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OUTCOME MEASUREMENT ON PHYSICS COURSES

I. INTRODUCTION

1. The Need

       Quite often we hear students complain that they have no idea what their teachers are talking about,    
       therefore it is utterly impossible for them to learn anything from the classes.  We hear as often teachers’  

       complain that students coming to their classes unprepared and un-motivated, therefore all their devotion 
       and efforts to educate their students is essentially “blowing in the wind”.  These phenomena help to coin
       the phrase “A NATION AT RISK” in the eighties.  The consensus was our secondary education system
       had failed.  

       Since then many articles, discussions and conferences have tried to address the problem.  Many remedies 
       have been offered.  Now we are still “A NATION AT RISK”.  Even worse, the risk has crept onto the post-
       secondary education level.

       Every college/university has its own way in facing the challenge.  On one end are the elite schools.  They 
       continuously raise their admission standards, and students once admitted will be essentially on their own 
       under the philosophy of “do or die”.  This is inline with the “elitism”, but has missed the “nurturing” part of 
       education.  Education become confused with and replaced by training.  On the other end are the “motherly” 
       schools.  In these schools, teachers get tenure and raise regardless of their competence and effectiveness 
       in education.  Teachers even get honored for only giving-out A’s and B’s to students, thus an excellent 
       “retention rate”.  What kind of role-model do the students have?  What incentive do the students have?

      We, the physics faculty at Prairie View A & M University, are undertaking a humble and practical plan to approach the problem.  We plan to, during the next five years, develop an objective and quantitative assessment of the courses we offer.  This year, we are incorporating a three phase of teaching and learning assessment metrics by implementing benchmark tests near the beginning, mid-term, and the end of every  semester to track the students performance and improvement.    

2. Goals: Assess the Added-VALUE of each physics course taught.

    A. To assess the effectiveness and impact of every course offered by the Physics Department.

    B. To assess the Progression and flow of one course to another, especially those with its pre-requisites.

    C. To improve/enhance the teaching effectiveness using the results of these assessment as feedback,  

         and find better ways to reach the minds & hearts of our students.  
3.  Criteria in and relevancy of the tools in the assessment.

     A.  Concept versus Skill

-Physics concepts and problem-solving-skills are the two most important areas of every physics course.

The assessment should measure the improvement/acquired knowledge in both areas.

-How to measure concepts learned QUANTITATIVELY?

-What will be a suitable mix, Concepts vs techniques?

-Should this mix be different for technical (science or engineering majors) and non-technical students?  If  

  the answer is yes, how different?

       B.  Format

     -Forms of tests:  Test questions will be in the form of either Multiple-choices or Filling-blanks.  Multiple choices mainly test for concept and filling-blanks for problem-solving skill.  To induce students’ cooperation, we plan to reward them for each answer tried and additional point for each correct answer.  

       -Frequency of tests:  Three times per semester, near the beginning, middle & the end of each semester.

       -Emphasis & Rewards:                                        Concept/ Skill          Award for Effort/ correctness

                                        For calculus-based physics     35/65;                           2 points/5 points

                                        For algebra-based physics      50/50.                           2 points/3 points 

                                        For physical sciences              80/20.                           2 points/3 points  

         -Duration of a test: About 15 minutes.

4.   An objective and measurable assessment.

A. There is always a need to know that how effective a course is taught and if different sessions  of the same course were taught at the same level and with the same degree of effectiveness.

B. To find blind spots in our teaching methods and assumptions.

C. To find better connection and sequencing among courses.

D. To search for new and better ways/means to reach the minds and hearts of our students.

5. The scope of assessment in 2007-2008.

      Assessment of our teaching effectiveness has a long history in this university, in the form of “student 

       opinion survey”, and “peer review”.  Student-opinion-survey surveys students’ feeling about the class and the teacher.  The results are, by design, subjective and qualitative.  Peer-review in the College of Arts & Sciences sends faculty to visit and evaluate another faculty’s class.  It is qualitative by nature and can be quite subjective.

       To address the need for an objective and measurable assessment, we plan to start this year a plan of comprehensive and objective Outcome-measurements.  The assessment will be on-going.  Test results will be analyzed and sorted to form guidelines for future teaching.

      In the year of 2007-2008, we plan to start this assessment on our service courses only, namely the calculus-based physics & the algebra-based physics.  The lessons learned from this practice will be valuable in the design of assessment for other physics courses. 

II.  THE ASSESSMENT PLAN

1. The Tests

- Each semester three assessment tests will be given, one each near the beginning, the middle and the end of the semester.  These tests will be designed to assess (1) students’ proficiency in materials listed as pre-requisites, (2) students’ prior knowledge of the current course & the progress made in the class.

- The test will be in the form of multiple choice or in the form of filling-blanks.

