat  extremely 
     

 
performance driven : 

not at all  Somewhat  extremely 
     

 
rewards driven : 

not at all  Somewhat  extremely 
     

 
6. Please list three hobbies: 
 
  
  
  
 
7. Please list the three things of any kind that you dislike the most: 
 
  
  
  
 



DNI: _______________ 

 

 141

8. Demographics 
 

Team Leader   □ Knowledge manager   □ 

 
Male Female 

  
 
17- 20 21-25 26-30 over 31 
    

 

B.1.6.   Survey 5b: Team Leader and Knowledge Manager 3 
Months         after the Intervention  
 
1. Which module out of the enhancing team performance training has helped 

you most in your work so far?  
 
Rank the 3 most important! (1=most important)  
 
Common Purpose  
Team Capabilities  
Change  
Team Norms  

Communication / Conflict  
Recognition / Reward  
Team Operating Procedures  
New Member Integration  
Evaluation  

 
Please explain why. 
  
  
  
 
2. Can you give a specific example on how the most important ranked item from 

above has helped you? 
  
  
  
 
3. In your role as team leader or knowledge manager where did you experience 

the greatest difficulties when working with your team?  
 
Please rank the 3 most important ! (1=most important)  
Purpose & Objectives of Team  

Capabilities of Team  
Dealing with Change  
Team Rules & Norms  
Communication   
Handling Conflict / Conflict Resolution  
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Recognition & Reward  
Team Operating Procedures  
Integrating New Team Members  
Evaluation of Team Performance  

 
Please explain why. 
  
  
  
  
 
4. In which area do you feel a need to get additional help? What issues do you 

think are still not covered?  
 
Please explain. 
  
  
  
 
Please indicate potential solutions. 
  
  
  
 
5. How would you describe your role with the team ? 
 
commanding : 

not at all  somewhat  extremely 

     
 
uniform : 

not at all  somewhat  extremely 
     

 
inspirational : 

not at all  somewhat  extremely 
     

 
methodical : 

not at all  somewhat  extremely 
     

 
people oriented : 

not at all  somewhat  extremely 
     

 
performance driven : 

not at all  somewhat  extremely 
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rewards driven : 
not at all  somewhat  extremely 

     
 
6. How would you characterize your attitude during team meetings, as mostly 

listening or mostly talking?  
 
mostly listen    mostly talking 

     

 
7. How much have you contributed so far to establish objectives in your team?  
 

not at all a little bit somewhat rather very much 
     

 
8. How much have you contributed so far to the planning of your team?  
 

not at all a little bit somewhat rather very much 
     

 
9. How often does your team evaluate its own activities to identify the causes for 

success or failure (strive for improvement)?  
 

never  once a month  weekly 
     

 
10. Please list the most relevant activities carried out in team meetings by you 

during the past three months and the time (%) dedicated to each of them?  
 
 % 
 % 
 % 

 % 
 % 
 % 
 % 
 % 
 
Comments:   
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11. Demographics 
 

Team leader   □ Knowledge manager   □ 

 
Male Female 

  
 
17- 20 21-25 26-30 over 31 
    

 

B.1.7.   Survey 5c: Team Leader 6 and 9 Months after the       
     Intervention  
 
Which module out of the enhancing team performance training has helped you 
most in your work so far? 
 
Rank the 3 most important! (1=most important)  
 
 
Common Purpose  
Team Capabilities  
Change  
Team Norms  

Communication / Conflict  
Recognition / Reward  
Team Operating Procedures  
New Member Integration  
Evaluation  

 
And please explain why. 
 
  
  
  
  
  
  
  
  
 
Can you give a specific example on how the most important ranked item from 

above has helped you? 
 
  
  
  
  
  
  



DNI: _______________ 

 

 145

  
  
 
In your role as team leader, in which area did you experience the greatest 

difficulties when working with your team?  
 
Please rank the 3 most important! (1=most important)  
 
Purpose & Objectives of Team  
Capabilities of Team  
Dealing with Change  
Team Rules & Norms  
Communication   

Handling Conflict / Conflict Resolution  
Recognition & Reward  
Team Operating Procedures  
Integrating New Team Members  
Evaluation of Team Performance  
 
And please explain why. 
 
  
  
  
 
Could you have solved your project work without the Enhancing Team 

Performance Intervention? 
 
 

not at all a little bit somewhat rather very much 

     
 
How much has this intervention helped you in your role as team leader to solve 

your project task? 
 

Not at all a little bit somewhat rather very much 
     

 
How much has this intervention increased your productivity / effectiveness in your 

role as team leader? 
 

0 % 25 % 50 % 75 % 100 % 
     

 
In which area do you feel a need to get additional help? What issues do you think 

are still not covered? 
 
Please explain. 
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 Please indicate potential solutions. 
  
  
  
 
Assuming that you want to improve your skills for working in and leading a team, 

which training/learning method would you prefer?  
 
Please mark your preferred method 
 

Lecturing  

Interactive Workshop  

Case Studies  

Special Task Assignment with Coach Support  

Experiential Learning within your Team  

Self-study through reading, etc.  
 
9. How would you describe your role with the team? 
 
commanding : 

not at all  somewhat  extremely 
     

 
uniform : 

not at all  somewhat  extremely 
     

 
inspirational : 

not at all  somewhat  extremely 
     

 
methodical : 

not at all  somewhat  extremely 
     

 
people oriented : 

not at all  somewhat  extremely 
     

 
performance driven : 

not at all  somewhat  extremely 
     

 
rewards driven : 

not at all  somewhat  extremely 
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10. How would you characterize your attitude during team meetings now, as 
mostly listening or mostly talking?  

 
mostly listen    mostly talking 

     
 
11. How much have you contributed so far to establish objectives in your team?  
 

not at all a little bit somewhat rather very much 
     

 
12. How much have you contributed to the planning of your team now?  
 

not at all a little bit somewhat rather very much 
     

 
13. How often does your team evaluate its own activities now to identify the 

causes for success or failure (strive for improvement)? 
 

never  once a month  weekly 
     

 
14. Please list the most relevant activities carried out in team meetings by you 

during the past three months and the time (%) dedicated to each of them?  
 
 % 
 % 
 % 
 % 
 % 
 % 

 % 
 % 
 
Comments:   
  
  
  
  
  
  
 
15. Please list the names of your clients:  
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16. Please list the names of your sponsors:  
 
  
  
  
 
17. Do you know the requirements of your clients?  
 

not at all a little bit somewhat rather very much 
     

 
18. How many times have you used the Memory Jogger: The Team pocket 

guide?  
 

never sometimes often very often Always 
     

 
19. How many times have you used the Memory Jogger: The Project 

management pocket guide?  
 

never sometimes often very often Always 
     

 
20. Did a Change in your leadership style occur since the beginning of the project 

? (A change from “Leader directed” to “Shared Leadership”) 
 
Yes: (Please explain)  
  
  
 
No: (Please explain)  
  
  
 
21. When did the Change in your leadership style from “Leader directed” to 

“Shared Leadership” occur since the beginning of the project?  
 

not yet 1 month 2 months 3 months 4 months 6 months 8 months 
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22. Can you recall “Surprises”, when working with your team?  
 
Positive:  
  
  
 
Negative:  
  
  
 
23. Demographics 
 

Male Female 
  
 
17- 20 21-25 26-30 over 31 
    

 

B.1.8.   Survey 5d:  Knowledge Manager, 6 and 9 Months after the   
     Intervention  
 
1. Which module out of the enhancing team performance training has helped 

you most in your work so far? 
 
Rank the 3 most important! (1=most important)  
 
Common Purpose  
Team Capabilities  
Change  
Team Norms  

Communication / Conflict  
Recognition / Reward  
Team Operating Procedures  
New Member Integration  
Evaluation  
 
And please explain why. 
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2. Can you give a specific example on how the most important ranked item from 
above has helped you? 

 
  
  
  
  
  
  
  
  
 
3. In your role as knowledge manager, in which area did you experience the 

greatest difficulties when working with your team?  
 
Please rank the 3 most important! (1=most important)  
 
Purpose & Objectives of Team  
Capabilities of Team  
Dealing with Change  
Team Rules & Norms  
Communication   
Handling Conflict / Conflict Resolution  

Recognition & Reward  
Team Operating Procedures  
Integrating New Team Members  
Evaluation of Team Performance  
 
And please explain why. 
  
  
  
 
4. Could you have solved your project work without the Enhancing Team 

Performance Intervention? 
 

not at all a little bit somewhat rather very much 
     

 
5. How much has this intervention helped you in your role as knowledge 

manager to solve your tasks? 
 

not at all a little bit somewhat rather very much 
     

 
6. How much has this intervention increased your productivty / effectiveness in 

your role as knowledge manager? 
 

0 % 25 % 50 % 75 % 100 % 
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7. In which area do you feel a need to get additional help? What issues do you 

think are still not covered? 
 
Please explain. 
  
  
  
 
Please indicate potential solutions. 
  
  
  

 
8. Assuming that you want to improve your skills for working in a team, which 

training/learning method would you prefer?  
 
Please mark your preferred method 
 

Lecturing  

Interactive Workshop  

Case Studies  

Special Task Assignment with Coach Support  

Experiential Learning within your Team  

Self-study through reading, etc.  

 
9. What would you describe your role with the team?  
 
commanding : 

not at all  somewhat  extremely 
     

 
uniform : 

not at all  somewhat  extremely 
     

 
inspirational : 

not at all  somewhat  extremely 
     

 
methodical : 

not at all  somewhat  extremely 
     

 
people oriented : 

not at all  somewhat  extremely 
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performance driven : 
not at all  somewhat  extremely 

     
 
rewards driven : 

not at all  somewhat  extremely 
     

 
10. How would you characterize your attitude during team meetings now, as 

mostly listening or mostly talking?  
 
mostly listen  somewhat  mostly talking 

     
 
11. How much have you contributed so far to establish objectives in your team?  
 

not at all a little bit somewhat rather very much 
     

 
12. How much have you contributed to the planning of your team?  
 

not at all a little bit somewhat rather very much 
     

 
13. How often does your team evaluate its own activities now to identify the 

causes for success or failure (strive for improvement)?  
 

Never  once a month  weekly 
     

 
14. In case there are deviations between your evaluation of a team member’s 

performance and his/her self-evaluation, what do you do? (provided you do 
evaluations) 

 
  
  
  
  
  
  
  
  
  
  
 
15. Does your team discuss openly the results of all evaluations of team 

members, including tests, exams, laboratory reports, etc.?  
 

Never seldom sometimes often always 
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16. Please list the most relevant activities carried out in team meetings by you 
during the past three months and the time (%) dedicated to each of them?  

 
 % 
 % 
 % 
 % 
 % 

 % 
 % 
 % 
 
Comments:   
  
  
  
  
  
  
 
17. Please list the names of your clients:  
 
  
  
  
  
  
  
  
  
  
  
  
  
 
18. Please list the names of your sponsors:  
 
  
  
  
 
19. Do you know the requirements of your clients? 
 

not at all a little bit somewhat rather very much 
     

 
20. How many times have you used the Memory Jogger: The Team pocket 

guide?  
 

Never sometimes often very often always 
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21. How many times have you used the Memory Jogger: The Project 

management pocket guide?  
 

Never sometimes often very often always 
     

 
22. Did a Change in your leadership style occur since the beginning of the 

project? (A change from “Leader directed” to “Shared Leadership”) 
 
Yes: (Please explain)  
  
  
 
No: (Please explain)  
  
  
 
23. When did the Change in your team style from “Leader directed” to “Shared 

Leadership” occur since the beginning of the project?  
 

not yet 1 month 2 months 3 months 4 months 6 months 8 months 
       

 
24. Can you recall “Surprises”, when working with your team?  
 
Positive:  
  
  
 
Negative:  
  
  
 
25. When revisiting the first year subjects, have you realized that there were 

things you did not learn? Could you list some of them?  
 
  
  
  
  
  
  
 
26. By defining a plan for the first year students to learn, did you yourself learn 

things from the first year subjects? Could you list some of them?  
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27. Could you briefly list (describe) the methods that you use to manage the 

knowledge and the learning within your team?  
 
  
  
  
  
  
  
  
  
 
28. Are you now able to identify where first year students have more difficulties in 

learning?  
 

No a little bit somewhat rather well very much 
     

 
29. Could you comment on these difficulties and make suggestions?  
 
  
  
  
  
  
  
  
  
 
30. Demographics 
 

Male Female 
  

 
17- 20 21-25 26-30 over 31 
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C.1 Introduction to Improved Survey Forms 
 
Here a short recommendation list for future work is presented.  The subsequent 
improvement opportunities can be summarized in 4 bullet categories: 
 

1. Number of questions 
2. Consistency of questions 
3. Type of questions 
4. Evaluation form of questions 

 
Numerous feedback from the students and the evaluation personnel has 
amounted to questions being too many. Particularly the 40 question survey forms 
of 6 and 9 months into the research are considered overwhelming. For that 
reason, it is recommended to reduce the number of questions in future surveys. 
In the improved survey forms, a number of approximately 30 questions maximum 
is proposed. 
 
Furthermore the survey process can be enhanced by introducing more consistent 
and streamlined questions: such as questions aiming at the same objective 
should not be phrased differently (e.g. question number 3 in the 3 month survey 
and question number 4 in the 9 month survey). It is also helpful to have 
equivalent questions targeting the same objective to have consistent numbering 
of questions. The above principle applies to question 4 in the 3 month survey and 
question 5 in the 9 month survey. Another example is question number 9 in the 3 
month survey and question number 11 in the 9 month survey. Enhanced 
transparency and consistency will help improving survey feedback, and simplify 
evaluation work. 
 
Concerning the type of questions, multiple choice is always the preferred way of 
asking the participants. The number of responses as well as the students’ 
feedback clearly indicates that open ended questions should be avoided, if at all 
included. Very few participants use the feedback mechanism of open ended 
questions and the comments section. Therefore, the improved survey form has 
no open ended questions, other than the possibility to provide comments at the 
end of the survey. 
 
When it comes to the fashion of evaluating the questions, there are primarily two 
options to provide pictorial representation of the survey results. First option is the 
display using a pie chart; the other option is using a bar chart. When confronted 
with these two options, the bar chart version presents a better way of conveying 
results, particularly when comparing the two academic years against one another, 
as selected in chapter 3. 
 

C.1.1.   Improved Survey Forms. Team Members 3 Months   
     after the Intervention 
 
1. Which module out of the enhancing team performance training has helped 

you most in your work so far? 
a. Common purpose 
b. Team capabilities 
c. Change 
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d. Team norms 
e. Communication/conflict 
f. Recognition/Reward 
g. Operating procedures 
h. New member integration 
i. Evaluation 

 
2. In which area do you feel a need to get additional help? 

a. Common purpose 
b. Team capabilities 
c. Change 
d. Team norms 
e. Communication/conflict 
f. Recognition/Reward 
g. Operating procedures 
h. New member integration 
i. Evaluation 

 
3. Please list one activity which you carried out at the ETSEQ as a team member 

during the past 3 months with a conscious or explicit plan for expected 
tangible results (clear purpose)?  

 
________________________________________________________ 

 
4. In the activity listed above in item 3, how often has your team qualitatively or 

quantitatively evaluated the results? 
a. not at all 
b. very little 
c. occasionally 
d. frequently 
e. always 

 
5. How much has your attitude with respect to assuming responsibility for the 

results obtained by you or your team changed so far? 
a. not at all 
b. very little 
c. a lot 
d. completely 

 
6. Do you now establish and follow a plan to overcome any of the difficulties 

concerning learning or teamwork organization that you (or your team) have 
identified? 

a. never 
b. sometimes 
c. always 

 
7. How many hours per week do you meet with the team leader regarding your 

project? 
a. 1 hour 
b. 2 hours 
c. 3 hours 
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d. 4 hours 
e. 5 or more hours 

 
8. How many hours per week do you meet with your knowledge leader? 

a. 1 hour 
b. 2 hours 
c. 3 hours 
d. 4 hours 
e. 5 or more hours 
 

9. How many hours per week do you meet with only your peers? 
a. 1 hour 
b. 2 hours 
c. 3 hours 
d. 4 hours 
e. 5 or more hours 

 
10. What percentage of the total time allocated to team meetings is dedicated to 

discussions among your peers? 
a. 100% 
b. 75% 
c. 50% 
d. 25% 
e. less than 25% 

 
11. What percentage of the total time allocated to team meetings is dedicated to 

discuss scientific or technical matters? 
a. 100% 
b. 75% 
c. 50% 
d. 25% 
e. less than 25% 

 
12. What percentage of the total time allocated to team meetings is dedicated to 

discuss organizational matters? 
a. 100% 
b. 75% 
c. 50% 
d. 25% 
e. less than 25% 

 
13. How would you characterize your attitude during team meetings, as mostly 

listening or mostly talking? 
a. mostly talking 
b. mostly listening 
c. equally talking and listening 
d. somewhat talking 
e. somewhat listening 

 
14. How much have you contributed so far to establish the purpose (objectives) 

of your team? 
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a. none 
b. very little 
c. some 
d. a lot 

 
15. How much do you contribute to the planning of the project by your team? 

a. not at all 
b. very little 
c. some 
d. a lot 

 
16. How often does your team evaluate its own activities to identify the causes 

for success or failure (strive for improvement)? 
a. never 
b. weekly 
c. biweekly  
d. monthly 

 
17. Which of the activities carried out by the team leader do you feel is most 

relevant to team meetings? 
a. evaluating work 
b. clarifying project expectations 
c. resolving conflicts 
d. setting the agenda 
e. coaching team members 
f. contributing to the content of the project work 

 
18. Which of the activities carried out by the knowledge manager do you feel is 

most relevant to team meetings? 
a. evaluating work 
b. clarifying project expectations 
c. resolving conflicts 
d. setting the agenda 
e. coaching team members 
f. contributing to the content of the project work assigning work 

 
19. How accountable are you for the work assigned to you by the team? 

a. very little 
b. some 
c. a lot 
d. completely 

 
20. How many times have you failed to attend team meetings during the past 3 

months? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 times 
e. never 
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21. How many times have you failed with team project deadlines in the work 
assigned to you during the past 3 months? 

a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 times 
e. never 

 
22. How many times have your peers helped you understand a technical issue or 

scientific question through face-to-face discussions? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
23. How many times have you helped your peers understand a technical issue or 

scientific question through face-to-face discussions? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
24. How much have you learned from your peers through the reasoning, 

methods, and skills?  
a. nothing 
b. minimal 
c. some 
d. a lot 

 
25. How much have you learned from the discussions and interactions with the 

knowledge manager? 
a. nothing 
b. minimal 
c. some 
d. a lot 

 
26. How many times have you consulted the team members and the knowledge 

leader of other teams during the past 3 months? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
27. How many times have you shifted roles with your peers during the past 3 

months? 
a. once 
b. twice 
c. 3 to 5 times 
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d. more than 6 
e. never 

28. How many times have you qualitatively or quantitatively evaluated your own 
work (self-evaluation)? 

a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
29. How many times have you qualitatively or quantitatively evaluated the work 

of other team members? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
30. How many times have you qualitatively or quantitatively evaluated the team 

leader? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
31. How many times have you qualitatively or quantitatively evaluated the 

knowledge manager? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
32. How many times has the team evaluated the deviations of the work 

completed with respect to the work that was planned?  
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
33. How many times have you been requested to learn work done by a peer and 

checked on it? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 
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34. Do you perceive the teamwork in the project – as an “all float or all sink” 
situation? 

a. all float 
b. all sink 
c. neutral 

 
35. Comments/Suggestions: 
 
Demographics (gender & age) 
Male Female 17-20 21-25 26-30 31 or Over 
      
 

C.1.2.   Improved Survey Forms. Team Members 9 Months   
    after the Intervention 
 
1. Which module out of the enhancing team performance training has helped 

you most in your work so far? 
a. Common purpose 
b. Team capabilities 
c. Change 
d. Team norms 
e. Communication/conflict 
f. Recognition/reward 
g. Operating procedures 
h. New member integration 
i. Evaluation 

 
2. In which area do you feel a need to get additional help?  

a. Common purpose 
b. Team capabilities 
c. Change 
d. Team norms 
e. Communication/conflict 
f. Recognition/reward 
g. Operating procedures 
h. New member integration 
i. Evaluation  

 
3. Please list one activity which you carried out at the ETSEQ as a team member 

during the past 3 months with a conscious or explicit plan for expected 
tangible results (clear purpose)?  
 
_____________________________________________________________ 

 
4. In the activity listed above in item 3, how often has your team qualitatively or 

quantitatively evaluated the results? 
a. not at all 
b. very little 
c. occasionally 
d. frequently 
e. always 
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5. How much has your attitude with respect to assuming responsibility for the 

results obtained by you or your team changed so far? 
a. not at all 
b. very little 
c. a lot 
d. completely 

 
6. Do you now establish and follow a plan to overcome any of the difficulties 

concerning learning or teamwork organization that you (or your team) have 
identified? 

a. never 
b. sometimes 
c. always 

 
7. How many hours per week do you meet with the team leader regarding your 

project? 
a. 1 hour 
b. 2 hours 
c. 3 hours 
d. 4 hours 
e. 5 or more hours 

 
8. How many hours per week do you meet with your knowledge leader? 

a. 1 hour 
b. 2 hours 
c. 3 hours 
d. 4 hours 
e. 5 or more hours 

 
9. How many hours per week do you meet with only your peers? 

a. 1 hour 
b. 2 hours 
c. 3 hours 
d. 4 hours 
e. 5 or more hours 

 
10. What percentage of the total time allocated to team meetings is dedicated to 

discussions among your peers? 
a. 100% 
b. 75% 
c. 50% 
d. 25% 
e. less than 25% 

 
11. What percentage of the total time allocated to team meetings is dedicated to 

discuss scientific or technical matters? 
a. 100% 
b. 75% 
c. 50% 
d. 25% 
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e. less than 25% 
 
12. What percentage of the total time allocated to team meetings is dedicated to 

discuss organizational matters? 
a. 100% 
b. 75% 
c. 50% 
d. 25% 
e. less than 25% 

 
13. How would you characterize your attitude during team meetings, as mostly 

listening or mostly talking? 
a. mostly talking 
b. mostly listening 
c. equally talking and listening 
d. somewhat talking 
e. somewhat listening 

 
14. How much have you contributed so far to establish the purpose (objectives) 

of your team? 
a. none 
b. very little 
c. some 
d. a lot 

 
15. How much do you contribute to the planning of the project by your team? 

a. not at all 
b. very little 
c. some 
d. a lot 

 
16. How often does your team evaluate its own activities to identify the causes 

for success or failure (strive for improvement)? 
a. never 
b. weekly 
c. biweekly  
d. monthly 

 
17. Which of the activities carried out by the team leader do you feel is most 

relevant to team meetings? 
a. evaluating work 
b. clarifying project expectations 
c. resolving conflicts 
d. setting the agenda 
e. coaching team members 
f. contributing to the content of the project work 
 

 
18. Which of the activities carried out by the knowledge manager do you feel is 

most relevant to team meetings? 
a. evaluating work 
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b. clarifying project expectations 
c. resolving conflicts 
d. setting the agenda 
e. coaching team members 
f. contributing to the content of the project work 

 
19. How accountable are you for the work assigned to you by the team? 

a. very little 
b. some 
c. a lot 
d. completely 

 
20. How many times have you failed to attend team meetings during the past 3 

months? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 times 
e. never 

 
21. How many times have you failed with team project deadlines in the work 

assigned to you during the past 3 months? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 times 
e. never 

 
22. How many times have your peers helped you understand a technical issue or 

scientific question through face-to-face discussions? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
23. How many times have you helped your peers understand a technical issue or 

scientific question through face-to-face discussions? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
24. How much have you learned from your peers through the reasoning, 

methods, and skills?  
a. nothing 
b. minimal 
c. some 
d. a lot 
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25. How much have you learned from the discussions and interactions with the 
knowledge manager? 

a. nothing 
b. minimal 
c. some 
d. a lot 

 
26. How many times have you consulted the team members and the knowledge 

leader of other teams during the past 3 months? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
27. How many times have you shifted roles with your peers during the past 3 

months? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
28. How many times have you qualitatively or quantitatively evaluated your own 

work (self-evaluation)? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
29. How many times have you qualitatively or quantitatively evaluated the work 

of other team members? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
30. How many times have you qualitatively or quantitatively evaluated the team 

leader? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
31. How many times have you qualitatively or quantitatively evaluated the 

knowledge manager? 
a. once 
b. twice 
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c. 3 to 5 times 
d. more than 6 
e. never 

 
32. How many times has the team evaluated the deviations of the work 

completed with respect to the work that was planned?  
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
33. How many times have you been requested to learn work done by a peer and 

checked on it? 
a. once 
b. twice 
c. 3 to 5 times 
d. more than 6 
e. never 

 
34. Do you perceive the teamwork in the project – as an “all float or all sink” 

situation? 
a. all float 
b. all sink 
c. neutral 

 
35. How beneficial has the Enhancing Team Performance Intervention been in 

helping you solve your work project so far? 
a. very beneficial 
b. beneficial 
c. neutral 
d. not beneficial 

 
36. How much has this intervention increased your productivity/effectiveness so 

far? 
a. not at all 
b. moderately 
c. significantly 
d. extremely 

 
37. What is the weight of the participation of the team members in the decision 

making process compared to that of the two leaders?   
a. 100% 
b. 75% 
c. 50% 
d. 25% 
e. less than 25% 
 

38. Comments/Suggestions: 
 



 

 168 

39.  Demographics (gender & age) 
 
Male Female 17-20 21-25 26-30 31 or Over 
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E.1   Communication and Human Interaction 
 
In chapter 1 the importance of communicating effectively has been highlighted. It 
is fair to say that there are a lot of learning resources available on the market 
which are offering solutions to this skill deficit. However, there is only a limited 
number of resources which are robust enough to pertain in different cultures and 
parts of the world. In addition, a lot of them are either too theoretical and 
conceptual and lack a skill building piece or are ill designed the other way round. 
Based on this dilemma it is proposed to use a specifically designed intervention 
to account for the appropriate skill building in this area. The proposal calls for a 
one day workshop with two components. The first component would talk about 
the principles and dynamics of communication [1]. This conceptual part would be 
followed by a practical life skill building. The best way to do so, is by using the 
principle of experiential learning [2], which is commercially available by the Galli 
Business Theatre [3]. This company offers a unique approach by using classical 
theatre principles applied to today’s business environment. Preliminary contacts 
with this company have already been established and they graciously offered to 
sponsor such a prototype. With the valid assumption that this prototype will be 
successful, a similar agreement to the one with the “Enhancing Team 

Performance” supplier could be envisioned in order to support the large scale 
building of Communication and Human Interaction competency. Attached is a first 
pass of an outline of the workshop’s agenda.  
 
