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Abstract

We are all aware that the Accreditation Board for Engineering and Technology, Inc. (ABET) has adopted a more subjective approach to evaluate engineering and technology programs.  Essentially, the evaluation process has changed from requiring specific topics in curricula to evidence of specific knowledge in curricula.  In general, it is results oriented rather than process oriented.  One way to provide evidence of results is through pre- and post- testing.  Technical exams covering a few topics are generally an hour long.  Even a two-hour comprehensive final exam is only a sample of the expected knowledge in a course.  A final exam containing problems on all of the topics in a technical course would require perhaps an entire day.  Moreover, such a final exam given as a pre-test would be untenable.  Far fewer students would attend the next class meeting.

We are often asked for a self-evaluation as a part of our annual performance evaluation.  This is considered valid information.  Therefore, would a self-evaluation by students provide some understanding about their learning in a course?   A pre- and post- questionnaire could query all of the course topics much more quickly than actually working all of the required problems. Like test scores, a numerical value must be obtained from the self-evaluation questionnaire to allow more accurate comparisons.  One common type of query that yields a numerical score is the “Likert scale.”  It is widely used because the items are not too difficult to construct and they have good “face validity.”(1)  Face validity means that it is intuitively clear that the item is measuring what it appears to be measuring.  An example of a five-part Likert scale item is: “ I can solve quadratic equations using the quadratic formula.”  The available responses are: {  } Strongly Agree, {  } Agree, {  } Undecided, {  } Disagree, {  } Strongly Disagree.  The values assigned the responses are 5, 4, 3, 2, 1 and indicate the student’s perceived ability to solve a quadratic equation using the quadratic formula.  Is the information derived from this Likert scale too inferior compared with requiring the student to actually solve a quadratic equation?  Is the time saved to cover many more topics worth the loss of having the student work the problem?  The speed of responses may give the Likert scale an advantage over actual test problems in pre and post testing. 

Introduction

Writing good exam questions to evaluate student learning can be problematic.  We have all had students answer an exam question with a correct answer that we had not intended or though of.  A test question may also be inadvertently difficult or lengthy.  Thus, any evaluation of student learning is, at least, imperfect.  However, technical problems on exams generally have good face validity in that they are germane to the topic being studied.  Like good exam questions, Likert items can also have good face validity if correctly designed.

Questionnaire items in the Likert format are not actually questions but statements that students rate on the Likert scale.  Likert items also should have similar “psychological weight” so that they can be treated statistically equally.  Additionally, the number of items about each course topic should be proportional to the time spent in class on the topic.   Equal “psychological weights” and an appropriate number of items for each topic will allow a fair statistical comparison of the total scores and the individual item scores.  Likert scales should include an odd number of choices if a neutral response is appropriate.  Generally five choices provide sufficient resolution without being burdensome.  Some questionnaire designers state that the high and low values of the items should not be in the same direction for all items.  If they are, the respondent may just check off many of the items on “auto-pilot.”(1) However, confusion occurs if the directions are continually switched.  Perhaps attentive students supervised in class would not resort to “auto-pilot”.

For a Likert scale questionnaire to yield meaningful results, it must be anonymous.  A password known only to the student could be placed on the pre-test and on the post-test to identify the learning by each student.  However, this is probably unnecessary.  We really only need the average perceived performance of the whole class and the perceived performance on specific topics.  The answers can best be handled using automatic scoring so that the statistics can be easily calculated.

Developing Good Pre-Test and Post-Test Likert Items
Two types of response formats are generally used in questionnaires, structured responses and unstructured responses.  Each has advantages and disadvantages.  Unstructured responses involve written statements that are hard to evaluate statistically.  However, valuable creative responses may be obtained.  Structured responses involve choosing from a list of responses.  They are easy to evaluate statistically but are more difficult to construct.  The Likert scale involves a structured response.(2) 

The general guidelines for good Likert scale questions are as follows.(3)
· Use short positive statements rather than negative statements.

·  Each question should address a single concept.

· Questions should be neutral and not lead toward a particular answer.

· The sequence of questions should not be confusing.

· To reduce fatigue, the easier items should be placed first.
For an accurate statistical comparison, the pre and post questionnaires must be identical.  If the same questionnaire is used each time the course is taught, a longitudinal study could determine trends.  Thus, the original questionnaire should be carefully constructed.  It is recommended that the questionnaire be tested before it is used.(2)  A few volunteer faculty members and/or students should take the test and provide feedback on which items were confusing or otherwise inappropriate.  The test should also be constructed to allow easy use of an automatic scoring system that provides appropriate statistical results.

Examples of Likert Items

Construction of the Likert items depends on the class topics and the level of the course.  Engineering and technology items typically involve technical theory, problem solving techniques, material properties, use of computer software and hardware, laboratory techniques, and many others.  In each of the following examples, a five-segment Likert scale is used.  The instructions to the students would be as follows: 

           According to the scale below, mark your opinion about the following statements.

SA = Strongly Agree,   A = Agree,   U = Undecided,  D = Disagree,   SD = Strongly Disagree

1. I know how to draw free-body diagrams to solve statics problems.    SA(  )  A(  )  U(  )  D(  )  SD(  )  

2. I can integrate the following function.    F(x) = 3*Sin(2x)                   SA(  )  A(  )  U(  )  D(  )  SD(  )  

3. I understand Ohm’s law.                                                                    SA(  )  A(  )  U(  )  D(  )  SD(  ) 

4. I know how to determine the plastic limit of a clay soil.                    SA(  )  A(  )  U(  )  D(  )  SD(  )

5. I understand how to calculate flexural stress in beams.                    SA(  )  A(  )  U(  )  D(  )  SD(  )

Conclusion
The time to answer the five above items is probably less than one minute.  However, an exam requiring that these problems be worked would require about an hour.  This is a 60:1 speed advantage for Likert.  The loss of information by not requiring actual working of the problems is probably much more than the reciprocal 1:60.  Thus, there is a large net gain of information per time.  Because the questions are not actually answered, there is certainly a loss of the quality of information about the learning.  However, the advantages of the Likert approach are considerable.  Because statistics can be easily applied to the results, the following can be inferred.

· The pre-test class average(mean) indicates course knowledge before the course is taken.

· The post-test class average(mean) indicates course knowledge after the course is taken.

· A pre-test item average(mean) indicates knowledge about that item before the course is taken.

· A post-test item average(mean) indicates knowledge about that item after the course is taken.

· The difference between the pre-test and post-test class average(mean) indicates course learning during the term.

· The difference between a pre-test and post-test item average(mean) indicates learning about that item during the term.

The word “indicates” must be taken in the statistical context.  The results are indicators of learning and should not be used for hypothesis testing.  Because averages(means) are used, the students can maintain anonymity.  This encourages honest answers.  Although the answers are the students’ subjective opinions about their knowledge, the information is valid and can be easily obtained.  The alternative of conventional exams to gain this breadth of information is probably not possible.  Thus, pre- and post- questionnaires using the Likert scale can provide statistical evidence of learning to ABET for accreditation.  This numerical evidence includes means and variances that are much better than subjective evaluation of student performance.
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