- The duration of each test is about 15 20 minutes.

- The test will be designed to check at least, but not limited to two important areas, the capture of key concept & the increased proficiency in problem solving skill.

- Each test will have two parts, Math-background and mechanics for physics I, Math.+ mechanics background and electromagnetism for physics II.  Relevant Math-backgrounds for physics are (1) geometry, (2) algebra, (3) trigonometry, (4) calculus I, & (5) calculus II.  More specifically, Math-background (1) through (3) for non-calculus-based physics I & II; (1) through (4) for calculus-based physics I; and (1) through (5) for calculus-based physics II.

- The first test will assess each student’s proficiency coming in.

- The second test will assess student’s improvements in the two areas mentioned above near mid-term.  The results may point to the need of making adjustment in the delivery method & mechanism of the course.

- The last test is to assess the value added to the students by the current course.  This test should be comprehensive & cover the whole range of topics covered by the course.

2. The Assumptions

- The results of the first test will reflect students’ (1) preparation in the courses listed as pre-requisites, (2) prior knowledge of and exposure to the material of the current course.

- The results of the second test, comparing to the first, will reflect up to the mid-term, (1) how much a student have picked-up in concept and problem-solving in the current course, (2) if students have also improved on subjects covered in the pre-requisites.

- The results of all three tests will reflect the impact of the course to students’ development, ie: the value added to the students by the course.

3. The Follow-ups

Each test will be graded & analyzed to assess the improvements made, due to the course, in the core-topics of the course & in subjects covered in pre-requisites.  The tests combined will show progress made by each individual & the class average.  We can divide students in a class into sub-groups according to their scores in the first test, say top, middle & bottom one third.  Then compare the value-added to each group in the two areas.  These comparisons will serve as reference and flags.  If the top one third made substantial progress and the bottom one made little, or vice versa, it raises the question that if the course had been geared more to one group than others.  On the other hand we need to be careful not to read too much into it.

- The math-background test will indicate whether students are adequately prepared in math entering the physics course.  If yes, we ought to congratulate the Math Department and the Math faculty.  If not, we need to feed back to Math Department for plausible improvement. 

- Tests on core-topics serve to monitor students’ progress in the course.  Analysis & interpretation of these tests will feed back to Physics Department & the Teacher for plausible adjustment.  Again we need to refrain from rushing into conclusion.  Keep in mind that adding/subtracting two good students to a given class will not only increase/decrease the class average score, it will often provide substantial help/damage in the creation of a good learning environment for the class, therefore the measure of teaching effectiveness.

4. Lab-Support

      A veteran physics teacher summaries his observations on his students this way: “to hear is to forget; to see is to notice; to participate is to remember”.  We believe that these words of wisdom may guide us in getting our students to be more attentive to and more retentive to what was presented.  We have compiled a list of physics demonstrations; some are simpler than others, but just as interesting.  We have been encouraging our faculty to do more demonstrations, using the listed topics as reference.

     The idea is for the students to see, to participate in these activities, and to relate what they see with physic principles.  Many demonstrations later, we have found that: “the simpler the demo, the better the response”; and “the shorter the explanation, the better”.  But if we buy-in this trend, will we start to trivialize the “learning process” and emphasize too much on the “entertaining”.  How do we achieve and maintain a sound balance? 

  Our current inclination is to continue enhance/expand our list of demo; encourage faculty to do more     demo and feedback to us; and develop a concise power-point presentation of the physics principles related to each demo. 

   We have an on-going effort to enhance/improve design and implementation of our physics lab-experiment to complement the lecture part.  Some of the demo can be used at the beginning of the lab-period too.  

5. Disclaimer

      This assessment does not aim at pinning blames on anyone, any group, student or faculty.  It aims at finding Better Ways/ Means to reach to the mind/soul of our students and so to make their learning process a little less stressful and a little more fruitful.  It is not aim at finding shortfall of faculty’s teaching method or style, but to search for approaches which may bring better results ,as educators always should. 

III. Assessment Test Sample 1 on Math-Background
Please fill the blanks with correct answers

I. Algebra and Trigonometry

1.  5x – 6 = 2x + 3,              x = ____________.

2.  2/(x + 3) = 3/(3x + 8)      x = ____________.

3.  x = 3  /    .                       x = ____________.

4.  x =(2  )   .                       x = ____________.

5.  x  - 3x – 3 = 0                 x = ____________.

Problems 6 through 9 refer to Fig.1.

6. cos() = _______________.

7. tan () = _______________.

8. sin(2) = ______________.

9. On the circle if x = 2.5, Y = ___________.

II. Calculus

10.  y(x) = 7x  +5x  -3x  + 8.      dy/dx = ____________________________________.

11   y(x) = 3sin(2x).                   dy/dx = ____________________________________.

