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ABSTRACT
In this paper, a required Undergraduate Consultation course is described and evaluated.  The junior and senior level students who enroll in the course are used as assistants in both closed and open labs for first-year and second-year computer science courses.  Whether the course should be required or even offered at all has generated quite a bit of spirited debate, both locally and externally.  In order to evaluate the course in a fair and balanced manner, many different constituents were surveyed: students enrolled in the course (hereafter referred to as consultants), students being helped by the consultants, the teaching assistants who oversee the laboratories, the instructors who oversee the consultants, and external computer science educators.  The course is described in detail in section one.  In sections two through five, feedback regarding the course is presented.  Finally, section six synthesizes the findings and makes some recommendations regarding the course.
1. INTRODUCTION

Undergraduate Consultation [14] is a required, one credit, upper division course that is offered each semester.  The course was first piloted in 1992 [6].  Consultants must have at least junior level standing within the Computer Science curriculum in order to be eligible to enroll.  Each consultant is assigned to assist with a weekly two hour lab. The lab accompanies a first year or second year Computer Science course.  The consultant is responsible for fully understanding the lab assignment, helping lower division students during the lab session, and then sending a one page report to both the instructor of the lower division course and the instructor of the Undergraduate Consultation course.  During the last four semesters, the course enrollments have been 13, 29, 20 and 18.

Consultants can be assigned to one of two different types of laboratories: closed or open.  A closed lab is a required lab for a single course that is overseen by a teaching assistant.  An open lab is a walk-in lab where students from different courses who need additional assistance may go for help.  In general, 80% of the consultants are assigned to closed labs and the other 20% to open ones.
There are four universal outcomes for the course.  First, a consultant will improve her ability to apply her knowledge of computer science.  Second, a consultant will better understand professional responsibilities [7], especially from the standpoint of an expert relating to a novice.  Third, a consultant will improve her ability to communicate effectively.  Fourth, a consultant should better understand the need to engage in life-long learning.

There are also some secondary outcomes that are contingent upon the type of laboratory to which the student is assigned.  First, a consultant might improve her ability to design, implement and debug programs.  Second, a consultant might improve her ability to utilize mathematics in the context of computer science.  Third, a consultant might improve her ability to design and conduct experiments, as well as to analyze and interpret the results.
At least three other universities offer similar experiences.  At Stanford University, there is a 4 credit course entitled “Teaching Computer Science” [8, 12].  The students in this course assist students in introductory programming courses.  This course is an elective.
At The University of California – Berkeley, students may take a 1 credit course entitled “Teaching Techniques for Computer Science” [13].  Both graduate students and undergraduate students who are involved in teaching are required to take this course.

At The University of Arizona, Stuart Reges has organized an optional, paid experience that allows an undergraduate student to assist the department in a teaching capacity [9].
2. CONSULTANT ASSESSMENT
2.1 Assessment of Outcomes

For each of the four universal course outcomes, consultants were asked to rate whether that outcome had been met using 1 for strongly disagree, 2 for disagree, 3 for neutral, 4 for agree and 5 for strongly agree.  The consultants were divided into two groups: 14 who consulted for a closed lab (a required lab supervised by a TA) and 6 who consulted for an open lab (an optional help lab with no TA supervision).  The average response for each group is shown in Table 1 with the standard deviation in parentheses.  As can be seen from the results, closed lab consultants found the Undergraduate Consultation course to be more beneficial than open lab consultants.  
Table 1.  Consultant Assessment of Outcomes
	Outcome:
	#1
	#2
	#3
	#4

	Closed Lab
	4.4 (0.5)
	4.1 (0.9)
	4.1 (0.7)
	4.1 (0.8)

	Open Lab
	3.3 (1.2)
	3.8 (0.8)
	3.3 (1.0)
	4.0 (0.9)


Outcome #1: I was able to apply my knowledge of computer science.  

Outcome #2: I better understand how an expert should relate to a novice.  

Outcome #3:  My communication skills have improved.

Outcome #4: I better understand the need for lifelong learning.
2.2 Assessment of Course
The consultants were also asked to rate the course with respect to two statements using the same 5 point scale described in the preceding subsection.  The average response for each group is shown in Table 2 with the standard deviation in parentheses.  There was surprising consistency between the two sets of groups for these two statements.  Both groups “agree” that the course should be required and that it is a valuable experience.
Table 2.  Consultant Assessment of Course
	
	Statement #1
	Statement #2

	Closed Lab
	4.1 (1.0)
	3.8 (0.9)

	Open Lab
	4.1 (0.8)
	3.7 (0.5)


Statement #1: The course should remain a required course in the CS curriculum.