Workshop Agenda 
 
08:30 hrs  Welcome and Learning Objectives 
08:45 hrs  Introduction of Participants 
09:30 hrs  Principles of Communication Part I 
10:30 hrs  Break 
10:45 hrs  Communication Theatre 
11:30 hrs  Principles of Communication Part II 
12:15 hrs  Lunch 
13:15 hrs  Feedback Theatre 
14:00 hrs  Debrief & Reflection 
14:30 hrs  Break 
14:45 hrs  Principles of Communication Part III 
15:30 hrs  Communication Group Exercise 
16:00 hrs  Human Dynamics 
17:00 hrs  Evaluation and Discussion 
18:00 hrs  End of Workshop 
 

E.2. Cultural Background and Diversity 
 
The examples quoted in chapter 1 (Market for Pre-Prepared Lettuce and BMW 3-
Series) clearly stress the importance of cultural diversity [4]. The ability to interact 
with all types of cultures in a global village environment is a strategic asset. The 
need for this competency has caused a nearly mushrooming effect of learning 
resources to cope with demand. The author of this research investigated the 
supplier market for this competency and is now proposing to set off with a course 

called Managing across Cultures by Trompenaars Hampden-Turner [5]. One of 
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the founders of this company, Fons Trompenaars is well renowned and has built 
his research on the époque making work of Hofstede [6]. The extensive and 
profound research is reflected in the quality of the course. Managing across 

Cultures is extensively used by the Dow Chemical Company and has yielded a 
significantly better understanding of cultural differences. Because of the excellent 
working relationship between the Dow Chemical Company and Fons 
Trompenaars, the author of this work was able to get the commitment from the 

latter supplier to provide the Managing across Cultures course with a licensing 

agreement similar to the one of the “Enhancing Team Performance” course. 
The references point to the full course material. For the sake of illustration a short 
description of the course is following. First the participants have to fill out a 
survey. The results are then correlated to a comprehensive data base and plotted 
against their cultural behaviors in relation to individualist/collectivist society and 
other major cultural patterns. In the class the participants learn and understand 
how other cultures relate to these behaviors and to what extent a conflict may be 
provoked by different societal norms and values. The comprehension of the 
sources of potential conflicts leads to more empathy, understanding, forgiveness 
and ability to reconcile differences. The total time commitment for a participant is 
approximately 3 days, whereby 2 days are spent in the classroom and the 
remaining day is split up between pre work and follow up work.  
 

E.3. Facilitative Leadership 
 
In today’s environment, organizations are trying to reduce hierarchal layers and 
move towards flat and lean structures [7]. This calls for a very different leadership 
style. Irrespective of whether one comes from a business or a non profit 
organization, the leadership style of tomorrow is increasingly based on coaching, 
facilitation, mentoring, etc., rather than on leading by power of authority [8]. The 
following graph sums up the needs of tomorrow’s leadership.  
 

Forms of Leadership

� Leadership by Structure

� Company policies, set of objectives, controlling, 
principles of management, structure and organization 
of operations, job descriptions, assessment and 
performance measurement systems, etc.

� Leadership by Interaction

� Interpersonal relationships, delegation, motivation, 
information flow, communication, support, etc. 

� Leadership by Symbols

� Cultural norms and values, written and unwritten rules 
and customs, company culture, status symbols, rituals 
at particular events, etc.

 
 

Figure E.3. Forms of Leadership 
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This role scenario requires the current and future leaders to adapt their 
leadership style and display a significant amount of versatility, irrespective of their 
power and authority. This is particularly difficult in case the leader does not 
possess a lot of hierarchal power, as is the case for the team managers of the 
integrated project. As they have very little balance of consequences to direct 
towards undesired behavior of a team member, they need facilitative leadership 
and conflict resolution skills. For the latter, the skill set needed goes beyond the 
teaching which occurs in the Communication and Conflict module of Enhancing 

Team Performance. As a solution for closing this skill gap, the course Human 

Interaction by Witt & Partner [9] is proposed. This is a 3 day course which 
focuses primarily on skill building comprised of training on general theory of 
facilitation supplemented by tools and techniques [10, 11]. The participants have 
to design a case study and are video taped while presenting their case. The 
course instructor of this course injects disruptive behavior to push the participants 
out of their comfort zone with the aim of exploring different behavior patterns. 
During the feedback session of the video replay, the participants have an 
opportunity of analyzing their reaction and judging which of the behavior traits are 
effective/ineffective when facilitating the case. Participants learn the prime task of 
facilitation, which is balancing the triangle of content, group and individual.  
 
The target audience for this course would be primarily team managers and 
professors.  
 

E.4. Organizational Development and Performance 
 
Along with the changes in business and society, the perception of organizations 
changes as well. Traditionally organizations have been perceived from a 

deterministic perspective based on Taylorism [12]. However, there is a growing 
appreciation of organizations as much more complex socio-technical systems 
[13,14]. Based on system thinking [15], organizations can be characterized as an 
equivalent to a living organism or as communication nodes, producing a desired 
result [16, 17]. That in turn calls for the global engineer of tomorrow to be 
equipped with basic understanding of organizational design, of aligning the 
employees within that organization and of synchronizing the whole system for an 
optimal level of performance. Currently not a lot of learning resources exist to 
cover this need in a comprehensive fashion. For that reason only preliminary 
thoughts and concepts exist on how to build this skill. The first part of a proposal 
is looking into a self-learning case study, whereby over the course of a semester, 
a small task force of students would have to solve a case study which is centered 
on the three components (Organizational Design, Strategy Alignment, 
Organizational Development and Performance). Considerable research and work 
in this area is needed to pull such a case study together along with necessary 
education and skill building.  
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CHAPTER 1 
 

Introduction, Background and Objectives  
 
1.1 Introduction 
 
When looking at Chemical Engineering education system in general, it is 
important to realize that it is tailored more or less exclusively for an industrial 
workplace. The present study of Chemical Engineering education system derives 
its reason for existence solely in the overall objective to achieve higher standard 
of living by enhancing technology performance. Priority number one is to 
investigate current and future work environment in order to design appropriate 
education to ensure that the graduates leaving Chemical Engineering schools 
have the best possible skill-set when entering a workplace. Therefore it is 
appropriate to begin by providing a brief history of industrial development in the 
past century.  
 
Industrial work place is a concept which is about one hundred years old [1-3]. It 
can be rooted in three industrial revolutions:  
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Figure 1.1. A Century of Industrial Development 

 
During the first industrial revolution, the emphasis clearly fell on “hardware”. The 
tasks of chemical engineers evolved in the direction of improving operations and 
particularly the machinery to enhance productivity and output. One has to keep in 
mind that then the workforce available was clearly uneducated and relied on 
engineers and management to run the factories and decision making has been 
carried out by higher hierarchal institutions. The second era of this journey is 
characterized by “software” introduction. The first computers for industrial 
application appeared on the horizon, like the Zuse 1 (interestingly enough that 
huge machine had a programming capacity which is nowadays contained in the 
equivalent of a greeting music card [4]). Naturally that technological breakthrough 
created a tremendous shift in workplace and prompted a revisit of the entire 
curriculum of Chemical Engineering, subsequently introducing subjects like 
programming, automation, process control, etc. 
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The third industrial revolution, the era of “humanware” or the “communication 
age” is also called “the logarithmic world” [5]. The reason for calling it so lies in 
the simple fact that tremendous changes are hitting today’s society at speed 
close to exponential. The following facts support this hypothesis [5,6]: 
 
• Television took 38 years to reach 50 million people, the Internet took only 4 
• From April 1995 – April 1996, the capitalization of Internet companies rose 

from $0 to $10 billion 
• In the United States per year, the rate of jobs being eliminated (about 20%) is 

equal to the amount of new jobs created 
• The life span of new products launched has been reduced from about 2 years 

to now 6-12 months in the last 5 years 
 
Given today’s globalization and tremendous interdependency of societal 
developments (e.g. the customer’s demand for safety, ecology, etc.) and political 
and economical power, it has become close to impossible to predict trends and to 
forecast potential developments in the marketplace.   
 
One example of this trend is illustrated in figure 1.2 [5]. 
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Figure 1.2. Size of Market for Pre-prepared Lettuce 
 
Over the past two decades, tremendous changes in the work environment took 
place, which in turn have caused significant changes in role clarity between 
males and females. Dual careers for females have merely become a standard in 
industrialized western hemisphere. As a consequence of these societal changes, 
behavior patterns such as eating habits have also changed. As females with dual 
careers have less time to spend in the household, a market for the “pre-washed, 
pre-chopped, pre-packaged lettuce” has exponentially grown from being non-
existent in the early 90’s to being a $1 billion market today. Evidently this is just 
one example of many showing the interdependency of societal trends and 
changes in the marketplace. The question at hand is: would a chemical engineer 
in charge of designing and manufacturing a product unit (e.g. for lettuce pre-
packaging) build enough expansion capacity to cope with the rapidly growing 
demand or at least challenged the marketing and planning function with 
projecting future demand? Would this engineer undertake appropriate 
studying/research and in anticipation of future needs build ahead of demand? So 
when the market is booming, the production unit is already up and running, thus 
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promoting this particular organization to the comfort of market leadership. Would 
this engineer summarize the research undertaken and present it to senior 
management? These are the types of questions and challenges future engineers 
will be faced with. 
 
Another example of globalization and challenges in today’s work place is taken 
out of the automotive industry. For a BMW 3 series, circa 40% of the components 
are coming from about 18 different countries [7].  
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Figure 1.3. Components of a BMW 3 Series 

 
For an engineer this constellation of countries poses many challenges, not only 
from a logistics but also from a social point of view as one would have to 
communicate worldwide with all kinds of suppliers to organize the “just in time” 
delivery.  
 
Similar to previous industrial revolutions, a tremendous shift within markets and 
societal trends is provoking a revisit of the engineering curriculum. The task at 
hand is to undertake this major challenge once again, now with an ever-
increasing work pace and shortened response time to tomorrow’s challenges. 
 
Current societal, political and economical changes are impacting the workplace 
directly and immediately. As a consequence, the skill set of the employees has 
changed dramatically and will continue to change. As full-time jobs and work 
engagements in the classical sense potentially become a privilege [8] employees 
have to watch out the skill-set trends needed to be competitive in a global 
marketplace. In the following, the potential outline of the skill set of the chemical 
engineer of tomorrow is examined in more detail.  
 

1.2 Skill-Set of the Future 
 
In the previous chapter, the dynamics of a fast changing world and consequently 
a fast changing work environment have been described. As a counter measure, 
the chemical engineering education has to be adjusted to the current/future 
needs as the engineers’ prime task is that of improving and developing 
productivity of industries in general. 
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Over the past years there has been quite some dissatisfaction expressed 
regarding the level of education of chemical engineers, either by the industry or 
by governmental authorities [9]. 
 
It is a common belief in today’s economy that the competitiveness of an 
industrialized nation depends to a great extent on its social and technological 
capability for innovation and the ability to create “sustainable growth” [10]. 
Chemical engineers are primarily an attribute of advanced and industrialized 
societies, which in turn implies that these societies/nations are highly competitive.   
 
The official definition of a nation’s competitiveness as provided by the OECD 
(Organization for Economic Cooperation and Development) is “the degree to 
which a country can, under free and fair market conditions, produce goods and 
services which meet the test of international markets, while simultaneously 
maintaining and expanding the real incomes of its people over the long term”. 
Economists of the 20th century like Schumpeter, Solow, Porter, etc. [10, 11] have 
unanimously agreed that entrepreneurship, technical innovation, and increased 
knowledge with the ability to link these factors are crucial constituents of a 
nation’s competitiveness. To create this competitiveness and even more so to put 
it into practice and make it sustainable is one of the engineer’s prime tasks. In 
addition, when implementing this task the engineers will be measured against the 
extent to which their technologies and production is socially and ecologically 
affordable and sustainable. 
 
When reviewing literature on how the above challenges (for a future global 
engineer) are addressed, one can find that the USA and Germany play a leading 
role in driving this development [9]. This does not come as a surprise since these 
two countries are world-leaders in the area of Chemical Engineering, with 
Germany enjoying a long standing tradition in engineering science and in 
exporting products and technologies [10]. Consequently, two transatlantic 
conferences called “Engineers in the Global Economy” have been organized to 
address the fundamental issues of chemical engineering education. During these 
conferences a number of key themes surfaced: 
 
• The profile of the engineer of tomorrow is the one of many talents 
• Social competencies are critical 
• Universities have to change to address these dynamics 
• The change of engineering curricula has to be achieved without neglecting 
 the  depths of traditional technical expertise 
• The change in demographics (for example male/female) has to be reflected 
• All of the above has to be positioned to make the future of Chemical 
 Engineering more attractive, bearing in mind that the chemical industry image 
 ranks low in perception of society [12] 
 
When looking at all the above challenges it becomes evident that there is no easy 
solution to the questions raised. But the challenge of incorporating social 
competencies into the chemical engineering curricula seems to be the crucial 
one. In this context and thereafter a competency can be understood as “a 
combination of tangible (skills and knowledge) and intangible (social role, self-
concept, traits and motives) underlying characteristics of an individual that is 
causally related to criterion-referenced effective and/or superior performance in a 
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job situation” [13]. In the following, an approach on how to focus on building the 
social competencies and how to integrate them into chemical engineering 
curriculum without loosing perspective on technical expertise is outlined. 
 

1.3 Social Competencies Identification 
 
The industry representatives participating in conferences [9] expressed a need for 
a number of competencies as a prerequisite for the success of future engineers. 
Below is a list of some of these competencies: 
 
• Teamwork 
• Collaborative active learning 
• Communication 
• Leadership 
• A system perspective 
• An understanding and appreciation of diversity of students, faculty, and staff 
• An appreciation of different cultures and business practices in a global 
 environment 
• Ethical conduct 
• A commitment to quality, timeliness, and continuous improvement 
• Understanding of the societal economic and environmental impacts of 
 engineering decisions 
• Business process competencies 
• Foreign languages 
• Project management competencies 
• Value management 
• Entrepreneurial competencies 
• Conflict resolution 
• Media competence 
• Knowledge management competencies 
• Change management 
 
Being quite an impressive list, it captures the key themes of focus in future 
engineering education in addition to conventional technical expertise. When going 
through this list and reviewing publications on the same subject [14] there seems 
to be an agreement that the following four social competencies should be 
included in the future engineering curriculum:  
 
• Teamwork and cooperation 
• Human Interaction with Communication 
• Leadership 
• System thinking  
 
Also, there is a growing agreement that integrating these and other social 
competencies into the curriculum will fundamentally enhance the ability to acquire 
technical knowledge, a key part of the hypothesis of this research project. A brief 
description of these four competencies is provided below: 
 
Teamwork and Cooperation. Given the complexity and speed of today’s work 
environment, there are very few tasks left which can be performed by one 
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individual exclusively. Consequently the ability to work with other 
individuals/colleagues is not only a prerequisite, but similar to the other social 
competencies, is becoming more and more of a competitive advantage. 
Unfortunately, traditional school curricula do not take that into account as they still 
focus primarily on individual work as opposed to group work [14]. This pattern is 
reinforced as part of traditional occidental cultures [15]. Only those engineers who 
understand their own strengths and weaknesses are able to correlate these to the 
other team members’ skills and are able to solve complex tasks in the most 
effective way. It is not without reason that companies hiring young graduates 
spend considerable amount of money on building team competencies during an 
early stage of their careers [16,17]. To know reconciliation techniques and how to 
deal with conflicts is important in a world that is turning into a “global village”; 
organizations start realizing the complexity of cultural diversity. Simple tasks akin 
to greeting a Japanese senior manager or proposing a business dinner at 
appropriate time can have an enormous impact on success or failure of a 
business relationship and its subsequent advancement. Global companies are 
investing great efforts into educating their workforce in the area of cultural 
diversity and sensitivity [15]. It is not only socially and ethically correct, it is also 
productive. In this case in point, companies are learning that there is productivity 
gain to be had which has not been harvested to its full potential. 
 
Human Interaction with Communication. The further mankind advances to the 
“age of communication”, the more conscious it becomes of the importance of 
effective communication competencies. Once hired in a large company, people 
communicate with colleagues both in person and virtually. Given this fact, it is 
evident that the ability to communicate effectively has tremendous impact on 
success and productivity of any work unit and ultimately on any given 
organization [18]. 
 
Leadership. The ability to lead other people, particularly in case where there is 
no direct hierarchal leader engaged is clearly an asset in current and future work 
environment. Very often the task at hand for a team leader is to engage team 
mates to solve a complex task within tight deadlines and with limited resources 
devoid of formal hierarchal authority. Given this challenging task, the ability to 
lead people effectively is a criterion for success and will ultimately have 
tremendous impact on career advancement of team leaders and on team 
performance. 
 
System Thinking. Traditionally organizations have been portrayed in forms of 
“pyramids” or organizational charts. However, this thinking goes back to the first 
industrial revolution [19] and for sure then had its validity given the low 
educational level of the workforce. The current school of thinking within industry, 
states that organizations have to be looked at as a system or a living organism or 
else a socio-technical system [20-22]. Consequently changes in one part of an 
organization affect other parts of that same organization. If a chemical engineer 
decides to have process improvements implemented, he/she needs to be aware 
of a series of implications on other work units. That might be as remote as 
verifying performance specification to check whether the product in its new 
version will display the same performance patterns as before the process 
improvements. Thus the understanding of systems interdependency and the 
ability to forecast organizational behavior pattern changes is yet again a desirable 
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skill for a global engineer. System thinking is particularly difficult in Chemical 
Engineering as this faculty is traditionally based on a deterministic view of the 
world [23]. 
 

1.4 Redesigning the Engineering Curriculum 
 
Redesigning the engineering curriculum is an intricate task, as it is not possible to 
simply add on more subjects to an already filled up curriculum. Numerous failures 
in that direction [10] have shown that this route does not lead to success. As a 
result the question of building social competencies without decreasing the 
technical quality of education of chemical engineers remains open. The potential 
risk of “overloading” the curriculum is not the only pitfall in this change effort. 
 
A comprehensive research study sponsored by the German Federal Ministry of 
Education and research [9] reveals the following major pitfalls when academic 
organizations like universities embark on re-engineering efforts like the one of 
fundamentally changing a curriculum: 
 
• Speed of re-engineering not adequate and change not radical enough 
• Social competencies not integrated, just put on top of existing curriculum 
• Not enough leadership to drive change 
• Unavailability of change management expertise 
• University curricula are not reflecting today’s trends and demands 
• Inadequate preparation and acceptance for change in roles 
• New learning not sustainable 
• Inadequate training and education  
• Interaction between university management and legislation not dynamic 
 enough 
• Universities too disconnected from the market 
 
In order to increase chances for success, it is desirable to translate the learning 
from the above mentioned trials into design principles, which should be adhered 
to: 
 
• The social competencies should be integrated 
• The social competencies should enhance technical learning 
• The re-design should incorporate supporting systems, structures and 
 processes 
• During the re-design new faculty culture should be created 
• The necessary education of faculty members should be an integral part of the 
 change 
• The involvement of key stakeholders is critical 
 
Contrary to the less successful approaches mentioned before, there are 
encouraging pilots and tests which are trying to incorporate social skill building by 
integrating these topics into existing curriculum [10]. These approaches look very 
promising as they try to improve technical education through social 
competencies, an approach which is endorsed by this research project. 
The more successful route to re-engineer the curriculum is creating project tasks, 
whereby the task as such is a conventional engineering problem. However, the 
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way to solve it involves designing an educational model where past successful 
approaches [24-27] could be integrated and their continuous development 
sustained. Different learning resources and teaching styles have to be used in 
order to make that approach successful. Lastly this route is only successful if the 
culture, i.e. organizational behavior of the total faculty changes simultaneously. In 
the following section a description of previous approaches pursued at the School 
of Chemical Engineering in Tarragona (ETSEQ) is provided.  
 

1.5 The ETSEQ Approach 
 
The School of Chemical Engineering (ETSEQ) of the University Rovira Virgili at 
Tarragona has offered, since 1993, a five-year undergraduate Chemical 
Engineering program with emphasis on both the acquisition of knowledge and the 
development of organizational oriented values and competencies [28]. Thus, 
teamwork, communication, leadership, cultural diversity and system thinking, and 
organizational behavior, together with management by project, quality 
management and creative thinking have been considered in the curriculum and 
fostered through active learning methodologies. The development of such 
methodologies has required extensive field testing. Over the past fifteen years, 
different approaches and strategies to attain and maintain the involvement of 
professors and students in team-oriented, effective teaching activities, such as 
early-design projects have been introduced [24-26]. The development of early-
design mini-projects in Tarragona by groups of students working cooperatively 
without an external leader has encountered the same difficulties as those 
reported for the first-year chemical engineering team projects carried out at 
Imperial College of London [28]. These are: 
 
1) Roles are not distributed among members and agreement for the election of 

a leader within the team is seldom reached 
2) Groups are not able to organize time properly and prioritize work correctly. 