12.  y(x) = 4x     .                       dy/dx = ___________________________________.

13.  y(x) = 3 ln(2x).                    dy/dx = ___________________________________.

14. Y(x) = x  / (x + 1) .               dy/dx = ___________________________________.

Assessment Sample-Test 1 for Physics-I (Mechanics)

For multiple-choices questions please circle the correct alphabet as “answer”; for filling-blanks questions please fill the blanks with correct answers. 

1. A car changes its velocity from 2.0 m/s to 12.0 m/s in 5.0 s. From these we can find the 

    (a) initial position;                                                                                           (b) average position;

    (c) average velocity;                                                                                       (d) average acceleration;

    (e) final acceleration.                                                                                                                              

2. Ignoring air resistance, the velocity of a falling object

     (a) is constant;                                                                             (b) is constantly increasing;

     (c) increase for a while, then becomes constant;                        (d) depends on the mass of the object;

     (e) is none of the above.

3. City B is 50-miles north of city A, and city C is 50-miles west of city B.  Therefore city C is about ________ of city A.

     (a) 100-miles north-west;                                                             (b) 100-miles north-east;

     (c) 70-miles north-west;                                                               (d) 70-miles north-east;

     (e) 25-miles north-west  .                                                                                         

4. A ball is thrown straight up with an initial velocity of 20.0-m/s.  When the ball returns to its initial height, its velocity has (assuming no air resistance) __________________________________ as its initial velocity

     (a) the same magnitude & direction;                                  (b) the same magnitude but opposite direction;

     (c) a different magnitude & the same direction;                 (d) a different magnitude & opposite direction

     (e) a magnitude of 0          

5. A passenger on an open train throws a ball vertically up, relative to the train,  The ball falls back to the passenger’s hand 4.0-s later.  The train has been traveling horizontally at constant speed of 10.0-m/s.

   (a) The ball has moved horizontally, relative to the ground, in the 4.0-s: _______________________;

   (b) The maximum height, above the thrower’s hand, the ball ever reached is: ____________________.

6. A car is rounding a flat curved road with constant speed of 20.0-m/s.  The road is flat & curved to the left with radius of curvature of 100-m.  At this instant the car is accelerating towards the _____________ of the car, with a magnitude of ________________ .     

   The force providing this acceleration comes from _____________________________.

7. A hammer strikes horizontally a nail & causes the nail to penetrate a wooden wall by 0.050-m in 0.020-s.  The wood exerts an average frictional force of 5.0-N on the nail,  

   (a) The change of linear momentum of the nail due to the frictional force is: _______________________.

   (b) The work done by the hammer to the nail is: _______________________. 

8. The total mass of an elevator with passengers is 1200-kg, in this building, is supported by a cable.

  (a) When the elevator is moving up with an acceleration of 3.0-m/s , the tension in the cable is:__________.

  (b) When the elevator is moving down with an acceleration of 3.0-m/s , the tension in the cable is: ________.

9. A 1.0-kg block is pushed against a vertical wall with a horizontal force of 5.0-N.  The block stays put.

  (a) The magnitude of the normal force on the block is:________________________.

  (b) The force which cancels out the weight is the ________________ force, its magnitude is ____________. 

10. According to Newton’s gravitational law the force F between two bodies with masses m and M  

      respectively, and separated by a distance r, is given by F = G m M/r .  

       (a) Now if both m and M are doubled, will the force between them (circle one) increase or decrease; and   

       by  how much? ______________.        (b) If m and M are unchanged but r is doubled, will the force  

       increase or decrease; and by how much?  

        __________.

11.  A 30-kg crate is pulled by a horizontal force of 160-N and moved 20-m in 5.0-s in the direction of the   

      force.  

      (a) The work done by the pulling force in this 5.0-s is: _________________, and the power is:    

      _______________; 

      (b) If the crate starts from rest and reach a velocity of 10-m/s at the end of 5.0-s, what is the increase of  

      the crate’s kinetic energy? ___________________.  

      (c) The average frictional force is _________________; the coefficient of kinetic friction is  

      _________________.

12.  Every ___________________ force provides a capacity to store energy.  This form of energy is called 

      potential energy.  Examples of potential energy which are mechanical in nature are _______________  

      and _________________.

13.  A 2.0-kg block is raised up, near Earth’s surface, by 2.0-m.  The gravitational potential energy increases 

       by ________________; the work done by the gravitational force is _______________ in this process.

14.  If a force of 30-N is needed to stretch a spring by 0.10-m, (a) the spring constant is ________________;   

      (b) the work done in stretching the spring from 0 to 0.10-m is ____________________.

15.  A child in a boat throws a 6.0-kg box out horizontally with a speed of 12.0-m/s relative to still water.  The 

       boat was initially at rest on still water, and the mass of the child, & the boat is 30-kg & 50-kg respectively.  