Statement #2: The course is a valuable experience.

2.3 General Comments
Consultants were also asked to provide general feedback as to how the course could be improved.  Some of the responses from consultants in closed labs included:

· The course should be a 2 credit course.
· A mandatory preparation period should be added before the closed or open lab gets underway.

Some of the responses from the consultants in the open labs included:

· Open labs are more difficult to prepare for because different students are working on different assignments.
· Sometimes not enough students come to the open lab to make the time spent there worthwhile.

Consultants also identified many benefits for the course including: a better understanding of the material that was being taught, learning about different thought processes [2], becoming a better problem solver, improving one’s communication skills,  realizing how much one has learned in just a couple of years, learning to more effectively help others [11], learning patience, recapturing the original joy of learning computer science when one is new to the topic, and understanding the importance of lifelong learning.

Consultants then identified personal challenges including: the importance of being prepared for the laboratory, the delicate balance of helping but not helping too much, and an uncomfortable feeling when viewed as an expert by a novice [3].
3. STUDENT ASSESSMENT
It is also important to evaluate whether the students in the lower division courses are being helped effectively by the consultants.  To this end, 44 students in a discrete mathematics closed laboratory were asked to evaluate their experience with the consultants with respect to three different questions.

· Question 1: What percentage of the time was the consultant able to answer your questions?  The average of the responses was 78%.
· Question 2: What percentage of the time was the consultant able to communicate clearly with you?  The average of the responses was 84%.
· Question 3.  What percentage of the time did the consultant treat you in a professional and courteous manner?  The average of the responses was 94%.
Not surprising, it was easier for the consultants to treat the students in a professional manner and to communicate clearly, than it was to answer questions.  However, being able to answer questions 78% of the time indicates that the consultants are generally useful.  Furthermore, this particular course (discrete mathematics) is one of the most advanced courses to which a consultant could be assigned.

Students were also asked to write down what the consultants did well and where they could improve.  Some of the things mentioned that consultants did well included: continuing to help until the problem was solved, being enthusiastic, being approachable, being understandable, being courteous, being knowledgeable and being patient.  Some of the improvement possibilities included: being better prepared (i.e. knowing the answers to the laboratory questions), listening more carefully to the question being asked, being more confident, circulating through the lab regularly to see if there were any questions, and explaining the reasoning behind the answer – not just providing the answer. 
4. INSTRUCTOR ASSESSMENT
At the completion of the 2003 Fall Semester, all four faculty members who had consultants assigned to their classes and all graduate student teaching assistants who had consultants helping them in their labs were asked to assess the consultants.
4.1 Faculty 
The faculty members were given the same outcomes survey as the consultants.  This survey is described in section 2.1.  The average faculty response is shown in row two of Table 3 with the standard deviation in parentheses.  For convenience, rows three and four repeat the consultant information found in Table 1.  In general, the faculty and the closed lab consultants are in fairly close agreement.  The one exception is outcome 3, where the faculty are more confident that a consultant’s communication skills have improved.  Recall that the faculty sample size was just four [5].
Table 3.  Faculty Assessment of Outcomes
	Outcome
	#1
	#2
	#3
	#4

	Faculty
	4.5 (0.6)
	4.2 (1.0)
	4.7 (0.5)
	4.0 (1.2)

	Closed Lab
	4.4 (0.5)
	4.1 (0.9)
	4.1 (0.7)
	4.1 (0.8)

	Open Lab
	3.3 (1.2)
	3.8 (0.8)
	3.3 (1.0)
	4.0 (0.9)


The four faculty were also given the same survey described in section 2.2.  The average faculty response is shown in row two of Table 4 with the standard deviation in parentheses.  For convenience, rows three and four repeat the consultant information found in Table 2.  There is close agreement regarding statement 1, the course should remain a required one, but the faculty rate statement 2, the course is a valuable experience, more highly than the consultants taking the course.  There is nothing wrong with this – sometimes students do not see the relevance of a course (such as the theory of computation) until after they are finished with their studies and have entered the workforce.
Table 4.  Faculty Assessment of Course

	
	Statement #1
	Statement #2

	Faculty
	4.0 (1.4)
	4.7 (0.5)

	Closed Lab
	4.1 (1.0)
	3.8 (0.9)

	Open Lab
	4.1 (0.8)
	3.7 (0.5)


4.2 Teaching Assistants 

Because the teaching assistants were always present during closed lab consulting sessions, they were asked the same three questions that the undergraduate students enrolled in the labs were asked in section 3.  Row two of Table 5 depicts the average of the teaching assistants’ opinions.  Row three of Table 5 repeats the students’ opinions from section 3.
As can be seen from the table, there is fairly close agreement between the teaching assistants and the students taking the course.  In general, the students in the lab rated the consultants’ ability 4%-8% worse than the teaching assistants did.  This makes sense because the teaching assistants can not watch every consulting interaction that takes place during a laboratory.  Typically, the teaching assistant is helping one student while the consultant is helping another.