Deadlines, if established, are often ignored 
3) Lack of planning and late motivation of group members leads to a typical 

concentration of work during the last two weeks of the semester 
4) Queries are to be resolved mostly by the professor, which is not an efficient 

approach, instead of being thoroughly discussed first by the group 
5) Low attendance and lack of punctuality are common in meetings held outside 

class hours 
6) Teamwork often results in duplication of tasks and poor checking of results 
7) Friction between group members develops, and solving interpersonal 

conflicts with external mediation is a difficult task 
8) The participation of individuals in group activities is uneven, and 

communication is ineffective and inefficient 
9) Information collected by members is not available when needed by the group 
10) Division of labor is often inequitable, and the more gifted students soon 

become frustrated 
11) No clear criteria are established to grade peers 
 
The above issues and complaints highlight the difference between a group of 
people put to work together and a team of students learning cooperatively while 
working together towards a common goal. As a result, several alternatives 
previously reported for effective engineering education were considered to 
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improve the outcome of early design projects at ETSEQ and move toward the 
concept of the global engineer [29–31]. Examples of these alternatives are:  
• implementation of design projects [28,32–35]  
• vertical integration of these projects throughout the curriculum [36,37]  
• use of Total Quality Management (TQM) concepts and tools to improve 
 teaching and learning [38–41]  
• introduction of the latter in cooperative learning workshops [42,43]  
• horizontal integration of several subjects of the engineering curriculum [35,44] 
 
None of these proposals, however, addressed the question of the simultaneous 
horizontal and vertical integration of engineering education with the 
corresponding involvement of professors and students of different years in the 
undergraduate academic organization. 
 
The holistic approach for engineering education adopted at the ETSEQ to 
implement effective teaching and self-sustainable curriculum improvement 
strategies across the academic organization, is summarized in Figure 1.4. This 
ETSEQ approach, which should be the basis for the development of a 
competency based educational model, encompasses the above mentioned 
methods for effective education and goes one step beyond. It integrates several 
first and fourth year subjects into a common design project. Teams of first year 
students are led by one fourth year student enrolled in the elective Project 
Management Practice course so that engineering skills, including project and 
quality management, are introduced from year one of undergraduate studies 
without decreasing the weight of sciences and mathematics [45]. In addition, the 
role of fourth year students as project managers and team leaders, and the 
establishment of adequate rules, foster active learning and professors’ 
involvement (see reference 26). The learning environment that evolves is also 
appropriate to deal with the diversity of learning and teaching styles observed in 
students and professors [46]. 
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Figure 1.4. Integrated Design Project Organization at the ETSEQ  
 
The above figure illustrates how the project organization involves 1st and 4th year 
students (vertical integration) and several 1st year courses (horizontal 
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integration). It is worthwhile to emphasize that the deployment of the vertically 
and horizontally integrated design project responded to a long term strategic plan 
for the ETSEQ to improve the quality of education with effective teaching 
throughout the curriculum,1 while keeping the interest and enthusiasm of faculty 
as a team [47]. As mentioned in subsection 1.4, reengineering the curriculum 
should involve, in the case of the ETSEQ, the introduction of competencies into 
the 1st and 4th year integrated design project illustrated in figure 1.4, and the 
simultaneous extension of the approach into the other academic years of the 
chemical engineering curriculum. 
 

1.6 General Purpose 
 
The purpose of this thesis is to develop a competency-based educational model 
that could be field tested and implemented at the ETSEQ. Since such a model 
requires the development of social competencies without hindering technical 
competence, a partnership with Dow Chemical Ibérica was established in 1997 to 
assist in the required organizational change. The current endeavor, together with 
the historical deployment of student centered instructional approaches applied at 
the ETSEQ, is highlighted in Figure 1.5. 
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Figure 1.5. Landmarks of Integrated Design Projects (IDP) at the ETSEQ 
 
Chapter 2 describes the background, underlying hypothesis and framework that 
support the implementation of a competency educational model, where technical 
foundation, business competence and social competencies are all simultaneously 
considered. The partnership with Dow Chemical Ibérica facilitated the adoption of 
external interventions to support social competency development. Since the 
ETSEQ educational tradition was that of integrated projects, the teamwork 
competency was chosen to introduce social competencies into the educational 
system and to field-test the convenience of external interventions. Chapter 3 
describes and evaluates how effective the delivery of an external intervention 
dedicated to teamwork, such as “Enhancing Team Performance”© [48] can be, 
when taught to 1st and 4th year students working in the integrated design project 
of figure 1.4. The information provided by the evaluation of this external 
intervention supported the development of the competency-based educational 
model given in Chapter 4. 
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Chapter 4 presents the model adopted and provides the rationale for the ten 
social competencies, including the four mentioned above, that have been 
selected as key enablers to learn science and engineering, and for the successful 
operation of the educational model. How the whole model gravitates around client 
orientation and follows an experiential learning approach, including integrated 
design projects, competency-oriented external interventions, and the competency 
assessment process is also described in this chapter. The implementation 
journey and the corresponding change management effort made so far at the 
ETSEQ with the facilitation of professional consultants from Dow Chemical 
Iberica (from here on in referred to as Dow) is also provided. Moreover, a 
preliminary evaluation of the competency profile of our graduating students 
carried out by Dow is presented. Finally, concluding remarks and the 
recommendations to assure the complete and successful implementation of the 
new model at the ETSEQ are presented in Chapter 5. 
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CHAPTER 2 
 

Vertical and Horizontal Integration of Education 
 

2.1 Background 
 
Industry has repeatedly and clearly demanded of higher education institutions to 
explicitly broaden the scope of undergraduate engineering education objectives 
[1-3]. The globalization process has intensified this trend and corporations 
currently consider social competencies such as client orientation, teamwork, and 
leadership, as valuable as technical expertise and know-how in first job hiring for 
engineers. The profile of an engineer in the fast growing technology market is 
also evolving towards that of an entrepreneur and, as a consequence, basic 
management skills are essential for the engineering profession.  
 
The ABET’s Engineering Criteria 2000 [4], the U.S. standard for accreditation, 
explicitly requires that engineering programs demonstrate that their graduates 
possess communication, multidisciplinary teamwork, and lifelong learning skills. 
The Industrial Research and Development Advisory Committee (IRDAC) has 
adopted a similar stand, when advising the European Commission on the revision 
of higher education European programs; the Bologna Process specifically calls 
for a greater investment in new basic skills such as digital literacy, learning to 
learn, social competencies, entrepreneurial skills, and language learning [5]. On 
the other hand, the concern at the university level is how can engineering 
curricula accommodate all these additional learning requirements without 
extending studies or losing depth?[6] The task at hand is to vigorously and 
comprehensively reform the curricula and overcome the Taylorist paradigm [7] of 
fragmented curricula, organised within disciplinary boundaries. The challenge is 
to reengineer programs, including the teaching processes, in such a way that 
science and engineering knowledge and skills can be acquired together with 
social competencies. 

� Knowledge in marketing and 
finance

� Project management

� Decision - making methods

� Process management

� Quality tools

� Foreign languages

� Client orientation

� Teamwork and cooperation

� Facilitative leadership

� Entrepreneurship and innovation

� Responsible and active learners

� Versatility

� Technical knowledge and
skills in engineering

Business 
Competencies

Technical 
Competencies

Social 
Competencies

 
Figure 2.1. Underlying Ablities for a Global Chemical Engineer*  

 
* Survey of chemical manufacturers in greater Tarragona in 1994 
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Figure 2.1 illustrates in a brief and comprehensive manner the abilities that then 
best described a global engineer, classified in term of technical foundation, 
business competence and social competencies. The challenge was to embed into 
the chemical engineering curriculum the competencies given in Figure 2.1. 
Project based and cooperative learning methodologies were both considered, 
since they would enable students to acquire technical and scientific knowledge 
and to simultaneously develop the social competencies needed in real life work 
settings [1], i.e., while solving real life problems in collaboration with others. 
During the first semester of the 1995-96 academic year (see Figure 1.5), the so-
called integrated design project (IDP) was tested in the first year of the ChE 
program [8]. This approach combined the two learning methodologies mentioned 
above with the particularity that the 1st year students worked in teams led by 4th 
year students enrolled in a project design practice course (PDP), which meant an 
indirect way of integrating knowledge and processes vertically. Initially the IDP 
integrated horizontally only two 1st year engineering science subjects and was 
very restricted in scope. The basic IDP layout is depicted in Figure 1.4. The fact 
that 1st year professors acted as clients of the projects is a key factor in the 
current study, as discussed in the following subsections.  
 
This chapter describes the underlying preliminary hypothesis and framework that 
supported the adoption and implementation of a competency educational model, 
where technical foundation, business competence and social competencies could 
all be simultaneously considered. Figure 2.1 illustrates the underlying abilities of 
these three supporting pillars. 
 

2.2 Preliminary Steps Towards a Competency Based Model 
 
The current research project started with the following hypothesis: 
 

• The social environment generated by the IDP model should be adequate to 
deploy social competencies in a natural way 

• The role of clients should be central in the new competency based system as 
it was so in IDP model, since students are driven by performance evaluation  

• Social competencies should enhance students’ mid term learning and through 
way of integration with the educational system increase their productivity, 
without hindering technical and scientific content 

 
In order to prove this hypothesis the necessary external interventions were 
adopted accordingly. The analysis of the above hypothesis led to the conclusion 
that is was essential, both for the IDP model and for the transition towards a 
competency based educational organization, to consolidate teamwork and test 
the impact of the industry recognized external intervention “Enhancing Team 
Performance ©“ [9]. Also, it was decided that initially some of the competencies 
needed, could be grouped under the category of coaching competencies [10]. 
Annex A includes a copy of the paper that resulted from this initial work, and 
which was presented at the FIE Conference in 2002. 
 
In order to validate these statements, the following mandate was initially put 
forward: 
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• Establish a partnership with Dow Chemical Ibérica, with the support of the 
Dow Chemical Company where the author was a former employee, to obtain 
change management technology, external interventions and training 
materials, consultancy and facilitation 

• Integrate the design of social competency building into an overall change 
management effort 

• Prototype and test the effectiveness of the social intervention “Enhancing 
Team Performance ©“ related to teamwork 

• Define a model framework to deploy and evaluate the impact of this 
intervention and the rest of interventions that will finally be adopted 

• Test the initial model at the School of Chemical Engineering in Tarragona, 
Spain for validity and further development 

 

2.3 The Academic Organization Selected 
 
A number of factors lead to the selection of the Chemical Engineering School of 
Tarragona (ETSEQ), Spain as the best candidate to obtain evidence and to 
develop and test the competency based educational model. Dow Chemical had a 
long standing fruitful collaboration with the ETSEQ that started back in 1977. 
Based on that alliance, it became reasonable to assume that both parties would 
be interested in the research project. In addition, the colleagues from Dow 
Chemical Ibérica in Tarragona are well recognized within the corporation for their 
help and support. Later on it will be discussed how invaluable the local resources 
were in assisting the project. The students and the university faculty shared that 
same level of enthusiasm. The ETSEQ has a long standing tradition of innovating 
ways to teach and to involve faculty in effective teaching methodologies [8,11-13]. 
Based on that culture, a significant effort was made in order to accelerate and 
upgrade the new way of educating future chemical engineers. This effort was 
appreciated all the more given the fact that the concept of reengineering and 
empowerment is quite recent [14]. 
 
Not too many business organizations around have conducted successful 
reengineering in a sustainable manner, let alone applications in non profit 
organizations like the academia. Thus, the current effort in curriculum 
development is a forefront runner in the area of implementing sophisticated novel 
business concepts in an academic organization. This fact calls for appreciation of 
the pioneer work of a team of professors, who started this journey in the mid-
1980s. Their effort received professional acclaim starting 1997, when the 
department of Chemical Engineering decided to use outside expertise, 
particularly in the form of industry consulting and support as a way of intensifying 
and structuring the department’s approach towards an improved engineering 
curriculum. The proposal of this joint university-industry research project was a 
perfect match, as it combined the strengths of the business organization (change 
management expertise) with the strengths of the school (vision, change 
readiness, change leadership and infrastructure). The foundation of the school’s 
reengineered curriculum is the so-called “integrated project methodology” work, 
which was already established in the early 90’s [8,11,12], as highlighted in Figure 
1.5. 
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2.4 The Change Management Technology 
 
The shift in academic organization required by the implementation of a 
competency based model, with external interventions, was supported by a 
suitable change management technology. For obvious reasons the “Dow Global 
Change Management Framework” was adopted, as it is a robust and well 
established technology [15]. It is summarized in Figure 2.2. 
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Figure 2.2. Dow Global Change Management Framework 
 
The Dow technology described in Figure 2.2 provides an excellent framework for 
conducting any given major reengineering, be it for business or a non profit 
organization, like academia. Instead of looking just at the micro objective of 
“competency building”, this model suggests an integrated view looking at different 
components and their interdependencies. The key message here is to build 
vision, change readiness, and appropriate leadership to drive any change 
process up front. The use of this technology definitely increases success chances 
in the change effort, as it helps avoiding some of the pitfalls mentioned earlier in 
chapter 1. 
 
Throughout this research project the change management framework will be 
referenced, as it provides an excellent road map to design, test, and implement 
the social interventions and evaluate their effectiveness. 
 

2.4.1 Building the Vision 
 
As the change management technology prescribes, the first task in any major 
change initiative is to “articulate vision”. In order to do so, the current strategy of 
the School of Chemical Engineering was revisited [16]. As it was too narrow in 
scope, two workshops were conducted [17]. Professional change management 
consultants from the Dow Chemical Company, including the author, facilitated 
these sessions, with faculty, staff and school managers participating. The 
outcome of these workshops is condensed in the following figure 2.3. 
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Figure 2.3. Strategy and Key Elements 
 
The revised strategy currently contains a compelling vision statement, key 
elements and operational definitions. As such, it provides a framework for the 
competency based model implementation. Values were also adopted; they are 
listed in chapter 4. To clarify each key element in Figure 2.3, further detail was 
communicated to all people involved at the ETSEQ and was also provided to all 
stakeholders. These details are included below for completeness: 

• Effective Teaching and Learning. We recognize that there are different ways 
of teaching and learning. Not only will we assess our current teaching 
methods, but also explore and apply new methods, such as integrated 
learning, experiential skill building, learning by doing, etc. The integrated 
project methodology will be intensified and enhanced by injecting new 
teaching technologies 

• Technical and Social Competence. Historically the focus has been on 
technical skills. However, the future trend requires a simultaneous build up of 
social skills. The present task is to build technical competence through the 
development of social competencies. The focus will initially fall on teamwork 
with emphasis on coaching, due to the specific needs of the 1st and 4th year 
IDP  (which was in place when the current work started: the paper included in 
Annex A covers the coaching effort by the author, with the support of the 
professors involved) 

• Empowerment Principles. Our decision making processes are reliable, 
effective and transparent. We will delegate authority down to the lowest 
possible level. All students are an integral part of the processes of our school. 
The prerequisite to succeed with above work is leadership at all levels  

 
As stated earlier, this research intended to build up on existing work and 
infrastructure as much as possible. Hence social competency building was 
synchronized with the integrated project methodology. The next level of detail 
was added to key element number two “Technical and Social Competence” in 
Figure 2.4. This resulted in an operational framework to design and execute the 
road map for implementation given in Figure 2.4. The road map for 
implementation incorporates elements from the European Foundation for Quality 
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Management (EFQM) and gets inputs from the “Enhancing Team Performance©” 
surveys and from the empowerment assessment process, which would be 
implemented when the model is completely deployed with respect to IDPs and 
external interventions. 
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Figure 2.4. Roadmap for Implementation 
 

The plan currently put forward contains detailed objectives and plans, as well as 
milestones and measures for success. The preliminary evaluation process and its 
corresponding measures will be explained in more detail in chapter 4. 
 
As a note aside, putting this strategy to work with the faculty has definitely 
increased “change readiness”, and helped to build up ‘change leadership’ – the 
prerequisites for successful change. The next step is specifying how to build 
these social skills and integrate them into existing curriculum.   
 

2.4.2 Building Competencies and Identifying Transformations 

 
After intensive research and screening of future industry and societal needs and 
trends [1], and taking into consideration the dominant client satisfaction scheme, 
adopted for the IDP model depicted in Figure 1.4 (see ref. 8 for further details), it 
was decided that the four competencies mentioned and discussed in subsection 
1.3 (teamwork and cooperation, human interaction, leadership, and system 
thinking) should gravitate around the central competency, client orientation. Also, 
the need to satisfy clients should sequentially suggest any other missing social 
competencies. This process of selection, which is explained in detail and justified 
in chapter 4, led to the inclusion of five additional competencies: versatility, 
entrepreneurship and innovation, responsible and active learners, organizational 
development and performance, and organizational leadership.  
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Once the decision was taken to focus on these nine social competencies, the 
task at hand became allocating the set of external interventions needed to 
incorporate them into existing integrated project methodology, which in turn 
should be spread across all engineering curriculum beyond the 1st and 4th year 
project. The next task was to prioritize the external interventions. It was then 
decided that teamwork and cooperation were essential and they were selected 
and used to assess the external intervention scheme as well as students’ 
opinions about the emerging new educational model. It should be realized that:  
 

• Teamwork enables learning and building of competencies in general 

• Teamwork is a concept, which is easy to comprehend in all cultures [unlike 
Organizational Development or Facilitative Leadership) 

• Teamwork helps  reducing conflict and increases effectiveness 
 
Besides these generic factors, there was yet another important decision making 
factor. The TRACOM Group generously offered their support and made available 

their excellent learning resource called “Enhancing Team Performance” [9]. 
Ultimately, this was the decisive factor in defining teamwork as initial external 
intervention. This learning resource was delivered first in form of a workshop and 
is described next. 
 

2.5 The Fundamental Intervention Teamwork and Cooperation 
 
In order to substantiate the hypothesis of this research (see chapters 2 and 4), an 
intervention plan was put forward allowing to measure the baseline, introduce the 
team building intervention, measure the effects of that intervention, and draw 
correlations with performance improvements. In other words, a completed cycle 
of “Plan-Do-Check-Act” [18] was conducted for the social skill of “teamwork and 
cooperation”. For the remaining eight competencies, supporting external 
interventions are proposed, using a similar pattern. In chapter 4, where the new 
competrency based educational model is presented and discussed, all external 
interventions are outlined and fitted into the curriculum. The learning resource 

selected for teamwork and cooperation was “Enhancing Team Performance” 
[9], kindly supplied by the TRACOM Group. This methodology is widely used 
throughout industry and has a longstanding record of success (see for example 
http://tracomcorp.com). 
 

“Enhancing Team Performance” is set up as a supporting process in modular 
form, taught by certified trainers and coaches according to the standards of this 
vendor. The learning resource itself is comprised out of an introduction module, 
called Fundamentals, followed by nine additional modules, which are built up on 
one another: 
 

• Common Purpose 

• Team Capabilities 

• Change 

• Team Norms 

• Communication/Conflict 

• Recognition/Reward 

• Team Operating Procedures 
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• New Member Integration 

• Evaluation 
 
Along with the intervention comes a survey, which is normally used to assess the 
dynamics and consequently the performance of a given team [9]. Initially a 
decision has been taken not to use this survey. The reason for that is the fact that 
the project teams were mearly in the process of formation. That meant that team 
leaders and team members were not able to answer the questions in a 
meaningful manner (e.g. “How well is your team performing”). It was proposed to 
use the vendor survey, once the teams have been established and functioning.  
 
To assess the baseline, follow the development and monitor the journey of the 
project teams, a series of surveys were developed. The surveys designed are 
shown in Annex B. In chapter 3 a closer look is taken at the process of survey 
validation, based on practices and knowledge in this area [19]. 
 
One of the key issues when designing social interventions is integration of 
compentency building activities into the curriculum regular work, alongside a 
structured approach in the area of change management. The importance of this 
approach has been already highlighted above. In support of that approach and to 
sustain it, the following measures concerning the delivery of the intervention  
were taken. In compliance with an agreement [20] regarding permission to use 

“Enhancing Team Performance” by the TRACOM Group, tutorial sessions were 
initiated with the aim of educating professors and school staff by exposing them 
to the material in a two day workshop. Because of language issues and a 
subsequent need for simultaneous translation, professional expertise was kindly 
supplied by the Dow Tarragona team. Not only are they certified coaches of 

“Enhancing Team Performance”, they are also fluent in Catalan - the official 
language of this Spanish province, Catalunya. In these co-facilitated sessions, 
participants were exposed to the principles of ten modules of “Enhancing Team 

Performance” as well as facilitating the material. That was quite a unique 
undertaking, as some of the professors have been exposed for the first time in 
their professional career to some very different methods of teaching, e.g. by 
means of using experiential team building exercises [21]. Again, it is noteworthy 
to mention that this exercise supported the necessary culture/behavior change as 
required by the change management process described before. In a cascading 
manner over periods of months, other professors (joined by faculty members like 
PhD students) were exposed to this methodology. At this point in time it is fair to 
say that by then the department of Chemical Engineering possessed sound 
knowledge of the teamwork methodology and was on its way to building strong 
social competencies as a cultural habit.   
 
The faculty members who had already received the tutoring, had to educate in 
turn the team leaders and team members of the integrated project. A plan on how 
to spread the teamwork competency across the 1st and 4th year students during 
the first acedemic year could now be designed and executed. 
 
After a general two day introduction at the beginning of the new academic year, a 
better tailored tutorial took place for all the new students. Being based on needs 
and requests of project teams the various modules of “Enhancing Team 

Performance” were injected into the work of integrated project methodology. It 
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is important to mention that the trained “Enhancing Team Performance” 
coaches supported the project teams on an on-going basis as skill building would 
not be otherwise sustainable. It can be noticed during the surveys evaluation 
stage that the ability to communicate effectively and handle conflicts (as issues 
arise) is of fundamental importance and has to be delt with on continuous basis. 
That explains the need for the process coaches to be available and accessible at 
all times, as otherwise team members would go back to their original 
individualistic behavior, rendering team work skill building unsuccessfull. 
 
The surveys evaluation clearly points out the importance of on-going coaching 
(chapter 4). In chapter 5, where future improvements are discussed, it is 
underlined yet again that professional team coaching on continuous basis is vital 
to ensure that there is no erosion of growing supportive team behaviors. Or, as 
Igor Strawinsky put it: “Knowledge which is not used and applied does not exist” 
[22]. Overall research unanimously supports the above recommendation [23]. 
Figure 2.5 illustrates the correlation between learning investment and 
competency building, and performance increase. 
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Figure 2.5. Correlation of Competency Building and Performance 
 

2.6 Transformational Changes and Learning 
 
In addition to the considerations made earlier about building social competencies 
and identifying transformational changes, the ten competencies selected should 
be examined from the learning processes point of view, together with the 
changes, that should simultaneously take place at all levels within the educational 
system. These aspects are discussed next.  
 

The concept of organizational change as used in this research refers to planned, 
organization wide change. The ultimate objective is to create a model, whereby 
organizational transformation happens in the least disruptive way and delivers 
sustainable results. This is an ambitious task, as very often the models are either 
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exceedingly theoretical and lack implementation capabilities [24] or merely 
describe trial and error effort with difficulties to extrapolate results to other 
organizations. The present research tries to bridge these two approaches by 
using robust models with heavy emphasis on learning, gained from nearly a 
decade of implementation work. This work has been primarily carried out by the 
Dow Chemical Company, whereby the results obtained involved literally 
thousands of employees from all kinds of countries, cultures, nationalities, 
religions and levels in the organization. It is therefore valid to assume that the 
experiences, results and conclusions can be projected onto other organizations 
with a high likelihood of success, as the testing over this decade guarantees 
implementation.  
 

