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Office of Institutional Research, Planning and Assessment

MEMORANDUM

DATE:
December 16, 2003
TO:

Throne, Burchett, Berry, and Purdy


Electrical and Computer Engineering Department

FROM:
Gwen Lee-Thomas, Ph.D., Director of Assessment
SUBJECT:
Fall 2003 Summary on Integrated Dynamical Systems Modeling Baseline Survey 

The Office of Assessment has completed a second round of preliminary analysis of the baseline data surveys administered during the fall quarter of 2003.  Three surveys (with identical content) were administered to students in the ECE department. One survey was entitled “Analysis and Design of Engineering Systems Course Survey” administered to students in ES-205; the second entitled “Linear Control Systems Course Survey” administered to students in ECE-320; and the third entitled “Control Systems Course Survey” administered to students enrolled in ME-406.  
There were 61 students who completed the surveys, 23 were enrolled in ES-205, 18 in ECE-320, and 19 were enrolled in ME-406. Of the 61 students, 41 were male, 11 were female and 9 students’ gender identification was not available in the Banner system.  In terms of majors, 3 were computer engineering, 19 were electrical engineering, 29 were mechanical engineering, 1 student was computer science, and using the Banner system we were unable to identify the major of 9 students.  
The survey consisted of eight items relevant to integrated dynamical systems modeling concepts. Students indicated their level of knowledge and their level of confidence in each of the concepts before and after taking the course. There were also four attitudinal survey items as well as an opportunity for students to offer suggestions on ways of improving the course.  

The findings indicated that overall students’ level of knowledge of and confidence in apply the concepts resulted in a statistically
 significant increase after taking the course number. There were also findings that revealed statistical differences in student responses based on gender, major, and course.  Gender differences occurred with seven (7) items regarding knowledge or confidence, as well as differences by major on 4 of the survey items. 
Students provided approximately 115 comments that covered classroom assignments, assessments and workload, laboratory assignments and workload, homework and overall perceptions of the course.  Generally, students would prefer more real-world examples, better explanations of concepts, better or more activities, more focused homework problems and more strategic lab assignments. Other comments included better reviews for tests and quizzes, a textbook along with less information in such a short period of time.
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                          Introduction
During the fall quarter of 2003, the Office of Assessment in the Office of Institutional Research, Planning and Assessment worked with the Electrical and Computer Engineering faculty project leaders in the design of the Integrated Dynamical Systems Modeling Survey for students enrolled in ES-205, ECE-320, and ME-406.  The purpose of the survey was to gather baseline information regarding students’ ability to apply various concepts related to Integrated Dynamical Systems Modeling (IDSM) prior to implementing a laboratory specifically designed to help students make clear distinctions between mathematical systems and real systems by comparing the behavior of the model with that of the real system.

The survey contained four sections.  The first section allowed students to identify their level of knowledge and confidence in applying various concepts with regard to systems modeling before taking the course.  The second section of the survey allowed students to identify their level of knowledge and confidence in apply the same concepts after taking the course.  Students selected responses using a 4-point Likert scale indicating their level of knowledge and also confidence as “High,” “Moderate,” “Low,” or “No Clue.”  The rubrics for each of these scaled responses are shown in Table 1.

Table 1

Rubrics for Response Scale on Survey

Fall 2003

   BEFORE

	Level of Knowledge
	Rubric

	High
	I knew the concept and had applied it.

	Moderate
	I knew the concept but had not applied it.

	Low
	I had only heard about the concept.

	No Clue
	This concept was new to me.

	Level of Confidence
	Rubric

	High
	I was confident that I understood and could apply the concept to problems.

	Moderate
	I was somewhat confident that I understood the concept and was fairly sure I could apply it to a new problem.

	Low
	I had heard of the concept but had little confidence that I could apply it.

	No Clue
	I was not confident I could apply the concept.


   AFTER

	Level of Knowledge
	Rubric

	High
	I know the concept and I have applied it.

	Moderate
	I know the concept but I have not applied it.

	Low
	I have only heard about the concept, but do not know it well enough to apply it.

	No Clue
	This concept is new to me.

	Level of Confidence
	Rubric

	High
	I am confident that I understand and can apply the concept to problems.