Table 5.  Teaching Assistant Assessment of Consultants

	
	Question 1
	Question 2
	Question 3

	TA
	85%
	92%
	98%

	Student
	78%
	84%
	94%


5. OUTSIDE ASSESSMENT
In order to find out what the computer science education community thinks about a required, Undergraduate Consultation course, a five question survey was sent to the SIGCSE listserv [10] on October 23, 2004.  The questions and a summary of the five partial responses to them appear below.

1. Do you know of any other schools that require or offer a similar type of course?  If so, who?  Stanford [12], The University of California – Berkeley [13] and The University of Arizona [9] all offer courses or programs that involve giving undergraduates pedagogical experience.

2. Is it reasonable to have this course be a required course in a CS curriculum?  None of the three courses mentioned above are required.  Two survey respondents answered yes to this question.  One positive respondent cited the ACM CC2001 [1] recommendation to “encourage cooperative learning …”. Two respondents answered no.
3. Is it reasonable to have this course be an elective course in a CS curriculum?  All survey respondents answered yes to this question.
4. What do you perceive as the strengths of such a course?  Respondents mentioned three benefits.  First, one of the most effective ways to learn is to teach.  Second, it benefits the lower-division students who have extra assistance.  Third, it helps to identify undergraduates for paid teaching positions (if such positions exist within a department).
5. What do you perceive as the weaknesses of such a course?  Respondents mentioned three drawbacks.  First, some consultants might not be very good at helping others and this might disadvantage those students whom they are helping.  Second, the course might be perceived as free labor for the department.  Third, the course does not appear to be terribly demanding (in fact, most students do earn an A or a B when they take the course).  Students are not learning upper division computer science content.
6. CONCLUSION

The information contained in this paper has been assembled over the past 15 months.  During this period, the information has already caused several improvements to be made to the Undergraduate Consultation course.  First, after Fall Semester 2004, all consultants will be placed in closed labs.  All of the information gathered indicates that consultants gain more benefit from the structure of a closed lab.  Second, consultants used to send weekly reports describing their consulting experience to both the lab teaching assistant and the instructor.  This requirement has been modified so that consultants now additionally send their weekly report to the Undergraduate Consultation coordinator.  This ensures that the reports are graded in a consistent manner.  Third, there was concern that the course did not merit one credit.  To address this concern, a three page paper asking each consultant to reflect on his or her consulting experiences was added to the course.  Given that consultants spend an average of 30 minutes preparing for the weekly laboratory, 2 hours in the weekly laboratory, and 30 minutes preparing the weekly report - this should more than justify the one credit that the consultant earns for the course.  Fourth, concern was voiced that different consultants were achieving different outcomes.  For example, a consultant helping with a discrete mathematics course would more readily achieve an outcome of “being better able to apply one’s knowledge of mathematics” than a consultant helping with a computer literacy course.  To solve this objection, universal outcomes for the course have been identified (please refer to section one) that can be met by all consultants.
In addition to the implemented improvements described in the previous paragraph, our department is still grappling with the issue of whether the Undergraduate Consultation course should be required or should be an elective.  Currently, we know of no other computer science departments that require such a course.  One compelling argument for keeping the course as a requirement is that it is one of the few courses in our curriculum that give our students hands-on practical experience with technical communications (both written and verbal).  One compelling argument for making the course an elective is that it is more difficult for students (especially international students) who transfer into our curriculum as juniors or seniors to be effective consultants because they have not gone through these lower division courses themselves.
As a future direction, it would be interesting to look at this course from a gender retention perspective [4].  It seems plausible that women consultants could help the retention rates of lower division women since they encounter more upper division role models.

I have been involved with the Undergraduate Consultation course since its inception in 1992.  During the past 15 months, it has been very worthwhile for me to do a careful assessment of the course.  As a result of this assessment, many improvements have been made to the course.  The assessment has also given me cause to carefully consider the value of the course.  Personally, I continue to believe the course is a worthwhile experience for students.  I lean toward maintaining the required status of the course, although I acknowledge that due to its uniqueness in the computer science community, it might be easier to justify as an elective.  I hope that I have presented the strengths and the weaknesses of the course in a balanced fashion.  I furthermore hope that the reader of this paper takes away some new ideas for his or her home curriculum.
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