2.6.1 Transformations and Competencies 
 
Any organization is ultimately centered on purpose, which can be generally 
described as “achieving client satisfaction”. While serving this purpose, an 
embedded dilemma is manifested. As the client’s needs change, the organization 
has to change as well in order to closely follow the client’s movements and to 
guarantee client satisfaction. Every considerable change in client needs prompts 
organizational transformation. Figure 2.6 illustrates the phenomenon within the 
framework of the current study.  
 

 
 

Figure 2.6. Client Satisfaction and Transformations 
 
A change in client needs should trigger a change in the individual behavior in 
given organization. Research supports the assumption that the only thing which 
can be changed in an organization is the individual with his/her attitudes and 
perspectives [25]. Change always happens at the individual level. The change of 
individual behavior triggers organizational transformation. Once organizational 
transformation has taken place, the new way to work has to be institutionalized in 
order to ensure sustainability of changes. Erosion would be detrimental to the 
required changes, as the organization gradually slides back to the ‘status quo’ or 
the starting point of the change initiative. However the above concentric spiral 
with its dynamics requires a number of skills to achieve the desired result.  
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For each of the three levels of transformation given in Figure 2.6: 

• individual 

• organizational 

• institutional 
a competency-building process is needed. The set of competencies must 
concentrically emerge with the purpose to satisfy clients. The first competency 
required for this purpose at the individual level is versatility. An individual within a 
client service organization must be able to perceive change in client needs and 
change accordingly. Productive performance during change requires versatility as 
the individual is likely to be catapulted out of one’s comfort zone. To cope with 
inflicted stress, a high degree of versatility is needed, as one has to adapt by 
changing one’s views, perspectives, assumptions and behaviors.  
 
The next skill under scrutiny is entrepreneurship and innovation. Versatility has 
brought about capacity to adapt to change. It now has to be followed by creative 
ideas which are required to respond to the new challenges imposed by the client. 
On institutional level entrepreneurship will aid translating creative ideas to 
tangible business opportunities.  
 
The next layer of the concentric model is system thinking. Business opportunities 
have to be put into perspective and the whole system of individual and 
organizational interaction has to be reconsidered. Critical reflection of one’s 
position in relation to the new system will consequently trigger new learning. It is 
most likely that a number of skills will become obsolete and will have to be 
replaced by new skills. The skill transformation calls for responsible and active 
learners or else no change will happen. Gradually a theme of “life long learning” 
[26] emerges on the business horizon. This notion is quite a challenge in itself as 
it conflicts with traditional way of looking at education. A prevailing belief goes 
that once graduation is behind, there is “only work to be done”. The last circle of 
individual transformation – facilitative leadership - leads to the sphere of 
organizational transformation. Facilitative leadership is a pivotal point, whereby 
the impact evolves from individual into collective scale. The individual affected 
has completed the personal transformation cycle and is now skilled and ready to 
spark changes in others.  
 
Organizational transformation initially starts within the smallest nucleus of the 
organization, which typically happens to be a team or a small group. The team 
reinforces the changes with cooperation and collectively analyses the client 
needs. When several teams or small groups interact, the level of complexity 
increases exponentially [27]. This calls for a higher skill level of human 
interaction. As change grows, the likelihood of miss communication and errors by 
default is usual. A good skill set of human interaction, aids in minimizing these 
side effects of change. This concludes the final circle of organizational 
transformation.  
 
Now as the individuals and the organization are mutually aligned against the new 
client needs, the attained changes have to be institutionalized. This happens by 
injecting three critical skills into the organization: Organizational Development, 
Organizational Performance and Organizational Leadership. The first institutional 
skill is work management. The relevant procedures and system documentation 
have to be updated, so that the new operating discipline reflects the client needs. 
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Interaction across organization has to be reflected in business and work 
processes, which are aimed at client needs. Figure 2.7, which is repeated as 
Figure 4.2 in Chapter 4, where it is discussed in detail, illustrates how the 
individuals within organization and the organization itself are aligned by the 
appropriate process management [28]. The last circle in Institutional 
Transformation is Organizational Leadership. The senior management of any 
given organization has to ensure that the transformation is complete and 
translated into results. The latter has to initiate an appropriate evaluation cycle to 
validate the degree of transformation on the three levels against client 
satisfaction. Furthermore, intelligent tracking mechanisms are needed to ensure 
continuous improvement and monitoring of the client needs in order to stay up-to-
date and connected.   
 

 
 
Figure 2.7. Concentric Structure of Competencies Centred at Client Orientation. 

 
In the above figure, the gray levels identify sequentially outward the individual, 
organizational and institutional transformations (figure 2.6), required to attain the 
central client satisfaction and the development of the ten selected competencies.  

 
2.6.3 Transformation through Structured Education 
 
The discourse of the previous sections clearly points out to the need of a large 
amount of education and competency building to achieve sustainable 
transformation. With the aim of being efficient, the taxonomy of educational 
objectives needs to be followed [29,30]. The well organized learning process 
suggests a hierarchy of six levels, as described below: 
 

1. Knowledge – getting familiar with and memorizing information 
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2. Comprehension – paraphrasing text; explaining concepts in jargon-free 
terms 

 
3. Application – applying course material to find solutions to 

uncomplicated problems  
 

4. Analysis – solving complex problems; developing process models and 
simulations; troubleshooting equipment and system problems 

 
5. Synthesis – designing experiments, devices, processes and products 

 
6. Evaluations – finding an alternative and justifying the choice; optimizing 

process; making judgments about the environmental impact of 
engineering decisions; resolving ethical dilemmas 

 
Throughout this research the above taxonomy has been followed. Initially, 

knowledge in form of “Enhancing Team Performance” training was conveyed. 
Comprehension was tested through various surveys. Throughout the duration of 
the integrated project the knowledge application has been validated. The analysis 
took place over the survey period and the integrated project work, bringing about 
improvements which resulted in enhancements – a characteristic. typical to the 
synthesis stage. Finally, the overall evaluation happened in form of surveys, 
judging the outcome of the integrated project, as well as providing 
recommendations for future work as documented in chapter 5. 
 
By the token of application of the above taxonomy, the ABET accreditation 
criteria is equally fulfilled [4]. For that reason, it is viable that the School of 
Chemical Engineering of Tarragona applies for the official accreditation of ABET. 
 

2.7 Creating Support for Change 
 
There is a fundamental need in any organization for implementing structured 
approaches towards a major change. Consequently, the necessary infrastructure 
for successful implementation of the current proposal for the ETSEQ had to be 
consciously created. The followign four items were considered: 

• Develop Change Leadership. In a series of workshops, faculty members and 
above all professors, have been exposed to the change management process 
and its application. During this exercise, the participants realized how much of 
a change that would mean to the way of “running business” or in other words 
“teaching”. In addition, a number of selected professors and PhD students 
were assigned a stronger leadership role in order to enable the changes. 
However, maintaining the leadership level to reengineer the curriculum and 
sustain the changes, will yet require considerable effort. As a supporting 
measure for the above, university management reviews (i.e. dean, etc.) were 
organized not only to assure top leadership support, but also to provide 
resources (in form of PhD students, graduate students, and credits for 
professors, when participating in the new way to teach) for the necessary 
culture change 

• Build and Develop Project Team. As discussed above, a small group of 
professors/PhD students were additionally educated to perform the role of a 
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project team. The group meets on regular basis to review progress and provide 
improvement plans to the school  to maintain the momentum 

• Identify and Manage Expectations of Stakeholders. The ultimate objective is 
engaging the total organization, or in this specific case, the total school. In 
order to do so, upfront education sessions have been provided at the 
beginning of the new academic year, so that the students were informed by 
their professors/leaders concerning the plan forward. For that purpose, two-
day teamwork skill building introduction sessions (“Enhancing Team 

Performance”) have been set up to develop a common foundation 
throughout the entire school 

• Design and Execute Communication Strategy. It would be an exageration to 
state that there was clear and well articulated communication strategy. 
However, all the above efforts of education and communication have definitely 
resulted in an increased awareness and support of this reengineering project 
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Chapter 3 
 

Experiments, Evaluations and Measures 
 

3.1 Design of the Experiment 
 
The design of the surveying experiment followed the standard procedures of 
behavioral science research [1,2]. Initially, a base line was established before the 
intervention took place. Subsequently, sample points were planned at different 
times to track the impact of the event. A decision was taken to design a specific 
survey tool in order to reflect the uniqueness of this research. The full survey 
catalogue is attached in Appendix B while Appendix C includes the improved 
ones. The graph below indicates how the original experiment was designed.  
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Figure 3.1. Initial planning for surveying baselines and student opinions 
 
The academic year started in September/October. This is when the students 
(team members - 1st year students; team leaders and knowledge managers – 4th 
year students) had to respond to survey number 1, i.e. the baseline assessment. 
Consecutively, the same populations received the intervention (in this case 

“Enhancing Team Performance”). This is reflected in the chart, as sampling 
point number 2. Immediately at the end of the intervention students had to fill out 
another survey. Survey number 2 has the prime purpose of getting feedback on 
content and delivery.  
 
The next sample point was planned to take place approximately 3 months later 
(sampling point number 3 and 4). Here differentiation between team members 
and team leaders/knowledge managers is in place. The reason for this 
segmentation is to observe whether there are any differences in perception 
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depending on roles. In addition it was intended to see whether any variation of 
team leader’s and knowledge manager’s behavior reflected on the team 
members. The segmentation was also valid for the next chart point, which was 
planned to take place after six months (sampling point number 5 and 6). At this 
point in time it was of interest to find out which part of education had the greatest 
impact, to identify areas of improvement and to look for first signs of sustainability 
or retention [2]. The last sampling point was planned for 9 months after receiving 
the intervention, targeted at long term sustainability and the extent to which the 
skills were built. 
 
For various reasons, the original design of the survey process and its sample 
points was not sustainable and had to be revised, as shown in Figure 3.2. It 
would be adequate to admit that the logistical effort to translate (from English into 
Catalan), distribute, fill-out, track, collect, evaluate, and translate back (from 
Catalan into English) was underestimated. 
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Figure 3.2. Revised planning of surveying baselines and students’ opinions 

 
Figure 3.2 indicates that following the first round of surveys it became evident that 
the original pace at which relative progress of competency building should be 
observed was not sustainable. In fact it was possible to obtain the baseline 
survey for team members and team leaders/knowledge managers only in the first 
academic year 2000/01. The intervention took place 1 month after the baseline 
survey and was followed by the survey of 3 months for both sets of population, 
and then finally 9 months yet again for both sets of the population. The evaluation 
of the 2000/01 survey results that follows, focuses on the periods after the 
baseline survey reviews were carried out. The majority of the argument is 
centered on 3 and 9 months survey comparison for team members and team 
leaders/knowledge managers. The scenario at the beginning of the second 
academic year 2001/02 was also altered by dropping the baseline surveys and 
focusing exclusively on the 3 month and 9 month survey comparison. The 
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experiment resulted in quite a number of recommendations used to create a 
better suited and simple survey, as outlined in chapter 5. 
 
The preliminary findings of this research stem from the analysis of survey results. 
Conclusions are drawn by linking the qualitative outcome with project and 
individual marks of the students. Further research is needed to solidify 
evaluations and to be able to correlate in a statistically sound manner this and 
other interventions, and the subsequent behavior change brought about (see 
recommendations and proposed additional measures in chapter 5). 
 
The translation, preparation, distribution, analysis, and synthesis of the surveys 
were undertaken under the supervision of the ETSEQ. Since filling out the 
surveys was a voluntary action (the survey was completely anonymous) it took 
quite some effort to encourage students to do extra work. Given this fact, the 
overall response rate was extremely high, above 90% on average. The surveys 
results are presented below in a graphical bar chart format illustrated in Figure 
3.3. 
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Figure 3.3. Example of the graphical representation of results 

 
Figures 3.4 and 3.5 indicate the extent to which various questions had been 
answered by students in 2000/01 and 2001/02. As one can see from these two 
charts, the questions dealing with future solutions/comments/suggestions 
(questions number 2, 3, 4, 5, 32, and 39) were responded least by students. This 
is another indication that in ideal case scenario future surveys should not 
emphasize comments or reflective answers, but rather focus on multiple choice 
questions (see recommendations in chapter 5). 
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Figure 3.4. Survey questions answered in 2000/2001 
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Figure 3.5. Survey questions answered in 2001/02 
 

3.2 Evaluation of Surveys 
 

3.2.1 Baseline Assessment in 2000/01 
 

Previous experience of working in teams was limited in both sets of populations, 
team members (left graph) and team leaders/knowledge managers (right graph). 
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Figure 3.6. Experience of working in a team. Left - team members; right - leaders 
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It becomes apparent from Figure 3.6 that the integrated project was a true 
opportunity to practice teamwork in a more structured manner. Also, it is quite 
surprising that the majority of team leaders, who did have previous experience of 
working in a team in the 1st year projects, state that they only had some 
experience in working in a team. The reason for that is the de-motivation caused 
by the lack of well established IDP in 2nd and 3rd year of their studies.  
 
The effects of the impact of the 1st year IDP on team leaders is clearly reflected in 
Figure 3.7. A large number of students, 74 of them, pointed out that they acquired 
experience of teamwork through the projects at university, while 27 did so at 
home or in team sport activities. It should be noted that in the academic year 
2000/01 there were many students enrolled in the 4th year project practice course 
and, thus, 117 answered the survey. However, not all of them were involved in 1st 
year IDP teams, neither as leaders or knowledge managers. Other projects were 
set in place to accommodate this peak of participation in 4th year enrollment. 
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Figure 3.7. Experience of working in a team (leaders) 
 
Team members manifested that in their pre university teamwork experience they 
found the greatest difficulty in the team capabilities (25%), followed by conflict 
resolution (18%), communication (13%) and performance evaluation (11%), as 
shown in Figure 3.8. When 4th year students were asked about the challenges of 
teamwork that they expected, there is a clear pattern in Figure 3.9 leaning 
towards conflict resolution (24%) and communication (21%), followed by team 
capabilities (17%), operating procedures (17%) and dealing with change (10%).  
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Figure 3.8. Areas of greatest difficulties expected by team members 
 
Comparison of Figures 3.8 and 3.9 shows that team leaders and knowledge 
managers are more specific in identifying/forecasting problems/difficulties as 89% 
of them anticipate the above 5 areas of difficulty among the 11 options. A similar 
but more diffuse pattern is detected in the 1st year students. They seem to be 
more concerned about performance evaluation of team members, which is of no 
surprise given the individualistic approach of junior, high and baccalaureate 
education in Catalunya. 
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Figure 3.9. Anticipated areas of difficulty by team leaders/knowledge managers 
 
Interestingly enough, there is quite a difference in replies when asked the 
preferred style of delivery to improve the competency set. Team members, to a 
large extent (80%) in Figure 3.10, prefer interactive and experiential learning, 
followed by coaching support. They had not yet experienced the effort required to 
build a team and to change from am individual centered working space to 
teamwork. 
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Figure 3.10. Training/learning method preferred by team members 
 
To the contrary, team leaders and knowledge managers favor lecturing, followed 
by coaching in Figure 3.11. In informal discussions with 4th year students they 
manifested very clearly that they did not understand why they were asked to work 
in teams and in well defined/structured IDP, such as in the 1st and 4th year project 
scheme of Figure 1.4, if afterwards they had to return to conventional lecturing 
format in most of the academic activities of the 2nd and 3rd year of the chemical 
engineering program. 
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Figure 3.11. Training/learning methods preferred by team leaders/         

knowledge managers 
 
The above results also correlate with empirical data [3] obtained by business 
organizations, like the Dow Chemical Company, stating that over time if not 
properly coached (see also recommendations in chapter 5), team leaders tend to 
lean towards a hierarchal role and forget how it feels to be on the “receiving end”. 
 
When investigating further, the self perception of team leaders and knowledge 
managers is that of wanting to be creative and visionary, and leading by example, 
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as shown in Figure 3.12. They also want to have an informal and independent 
leadership style, as depicted in Figure 3.13. 
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Figure 3.12. The perception of leaders and knowledge managers in regards to 
creativity, vision and capability of leading by example, respectively 
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Figure 3.13. Perceived styles in team leaders and knowledge managers 
That same population of 4th year leaders and knowledge managers claims that 
their role should also be people oriented and driven by performance and reward, 
as respectively shown in Figure 3.14. 
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Figure 3.14. Perception of role orientation by 4th year students  
towards people, performance, and reward respectively 

 
Again, these trends are congruent with other research data [4] on defining the 
role of a team leader. Research also supports certain characteristics and 
behaviors which increase team performance [5]. 
 

3.2.2 Survey 2 in 2000/01. Team Members after the Intervention 
 
Survey number 2 was taken right after the delivery of the intervention “Enhancing 

Team Performance”. As illustrated in figure 3.15, the overwhelming majority of 
participants perceived this intervention as rather helpful.  
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Figure 3.15. How helpful is “Enhancing Team Performance”? 
 

Communication and conflict resolution are confirmed again as two of the areas of 
higher concern since 43% of students think that “Communication and Conflict” is 
the most valuable module of the intervention, as shown in Figure 3.16. It will be 
seen later on (see chapter 5) that the positive correlation between handling 
conflicts and team effectiveness is proven again [6]. 
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Figure 3.16. Rating of first most valuable module in  

“Enhancing Team Performance” 
 

In the list of priorities given in Figure 3.16 the module “Common Purpose” is 
ranked as number two (25%), followed at the same level by “Team Capabilities” 
and “Team Operating Procedures” (11%). The ratings in Figure 3.17 for the 
second most important module confirms “Common Purpose” while in third place 
appear “Team Operational Procedures”, “Common Purpose”, “Team Capabilities” 
and “Communication and Conflict” practically tied at about 18%. 
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 The second most important The third most important 
 

Figure 3.17. Ratings for the second and third most important modules in 

“Enhancing Team Performance” 
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Figure 3.18. Effectiveness and suggestions for improving the delivery process 

The effectiveness of the delivery of the intervention is rated on the high side, as 
shown in Figure 3.18. Once more, the above data correlates with similar research 
and confirms the pattern of key principles to enhance team effectiveness [7,8]. 
When it comes to effectiveness of delivery, the majority of recipients seem to be 
satisfied. However there are some areas for improvement, as listed also in Figure 
3.18. Possible scenarios will be presented in chapter 5 on how to improve 

“Enhancing Team Performance”, using the recommendations in this figure. 
 

When asked about preferred working styles, it becomes clear that working in 
teams is not very common across the surveyed population, which reflects to a 
certain extent cultural patterns [9]. The results are shown in Figure 3.19. 
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Figure 3.19. Preferred styles of peer interaction prior to university 
 

3.2.3 Surveys 3 & 4 in 2000/01. Team Members 3 and 9 Months 
after the Intervention 

 
Surveys 3 and 4 represent the core of the survey process, as here one can see 

progress instigated by the social intervention “Enhancing Team Performance” 
and observe whether there are sustainable changes in behavior patterns. 
 
Not surprisingly the module on “Communication and Conflict” is the most critical 
one, as has been confirmed by numerous other researches [6]. Moreover, the 
case is confirmed by the Dow organization experience [10]. It is apparent  that the 
ability to communicate and to solve problems constructively are key 
competencies when driving team performance irrespective of whether it concerns 
a business or an academic environment, or any other social and collective 
environment. This is consistent with the current research hypothesis that team or 
group dynamics is a “basic human phenomenon” irrespective of environment. 
Indeed, there are cultural patterns which are impacting group phenomenon [9] but 
not the basic concepts. As a cultural issue, one could consider the increased 
need for operating procedures, a tribute that has to be linked to the 
Mediterranean work environment in which this research is operating [9]. 
 
When asked which module of the “Enhancing Team Performance©” training 
helped most the work so far, team members attribute initially high importance to 
the modules “Communication and Conflict”, “Common Purpose”, “Team 
Capabilities” and either “Team Norms” or “Team Operating Procedures”. The 
perception that these modules are very helpful increases over time, as indicated 
by the 9 months results in Figure 3.20. Similar trends were obtained when rating 
the second and third most helpful modules. The results in Figure 3.20 are 
consistent with research in this area [8].  
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Figure 3.20. The most helpful module as rated by 1st year students 

The answers in Figure 3.21 on how the most importantly ranked item from Figure 
3.20 helped them, indicate that delivery of the social intervention clearly 
correlates with the ability to perform a certain task. In this case, the most 
important task is to finish the integrated project. It is noteworthy that after 9 
months the students realize the critical nature of the project and the importance of 
social intervention in aiding the project performance. Consequently, time pressure 
forces collaboration and in a way, serves as an aid to a certain extent.  
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Figure 3.21. Specific examples on how helpful modules assisted students 
 
When it comes to the students’ need for additional help, Figure 3.22 shows that 
the majority would like to see more support when it comes to “difficult subjects”. 
When asking students what that meant, they primarily look for additional 
knowledge (a task for the knowledge manager), and also for additional 
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competency building in this area. That would mean applying specific knowledge 
to the integrated project, and also expanding beyond traditional ways of studying, 
contrary to lecturing in a classroom (a task for the team leader). Over the 
surveying period, the need for additional help moves from generic declaration to 
more specific descriptions, akin to asking for more on “Communication and 
Conflict” to “improve the relationship between team members”. That in itself is a 
sign of an improved trust amongst the team and as a consequence, a qualitative 
indicator for the success of the social intervention.  
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Figure 3.22. Areas in need of additional help 
 
This is also supported by Figure 3.23 in form of the answers provided when 
asked for potential solutions. 
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Figure 3.23. Potential solutions suggested by students 
 
When asked where to put additional emphasis on education along the process, 
i.e., what issues do students think that were not yet covered, the students’ 
answers in Figure 3.24 were very consistent with what was stated at the 
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beginning: Communication, Conflict and Team Capabilities. One can observe that 
Reward & Recognition shows up which also confirms that the teambuilding 
process is working as team members are thinking about how to reward and 
recognize each other [8]. 
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Figure 3.24. Uncovered issues where students need help 
 
Figure 3.25 explores the students’ work patterns when working as individuals. 
One can detect a shift in pattern when at the beginning of the studies, students 
were focused on reports and information search while at a later point in studies, 
problem solving and related issues become of greater importance.   
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Figure 3.25. None team work related activities that students mention  
when asked to list two carried out on their own 

 
Other research [10] supports this trend and confirms the students’ increased 
awareness regarding evaluation as critical part of good project work. Students 
also mentioned that project, subject and laboratory activities are the three ones, 
where they had an explicit plan for expected tangible results. The impact of self 
evaluation remains inconclusive. While there is no obvious change in pattern 
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concerning the task of evaluation, one can detect a pattern change when it 
comes to ownership. Figure 3.26 indicates that students assume greater 
responsibility overtime, hence greater ownership of obtained results, which 
serves as clear indication of the progress towards the team building process [8]. 
The answers reported in Figure 3.26 were given when asked if the students’ 
responsibility for results obtained had changed in respect to prior to university. A 
similar change in pattern with time was also observed when analyzing work 
planning activities. 
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Figure 3.26. Shift of attitude towards ownership of results 
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Figure 3.27. Interaction of team members with the team leader 
 
The relationships within teams are analyzed in Figures 3.27-29. The weekly 
hours dedicated to meet with team leaders and knowledge managers increase 
significantly with time after the intervention, as shown in Figures 3.27 and 3,28. 
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While these are positive trends, they still represent an area for improvement. 
Apparently, as deadlines for the integrated project get closer, team members 
realize how much work still needs to be done and consequently call the leader for 
help. In the recommendations for future improvements (see chapter 5) measures 
are proposed on how member and leader interaction could be triggered much 
earlier. By doing so the team benefit would be increased, in addition the team 
would become more mature and consequently more sustainable in its 
performance. The same mechanics apply to interaction with the knowledge 
manager. Here, an earlier transfer of knowledge would be also desirable (see 
chapter 5). In conclusion, additional skill building for team leaders and knowledge 
managers is required. 
 