	Moderate
	I am somewhat confident that I understand the concept and am fairly sure I can apply it to a new problem.

	Low
	I had heard of the concept but I have little confidence that I can apply it.

	No Clue
	I am not confident that I can apply the concept.


The third section of the survey included statements regarding students’ attitude toward systems modeling. Student responses were indicated on a 5-point Likert scale which included “Strongly Agree,” “Agree,” “Disagree,” “Strongly Disagree,” and “I Don’t Know” with a rating value of 4, 3, 2, 1, and 0, respectively.  The fourth section of the survey included one question that asked students “what three changes would you suggest for this course that would help students better understand the concepts?”
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Methodology
Participants

The survey was administered during the last week of fall quarter 2003 in ES-205, ECE-320, and ME-406.  Of the 61 students who responded, 23 were in ES-205, 18 were in ECE-320, 19 were enrolled in ME-406, and one unavailable through the Banner system. In terms of gender, respondents included 11 females, 41 male and 9 students whose gender identification was not available in the Banner system.  In terms of major, 3 students were computer engineering, 19 were electrical engineering, 29 were mechanical engineering, and 9 students did not have a major identified in the Banner system.  Also, one student indicated computer science as a major. 
Statistical Analysis

The student responses from the survey were analyzed and presented in several ways. First, student responses were calculated by percent, overall and by course (ES-205, ECE-320, and ME-406).  Second, the Independent T-Test statistic was conducted when comparing the mean scores between before and after responses for (a) all students combined, (b) male and female students, and (c) by each course.  The third type of analysis included a One-Way ANOVA statistic that compared mean scores based on student major which included EE, CPE and ME (majors with less than 3 students were not used in the statistic—i.e., computer science), and by course.  
Data Collection Process

The Office of Assessment modified the spring 2003 paper copies of the survey for fall 2003 and submitted them to the project leader who distributed them to students in ES-205, ECE-320, and ME-406.  Students were administered the survey during the last week of class during the fall quarter of 2003.  Concepts were numbered K1-K8 for “knowledge” and C1-C8 for “confidence” before taking the course. The same concepts were then numbered K9 through K16 for “knowledge” and C9 through C16 for “confidence” after taking the course. See Table 2 for concept codes.
Table 2
Concept Codes Before and After Taking the Course

Fall 2003
K=Knowledge; C=Confidence

	Concept Code
	Concept Description

	Before
	After
	

	K1 & C1
	K9 & C9
	Distinctions between a model and a real dynamical system. 

	K2 & C2
	K10 & C10
	Various approaches to modeling dynamical systems.

	K3 & C3
	K11 & C11
	Benefits of feedback control systems.

	K4 & C4
	K12 & C12
	Size limitations on control signals of real systems.

	K5 & C5
	K13 & C13
	Benefits of a state variable model.

	K6 & C6
	K14 & C14
	Benefits of a transfer function model.

	K7 & C7
	K15 & C15
	Trade-offs between the state variable model and a transfer function model.

	K8 & C8
	K16 & C16
	Comparisons between predicted response of a mathematical model and the response of a physical system.
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                            Findings
Overview: 

Overall, students indicated that their level of knowledge and confidence in applying the various systems modeling concepts improved on all concepts. There was a significant difference between the mean scores when comparing their before and after responses.  See Figure 1a and 1b. See Attachment I for concepts codes.
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In addition to the differences overall, the percentage of students who indicated that they had a high or moderate level of knowledge and confidence with regard to all of the concepts, increased 25% to 60% by the end of the course.  Figure 2 shows the percent increase of students’ knowledge and confidence in the integrated dynamical systems concepts after completing the course.
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ES-205, ECE-320, and ME-406 Comparisons:

When responses were separated by course, there were several differences that were significant when comparing the three groups.  Overall, there were significant differences in students’ knowledge and confidence in applying the concepts before and after taking the course except for the students enrolled in ECE-320.  For this group of students, there was no significant difference in their knowledge or confidence in any of the concepts after taking the course except for K3 Benefits of feedback control systems, and K6 and C6 Benefits of transfer function model.  It appeared that these students’ knowledge and confidence was “low to moderate” before taking the course and moved slightly toward “moderate to high” after taking the course except with the above mentioned concepts. (Although there was an appreciative percent increase, it was not statistically significant with a p-value of .05).
Students enrolled in ES-205 and ME-406 increased in their knowledge and confidence in the course concepts moving from an average of “no clue or low” to “moderate” and from “low or moderate” to “moderate or high,” respectively. The percentage increase for students’ “high to moderate” knowledge and confidence after taking these courses ranged from 31% to 68% for students enrolled in ES-205 and from 6% to 74% for students enrolled in ME-406.  See Table 3 for all groups’ percent increases.
Table 3

Before and After Percent Increase of Students who Indicated 

“Moderate to High” in Knowledge and Confidence

Fall 2003

	Concept
	ES-205
	ECE-320
	ME-406

	
	Knowledge
	Confidence
	Knowledge
	Confidence
	Knowledge
	Confidence

	Distinctions between a model and a real dynamical system.
	36%
	45%
	31%
	26%
	6%
	21%

	Various approaches to modeling dynamical systems.
	50%
	62%
	47%
	42%
	48%
	48%

	Benefits of feedback control systems.
	58%
	41%
	30%
	69%
	69%
	74%

	Size limitations on control signals of real systems.
	48%
	31%
	69%
	55%
	53%
	53%

	Benefits of a state variable model.
	55%
	43%
	34%
	45%
	54%
	58%

	Benefits of a transfer function model.
	68%
	64%
	28%
	28%
	20%
	52%

	Trade-offs between the state variable model and a transfer function model.
	64%
	60%
	66%
	51%
	42%
	42%

	Comparison between predicted response of a mathematical model and the response of a physical system.
	55%
	51%
	33%
	33%
	21%
	22%


With regard to students’ attitude toward systems modeling, there was a statistical difference between ES-205 and ECE-320, as well as differences between ES-205 and ME-406 in their ability to develop various models. Students enrolled in ES-205 had a stronger agreement than students enrolled in ECE-320 that they could develop mechanical systems. ES-205 students also had a stronger agreement than ECE-320 and ME-406 that they could develop thermal systems and fluid systems.  

Although there were no significant differences in how students responded to the other attitudinal survey items, over 80% of the students agreed that the course helped them better understand the uses of models, the limitations of models, how modeling systems can be applied in engineering situations and also a better understanding of the frequency response of a system.  More specifically, 85% agreed that they could develop an electrical system, 95% agreed that they could develop a mechanical system, 69% could develop a thermal system; 74% a fluid system, and 82% agreed that they could develop a multidisciplinary system.
Comparisons by Major:

Comparing students responses by major revealed that computer engineering students had higher mean scores than electrical engineering, mechanical engineering or those whose major was unavailable through Banner, with regard to knowledge (K4) and confidence (C4) of size limitations on control signals of real systems before taking the course. In addition, mechanical engineering students indicated higher knowledge and confidence in the comparisons between predicted response of a mathematical model and the response of a physical system than EEs and CPEs before taking the course.  However, after the course was completed, there were no significant differences in student responses by major.

Comparisons by Gender:

Another comparison that warrants attention included the differences between male and female students responses to the survey items.  Male students had a higher mean score regarding their knowledge or confidence before or after the course with several course concepts. See Table 4.
Table 4

Statistically Significant Mean Scores for Males and Females

Fall 2003
	Before or

After
	Concept
	Knowledge or Confidence
	Male
	Female

	Before
	Benefits of feedback control systems
	Knowledge
	2.35
	1.73

	Before
	Size limitations on control signals of real systems.
	Confidence
	1.80
	1.20

	After
	Distinctions between a model and a real dynamical system.
	Knowledge
	3.66
	3.27

	After
	Benefits of feedback control systems.
	Knowledge
	3.54
	2.82

	After
	Benefits of feedback control systems.
	Confidence
	3.29
	2.45

	After
	Size limitations on control signals of real systems.
	Knowledge
	3.17
	2.45

	After
	Size limitations on control signals of real systems.
	Confidence
	2.98
	1.91


Comments:

The final section on the survey included the following question “What three changes would you suggest for this course that would help students better understand the concepts?”