      The velocity of the boat immediately after the throw is: _____________________.

16.  A ball moving with a speed of 20-m/s strikes an identical ball that is initially at rest.  After the collision, the 

       incoming ball has been deviated by 45  from its original direction, & the second ball moves off at 30  from 

       the original direction.  The speeds of the two balls after the collision are: ____________; &   __________.

17.  A rocket has an initial mass of 20,000-kg, and an engine which pushes 160-kg of burned-fuel from the 

       rocket’s tail-end at a relative speed of 2,500-m/s.  The rocket’s Thrust is: ___________________.  The 

       rocket’s initial acceleration at take-off is: _________________.

18.  A 1.0-kg ball is placed at the origin, and a 3.0-kg ball is placed at X = 1.0-m.  the center of mass of this 

       two-balls system is at 

       (a) the origin,        (b) x = 0.25-m,       (c) x = 0.50-m,     (d) x= 0.75-m,       (e) x = 1.0-m.

19.  A grinding wheel accelerates uniformly from rest to reach an angular velocity of 120-rad/s in 8.0-s.

      (a) The wheel’s angular acceleration is: _________________,

      (b) the angular displacement during this 8.0-s is; ______________,

      (c) at 120-rad/s, a point, on the wheel and 0.10-m from the rotation axis, has a tangential velocity of:          _________________.

20.  A circular disk lies in the x-y plane and rotates about z-axis.  The angular velocity of the disk, as a vector,    

       is directed along (a) x-axis, (b) y-axis, (c) z-axis, (d) somewhere in the x-y plane, (e) none of the above. 

     Answer; ____________.   

21.  One end of a 1.0-m stick is pivoted at the origin so it can rotate in the x-y plane.  When the other end of   

       the stick is at x = 1.0-m, an 6.0-Nexternal force along y direction pulls on this end.  This force creates a 

       torque about the origin which has a magnitude of ______________________, and a direction along 

      (a) x-axis, (b) y-axis, (c) z-axis, (d) none of the above.     

       Answer: ____________. 

22.  A figure skater spreads her arms and legs so her body’s moment of inertia about a vertical axis is large 

      and reaches an angular velocity of 2.0-rad/s before jumping into the air.  While in air she wraps her arms 

      and legs tightly around her body and reduces her body’s moment of inertia to ¼ of the value before jump, 

      her angular velocity in air is (a) 2.0-rad/s, (b) 4.0-rad/s, (c) 8.0-rad/s, (d) 16.0-rad/s, (e) none of the above.  

     Answer: ____________.

Assessment Sample-Test 1 for Physics-II (Electromagnetism)
  For multiple-choices questions please circle the correct alphabet as “answer”; for filling-blanks   

  questions please fill the blanks with correct answers.

NAME:  _____________________________  SIGNATURE:_______________________________

                                                                          STUDENT ID#: _____________________________

1. In Gauss’s law the integration  
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    (a) an open line,    (b) a closed line loop,    (c) an open surface,    (d) a closed surface,      (e) a volume.                                       

2.  A 3.0-mF capacitor and a 6.0-mF capacitor are connected in series, the net capacitance of the   

     combination is

     (a) 18.0-(µF)2,          (b) 9.0-mF,         (c) 3.0-mF,           (d) 2.0-mF,                    (e) none of the above. 

3.  Two conducting cables are identical in shape and size, but are made of two different materials.  The one   

     with higher resistivity will always have

     (a) higher conductance,      (b) same conductance,        ( c) lower conductance,        (d) None of the above.                                                                      

4.  A 6.0-ohm resistor and a 3.0-ohm resistor are connected in series, the effective resistance of this 

     combination is equal to

     (a) 18.0-ohm2 ,              (b) 9.0-ohm,              (c) 3.0-ohm,          (d) 2.0-ohm,     (e) none of the above.                                                                                                                                  

5.  The resistance of a 150-W light-bulb is

     (a) three times as,        (b) twice as,               (c) one half as,     (d) one third as, that of a 50-W light-bulb;     

     (e) none of the above.                                                                                    

6. Two identical resistors are connected in parallel, and the combination is connected to a battery.  The power 

    dissipation in the resistors will be

    (a) twice as,      (b) equal to,         (c) half as the power dissipation if only one resistor is connected to the  

    Battery,             (d) None of the above.                            

7.  In Fig. 1 each resistance R = 6.0-ohm.  

   The net resistance            (a) between Points A & B is;________________;

                                             (b) between points A & C is: ________________;

                                             (c) of the circuit is: ________________________.

  The current in R                 (d) between points B & C is: ________________;

                                             (e) between points C & D is: ________________.

  The power dissipation in R (f) between points B & C is: _________________;

                                             (g) between points C & D is: _________________.
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