> 5 h

NINE MONTHS AFTERTHREE MONTHS AFTER

2
0
0
0
/
2
0
0
1

2
0
0
1
/
2
0
0
2

6

55

24

9

6

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

9

14

20

20

37

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

8

33

46

10

2

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

14

25

61

> 5 h

> 5 h

> 5 h

> 5 h

NINE MONTHS AFTERTHREE MONTHS AFTER

2
0
0
0
/
2
0
0
1

2
0
0
1
/
2
0
0
2

6

55

24

9

6

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

9

14

20

20

37

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

8

33

46

10

2

1 h

2 h

3 h

4 h

0 10 20 30 40 50

%

60 70 80 90 100

14

25

61

> 5 h

> 5 h

> 5 h

 
 

Figure 3.28. Interaction of team members with the knowledge manager 
 
There is also a considerable increase in frequency of talking to peers, as depicted 
in Figure 3.29, but still more dialogue would be desirable. Perhaps roles between 
team leader, knowledge manager, and team members were not fully understood 
and consequently led to confusion and loss of productivity within the team. Again, 
this is addressed in chapter 5. 
 
Naturally, the increase in time spent with peers shown in Figure 3.29 translates 
into more team meeting time. Results not presented here also show a 
corresponding increase in the percentage of the total time of team meetings that 
is dedicated to discussions with peers. The significant shift towards more than 5 
hours per week spent in meetings with peers observed in Figure 3.29 indicates 
that teams are moving from a leader directed to a leader centered one (see also 

Figure 4.1). “Enhancing Team Performance,” which aims at this change, is a 
robust learning resource, since it drives improvement despite occasional absence 
of “management support” represented by non coaching professors. The difficulty 
will be further addressed as an area for improvement in chapter 5. 
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Figure 3.29. Frequency of peer interaction 
 
In responses to question on percentages of total time allocated to team meetings 
that were dedicated to scientific or technical discussions, summarized in Figure 
3.30, one can notice an increase in the intensity of discussing scientific or 
technical matters as the deadline for the integrated project gets closer. The 
fulfillment of deadlines precipitates discussions and the decision making process 
for the final report and poster.  
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Figure 3.30. Team meeting time dedicated to discuss                                  
scientific and technical matters 

 
As one would expect from a good team building process, both team members 
and their leader recognize the need to spend an appropriate amount of time 
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discussing issues related to their team in order to build productive “team hygiene” 
[8]. Results not shown here indicate that the time dedicated by teams to discuss 
organizational matters remains unchanged at about 25% of the total time 
allocated to team meetings during the IDP period.  
 
While there is a considerable and sustainable change in team patterns, no 
change in individual patterns has been detected, as highlighted in Figure 3.31 for 
the particular attitudinal aspect of listening or talking in meetings. At a first glance, 
the results in this figure appear to be logical, as “Enhancing Team 

Performance” is primarily an intervention focused on team behavior and not so 
much on individual behavior. Individual behavior can be ultimately changed only 
when working with a team and under leadership over an extended period of time 
[8,11]. Individual learning is further addressed in the areas for future improvement 
(see chapter 5), since reflection of team patterns on the individual is critical and 
should result in greater individual learning than that reflected in Figure 3.31. As a 
preview, it can be concluded that it takes work on individual, team and 
organizational level to change behavior in a significant and sustainable way. 
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Figure 3.31. Example of team members’ evolution in respect to individual 
behavior change during team meetings 

 
Other responses not presented here showed that no significant change in the 
way participants attempt to contribute to the purpose of the team is detectable 
over time. This fact could lead to the conclusion that the principles of effective 
teamwork are not fully engrained. Based on theory and research [8] one would 
expect an eventual reduction in the effort needed to discuss the purpose of the 
team. This is because the purpose of the team has become fully evident and is 
accepted by all team members. This pattern also seemed to be true for the 
contribution of team members to planning and realization of projects by teams. 
Nevertheless, a positive change in behavior was observed with respect to the 
evaluation of causes for success or failure in teamwork. Participants were much 
more engaged in follow-up and analysis of results after the intervention and as 
project deadline got nearer. 
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Figure 3.32 elaborates on the activities taking place between team leader and the 
team. It is apparent that resolving conflicts and communication are the key 
issues. Therefore team leaders should transform their role towards coaching, as 
team members clearly need help in this direction (see paper in Appendix A). 
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Figure 3.32. Most relevant activities carried out by team members                     
with team leaders 

 
The pattern in Figure 3.32 was also applicable to the knowledge manager, 
reconfirming that conflict resolution and question clarification are crucial elements 
of the project. The above findings are equivalent to the industrial work place. The 
business model organization for this research, The Dow Chemical Company, has 
a “social coach” and a “work process coach” (or technical coach). Both roles are 
absolutely vital to developing team skills and translating them into team 
performance [12]. Here the congruency between the academic organization and 
the business organization is very consistent. It can be stated, that irrespective of 
the nature of organization, social skills are best introduced when integrated as 
part of a process over at least a six months period with consistent coaching and 
support (enabling infrastructure) in place [13]. Besides the above mentioned 
recommendation (see chapter 5) a better structured dialogue among team 
members regarding role clarity is recommended. Despite role clarification being 
an important issue during any change in work pattern, it is still not adequately 
addressed in general [14]. In addition, there is too much focus on lecturing, which 
is consistent with the preferred style of teaching by team leaders and knowledge 
managers. Earlier in this chapter it has been referenced that this represents a 
conflict with the preference of the team.  
 
Replies in Figure 3.33 concerning individual responsibility for work assignments, 
demonstrate high commitment to project work to begin with. That commitment 
increases somewhat overtime - yet not as much as desired. This represents an  
area for improvement, in form of a follow up intervention for the team as well as 
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additional education for team leader and knowledge manager to enhance their 
coaching skills (see chapter 5). 
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Figure 3.33. Commitment to project work in respect to work                           
assigned to each team member by the team 

 
The initial high commitment was also manifested by the fact that students hardly 
ever missed classes or team meetings. Also, there was an over time decrease in 
missing a team project deadline. Improved team skills and commitment to the 
team could be a possible explanation for this behavior. 
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Figure 3.34. The frequency of peers helping their team members 
 
The frequency of interaction between peers and the support they give to each 
other seems to be pretty constant over time in Figure 3.34. The high level of 
collaboration could potentially be attributed to the cultural pattern in this part of 
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the world [9]. Other questions on collaboration among team members confirmed 
a positive shift towards an increase in collaboration - an ingredient for team 
success. With respect to the opportunity to ‘cross fertilize’ by learning from each 
other, results showed that learning from peers still represented an area for 
improvement, as collaboration and sharing amongst team members has not yet 
reached its optimal level. It is acknowledged by various sources of research [15] 
that learning, sharing, and building on each other’s knowledge amongst adults is 
difficult. This phenomenon is addressed in chapter 5 with recommendations for 
future improvements put forward. 
 
When team members were asked how much they had learned from the 
discussions and interaction with the knowledge manager, they responded that the 
role of knowledge manager is a very helpful and an effective one, as summarized 
in Figure 3.35. One could speculate that at the beginning of the project a number 
of team members had already identified the knowledge manager as a source of 
information. Over time, more team members realize the value of the knowledge 
manager and apparently use this learning resource effectively. Despite that, the 
full potential of the knowledge manager role is not yet exhausted. 
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Figure 3.35. The role of the knowledge manager in each team 
 
The fact that the potential of the knowledge manager role can still be enhanced is 
shown by the pattern in Figure 3.36, which illustrates that the resources outside 
of one’s team (team members and knowledge managers from other teams) have 
not been utilized by a significant portion of the surveyed population. A majority of 
team members rarely interact with other teams in search for information or to 
establish partnerships. 
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Figure 3.36. Cross team communication and interaction 
 
Role rotation between team members is examined in figure 3.37. The test 
confirms that role change on a rotating basis is difficult to accomplish both within 
an academic and a business organization environment [16]. At the ETSEQ the 
number of rotations does not seem to increase with time after the intervention, 
remaining at about 80% and 60% for two or more rotations in 2000/01 and 
2001/02, respectively.  
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Figure 3.37. Frequency of role rotation within a team 
 
Research has stressed the fact that self evaluation is vital for cognitive reflection 
and changes in behavior towards higher levels of performance [17]. In this 
connection it is pleasing to note in Figure 3.38 that qualitative or quantitative self 
evaluation of students’ own work increases with time after the intervention. 
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Figure 3.38. Number of qualitative or quantitative evaluations of one’s own work 

carried out over 3 month period. Related to the 1st and 4th year IDP 
 
The positive trend of increased self evaluation in Figure 3.38 is confirmed in 
Figure 3.39 in responses to the question: how many times have you qualitatively 
or quantitatively evaluated the work of the other team members during the past 3 
months concerning the 1st and 4th year IDP? A significant pattern change towards 
evaluation of other team members has taken place according to Figure 3.39. This 
could be interpreted as a sign of increased trust among team members. 
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Figure 3.39. Number of qualitative or quantitative evaluations of peer work carried 

out over 3 month period. Related to the 1st and 4th year IDP 
 
As observed in Figure 3.40 from the responses to question: how many times have 
you evaluated the team leader during the past 3 months, team leader evaluation 
takes place much more frequently as the project moves forward. These 
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encouraging results also indicate that with more coaching skills in place (see 
Appendix A) the improvement in evaluation could be increased further. 
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Figure 3.40. Number of qualitative or quantitative evaluations of team leaders by 

team members carried out over the 3 month period.                                             
Related to the 1st and 4th year IDP 

 
Similar positive trends were observed in the area of evaluating the role of 
knowledge managers, as well as in the recording and analysis of deviations of 
completed work. Also, the surveys confirmed a definite advance in the area of 
collaboration, i.e. sharing increases with project development.  
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Figure 3.41. Peer work review 
 
Figure 3.41 shows that the number of times that team members were asked to 
review and check the work performed by a peer increases significantly with time. 
In general, team cohesiveness improves along the project and there is a growing 
understanding that the level of interdependence and the level of shared 
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responsibility for results are ever higher [7]. This is clearly reflected in Figure 
3.42, where most students state that they very much perceive the project 
teamwork as an “all float or all sink” situation. 
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Figure 3.42. Interdependence within a team in terms of students’     
perception of teamwork as an “all float or all sink” situation 

 
Feedback comments obtained from the surveyed population can be clustered as 
follows: 

• Better explanation of the framework around the whole intervention 

• Structuring work and consequently workload 

• More support concerning coaching and education 

• More formal recognition of the project team and its work (obtaining more 
credits for the project work) 
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Figure 3.43. Comments and suggestions 
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Gender distribution in the surveyed population is conducive for teamwork, as 
there is no dominance of any gender as confirmed in Figure 3.44. A high 
percentage of female students support team work, as research indicates that 
women have higher social competencies [18], a skill contributing towards 
teamwork. 
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Figure 3.44. Gender of the surveyed population (NB: Gender composition 
change is due to changes in course registration) 

 
As students are still at an early stage of their adulthood, there is a high probability 
of guiding them towards successful team orientation, as it has to be realized that 
abilities to learn become more limited with age [15]. The dominant age in Figure 
3.45 is 17-20 year old students. 
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Figure 3.45. Age of the surveyed population 
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Figure 3.46 reveals that the overwhelming majority of students sought to study 
Chemical Engineering, i.e. it was their first choice of higher education. This calls 
for a high degree of commitment to begin with, which is an asset to build on, as it 
represents a high level of intrinsic motivation. 
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Figure 3.46. First choice of studies among the surveyed population in 2001/02 
 

3.2.4 Survey 5 in 2000/01. Team Leader and Knowledge Manager 
3 and 9 Months after the Intervention  

 
In this subsection the survey results based on team leader and knowledge 
manager questionnaires are discussed. Due to the number of constraints 
mentioned at the beginning this chapter, it was only possible to run this set during 
the academic year of 2000/01. When looking at Figure 3.47, team leaders and 
knowledge managers (from now on team managers) reconfirm that common 
purpose and communication and conflict are fundamental ingredients of 
successful team functioning. Initially, there is no meaningful teamwork possible 
without common purpose. It is also known, that the ability to communicate and 
resolve conflicts constructively is directly proportional to team performance [8]. 
The topic of “New Member Integration” is of high priority for team managers. That 
does not come as a surprise, as the teams have to accommodate for a certain 
fluctuation in the course composition brought about by new students or those 
repeating the course.  
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Figure 3.47. Most helpful module according to team managers 
 
The importance of team education is validated by Figure 3.48, where team 
managers quote how the different training modules have helped them. It was 
stressed earlier that social skill building results in higher motivation and conflict 
resolution, which in turn increases productivity [7]. Over time integrating team 
members and finishing the project become the two highest priorities (38% each). 
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Figure 3.48. How high priority items have helped managers in the project 
 
Figure 3.49 displays the evolution of project work in surfacing the team 
managers’ greatest difficulties when working in teams. It appears logical that over 
time the issues of team operating procedures, team capabilities, and evaluation 
of team performance, become increasingly critical. When it comes to evaluation 
of team performance, understanding the critical issues and growing realization of 
their importance by team members is documented in their responses (see 
Figures 3.38 and 3.41). The topic of team capabilities is worthwhile exploring in 
further detail. It is not uncommon for team managers to underestimate team 
capabilities [19]. Future improvement plans point to the fact that team managers 
should be equipped with better skills and higher levels of knowledge to capitalize 
on team capabilities more effectively (see chapter 5). Again, education and skill 
building on both sides (managers and team) is critical. It is noteworthy that the 
word ‘education’ is of Latin origin and has an original meaning of ‘leading out’ 
[20]. 
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Figure 3.49. Greatest difficulties experienced by team managers during the IDP 
 
When asked in which area the team managers needed additional help, again the 
communication and conflict issue comes up, as shown in Figure 3.50. There is an 
obvious need for on-going skill building in that area. Additionally, constructively 
dealing with feedback is perceived as important. When asked to suggest 
solutions for the areas identified in Figure 3.50, the team managers responded 
with the items as illustrated Figure 3.51. One could conclude from the results of 
these two figures that the ability to deal with feedback is directly linked to the 
ability to communicate and resolve conflict constructively. Team managers asked 
for additional training using the The TRACOM Group materials in “Enhancing 
Team Performance”©. 
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Figure 3.50. Areas that needed additional help according to team managers 
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Figure 3.51. Potential improvement areas provided by team managers  
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Figure 3.52 deals with management style as perceived by team managers. It can 
be noticed that the “somewhat” category was particularly often used by the 
participants – an indication of some form of being indecisive. Apparently, the 
respondents avoid categorizing themselves, which is not uncommon in surveys. 
Employment of additional communication tools and further education would help 
to break the being indecisive pattern. One of the methods used in industry quite 
commonly is the “360° feedback”, which gives a better insight into how a leader is 
perceived by his/her environment [21].  
 
Figures 3.52 and 3.53 show that team managers claim that they are “informal”, 
“inspirational” but also “methodical” in their style and role. 
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Figure 3.52. Management styles among team managers 
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Figure 3.53. Team manager role description: commanding vs. informal 
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Team managers also portray themselves as people oriented, as depicted in 
Figure 3.54. It should be explored further whether the act of shifting from 
performance driven to people oriented has to do with the myth that good people 
leaders can not be performance focused. [22]   
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Figure 3.54. Team manager role description: people oriented vs. 
performance driven 

 
All team managers a tendency to motivate with rewards, as shown in Figure 3.55. 
One of the critical leader tools is reward and recognition [23, 24]. This is the area 
where leaders generally struggle as a result of underestimating the importance of 
recognizing the team. Here it is also important to realize, that the potential of 
intrinsic motivation generated by meaningful work is generally underestimated. 
Some of the more modern thinking on recognition calls for team managers to be 
“removers of barriers” as employees are in general already motivated [23]. 
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Figure 3.55. Motivation and rewards and recognition 
 

When team managers were asked if they were mostly listening or mostly talking 
during team meetings, they perceive themselves as mostly talking, as depicted in 
Figure 3.56. This self perception is in conflict with responses regarding people 
orientation in Figure 3.54. One would expect good leaders to be good listeners. In 
areas for improvement (see chapter 5) proposals are made on how to obtain a 
more critical self reflection. This self reflection should translate into behavior 
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changed of team managers resulting in more empowerment of the team 
members [12]. 
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Figure 3.56. Team manager style: mostly listening vs. mostly talking 
 
When it comes to evaluation of activities and their analysis, the trend is positive 
over the surveying period, as shown in Figure 3.57. This is congruent with the 
perception of the team members, as expressed in Figures 3.38 through 3.41. It 
can be concluded from the results in Figure 3.57 that team managers are shifting 
to monthly evaluation cycle, while team members are picking more responsibility 
for evaluation. 
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Figure 3.57. Frequency of evaluation of one’s team’s activities 
 
A call for empowerment is present in the responses given in Figure 3.58 to the 
question: what are the most relevant activities carried out in team meetings by 
team managers and the time (%) dedicated to each of them. After 9 months into 
the project, planning and work assignment should be done primarily by team 
members and not by team managers as shown in Figure 3.58. Hence, this 
represents an opportunity for improvement (see chapter 5). 
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Figure 3.58. Most relevant activities carried out by team managers in meetings 
during the past 3 months and the time (%) dedicated to each of the activities 
 
Like with the team member questionnaires, the demographic data was evaluated.  
It revealed that 1/3 of team managers were females, while the remaining 2/3 were 
males, with an age distribution of between 21-25 years.  
 

3.3 Correlation between Education and Performance 
 
This section reports on the first attempt to investigate the correlation between 
social education and academic performance. It has to be understood that this 
correlation stands as evidence in support of the hypothesis that social 
competencies enhance learning and consequently, productivity. The students’ 
integrated project is evaluated on the grounds of both teamwork and individual 
performance. The team component is assessed through reports presented by 
each team, as well as by poster presentations, which are rated in front of an 
audience. Team rating is followed up by an individual evaluation, whereby each 
team member undertakes a skill based interview.  
 
In the following, various ratings from different academic years are presented and 
discussed. The results attached are only qualitative in nature at this point in time 
and do not currently allow a final and definite confirmation of the hypothesis. 
Further research is needed in order to filter out noise factors, and to gather more 
data over larger periods of time. The model presented in Chapter 4 should allow 
for evaluation of both social and technical competences. 
 

3.3.1 Comparison of Poster Presentation Marks 
 
In the following graph the respective marks for the two academic years surveyed 
are presented. Because of the reasons explained earlier, there is only the graph 
for the first 4 months of the rating period for the academic year 2000/01. Twenty 
three teams were evaluated and the ratings per team as well as the average 
numbers are indicated. There is no statistically significant difference between 
observations. 
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Figure 3.59. Poster presentation marks comparison 
 

3.3.2 Comparison of Team Report Marks 
 
When comparing the marks for the final project report in Figure 3.60, it seems 
that the performance is definitely better for the academic year 2001/02. This 
improvement is attributed to the social competencies introduced into the teams. 
This performance increase is also reflected in the survey responses, whereby 
they indicate higher meeting frequency, more open discussions, more evaluation 
of performance in the team and better interaction between all participants.  
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Figure 3.60. Team report marks comparison 
 

3.3.3 Comparison of Individual Marks 
 
The positive trend of Figure 3.60 for the presentation marks is amplified when 
looking at individual marks. As put forward in the hypothesis, changes in team 
patterns are projected to individual team members while impacting their behavior 
in a positive way. It appears that for the second round of the educated and 
surveyed target population, the results clearly outperform those of previous year. 
An additional contributing factor might also be the higher motivation level to begin 
with, since more students for the academic year 2001/02 had Chemical 
Engineering as their first choice of study. 
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Figure 3.61. Comparison of individual marks 
 

3.3.4 Expansion of Target Population  
 
Initially, the target population of this research was the ETSEQ population 
exclusively, as this program was introduced by the faculty of Chemical 
Engineering (Enginyeria Quimica - EQ). However, during the 2nd year (academic 
year 2001/02) also students from the ETIQI (Enginyeria Tecnica Industrial – 

ETIQI) were exposed to the “Enhancing Team Performance” course. This one 
time extension of the target population allowed some comparative analysis, which 
is presented below.  
 
Comparison between the ETSEQ (EQ) and ETIQI student groups shows that 
over the first 4 months the students of ETIQI received only higher marks in the 
area of reports (see Figure 3.62). 
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Figure 3.62. Comparison (first 4 months) 
 
In the second 4 months the students of the ETSEQ (EQ) clearly outperformed 
students of the ETIQI faculty in all three categories, as shown in Figure 3.63. This 
would allow the preliminary conclusion, that the infrastructure around the social 
skill building is critical as it makes performance improvement sustainable. One 
time education seems to generate – if at all – only a short term improvement, 
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however not sustainable. Again, more research and statistical analysis is needed 
to solidify these observations and ultimately confirm the preliminary conclusions. 
It is suggested to expand this research by defining a control group, which would 
allow statistical proof of the hypothesis.  
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Figure 3.63. Faculty Marks Comparison (second four months) 
 

3.4 Concluding Remarks 
 
With the survey responses and the preliminary analysis of the correlation 
between social competencies and academic performance, there seems to be a 
qualitative evidence to confirm the hypothesis: Building of social competencies – 
in this case team building – enhances the learning and drives towards higher 
performance. This social competency is integrated into the technical curriculum of 
the ETSEQ as an external intervention and, thus, it is not reducing the time 
dedicated to technical subjects. It also becomes apparent that technical 
competence is, if not enhanced, fostered by social competence as proved by the 
higher marks of the integrated project. It can be concluded that the proposed 
design of the social competency building is working satisfactorily and delivering 
against expectations. With the proposed recommendations for improvements and 
additional data sets it should be possible to prove the hypothesis in a statistically 
sound fashion and at the same time improve performance and make these gains 
sustainable. 
 
The surveys also indicate that the current sep up, with the 1st and 4th year as the 
only integrated design project approach embedded into the chemical engineering 
curriculum is very vulnerable. If there is no further integration of the methodology 
into the curriculum, the result is a decrease in students’ trust, as they realize that 
their efforts are relatively useless in the 2nd and 3rd years. This is aggravated by 
the fact that the final goal of reaching higher levels of empowerment for teams 
and individuals cannot be reached in one step. It takes considerable and 
consistent effort over the entire curriculum to move from leader directed 
organization in the 1st year towards a fully self directed/empowered team in the 
5th year. The momentum generated by the success of the 1st and 4th year IDP 
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scheme (see Figure 1.4), jointly with the information gathered from the field 
testing of the external intervention “Enhancing Team Performance”©, has been 
used to conceive, develop, deploy and initially evaluate the new competency-
based educational model that is presented in the following Chapter 4. The model 
summarizes and builds upon the landmarks of IDP at the ETSEQ depicted in 
Figure 1.5. The partnership established with Dow Chemical Ibérica, with the 
indirect support of the Dow Chemical Company, received in terms of manpower, 
training technologies and materials, was an important turning point in the journey 
of the ETSEQ towards and empowered institution. It is now the task of the top 
leadership of the school to take this model to the next level.  
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Chapter 4 
 

The Competency Based Educational Model 
 

4.1 Background 
 
The success of the horizontal and vertical integration of knowledge and resources 
carried out during the academic year 1995/96 (see Figure 1.4), together with the 
results of Enhancing Team Performance© (ETP) reported in Chapter 3 led to the 
educational model depicted in Figure 4.1. This model extends the IDP scheme 
explained before throughout the 5 years of chemical engineering curriculum. 
External interventions together with ETP modules have been planned for delivery in 
each year of the program: (see Figure 4.1) 

♦ to reinforce the initial results obtained with the ETP external intervention in the 
1st and 4th year IDP  

♦ to correct the drawbacks identified in the surveys presented and discussed in 
the previous chapter 

The remainder of this chapter is presented in the format of the paper that has been 
accepted for publication in the International Journal of Engineering Education with an 
overall rating of 83/100 (see the reviewed comments in Appendix D). 
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Figure 4.1. The competency based educational model, facilitating the deployment 

of empowered teams 
 
The fact that the IDP approach started in the 1st year of the ChE program brought 
forward the opportunity to reinforce the continuous practice, feedback, and positive 
reinforcement of social competencies throughout the curriculum, and to consider the 



The Competency Based Educational Model 

 77 

possibility of minimizing other less active methodologies such as lecturing and 
demonstrations [1]. It also posed interesting questions, e.g.: 

♦ Can social competencies enable or enhance technical and scientific 
competences?  