Student comments covered several areas concerning laboratory work, homework, and assessments, but the most common included more examples, better explanations, specific lab-work and more opportunities to review for exams and quizzes. 

Overall, there were 115 comments that students provided via questions 22a, 22b, and 22c.  Of the 115 comments, 15% were specific to better or more examples of the various concepts used in class and 12% alluded to wanting better explanations of the concepts.  Other comments included more labs (10%) better/more activities (10%), more (or less) homework (8%).  Fewer students commented about the use of a textbook (6%), more review opportunities (5%), and more exams and quizzes so that the students don’t have to cram so much for the tests (3%). The remaining 34% of the comments ranged across the board from having the mathematics department better prepare the students for this course to teaching less DE and more dynamical systems.
Laboratory work:  Student comments regarding the lab work included wanting more labs with smaller groups (preferably pairs only), more examples, handouts, better explanations during lab time, more use of physical systems in lab, as well as more labs in modeling hardware, and more lab experience with thermal or election. Although the majority of students who mentioned labs wanted more experience, opportunities, or supplemental materials, there were a few comments that preferred fewer labs to coincide with the credits of the course. Other students wanted the labs to be easier to understand and suggested that the instructor review the concepts after the lab is completed.
Homework:  Of the students who mentioned homework problems, the majority preferred to have more homework problems to help them better understand the concepts. More specifically, the preference was for more concept-based homework as well as the type of homework problems that allowed for a culminating experience that are directly related to the lecture material covered in class. In addition, students preferred that the homework be turned in more frequently, preferably daily or twice a week.  Antithetically, there were also a few students who preferred less homework or that the professor would develop the homework problems and then make them available on the web.
Assessments: Students indicated that the exams and quizzes were too few and studying required too much cramming. Students indicated that the testing should be more frequent so that students can “measure” their understanding in smaller intervals when trying to grasp the amount of work that is introduced in the course. In addition, students indicated that there should be less material introduced in the course if the work is not going to include better explanations, more examples, more labs, better review of material or help sessions, and shorter intervals between tests and quizzes.
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Summary
Summary
In summary there are basically three points that evolved from the analyses. First, students improved statistically in their knowledge and confidence with regard the integrated dynamical systems concepts, overall.  The percentage increase in the number of students who indicated that they had a “high to moderate” level of knowledge or confidence in applying the concepts ranged from 25% to 60% after completing the course.  

The greatest gain occurred with the students’ confidence in “benefits of feedback control systems.”  Before taking the course, students indicated a level of “no clue to low” in their confidence with applying this concept. However, by the end of the course, their confidence level averaged 3.10 (moderate to high).  The smallest gain occurred with students’ knowledge of “Distinctions between a model and real dynamical systems.”  Prior to the course, students’ level of knowledge was “low to moderate” (Mean=2.93).  Yet, after taking the course, their knowledge increased to an average mean score of 3.60 (moderate to high).  

Second, when student responses were separated by class, students enrolled in ES-205 and ME-406 experienced greater increases in their knowledge and confidence than students enrolled in ECE-320.  Students enrolled in ES-205 and ME-406 increased in their knowledge and confidence in applying the integrated dynamical systems concepts by an average of 1.5 and 1.25, respectively.  Students enrolled in ECE-320 improved on average by less than 1.0.  In other words, students enrolled in the first two courses indicated greater knowledge and more confidence in the concepts by a whole step after taking the course while those enrolled in ECE-320 realized less than a whole step (i.e., from “Low” to “Moderate” or from “moderate” to “high” vs. “no-clue or low” to “low or moderate”).
Third, when student responses were separated by gender, there were two concepts that revealed a significant difference between males and females, where males had higher mean scores.  It appeared that male students indicated a higher score for knowledge than females on “benefits of feedback control systems” and more confidence than females in their ability to apply “size limitations on control signals of real systems” before taking the course. After taking the course, male students indicated more knowledge than females in “Distinctions between a model and a real dynamical system,” “benefits of feedback control systems,” and “size limitations on control signals of real systems.”  In addition, females indicated less confidence than males with regard to the “benefits of feedback control systems,” and “size limitations on controls signals of real systems” after taking the course.

As a result, it appeared that female students are not completing the course with the same level of knowledge and confidence as male students specifically with regard to “benefits of feedback control systems” and “size limitations on control signals of real systems.”

Finally, as a continuation of baseline data from spring 2003, the results also indicated that students continue to improve in their knowledge and confidence in the integrated dynamical systems concepts. There still remain some differences between students’ knowledge and confidence in a few items before the course, however, this fall there were fewer differences based on major after the course and more differences between males and females after the course. In terms of comments, students continue to report the same concerns as they did during spring 2003 quarter with regard to homework, lab work, examples, workload, and the frequency of quizzes and exams.
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Attachments
Attachments

1. ES-205 Analysis and Design of Engineering Systems Course Survey
2. ECE-320 Linear Control Systems Course Survey
3. ME-406 Control Systems Course Survey
4. ES-205 Analysis and Design of Engineering Systems Course Survey Results by Percent

5. ECE-320 Linear Control Systems Course Survey Results by Percent
6. ME-406 Control Systems Course Survey Result by Percent
Rose-Hulman Institute of Technology

ES-205 Analysis and Design of Engineering Systems Course Survey

Fall 2003

Please use the following scale to indicate the level of knowledge and confidence you have in your ability in each of the following areas BEFORE taking this course: 


	Course Concepts
	Level of Knowledge
	Level of Confidence

	1. Distinctions between a model and a real dynamical system.
	
	

	2. Various approaches to modeling dynamical systems
	
	

	3. Benefits of feedback control systems.
	
	

	4. Size limitations on control signals of real systems.
	
	

	5. Benefits of a state variable model.
	
	

	6. Benefits of a transfer function model.
	
	

	7. Trade-offs between the state variable model and a transfer function model.
	
	

	8. Comparisons between predicted response of a mathematical model and the response of a physical system.
	
	


Please use the following scale to indicate the level of knowledge and confidence you have in your ability in each of the following areas AFTER taking this course.


	Course Concepts
	Level of Knowledge
	Level of Confidence

	9. Distinctions between a model and a real dynamical system.
	
	

	10. Various approaches to modeling dynamical systems
	
	

	11. Benefits of feedback control systems.
	
	

	12. Size limitations on control signals of real systems.
	
	

	13. Benefits of a state variable model.
	
	

	14. Benefits of a transfer function model.
	
	

	15. Trade-offs between the state variable model and a transfer function model.
	
	

	16. Comparisons between predicted response of a mathematical model and the response of a physical system.
	
	


Please use the following scale to respond to questions 17 – 21.

	Strongly Agree
	Agree
	Disagree
	Strongly Disagree
	I Don’t Know

	4
	3
	2
	1
	0


17. _____  As a result of this class, I understand the uses of models in ways that will help me in future 

    classes.

18. _____ As a result of this class, I understand the limitations of models in ways that will help me in 

   future classes.

19. _____ This class has helped me better understand how modeling systems can be applied in 

      engineering situations.

20. _____ This class has helped me to better understand the frequency response of a system.

21. I can develop a model for . . . (Please use the scale above)
(a) _____ Electrical Systems
   (b) _____ Mechanical Systems 
(e) ____ Multidisciplinary Models

(c) _____ Thermal Systems
   (d) _____ Fluid Systems

22. What three changes would you suggest for this course that would help students better understand the concepts.

Rose-Hulman Institute of Technology

ECE-320 Linear Control Systems Course Survey

Fall 2003

Please use the following scale to indicate the level of knowledge and confidence you have in your ability in each of the following areas BEFORE taking this course: 


	Course Concepts
	Level of Knowledge
	Level of Confidence

	1. Distinctions between a model and a real dynamical system.
	
	

	2. Various approaches to modeling dynamical systems
	
	

	3. Benefits of feedback control systems.
	
	

	4. Size limitations on control signals of real systems.
	
	

	5. Benefits of a state variable model.
	
	

	6. Benefits of a transfer function model.
	
	

	7. Trade-offs between the state variable model and a transfer function model.
	
	

	8. Comparisons between predicted response of a mathematical model and the response of a physical system.
	
	


Please use the following scale to indicate the level of knowledge and confidence you have in your ability in each of the following areas AFTER taking this course.