♦ What were the social competencies most relevant to this purpose and for a 
professionally successful chemical engineering career?  

♦ Was it possible to disseminate the IDP across the curriculum with a consistent 
deployment of team organizations leading to the empowerment of individual 
students and teams?  

♦ How could we involve instructors and professors in the application of the 
integrated design project approach?  

♦ Did we have the necessary knowledge, educational technologies and 
resources in our own organization to undergo such a drastic change or did we 
need help from experts outside of the university system?  

♦ Was it possible to design a model that could incorporate most of these 
challenging and innovative ideas?  

 
The outcome was a list of hypotheses and requirements for the educational model 
and an establishment of a partnership with the Dow Chemical Company to obtain 
expertise in change management as well as human and technical resources. 

 

4.2 The Model 
 

4.2.1 Hypothesis 
 
There is numerous indirect evidence in the study of mankind (i.e. study of prehistory, 
evolutionary anthropology and psychology), that communication of information and 
learning among hominids takes place through social development [2]. In fact, both 
technical and natural selection played a role in the evolution of the Homo sapiens 
over the past 2,500,000 years. Social learning and social cognition theories provide 
direct evidence that learning through the consequences of one's actions, which is a 
tedious and hazardous process of trial and error, can be shortened through social 
modeling of knowledge and competencies, which has a prominent role in human 
motivation, thought, and action [3-5]. Also, self efficacy or the beliefs of one’s 
capabilities to organize and execute the courses of action required to manage 
prospective situations, is key to developing self regulatory strategies, motivation and 
achievement (in academic settings) [6]. 
 
Consequently, the first hypothesis was that social competencies should (not 
compete with but) enhance the construction of scientific knowledge and the 
acquisition of technical competence even over the short time scale of the duration of 
undergraduate education, if consistently and experimentally worked out all the way 
through the curriculum. This could be accomplished smoothly with IDPs carried out 
with students working in teams, as indicated by experiences of the research 
associates [7-10]. This hypothesis has been already stated in Chapter 3, where 
preliminary analysis of its validity, based on the results of the surveys, has been 
presented.  
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The second hypothesis was that empowerment of individual students and teams 
could be accomplished simultaneously within the social learning environment, if the 
model to be implemented would consider the appropriate evolution of team 
organizational stages, initially from leader directed and leader centered scheme in 
the 1st year to a self directed organization just before graduation at the 5th year of 
studies†. Table 4.1# describes these team organizations in terms of responsibilities 
and activities of team members that have been adopted at the ETSEQ and which 
has been inspired by the team based organizations considered at Dow. The 19 
activities listed in Table 4.1 are exhaustive and fit very well those typically needed to 
carry out the design projects at the ETSEQ. Within the self directed team 
organization, deployed at the 3rd and 5th years, respectively, students become 
progressively empowered, since they are given the right to make decisions and take 
actions on their own without previous approval by instructors. This authority to act 
encourages students to further assume responsibility for their actions, which also 
results in an improvement of the model. 
 
The third hypothesis was that the progressive deployment of the IDP approach, with 
team organizations matching student skills and needs (see Table 4.1), should 
facilitate the adoption of a competency based educational model. In the context of 
the current study, a competency is a combination of tangible (skills and knowledge) 
and intangible (social role, self concept, traits and motives) underlying characteristics 
of an individual that is causally related to criterion referenced effective and/or 
superior performance in a job situation [11]. 
 
The fourth and last hypothesis was that faculty and the school system would accept 
that the educational system did not possess the know-how to manage the cultural 
change [12]. Such a shift towards the competency based educational model referred 
to in the previous two hypotheses would require substantial outside expertise and 
subsequent willingness to partner with a chemical manufacturer, such as the Dow 
Chemical Company. The fact that the Dow was willing to establish a partnership in 
1997 (see Figure 1.5) and to facilitate this process by providing expertise and 
technologies, such as workshops, on: 

♦ team development 
♦ knowledge/awareness of critical competencies, and 
♦ methodologies to manage change 

was assumed to be a sufficient incentive to facilitate and sustain the required 
change. The workshop materials should support the development of competencies 
and should be taught as compulsory external interventions initially by consultants 
and human resource personnel from the Dow Chemical Company and later on by 
subsequently trained faculty. An external intervention is an extra-curriculum activity 
which is carried out at specially allocated hours in the academic timetable. 

 

                                         
†
 The surveys in Chapter 3 indicate that this team evolution is needed 

#
 All Tables are included at the end of the chapter 
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4.2.2 Framework 
 
The four hypotheses stated in the previous subsection led to the educational model 
depicted schematically in Figure 4.1. The model framework spans dynamically over 
the 5 years of studies in two domains: 

♦ in the cognitive domain pertaining to science and engineering contents and 
processes, according to Bloom’s taxonomy [13]  

♦ and over different team organization stages towards empowerment 
 
In the context of current work, Bloom’s taxonomy has to be understood as 
expanding over engineering objectives, i.e. beyond the integrated set of the formal 
operations that any adult, educated person performs in real life. The ticks in Figure 
4.1 indicate the current level of implementation, from fully operational (bold tick), 
under field testing (grey) to pending (no ticks). 

 
The model is based on integrated projects in the 1st, 2nd and 4th years and in projects 
carried out by self directed teams in the 3rd and 5th years, to assure the right setup 
and environment for the development of social and professional competencies. 
Activities carried out during project development and projects closing, which are 
listed in Table 4.1, require that students clearly identify project clients (mainly 
activities 1 and 4 in Table 4.1). Thus, client orientation is central in the competency 
structure adopted, with the rest of 9 competencies emerging as correlative 
concentric circles characterized by need to act to attain client satisfaction. This is 
schematized in Figure 4.2 in terms of competencies, with the required individual, 
organizational and institutional transformations identified by the increasingly lighter 
levels of grey. The inner circles of competencies in Figure 4.2 pertain more to 
individuals working in teams and imply the transformation of both individuals (four 
inner circles with darker grey) and of the organization (three intermediate grey 
circles). The two outer circles of competencies (lighter grey) reflect more the role of 
individuals at the institutional level, whereby student empowerment can develop 
more effectively and be more valued, and all changes institutionalized. Clearly, client 
orientation (black central target in Figure 4.2) first requires that any individual should 
adapt to client moves, i.e. be versatile, and subsequently find creative solutions to 
these new challenges, i.e. be entrepreneurial and innovative. This in turn calls for 
system thinking, moving in the structure depicted in Figure 4.2, which is self 
explanatory. The summary of corresponding transformations is depicted in Figure 
2.6. 
 
Since social competencies have to grow from a client orientation perspective and be 
developed by team members simultaneously and in conjunction with regular 
academic activities, such as lectures, laboratories, seminars, etc., the educational, 
competency and transformation models respectively shown in Figures 4.1, 4.2 and 
2.6 are supported by the set of five hands on, external interventions stated in Figure 
4.1. These interventions have been conceived and designed to be delivered by 
professionals in the field and/or faculty previously trained in the respective topics and 
on the educational technologies used. The topics of the five external interventions, 
briefly described in Table 4.2, match both the team organizational stages planned for 
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each of the five years of studies and the client oriented competency model of Figure 
4.2. 
 
The following subsection presents and discusses the ten social competencies that 
have been adopted at the ETSEQ, which are summarized in the concentric model 
depicted in Figure 4.2. 
 

 
Figure 4.2. Concentric structure of competencies aimed at client orientation.  

 

4.2.3 Competencies and Rationale 
 
Table 4.3 lists the ten key competencies, together with their operational definitions, 
that have been identified at the ETSEQ, and that should also be enablers for 
technical competence as stated in the hypothesis subsection 4.2.1. The current 
selection is consistent with the extensive research reported on the trends and 
changes that influence the economic and social environment in which industry is 
operating [14-17] and with the experience gained with the implementation and 
continuous refining of the 1st and 4th year IDP at the ETSEQ [10,18]. The Dow 
Chemical Company and other chemical corporations have also identified these or 
equivalent competencies as critical components in their recruiting process. Finally, 
the set of competencies listed in Table 4.3 is in accordance with the opinion of other 
educators and policy-maker institutions [19-21]. 
 
The know-how developed by The Dow Chemical Company on planned 
organizational change [22] suggests that the set of competencies of Table 4.3 
constitutes a valid and consistent starting point to implement an effective and 
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sustainable organizational change. Figure 4.2 illustrates the dynamics of this 
organizational transformation when it is unambiguously aimed at achieving client 
satisfaction through client orientation. Every significant move of client needs stated 
in Figure 2.6 prompts three waves of transformation involving the individual, 
organizational and institutional level. Research supports the assumption that the only 
relevant component that should be molded (changed) in an organization is individual 
habits, i.e. the attitudes and perspectives of each individual [22, 23]. Change always 
starts at the individual level. The change of individuals brings about organizational 
transformation. Once organizational transformation has taken place, the new way of 
working has to be institutionalized in order to ensure that the changes are sustained 
and that no significant erosion takes place. Erosion would be detrimental, as the 
organization would gradually slide back to the status quo or the starting point of the 
change initiative. 
 
Table 4.3 summarizes the operational definitions of the competencies adopted at the 
ETSEQ. Figure 4.2 arranges these competencies in “need to do activities” consistent 
with client orientation. The central competence of Figure 4.2 and the first in Table 4.3 
is client orientation, the one that triggers individual transformation. An individual 
within a client serving organization must be able to perceive a shift in client needs 
and to adapt accordingly. Productive performance during change requires versatility, 
since the individuals are likely to be catapulted out of their comfort zone. To cope 
with inflicted stress, a high degree of versatility is needed, as one has to adapt by 
changing one’s views, perspectives, assumptions and behaviors. The next 
competency under scrutiny is entrepreneurship and innovation. Versatility has 
brought about capacity to adapt to change. It now has to be followed up with creative 
ideas to respond to the new challenges posed by the client directly or indirectly 
through the organization. On an institutional level, entrepreneurship will aid to 
translate creative ideas into tangible business opportunities. The next layer of the 
concentric model in Figure 4.2 is system thinking. Business opportunities have to be 
put into perspective, i.e. the whole system of individual and organizational 
interactions has to be reconsidered. Critical reflection of one’s position in relation to 
the new system will consequently trigger new learning. It is most likely that a number 
of competencies will become obsolete and will have to be replaced by new ones. 
The skill transformation calls for the responsible and active learner’s competency or 
else no change will happen. The issue of life long learning emerges clearly on the 
business horizon [24]. This notion is quite a challenge in itself, as it conflicts with 
traditional way of looking at education. The perception that after graduation there is 
only work to be done is changing rapidly. This last circle of individual transformation, 
responsible and active learners, leads to the first sphere of organizational 
transformation, which is facilitative leadership. Facilitative leadership is the pivotal 
point, whereby the impact from individual domain will be translated into collective 
domain, a process which is only possible through leadership. At this point, the 
individuals affected have completed the personal transformation cycle and are now 
skilled and ready to spark and facilitate changes in others. The 4th year students 
acting as leaders and facilitators in 1st and 2nd year teams assume this pivotal role in 
the current model, as shown in Figure 4.1. 
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Organizational transformation initially starts within the smallest nucleus of the 
organization, which typically happens to be a team or a group. The team reinforces 
the changes via cooperation and the collective analyses of client needs. This is 
reflected in the teamwork and cooperation competency. When several teams or 
small groups interact, the level of complexity increases exponentially [25]. This calls 
for a higher competency level of human interaction. As change grows, the likelihood 
of miss communication and errors by default is usual. A good skill set of human 
interaction minimizes these side effects of change. When individuals communicate 
and interact well with each other, challenges and barriers become opportunities for 
everybody in the organization, and the number and size of conflicts decreases. This 
concludes the intermediate three circles of competencies involved in the 
transformation of the organization, as shown in Figure 4.2. 
 
Now that the individual and organization levels are mutually aligned to cope with the 
new scenario of client needs, the changes attained have to be institutionalized. This 
happens when the individuals acquire the two outer competencies in Figure 4.2: 
organizational development and performance, and organizational leadership. In our 
educational organization, work and process management competencies have both 
been integrated into the competency organizational development and performance, 
which characterizes individuals that can plan, implement, and evaluate any action 
within the organization or in smaller empowered teams, as stated in Table 4.3. This 
ultimately implies continuously updating and disseminating the relevant procedures 
and system documentation across the organization. In addition, the interaction 
across the organization has to be reflected in business and work processes that are 
aimed at satisfying client needs [26]. The last competency of organizational 
leadership, both in Figure 4.2 and Table 4.3, is characteristic of senior management, 
i.e. in our case senior students. It ensures that the transformation is complete and 
yields the expected results. An appropriate evaluation cycle to validate the degree of 
transformation implied in Figure 4.2 in relation to client satisfaction has to be 
initiated. 
 

4.3 The Key Competency Model Components 
 

4.3.1 Integrative and Experiential 
 
The experiential learning approach applied at the ETSEQ, which is illustrated in 
Figure 4.1 and described in sub section 4.2, is IDP. It is based on combination of 
project based learning [27] and cooperative learning methodologies [28]. Both 
methodologies are well suited for engineering education, because project 
management and teamwork are key enablers for any design activity, which is the 
essence or engineering [29]. A detailed description of the approach as applied to the 
1st year of the ChE program at the ETSEQ has been presented elsewhere [10,18]. 
This subsection focuses on those characteristics of the approach that generate the 
dynamic concentric transformation wave of Figure 2.6, which is depicted in grey 
levels in Figure 4.2. 
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Since client satisfaction plays a pivotal role in, it became apparent from the 
beginning that clients should be real and accessible to students. Professors 
responsible for the different courses that participate in the IDP act as clients and are, 
consequently, the driving force for the transformations of Figures 2.6. The IDP is not 
a stand alone course. It is a teaching and learning approach that is horizontally 
implemented in the regular class hours of the existing courses. At the beginning of 
each semester, professors that teach courses in the first three years of the ChE 
program select a set of engineering and project oriented instructional objectives in 
the cognitive domain from their corresponding syllabuses and hand them out to the 
project teams. The objective is that students achieve the engineering objectives by 
themselves through the project and, consequently, begin to take on responsibility for 
their own learning. The level of these objectives varies depending on the year in the 
ChE program according to Bloom’s taxonomy (knowledge, comprehension, 
application, analysis, synthesis, and evaluation) [13]. While it is expected that first-
year students achieve objectives up to the application level in relation to engineering 
practice, for example process design, the 4th year students should be able to 
formulate design problems, evaluate the learning approach itself, etc., i.e. reach up 
the highest level of Bloom’s taxonomy in relation to engineering practice. The 
increase of complexity in the level of instructional engineering objectives over the 
ChE program is shown on the left side of Figure 4.1. Together with the set of 
objectives, instructors allocate 25% of their regular class hours to project design and 
team work. As a result, students work an average of 5 hours per week on the design 
project. 
 
As in any real world experience, students enrolled in the first three years of the ChE 
program soon realize that each professor/client is a universe by itself. Some 
professors know very well in advance which results they want to get from a particular 
project, while others keep constantly changing their instructional objectives, even 
when the project is already approaching the closing phase. This dynamic forces the 
students to put in place effective communication processes with clients, i.e. to 
develop the client orientation competency, consistently demanded by chemical 
manufacturers [14]. It also fosters preventive thinking and triggers the preparation of 
contingency plans. 
 
The model in Figure 4.2 also implies a learning/working environment that facilitates 
the development of competencies by daily hands on practice, with coaching support 
in terms of positive reinforcement and feedback. It is very difficult, if not impossible, 
to develop a competency up to a professional level only by attending a traditional 
single discipline course. Hence the need to deploy extensively the integrated design 
project structure over the ChE program. It is noteworthy to realize that this constant 
simulation of engineering practice makes the competency based educational model 
also an excellent approach to cope with criterion 4 of the ABET 2000 Criteria 
Standard: Professional Component [20]. 
 
This gradual growth of competencies is exemplified by the systematic development 
of project teams throughout the program, as illustrated on the right side of Figure 
4.1. The experience accumulated during the last decade by The Dow Chemical 
Company in the development of empowered teams recommends a progressive 
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transition from leader directed student teams in the 1st semester of the 1st year to 
self directed teams in the 3rd year of the ChE program. Each of the stages in this 
empowerment journey entails that students are ready to take on additional 
responsibility for managing the IDP approach and, eventually, for their own learning. 
Table 4.1 shows in detail which specific activities are taken on by students as they 
progress through the different stages towards an empowered team. This team 
development structure represents an organizational transformation that has to be 
necessarily supported by the appropriate individual transformation. For example, at 
the heart of the shift from the traditional single discipline lecturing format to a team 
based learning approach lies the need that students realize, and hopefully begin to 
assume personal responsibility and voluntary commitment to their own learning. 
 
One key success factor in this empowerment journey is team leadership. Leadership 
is a critical component for the success of any team [18]. In addition, any effective 
organizational transformation requires that facilitative leadership competencies are in 
place, as indicated in Figure 4.2. Consequently, it was projected that 4th year 
students, who had already endured a deep individual transformation, would act as 
facilitative leaders of project teams formed either by 1st year or 2nd year students. 
The participation of 4th year students as facilitative leaders of 1st and 2nd year project 
teams is in accordance with social learning theory [4] and self directed change 
research findings [30]. The latter research claims that people learn interpersonal 
skills from behavior role modeling. This social modeling of knowledge and 
competencies can be best realized in teams of peers, because of the prominent role 
that human motivation, thought and action play in this process. Individuals are open 
to develop a new competency only when they realize that it is important to do their 
jobs well, because there exists a discrepancy between the current and the ideal level 
of competence. Therefore, 4th year students act as role models for 1st and 2nd year 
students and trigger their motivation to work hard to develop the required 
competencies. Furthermore, the 4th year students are in a better position than 
instructors to create a socially “safe” and supportive environment in which to learn, 
experiment with, and practice new learning methodologies and behaviors. This is a 
basic feature of the model, since self directed behavior change research strongly 
suggest that students need to experience high psychological safety to assimilate 
effectively the integrated design project approach and not to perceive it as a threat. 
In addition, 1st and 2nd year students see 4th year students as fellows who have 
already passed successfully through the project experience and who can provide 
valuable support and coaching and increase the chances of success [31]. The 
leadership role responsibilities also vary depending on the development stage of the 
team, as shown in Table 4.1. Finally, it is expected that all 3rd year project teams will 
reach the self directed stage, where all activities related to the management of the 
integrated design project approach are carried out by 3rd year students exclusively. 
This outcome should emerge from the experience of the earlier team organization 
stages shown in Figure 4.1 and as a result of the specific courses and external 
interventions expressly designed and delivered with this purpose in mind. 
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4.3.2 Specific Courses and Interventions 
 
Table 4.2 describes the external interventions that support the educational model 
and the competency structure presented in Figures 4.1 and 4.2, respectively. Table 
4.4 extends this information by including the elective and compulsory courses that 
sustain the whole system from within. As it has been explained in the previous 
subsection 4.3.1, teams are the basic organizational unit where students learn and 
develop social competencies. Therefore, the development of the teamwork and 
cooperation competency, even though located at the concentric circle number 7 of 
client orientation in Figure 4.2, is a priority and had to be strategically planned and 
supported by appropriate training interventions from the 1st year of studies. 
 

The Enhancing Team Performance (ETP) methodology developed by The 
TRACOM Group [32] was selected in late 1998 and fully implemented among 
professors and 1st year students in 2000 as external intervention to support 
teamwork and cooperation in the ChE program (see chapter 2.5).  
 
The 1st year students are currently trained in the ETP modules: 

♦ Fundamentals 
♦ Change 
♦ Team Operating Procedures 
♦ New Member Integration 
♦ Recognition/Reward (see table 4.4) 

 
Students start working in project teams beginning the 2nd week of the 1st semester of 
their studies when they are acquainted with critical components, which contribute to 
optimum team performance. The Fundamentals module conveys, in a workshop 
format, that leadership, relationships and methods are critical components of 
optimum team performance. Each of these components contributes the following 3 
characteristics:  

♦ common purpose, team capabilities and change for leadership 
♦ team norms, communication/conflict and recognition/reward for relationships 
♦ team operating procedures, new member integration and evaluations for 

methods 
 
The roles of team members, team managers and organization, together with the 
balances for leadership (guidance vs. freedom), relationships (support vs. candor), 
and methods (consistency vs. flexibility) are then analyzed. After that the phases of 
team formation, solidification and optimum performance are introduced. Finally, the 
cementing of the 3 components, 9 characteristics and balances by trust results in 
focus on the leadership component, interdependence in the relationships, and 
innovation in the methods. The module on Fundamentals increases the ability of 
students to adapt to the new environment and to decrease dropout. The module 
Change deals with the nature of change, how humans react to change, and how 
change impacts leadership, relationships and methods in a team. The process of 
change management is also analyzed, embedding the following stages: 
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♦ problem/opportunity recognition 
♦ agreement on course of action 
♦ action 
♦ evaluation 

 
The leader and member roles are examined. The Change module stresses the 
importance of being change receptive. It is imparted in a practical manner, since it is 
applied to manage change that 1st year students undergo. The following ETP© 
modules: Team Operating Procedures, New Member Integration and 
Recognition/Reward respectively, expose 1st year students to procedures needed 
for successful problem solving activities and team meetings; excluding or integrating 
members; establishing a reward system to recognize accomplishments. This 1st year 
external training intervention is fully implemented as indicated in Figure 4.1. 
 
2nd year project teams start within a shared leadership team organization in the 1st 
semester, which evolves into a self directed stage during the 2nd semester, 
according to the model in Figure 4.1. This means that the responsibilities of the 4th 
year students leading teams in the 2nd year of IDP shift with respect to those at 1st 
year in line with Table 4.1. The ETP© Common Purpose module helps 2nd year 
students to establish their team vision, mission, objectives and action plans. It also 
helps differentiating commitment and compliance. The 2nd ETP© module Team 
Norms reinforces the need for norms (initially ground rules) and values within a 
framework of behavioral expectations. Students become fully aware that they belong 
to an educational organization that has the purpose to operate as a whole in a 
similar way and that has values.  The team norms and values have to align with 
those adopted by the school: 
 

1) We are a team where people are the most important part; 
2) A commitment to serve the community beyond the expectations of 

stakeholders; 
3) Efficiency, reliability and responsibility; 
4) Excellence in the generation and dissemination of knowledge; 
5) Entrepreneurship, initiative, dynamism, versatility and adaptability. 

 
In addition to these two ETP© modules on common purpose and norms, which have 
been already field tested and are fully operational, the external intervention Cultural 
Diversity (see Table 4.2) is also in the process to be delivered to 2nd year students 
as a workshop. The purpose of Cultural Diversity is to gain insight in the relationship 
between cultural patterns and behaviors and actions. The workshop is based on the 
resource Managing Across Cultures from the Dow Chemical Company. The field 
testing status is the reason why the 2nd year external interventions are represented 
by grey color of tick mark in Figure 4.1. Finally, the non compulsory course 
Communication Techniques for Chemical Engineers is an additional resource that 
has been available since the early years of implementation of the ChE program to 
help students in their oral, written and multimedia presentation skills. Students are 
also introduced to the process of improvisation. 
 



The Competency Based Educational Model 

 87 

3rd year project teams reach the self directed organizational stage. As shown in 
Figure 4.1, 3rd year students are on their own to work as a team after having 
received 2 years of facilitation support from 4th year students. With this critical team 
organizational change in mind, 2 types of external interventions have been selected. 
The 1st one incorporates the modules of ETP© that deal with the remaining three 
modules: Team Capabilities, Communication/Conflict and Evaluation. The second 
external intervention Organizational Development is complementary to the above 
and focuses on client orientation and system thinking (see Table 4.2). Together with 
organizational design, strategy development and implementation, and business 
processes, this external intervention also introduces students to different 
management models, such as the EFQM Excellence Model, the ISO 9001:2000 
standard, and the ABET 2000 Engineering Criteria so that they can evaluate the 
competency based educational model and identify their strengths and areas of 
improvement. The ETP© Team Capabilities module teaches to capitalize on team 
skills, knowledge, experience and individual differences. The 
Communication/Conflict module analyses the communication loop, the causes of 
team tension and conflict, and the standard responses to conflict. The Evaluation 
module is critical in the concentric competency model of Figure 4.2, since it 
comprises the three levels of evaluation: customer satisfaction, team performance 
and individual member performance. It is not surprising that the above three ETP© 
modules are highly valued by the 3rd year students as the latter have to overcome 
the organizational barrier of self management as a team. These three ETP© 
modules have been successfully tested by professors and students and are currently 
in the field testing stage by the 3rd year students of the ChE program.  
 
The ChE program offers to 4th year students, which are the agents that retro feed 
into the system the social learning component by acting as leaders and facilitators of 
1st and 2nd year teams (see Figure 4.1), two yearly compulsory courses in project 
management: Project Management (PM) and Project Management in Practice 
(PMP). The PM course introduces 4th year students to the basic managerial 
methodologies and competencies, such as project management and facilitative 
leadership [18]. The PMP course accounts for the hours that they dedicate to lead 
and facilitate 1st and 2nd year teams. Since the PM course and the previous 
experiences accumulated by 4th year students in previous ChE classes do not 
assure the smooth transition to the PMP course, two types of training interventions 
are in the process of being field tested. The first is the complete set of ETP© 
modules offered as a ChE elective with the purpose of revisiting the critical 
components and characteristics of an optimum performing team. The fact that 
students are credited for this elective course makes this offer very attractive. The 
second is the external compulsory intervention Facilitative Leadership described in 
Table 4.2 and which is currently at a pre testing field stage. 
 
Finally, the 5th year external intervention Global Empowerment has been adopted to 
cope with the outer competencies in the concentric model of Figure 4.2. These 
management competencies should enable students to develop, implement and 
improve continuously the management system of any organization. If students have 
to close their learning process cycle, it is required that they reflect both on the results 
achieved through the competency based educational model and on the way that 
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these have been reached. In order to reflect on the latter, it is essential that students 
can understand the management system of the educational model itself. Only in this 
way, they will be ready to help assess and review the educational model and 
complete their empowerment journey, sharing the ownership of the School with 
faculty and staff. The Global Empowerment course has been designed from the 
materials of the workshop on Global Empowerment Assessment by the Dow 
Chemical Company. 
 

4.3.3 Assessment Process 
 
The assessment process has only started at the 1st-4th and 2nd-4th integrated design 
project (IDP) stages of the model. The initial approach focuses both on “what” work 
is done and on “how” that work is done by individual students acting in the team 
organizations depicted in Figure 4.1 and Table 4.2, and in accordance with the 
practices of Performance Management [33]. The “what” element encompasses the 
engineering deliverables typical of design projects, which are handed out in the 
format of a final report and of a public presentation of results to clients, sponsors and 
social stakeholders in a poster session. The more technically oriented components 
of the “what” element of the assessment process are evaluated during the closeout 
phases of the project, one per semester. This evaluation gives rise to a score or 
mark that is common to and shared by all team members. The “how” element of the 
assessment encompasses the development and use of the competencies shown in 
Figure 4.2 and Table 4.3. This element is continuously evaluated through all of the 
phases of the project, from planning to closeout, resulting in individual student 
appraisal. Table 4.5 describes in detail how both elements, the “what” and the “how”, 
are evaluated for the specific case of 1st year students participating in the 1st and 4th 
year IDP. It can be seen that in this case both elements have the same weight, 
indicating that achieving good technical deliverables as a team is as important as the 
path taken to accomplish the task. 
 
The use and development of competencies have been so far evaluated for the 1st 
year students by applying the procedure sketched in Figure 4.3. This procedure is 
largely inspired on the findings of self directed behavioral change research [30]. In 
essence, it states that the more the students control their change process, from the 
initial goal setting stage to the point where the progress toward the goal is evaluated, 
the higher the likelihood that they will eventually take on personal responsibility and 
voluntary commitment to change and to achieve their change goals. Again, it has to 
be emphasized that self efficacy or the beliefs in one’s capabilities to organize and 
execute courses of action required to manage prospective situations, is key to 
developing self regulatory strategies, motivation and achievement in the academic 
setting [6]. Therefore, the IDP provides a convenient social environment to learn and 
develop competencies. 
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Figure 4.3. Evaluation procedure for the use and development of competencies in 

the integrated design projects 
 
During the planning phase of the project, team leaders facilitate the assignment of 
work objectives to team members and help them to understand the competencies 
that will support the achievement of the work objectives. In doing so, team leaders 
make use of a competency form, in the format of a 10+ pages long questionnaire 
available upon request from the authors, that collects definitions and behavioral 
indicators clustered in different levels of competency mastery for all the 
competencies described in Table 4.3. This competency form is largely based on 
generic competency dictionaries such as that proposed by Spencer and Spencer 
[34]. Students are trained to use the competency form and the overall assessment 
process right at the beginning of the integrated project. This competency form 
constitutes a conceptual framework for students to analyze their behaviors and 
become aware of the deviations that may exist between one’s current level of 
competency and the desired level. Finally, the competency form facilitates the 
provision of feedback and recognition by team managers, team members, and 
professors during the execution of the project. 
 
During the closeout of the project, each team member holds a meeting with the team 
leader to reach a consensus on competency evaluation (development and use). 
Team members - 1st year students - bring to this meeting a self assessment based 
on the competency form. This self assessment constitutes the basis for discussion 
with the team leader who, in turn, uses all data on team members recorded during 
the planning and execution phases of the project. In this meeting, the team leader 
and the team member work to reach consensus on the self assessment, i.e. on the 
actual level of competency achieved. They also discuss the developmental goals 
that are reasonable to consider for the next stage of studies. If consensus is not 
reached, a professor of the PDP course (sponsor) mediates the search for a 
compromise. 
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4.4 Deployment and Preliminary Evaluation of the Model 
 
The ETSEQ had to undergo the concentric transformation waves shown in Figure 
4.2. An organizational change initiative like this one poses a colossal challenge that 
requires a large amount of effort and long term planning. In addition, if this change 
has to be implemented at a research oriented university, where the recognition and 
reward processes are not fully aligned to foster improvements in teaching, the 
endeavor becomes even more challenging [35]. Ultimately, the whole university 
system should also undergo the above mentioned transformation waves. In spite of 
these unfavorable conditions, the ETSEQ has smoothly progressed along individual 
and organizational transformation waves over the past ten years. Figure 1.5 
highlights the milestones of the competency based education model implementation 
process at the ETSEQ. Overall, there are two key success enablers that have 
driven, facilitated and sustained such a change. 
 
The first key enabler being the strong determination and leadership of a group of 
professors, circa 25% of the total faculty, actively involved in promoting effective 
teaching methodologies [9]. The second key success enabler being the ETSEQ/Dow 
Chemical Company partnership that was established in 1997. As a result of this 
partnership the Dow Chemical Company has provided professional change 
management consultants and methodologies to facilitate the organizational change 
needed at the ETSEQ to deploy effectively the competency based educational 
model. A series of workshops were organized in order to create a common vision for 
the ETSEQ, develop key elements to reach that vision, establish change readiness, 
and develop change leadership. Most of the ETSEQ professors and staff 
participated in these workshops and realized how much of a change the competency 
based education model would mean to the current way of teaching. The Dow 
Chemical Company has also provided expertise on team management and team 
development, and has facilitated the access to several learning resources. For 
example, the ETSEQ obtained from the Dow Chemical Company licensing use of 
Enhancing Team Performance® workshop materials [32] and other support for 
external interventions (extra-curriculum activities). 
 
The IDP and the rest of project based cooperative learning approaches were 
institutionalized by the ETSEQ dean following the approval by the governing council 
at the end of the 2000/01 academic year. The deployment of the approach over the 
first 4 years of the ChE program has just been completed in this year 2005 due to 
resistances to change encountered at the 2nd year of the program. The approach 
followed to overcome this difficulty has been to involve professors into the new 
system rather than impose the new system on them. As a result, there is an 
expectation that transformation undergone by the ETSEQ, which follows the model 
in Figure 4.2, will be more enduring than if started as an institutional initiative. The 
current approach of client oriented, breakthrough changes is more likely to generate 
commitment and a sense of ownership among faculty, students and staff. 
 
The backbone of the model in terms of the project oriented cooperative learning 
approach (central right column in Figure 4.1) is currently (year 2005) in place and 
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operational. The deployment of external training interventions (left column in Figure 
4.1) is complete in 1st year and is at the field testing stage in 2nd, 3rd and 4th years. 
The workshop Enhancing Team Performance©, that has been adopted to train both 
students and professors, has enhanced the overall acceptance of the educational 
model. It also accelerates the formation of teams and the perception by students that 
working in teams is of advantage in engineering practice. Breaking this barrier or 
cultural shift from individual to teamwork has in turn facilitated the social modeling of 
knowledge and competencies that are inherent in the proposed model. 
 
Global Empowerment is the only external intervention that is currently pending. 
According to Figure 4.1 and Table 4.2, this intervention, which is planned for the last 
year of studies and has a workshop format, should enable pre graduating students to 
implement, evaluate and improve continuously the management system of an 
organization. To reinforce the following two competencies, Organizational 
Development and Performance and Organizational Leadership (see Table 4.3 and 
the two outer circles in Figure 4.2), Global Empowerment should encompass in the 
workshop allocated (see Table 4.4), several mini projects carried out by teams of 5th 
year students to self assess the organization. These mini projects should be 
designed so that they can be carried out in close collaboration with the 4th year 
students acting as leaders and facilitators of IDP. Also, they should emerge from 
within the EFQM’s cyclic RADAR methodology [36], which involves the phases of 
Results, Approach, Development, Assessment and Review, shown in Figure 4.4. 
 
At the core and sustaining the RADAR cycle are the needs to INTEGRATE all 
enabling agents (leadership and processes affecting people, policies and strategies, 
alliances and resources) and operational processes, and to MEASURE all results. 
The enabling agents are well taken into account by the model itself and by the 
partnership with the Dow Chemical Company. The components of RADAR that are 
totally or partially missing currently are those related to MEASURE (perception 
measures and indicators), both in the assessment and review, and in the results step 
of Figure 4.4. 
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Figure 4.4. The self assessment RADAR cycle of the European Foundation for 

Quality Management 
 
The assessment and review together with the analysis of results of the competency 
based educational model that 5th year students will carry out, should close their own 
learning process loop and contribute to the institutional transformation wave of 
Figure 4.2, which is a key area of improvement at the ETSEQ itself. Many 
procedures have been developed and documented throughout the years and the 
educational model has been continuously improved. However, there is not an 
accepted process management system along with associated process indicators in 
place. Such a system be used to assess comprehensively and quantitatively the 
model and, ultimately, identify, prioritize, plan and implement improvements. 
Probably, it is necessary that the ETSEQ goes first through this institutional 
transformation wave, facilitated by the ABET and other regional and national 
accreditation processes, before the self assessment related competencies can be 
developed by senior students. The successful implementation of the last intervention 
on empowerment is a key factor for the ongoing completion of the last two steps 
Assessment & Review and Results of the RADAR cycle (Figure 4.4) and for the 
continuous improvement of the current educational model. 
 
The fact that most measures of the assessment currently available are of a 
qualitative nature does not impede to clearly perceive that classes are 
overwhelmingly attended, that drop out has decreased to background noise levels, 
that more professors act as facilitators in the classroom, and that teaching methods 
are more active and student centered every day. Since the proposed educational 
system is client oriented, it is worth stating the opinion of our industrial partner. The 
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Dow Chemical Company has felt the positive impact of the competency based 
educational model of the ETSEQ when selecting chemical engineering students for 
internships or graduates for new jobs. The first indicator that shows positive 
tendency is the number of 5th year students who carry out their industrial internship 
at Dow Chemical Ibérica. Placements of ETSEQ students as a percentage of total 
student internships has increased tenfold, from 5-7% in the late 90’s to a current 
average of 50%. The Dow tutors highlight the fact that ETSEQ students are not only 
technically well prepared, but also are highly valued for their ability to overcome 
difficulties by searching effectively alternative solutions with initiative and teamwork. 
Another indicator that reinforces this positive trend is the percentage of ETSEQ 
chemical engineers hired annually by the Dow, which has increased by a factor of 
nearly three over the same period. It should be noted that the Dow follows a 
competency based interview scheme for recruiting purposes. The scorings of 
ETSEQ chemical engineers showed that: 

♦ they possess the technical knowledge required for the job 
♦ they are open to new challenges 
♦ they are willing to stretch goals through effective communication, teamwork and 

joint development 
 
These preliminary but qualitatively conclusive results (evidence) show that the 
competency model works and that it has the desired effects on student education. 
These trends are an encouraging early sign that the four hypotheses stated in 
subsection 4.2.1 are consistent with the scope of the current endeavor. It remains to 
measure how much this effect is tangible in every competency and to define 
improvement actions. In doing so, each competency will be divided into measurable 
components or characteristics. For example, client orientation can be broken down 
and measured as:  

♦ gives a quick and adequate response to (responds to demands, questions, 
complaints and requests made by) clients 

♦ shares information (keeps communication open) with clients 
♦ finds solutions to and reaches consensus about (commits to solving) client’s 

problems  
♦ involves others (works) to improve service 
♦ adds value (economical, environmental, health and safety, etc.) to clients 

beyond expectations 
 
The process of defining indicators for every competency is the next step in the 
assessment and review step that 5th year students will carry out according to the 
RADAR methodology depicted in Figure 4.4. 
 

4.5 Final Remarks 
 
The initiative of a team of professors committed to active teaching methodologies, 
together with the pressures from ABET and other European accreditation boards, led 
to the adoption of a competency based educational model at the ETSEQ. To support 
the change from a conventional educational organization to a competency based 
system with empowered students, a partnership with Dow Chemical Ibérica was 
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established. This partnership facilitated the implementation of a project based 
cooperative learning structure and the weakening of resistances opposing change. 
Key for the success of the implementation has been the adequate selection of ten 
competencies (client orientation, versatility, entrepreneurship and innovation, 
systemic thinking, responsible and active learners, facilitative leadership, teamwork 
and cooperation, human interaction, organizational development and performance, 
and organizational leadership), the implementation of a team organization coherent 
with the model, from leader centered to a self directed empowered teams, and the 
delivery of appropriate external training interventions, designed to foster the 
development of the above competencies. Preliminary results show that students 
have developed technical and social competence to the point of being offered 
significantly more internships and permanent positions by the partner chemical 
manufacturer. 
 
It should be noted that this chapter presents the final educational model proposed for 
competency development at the ETSEQ. The material presented, which is the main 
contribution of the thesis, will be published as such in the International Journal of 
Engineering Education (see Appendix D). Since the current work started from the 
successful IDP models developed at the ETSEQ depicted in Figure 1.4 and the 
partnership with the Dow Chemical Company back in 1997, many variations of the 
IDP model had the opportunity to be tested on a restrictive, unofficial basis. The 
impact of official adoption by the ETSEQ of the IDP in 2000/01 has permitted to 
recover some of the past experiences very recently, like the adoption of the 1st and 
4th year model in the second year of the ChE program. This is the reason why the 
current model of Figure 4.1 already reflects this and other currently underway 
realizations. The surveys presented and discussed in Chapter 3 reflect the state of 
the IDP system prior to implementing or in the initial stages of testing any of the key 
elements of the current competency based educational model. This gap has been 
inevitable given the personal situation of the author of this work as well as the 
idiosyncrasy of the Catalan University System. 
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Table 4.1. Team organizations of Figure 4.1 defined according to responsibilities and activities of members  

Responsibility of Activities 

Leader  

Shared between Leader & TM (not necessarily 50/50/)  

Shared between Instructor & TM (not necessarily 50/50/)  

Team Members (TM)  

Activities 

 

Leader 

directed 

 

Leader 

centred 

 

Shared 

leadership 

 

Self-

managed 

 

Self-directed 

1.- Formulate team objectives (project scope)      

2.- Identify learning issues and apply learning processes      

3.- Establish team norms      

4.- Communicate with project clients      

5.- Communicate with project sponsors      

6.- Provide feedback to team members      

7.- Manage conflicts      

8.- Manage decision making process      

9.- Design and apply a balance of consequences system      

10.- Define and improve teamwork procedures      

11.- Determine the required reviews and approvals      

12.- Manage project’s risks      

13.- Schedule project’s activities and create a project budget      

14.- Establish quality standards for activities      

15.- Assign activities to team members      

16.- Monitor project progress      

17.- Integrate new team members      

18.- Assess individual performance and competency development      

19.- Evaluate team performance      
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Table 4.2. External interventions supporting the educational model and the 
competency structure 

 
Interventions Description 

Enhancing Team Performance® 

 (ETP) 

Modular workshop [Fundamentals; Common 
Purpose; Team Capabilities; Change; 
Norms; Communication/Conflict; 
Recognition/Reward; Operating Procedures; 
New Member Integration; Evaluation] 

Cultural Diversity 

Workshop based on the resource Managing 
Across Cultures® by Trompenaars, Hampton-
Turner, 2000, to develop concepts of culture 
and relate cultural patterns with behaviours 
and actions (in collaboration with Dow) 

Organizational Development 

Modular workshop jointly designed with Dow 
to build the foundation for core values and to 
enhance competencies like client orientation 
and system thinking [organisational design; 
strategy development & implementation; 
business processes] 

Facilitative Leadership 

The learning resource selected is Human 
Interaction® developed and sponsored by 
Witt & Partner. It deals with the complexity of 
resolving conflicts and leading teams without 
exercising managerial power 

Global Empowerment 

Based on Dow’s Global Empowerment 
Assessment Workshop to help tracking the 
progress of team organizational stages 
toward empowerment, to ensure that team 
members and leaders display appropriate 
behaviours, and to become aware of the 
processes and methods available to develop, 
implement, evaluate and improve 
continuously the management system of any 
organisation 
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Table 4.3. Operational definitions of the ten competencies selected according to the concentric structure of Figure 4.2 

Client Orientation 
The ability to identify and listen actively to clients, to anticipate and identify what clients need and value, and 
to seize opportunities in a responsive manner 

Versatility 

The ability to be open to changes and new information. To adapt behaviour and work methods in response to 
new information, changing conditions, or unexpected obstacles. To deal effectively with pressure; maintain 
focus and intensity; remain optimistic and persistent even under adversity. To be resilient and capable of 
dealing with disappointments and setbacks 

Entrepreneurship & 
Innovation 

The capability to identify and solve problems with creativity, to have bias for action, and take appropriate 
risks. The confidence to try something different without being afraid of making mistakes. The determination 
and ability to challenge the status quo with new and valuable ideas and to apply existing ones in new and 
improved ways 

System Thinking 
The ability to deliver technical capability based on a vision of the big picture and managing any individual or 
collective endeavor according to a holistic model. The capacity to recognize patterns and complete the big 
picture from partial information  

Responsible & Active 
Learners 

Takes responsibility for own learning and development by acquiring and refining of technical and professional 
skills needed in job related areas. Obtains developmental opportunities proactively. Applies knowledge and 
information gained as appropriate 

Facilitative Leadership 
The ability to help other people improve performance, promote an environment that fosters the development 
of others, influence and guide others toward identifying and achieving objectives, provide purpose and 
direction, and motivate and enthuse others 

Teamwork & Cooperation 
The capability to contribute to effective team output by cooperation, participation and a commitment to share 
vision and goals, and to achieve interdependence with personal accountability 

Human Interaction 
The ability to communicate effectively in interpersonal and group situations, whether through written or oral 
means 

Organizational Development 
& Performance 

Contributes effectively to increasing organisational performance by the knowledge of relevant management 
methodologies and their implementation 

Organisational Leadership 
Establishes directions, objectives and resource requirements required to respond to organisational needs 
and opportunities. Thinks strategically about longer term needs and the capabilities required to address 
these needs 
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Table 4.4. List of compulsory and elective courses, and external interventions supporting 
the educational model and the competency structure 

 

Year Course Semester Hrs Type 

1 

Enhancing Team Performance© 

(ETP) modules: Fundamentals, 

Change, Team Operating 

Procedures, New Member 

Integration, Recognition/Reward 

1 15 
External 

compulsory 

ETP modules: Common Purpose, 

Team Norms  
1 6 

External 

compulsory 

Communication Techniques for 

Chemical Engineers 
1 30 ChE elective 2 

Cultural Diversity 2 15 
External 

compulsory 

ETP modules: 

Communication/Conflict, Team 

Capabilities, Evaluation 

1 9 
External 

compulsory 
3 

Organizational Development 1 20 
External 

compulsory 

Project Management Yearly 60 ChE compulsory 

Project Management in Practice Yearly 120 ChE compulsory 

ETP complete suite of modules 1 30 ChE elective 4 

Facilitative Leadership 1 10 
External 

compulsory 

5 Empowerment Journey 1 30 
External 

compulsory 
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Table 4.5. Example of the assessment process of the integrated project related activities at the first year of ChE studies 
 

Assessed Element 
Who is 

assessed? 
What is assessed? Weight (%) Who assesses? How to assess? 

Final report 25 
1st year project co-

ordinators 
According to acceptance criteria 

Poster 
1st year professors 

(Clients) 
According to acceptance criteria 

WHAT? 

(Final results) 
Team 

Learning of 

instructional objectives 

25 
1st year professors 

(Clients) 

Each client asks questions about the content of 

the project to a member of the team chosen at 

random. The score is the same for all team 

members 

HOW? 

(Processes to 

achieve final results) 

Individual 
Development and use 

of competencies 
50 1st year students 

1st year students carry out a self assessment 

by using a competency form designed 

specifically for this purpose from the dictionary 

of Spencer and Spencer [34]. Once completed, 

1st year students meet with their team leaders 

to discuss results. They clarify and reach 

consensus. If consensus be reached, 

differences are recorded and a professor of the 

Project Management in Practice course 

(sponsor of the project) mediates to reach a 

final compromise 
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Chapter 5 
 

Concluding Remarks and Recommendations 
 

5.1 Conclusions 
 
The aim of this chapter is to provide overall conclusions, as well improvement 
suggestions intended to guide further research and, more importantly, enhance 
the implementation of activities at the ETSEQ. The concluding and final remarks 
given in subsections 3.4 and 4.5 will not be repeated here, but rather summarized 
or restated within wider context. The framework presented in the next subsection 
is a build up of the ETSEQ vision and provides all the necessary components to 
improve the competency based educational model currently developed. 
 