	Course Concepts
	Level of Knowledge
	Level of Confidence

	9. Distinctions between a model and a real dynamical system.
	
	

	10. Various approaches to modeling dynamical systems
	
	

	11. Benefits of feedback control systems.
	
	

	12. Size limitations on control signals of real systems.
	
	

	13. Benefits of a state variable model.
	
	

	14. Benefits of a transfer function model.
	
	

	15. Trade-offs between the state variable model and a transfer function model.
	
	

	16. Comparisons between predicted response of a mathematical model and the response of a physical system.
	
	


Please use the following scale to respond to questions 17 – 21.

	Strongly Agree
	Agree
	Disagree
	Strongly Disagree
	I Don’t Know

	4
	3
	2
	1
	0


17. _____  As a result of this class, I understand the uses of models in ways that will help me in future 

    classes.

18. _____ As a result of this class, I understand the limitations of models in ways that will help me in 

   future classes.

19. _____ This class has helped me better understand how modeling systems can be applied in 

                 engineering situations.

20. _____ This class has helped me to better understand the frequency response of a system.

21. I can develop a model for . . . (Please use the scale above)
(a) _____ Electrical Systems
(b) _____ Mechanical Systems 
(e) ____ Multidisciplinary 
  Models

(c) _____ Thermal Systems
(d) ______ Fluid Systems

22. What three changes would you suggest for this course that would help students better understand the concepts.

c.
Knowledge:  What you knew regarding this concept area.


4 = High, I knew the concept and had applied it. 			2 = Low, I had only heard about the concept.


3 = Moderate, I knew the concept but had not applied it. 		1 = No Clue, this concept was new to me.





Confidence:  Level of confidence you had in your ability to solve problems in this area.


4 = High, I was confident that I understood and could apply the concept to problems.


3 = Moderate, I was somewhat confident that I understood the concept and was fairly sure I could apply it to a 


       new problem.


2 = Low, I had heard of the concept but had little confidence that I could apply it.


1 = No Clue, I have no idea if I can apply the concept.





Attachment II





Attachment I





Knowledge:   What you know regarding this concept area.


4 = High, I know the concept and I have applied it in this course. 		


3 = Moderate, I know the concept but I still have not applied it. 	


2 = Low, I have only heard about the concept, but do not know it well enough to apply it.		


1 = No Clue, I do not know the concept.





Confidence:   Level of confidence you have in your ability to solve problems in this area.


4 = High, I am confident that I understand and can apply the concept to problems.


3 = Moderate, I am somewhat confident that I understand the concept and I can apply it to a new 


       problem.


2 = Low, I have heard of the concept but I am not sure that I can apply it.


1 = No Clue, I am not confident that I can apply the concept.





Knowledge:  What you knew regarding this concept area.


4 = High, I knew the concept and had applied it. 			2 = Low, I had only heard about the concept.


3 = Moderate, I knew the concept but had not applied it. 		1 = No Clue, this concept was new to me.





Confidence:  Level of confidence you had in your ability to solve problems in this area.


4 = High, I was confident that I understood and could apply the concept to problems.


3 = Moderate, I was somewhat confident that I understood the concept and was fairly sure I could apply it to a 


       new problem.


2 = Low, I had heard of the concept but had little confidence that I could apply it.


1 = No Clue, I have no idea if I can apply the concept.





Knowledge:   What you know regarding this concept area.


4 = High, I know the concept and I have applied it in this course. 		


3 = Moderate, I know the concept but I still have not applied it. 	


2 = Low, I have only heard about the concept, but do not know it well enough to apply it.		


1 = No Clue, I do not know the concept.





Confidence:   Level of confidence you have in your ability to solve problems in this area.


4 = High, I am confident that I understand and can apply the concept to problems.


3 = Moderate, I am somewhat confident that I understand the concept and I can apply it to a new 


       problem.


2 = Low, I have heard of the concept but I am not sure that I can apply it.


1 = No Clue, I am not confident that I can apply the concept.





Figure 1a: Concepts K1-C4





�





Figure 1b: Concepts K5-C8








� Each of the statistical processes was conducted using a p-value of .05 to determine statistical significance.  In other words, when survey responses were compared between and among the different groups, we are 95% confident that the differences did not occur by chance.
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