The hypothesis of achieving enhanced technical knowledge through the 
application of social competencies has been documented and evaluated for 
validity. Current results provide evidence that the new competency based model 
of engineering education outperforms conventional approaches and is 
sustainable. Over a decade of research on the model initiated back in 1994 by 
some visionary professors [1,2] has provided tangible data to support the original 
hypothesis [3] (see Appendix A). It is a valid statement to confirm the 
sustainability of improvements [4,5], based on the long running nature of the 
project. The model’s uniqueness is characterized by reconciliation of the classical 
dilemma of conveying necessary technical knowledge and adding supplementary 
social competencies. Typically, these two components are perceived as being 
mutually exclusive. 
 
This research puts forward an assumption that not only reconciliation is possible, 
but also that there is additional productivity gain in enhancing technical 
competence through application of social competencies. The enhancement is 
particularly effective when it comes to long lasting sustainable results. 
Traditionally, students are exposed to a predetermined fixed amount of technical 
content, which for the sake of this discussion may be characterized as 100%. 
Unfortunately this amount of technical information can not be retained and 
overtime drops to numbers as low as 10%. If to the contrary, social competency 
building is integrated, the amount of technical knowledge may only be 80%, 
however has a much higher retention rate, typically circa 50% [6]. The 
supplementary information retention rate is considerable and has to be portrayed 
against the additional advantage of possessing superior social competencies, 
which complement superb technical knowledge retention. Preliminary 
observations clearly indicate that this new type of engineering students have an 
easy entry into today’s highly competitive labor market, as they outperform 
graduates from other more conventional schools.  
 
This research suggests full adoption of the social integration model by other 
schools, which would provide more talent to the job market, in addition to 
accelerating the necessary culture change in an academic organization, which is 
traditionally change adverse. To enhance the functionality of the social integration 
model, improvement suggestions are proposed in the following.  
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5.2 Recommendations for Future Research 
 
Some additional recommendations for future research are presented here, which 
are complementary to those already obtainable in Chapter 4 [7]. All along the 
length of this thesis work some individual recommendations were highlighted and 
it is now imperative to structure these recommendations in a manner which would 
allow future research to be performed in a more effective and efficient way. The 
best method of structuring recommendations is by using the Change 
Management framework developed by the Dow Chemical Company and which is 
presented here in section 2.4 (see Figure 2.2) [8]. In the following subsections, 
various components of this framework are discussed with specific reference to 
future improvements for this type of research.  
 

5.2.1 Articulate Vision 
 
The vision of the school (see subsection 2.4.1) has been defined, but has not yet 
been clearly communicated and/or reiterated. Every major change is initiated by 
putting forward a compelling case for change, which is communicated to the 
organization in a very aggressive way. Very often the importance of vision 
communication is underestimated [9] and consequently the organization does not 
perceive the need for change. In this particular case, it were the professors, 
above all, who left the seminars with the impression that a transition to a more 
team based organization is more of an option as opposed to a clear mandate.  
 
To improve the ETSEQ performance and the performance of respective 
management and government bodies, it should be clear that the change is a must 
and that there would be negative consequences [10] in case professors fail to 
adopt a different way of teaching and organizing education. In addition, it is 
proposed that at the beginning of each academic year all professors and faculty 
staff should be brought together for a one day learning event, at which point the 
vision would be revised, learning from past academic years reviewed and actions 
for improvement identified. 
 

5.2.2 Establish Change Readiness 
 
It can be concluded that at the beginning of the project, readiness for change was 
only established to a moderate degree. One way to institute change readiness is 
to construct a more upfront communication and dialogue within the school and 
the students. In addition, one could consider conducting simple change readiness 
surveys [11], which would help diagnosing the perception of change in the 
organization. These surveys should be normally run on a six month basis to track 
relative progress.  
 
As shown in Figure 5.1, there is a generic pattern, which is followed by individuals 
on the path to change [12]. It is of critical importance that the individuals affected 
by change move fast through the negative predisposition to change journey, as 
commitment to implement change only occurs when the individual is in the stage 
of testing. 
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Figure 5.1. Illustration of negative predisposition to change 
 
Only at the testing stage does the individual’s energy focuses on the task. Prior to 
that, when going through the change, the energy is focused on emotional 
survival. That is the reason why in general productivity and morale will typically 
drop or at least stagnate when going through major change, irrespective of the 
nature of the organization. Figure 5.2 illustrates the distribution of energy during 
change. 
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Figure 5.2. Distribution of energy during change 
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5.2.3 Develop Change Leadership 
 
This is probably one of the areas where this research project needs the largest 
improvement, if it has to be sustainable in the long term. Building the necessary 
capacity to lead the school through this particular change and future 
transformations is crucial for success. While some education took place at the 
beginning of this project, it became evident that it was not sufficient to make 
individuals capable of driving change. It is therefore proposed that all professors, 
if possible, should go through an educational step, at which point they would build 
and enhance their competencies on how to lead change. Because of the fruitful 
collaboration and partnership between the ETSEQ and The Dow Chemical 
Company, one could think of running a two day seminar called “Implementing 
Change Effectively” [8] for professors and faculty to build the competencies 
needed. That would in turn enhance the resilience of the school as such - a 
strategic asset in a growing competitive environment for attracting talented 
students and competent professors and researchers. This is the key objective of 
the ETSEQ. Within the school setting, professors act as role models and their 
behavior shapes that of team managers and their students. So, in case a 
professor is a luke warm supporter of the new educational model, he/she will 
project that same perspective on to the students. In fact, implanting ambiguity in 
the school will ultimately lead to some form of civil war, as supporters of project 
methodology will fight resisters [13]. That takes away precious energy needed for 
task completion and absorbs the energy needed for emotional survival as 
previously illustrated in this chapter. 
 

5.2.4 Build and Develop a Project Team to Manage New Model 
 
When managing change on a large scale it is imperative to have a mechanism in 
place, which will manage implementation. In present research, this role was 
assigned to a project team. However, the team charter was not clearly spelled out 
and the roles and responsibilities not clearly allocated. This represents yet 
another major area for improvement, as building and maintaining a project team 
infrastructure is one of the success ingredients. A typical project team for the 
school could be formed by two professors (one of which is project leader), five 
students (all from different integrated projects) and two staff members (PAS). 
Such a composition represents a cross section of the organization and therefore 
should integrate the needs and concerns of all different stakeholders. 
 
Typically, a project team should receive sound education consisting of change 
management and team dynamic skills. Again, from a practical point of view, the 
proposal calls for that same change management seminar, as proposed for the 
professors [8], an introduction to group dynamics “Introduction to Teams and 

Groups” [14], followed by the full series of models from “Enhancing Team 

Performance” [15] over time. As the integrated project methodology along with 
the social competency building takes momentum at the ETSEQ, one should think 
of rotating project team members at the beginning of each academic year. In 
order to guarantee continuity, it is recommended that about 4 project team 
members, including the leader should stay the same while the others rotate. That 
way an additional benefit would be obtained in form of creating multipliers at 
university. The project team itself would be supported by various sub 
teams/networks, composed of different representatives from integrated projects 
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and faculty. While the project team should focus on implementation and 
management of milestones, the respective sub teams would provide content 
information for the different sub streams of the project. The template proposed in 
Figure 5.3 for management infrastructure calls for 4 sub streams:  empowerment, 
communication, competency building, and culture. These components are directly 
derived from the vision and represent the major building blocks to work with. 
 
The project team itself is typically connected to a sponsorship team, which 
provides the appropriate guidance, mission statement, resources, and balance of 
consequences. Sponsorship team members are generally selected from the 
highest level in the organization. In this case, members should be the ETSEQ 
director, the chairs of the departments involved, and the appropriate university 
vice president, with representatives of government and other faculties to allow 
leveraging within University Rovira i Virgili and other universities. 
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Figure 5.3. Project management infrastructure 
 

5.2.5 Identify and Manage Expectations of Stakeholders 
 
The prime stakeholders of this research are the various constituencies of the 
university. Provided that recommendations made so far in this chapter are all 
followed, this particular topic would be addressed practically. One could think of 
some other stakeholders outside of the university, in particular governmental 
agencies like the Ministry of Education of Catalunia, chemical manufacturers, and 
other universities/faculties who might be interested in learning from this project.  
Typical tools to track the positioning and relative movement of stakeholders are 
surveys, interviews, and focus groups. In this particular case, it is proposed to 
simply communicate more effectively with the various stakeholders, but other 
than that no additional measures are currently needed.   
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5.2.6 Design and Execute Communication Strategies 
 
It is a today’s societal paradox that despite all the information floating around, 
communication suffers rather often than not. It is quite a challenge to select 
appropriate information out of the wealth of knowledge available and 
appropriately communicate it to the recipients. That is the reason why one of the 
sub streams of the project team is communication. The task here would be to do 
a better job in selecting message, messenger, and media [16]. As efforts have 
been made throughout this research to keep the various stakeholders informed, it 
is recognized that additional structured efforts are needed to communicate 
appropriately. Given the assumption that the project team and the leadership 
would have received appropriate change management education, this area for 
improvement could be considered covered.   
 

5.2.7 Design Jobs 
 
As the subject of this research is an academic organization rather than a 
business organization, it would be more appropriate to call this area “design 
roles”. This signifies that roles and functionalities are different before and after 
vision implementation. For example, before the vision implementation takes 
place, professors could be perceived as some form of hierarchy with the students 
behaving like subordinates and reporting to the professors.   
 
The new competency based educational model is a client and service one, 
whereby professors represent service providers to the clients, equals students,  
to perform optimally. That calls for a change of roles and functionality towards a 
facilitation scheme, which leads towards implementation. Again, the project team 
with the mandate of defining empowerment would be responsible to put forward 
role descriptions for the new model and consequently an implementation scenario 
of how current incumbents would shift towards the new role descriptions and 
perform according to these expectations. 
 

5.2.8 Develop Performance Measures 
 
While a vision statement and a qualitative description of its components are 
available, there is a lack of quantitative performance indicators at the ETSEQ. 
Additionally, each objective should have a timeline and defined quantities for 
improvement. For example, in the chemical engineering department vision, the 
empowerment principles are put forward as follows: empowerment principles are 
applied by students, faculty members, and PAS. Effort has to be invested in order 
to translate these principles into compelling objectives. That should include an 
operational definition of what empowerment principles mean, a deadline to 
complete the implementation of these principles, and finally an objective way on 
how to measure progress. In the absence of well defined performance measures 
no real progress is possible [17]. Even worse, the progress made becomes the 
subject of interpretations and this, in turn, can ultimately fuel the ‘civil war’ 
between supporters and resistors of the change, as mentioned in subsection 
5.2.3. Creative communication is required when dealing with performance 
measures and agreeing upon corrective measures. 
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When setting up the measures in more detail for the organization, a number of 
principles and considerations have to be adhered to. First, there has to be a 
hierarchy of measures [18]. The following Figure 5.4 captures the concept of this 
hierarchy.  
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Figure 5.4. Hierarchy of measures 
 
While this concept is primarily applied in the business world, it is nonetheless 
generically applicable and would serve the ETSEQ very well. In more practical 
terms, customer measures would be, for example, survey indicators which give 
supporting evidence that “we will be a center of reference in the field of Chemical 
Engineering in Europe with a priority hold into the Mediterranean area”. Or in 
other words, there have to be measures (like a survey on the attractiveness of the 
school in Tarragona or its perceived value by students, professors and 
researchers), which indicate the progress towards the accomplishment of the 
vision. Next internal measures should be defined, like ratings, grades, drop-out 
rates, etc., per faculty to reflect a unit performance. Finally, measures could be 
introduced on the next level below where you could compare and analyze classes 
within an academic year. This would be followed by student performance data. 
 
Once the hierarchy of measures or indicators has been established, a good 
performance tracking mechanism has to be put in place. Typically, a grid of 
measures or dashboard would be used in industry. Such a grid reflects the 
organizational alignment, needed to show the correlation between efforts and 
results. In order to engage the organization, these measures are normally 
discussed and reviewed with the members of the organization. This allows for the 
teams and individuals at a working level to clearly see their contributions and 
impact of their activities. In more practical terms, the sponsorship team would 
propose the critical customer and external measures. The project team in turn 
would then propose the organizational measures (one level below) and, together 
with the sub teams, draft team and individual indicators. This way there is clear 
alignment between the hierarchy of measures and the change management 
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infrastructure, as illustrated earlier in this chapter. Figure 5.5 provides an example 
on how such a performance grid could be established at the ETSEQ. 
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Figure 5.5. Performance grid for the ETSEQ 
 
As indicated in chapter 4, one could think about additional measures to prove the 
hypothesis that social competencies enhance technical learning, as well as give 
evidence on the improvement results obtained by the social competency building. 
For example, it is industry standard to assess the level of empowerment. 
Likewise, an empowerment assessment could be applied to the teams working 
on integrated project during the final stages of education (4th and 5th years) [19]. 
This empowerment assessment will be beneficial, since it would facilitate the 
identification of future improvement opportunities and consequently allow for 
higher levels of empowerment. This measure would fit well in the category of 
team level of the performance grid. The collective view on the empowerment 
assessments for all teams working on integrated project would represent a 
measure for the organizational level. Parallel to these empowerment 
assessments the diagnosis tool provided by the vendor of “Enhancing Team 

Performance” could also be used to validate the results of the empowerment 
assessment. When it comes to organizational level and customer level the EFQM 
model [20] and its subsequent assessment would represent another measure. 
While this evaluation requires competencies and effort, it provides an excellent 
organizational diagnosis. In addition, it would be useful to compare it with 
assessment already conducted at the ETSEQ back in 1998 [21]. 
 

5.2.9 Develop Competencies 
 
Besides Develop Change Leadership this is probably the second biggest area of 
improvement. In subsection 5.2.3 the education of professors was discussed in 
detail. In this particular subsection emphasis is put on education of the remaining 
stakeholder, which is crucial in order to make the changes sustainable. Figure 5.6 
shows the correlation between the level of competencies and empowerment. 
Research supports unanimously this correlation, whereby the competency 
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building has to be initiated first before the behavior changes become visible [22, 
23]. 
 

Authority
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Figure 5.6. Relationship between competency and empowerment 

 
While Figure 5.6 represents the conceptual correlation, it is worth to have a 
further look into the competency building process. It is important to notice that in 
order to accomplish the vision of a technical and social competent engineer, a 
large part of the education has to be focused on developing methods and social 
competencies. Figure 5.7, which is an upgrade of Figure 2.1, reveals the 
education that would enable students to become “global engineers”. 
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Figure 5.7. Components of competency building for a global engineer 
 
Based on the above arguments social competencies are critical, as they allow 
better learning and consequently increase the ability to absorb and retain 
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technical competencies and knowledge. All the survey feedback obtained from 
students (team managers and team members), which has been reported in 
chapter 3, calls for more ongoing education.  They are clearly demanding 
continuous support and coaching in order to make the learning and the behavior 
changes sustainable. Based on that feedback, the interventions given in Figure 
4.1 and Table 4.2 as part of the proposed educational model could be 
complemented with other interventions in form of short courses and seminars to 
further enhance teamwork capability. A brief description of some of these 
complementary training alternatives is given below. Appendix E also includes a 
more detailed description of some of these proposed interventions. 
 
One of the challenges when starting re-skilling of an organization is to find a 
learning resource which, while being sophisticated enough to cover the concepts 
and implementation, is also simple and compelling enough to be understood by 

the total population affected. Even though “Enhancing Team Performance” is a 
great learning resource, it takes considerable effort to educate the whole 
organization. In addition it is a modular process and thus requires some time to 
convey the learning. As an improvement for future resources, it is proposed to 
have an alternative base education in form of “Introduction to Teams and 

Groups” [14]. This is a course of approximately 6 hours, which conveys all the 
basic principles of teams and groups. It also allows immediate application of the 
learning as it contains exercises, tools and surveys, which are carried out during 
the course. This learning resource has been developed by The Dow Chemical 
Company under the leadership of the author of this research. It is proposed that 
the entire school population is educated with this material. This would build an 
appropriate foundation on which the external and more complete intervention 

“Enhancing Team Performance” could be built. As “Introduction to Teams and 

Groups” is only a 6 hour course, large amounts of participants could be taken 
through it in a relatively short period of time. This course was successfully 
prototyped at the ETSEQ as part of the courses for Multi-Disciplinary Seminars. 
 
Another improvement opportunity is the provision of on-going coaching and 
consulting. Research unanimously supports the need for this component of 
learning [24-26]. It is common that groups and organizations after having 
received education, struggle with implementation. That is why it is crucial to have 
coaches and consultants available for help to overcome all kinds of barriers 
during implementation. The surveys feedback regarding improvement 
opportunities is clearly pointing in this direction. It is proposed that professors, 
team leaders and knowledge managers undergo a seminar on coaching. 
Because of the relationship with The Dow Chemical Company, it is possible to 
come to an agreement with the company Development Dimensions International 
Inc. (DDI). This relationship could be shaped in similar form to the partnership 

with The TRACOM Group for “Enhancing Team Performance”. The vendor DDI 
has a great learning resource on the market in form of the product “Enhancing 

Coach Performance” [27]. Similar to “Enhancing Team Performance”, it is 
designed in modular form and helps coaches to fulfill their role and consequently 
support team performance. Under the assumption that the target population is 
educated in this way, it is to be expected that the implementation of the new 
educational model is considerably enhanced. Preliminary discussions between 
the author of this research and DDI have already taken place, so that “Enhancing 

Coach Performance” education could start relatively soon.  
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In addition to the coaching support described above, it is proposed to have an 
external consultant available on a periodic basis. This individual would provide 
the coaching of the coaches in all aspects of leadership, change management 
and group dynamics. It is also critical that the consultant delivers the necessary 
tough messages to the senior level of the school and university. The advantage 
of being an outsider is providing a fresh pair of eyes, as well as being impartial 
and bringing a component of objectiveness and mediation to the party. It is 
proposed to set up an official agreement between this consultant and the 
university, so both parties could agree on their expectations. Besides consulting, 
this person is also to stimulate dynamics between the various constituencies of 
the project infrastructure.  
  

5.2.10 Align Culture, Structure and Rewards 
 
As discussed earlier in this research work, implementation of the educational 
model along with building social competencies represents a significant culture 
change. This philosophy is dominated by two schools of thought. One states that 
tools and techniques should be used to initiate the necessary culture change. The 
other favors the concept of “change the culture indirectly by changing the way 
you do things” [28]. The author of this research is a disciple of the latter school of 
thought. Therefore it is not recommended to introduce additional activities, but 
rather rigorously implement the other recommendations. As these 
recommendations originate at the top of the organization, a significant behavior 
change of professors would in turn drive significant behavior change of team 
managers, resulting in behavior change across the university.  
 
When it comes to structural changes, there is no apparent need to change 
anything in the organizational structure or set up of the university or school. 
Typically when large scale reengineering projects are executed, a change in 
organizational structure is involved. Nonetheless, it is believed that the 
educational model can be successfully implemented even within the current 
organizational set up. This judgment is of critical importance due to the fact that 
structural changes in an academic organization require time consuming state 
approval procedure, which would slow down the speed of change. Hence it is 
desirable to implement the changes within the current structural set up.  
 
Rewards represents most likely the third biggest area of emphasis. It is an 
accepted principle in behavioral science [24] that the reward of the desired 
behavior has a dramatic impact on changing behavior. The change of behavior in 
an academic organization is particularly complex, as there is very little direct, 
immediate and personal incentive to change. This assumption applies to the 
students and professors alike. In case of students it is not immediately obvious 
why they should change their behavioral pattern, when it is a valid option to 
maintain the status quo. Only the success of the integrated project could serve as 
a first tangible incentive towards improved team dynamics and consequently, 
more productive team behavior. Therefore, it is highly recommended that the 
integrated project marks should carry more weight when allocated against the 
total subject composition. This would not only elevate the image of the integrated 
project, but would also make the behavior change more desirable. 
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In case of professors the situation is ever more complex. The latter are by 
definition “funcionarios”, thus their recognition structure is rigid and state 
determined. A reward for this target group would have to appeal primarily to their 
intrinsic motivation [29]. This could take the form of student/dean feedback and 
personal growth and development. Preliminary attempts to initiate the student 
feedback to professors have been undertaken, however not in any structured 
form. Therefore, additional work is necessary to design – for the student and 
professor use – a transparent recognition scheme, which clearly links desired 
behavior changes and reward.  
 

5.2.11 Develop Human Resource Policies 
 
When business organizations undergo massive changes, they develop a high 
activity level at aligning and designing human resource policies. With the 
assumption that a reengineering effort will dramatically impact employee and 
career development, a revisit of human resource policies is necessary. In case of 
academic organization one has to look into this arena as well. Potential 
improvement opportunities lie in the answers to the following questions: 

• How do you assign topics to professors? 

• Do you introduce rotational assignments? 

• Do you require social competency building and personal development for 
professors as condition for employment? 

• Do you make participation in development activities a mandatory 
requirement for university members? 

 
These and other questions should trigger a university revisit of human resource 
policies. A cohesive system of employee development and reward policies should 
be designed in conjunction with the findings of the previous Align Culture, 
Structure and Rewards sub chapter.  
 
Further research and effort in the reward policy area is needed to complete the 
support system for the implementation.  
 

5.2.12 Implement Change/Measure Results/Reward Teams and 
Individuals/Maintain and Improve 

 
The prime objective of this section is to implement the vision and the objectives 
and to assure sustainability. If all along the change process the suggestions for 
improvement would have been implemented, it is fair to assume that by now the 
change is systemic and sustainable. This also implies the engagement of the total 
organization affected and an intense dialogue and communication throughout the 
implementation process. Therefore, the task at hand calls for implementation 
discipline with performance tracking, analyzing deviations, capturing learning and 
continuous improvement program. Ideally, there is an infrastructure in place to 
perform these tasks. This infrastructure could be represented in form of the 
project team, as proposed in subsection 5.2.4, or any variation of that proposal. It 
is mandatory that performance tracking is an integral part of the duties of 
university management, so that response to any deviation occurs in a timely 
fashion. Based on current experience, when change management is adopted, 
performance tracking becomes an integral part of operating. Gradually the 
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management of these changes has to become a daily activity and no longer carry 
the notion of being on top of the normal work flow.  
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Executive Summary 
 
This research project deals with the design and evaluation of social competency 
building in an academic organization. This topic is especially relevant, as the 
workforce of the future must posses a very different competency-set contrary to 
the past generations. In an ever changing environment the academic 
organizations must provide the human resources capable of managing current 
and future challenges.  
 
The hypothesis of this research proposes social competency building as an 
enabler to improving technical capabilities. As the curricula in academic 
organizations are already exhausted, if not overloaded, innovative ways have to 
be found in order to enhance the technical knowledge through social skills. By 
means of integrated project work, empowered teams and social interventions, 
higher levels of performance can be obtained. A survey process was developed 
to validate the hypothesis and to obtain data to support the development of a new 
model for engineering education. As a result, a new competency-based 
educational model was designed and partially implemented at the ETSEQ with a 
clear client orientation profile. To facilitate the implementation of the model a 
partnership between the ETSEQ and Dow Chemical Ibérica was established with 
the purpose of providing support to the change process that the new model 
implied and expertise and educational materials to facilitate the development of 
key competencies starting from client orientation. 
 
After nearly a decade of intense research it can be concluded that the hypothesis 
stands the test. Already the application of selected team work competencies 
shows considerable tangible improvement compared to traditional ways of 
engineering education. The implementation of the proposed improvements would 
lead to greater productivity gains and ultimately represent a step forward towards 
the human resource needs of today’s and tomorrow’s manufacturing work 
environment.   
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