Assessment and Explanation: Assessment of Light Microscopy Skills
Assessment Overview

Many of the students enrolled in Microbiology 233 (General Microbiology) plan to enter a healthcare career, such as nursing. They will need to be able to demonstrate their knowledge, as well as their ability to carry out certain procedures in a safe but efficient manner. Microbiology 233 is heavily based on laboratory skills. This provides beginning students with an opportunity to gain practical experience in the use of equipment. Although this equipment is not the same as what they would be using as nurses or other healthcare professionals, it does offer students the opportunity to practice having to demonstrate both their cognitive and motor skills while being observed. 
One example of such a skill is the ability to use the compound light microscope to focus on a specimen, such as a bacterial slide. Since students will undergo observations and evaluations as trainees in healthcare programs, it would be highly beneficial for them to gain experience at this early stage in being scrutinized and evaluated as they perform a procedure. Having students show their ability to prepare and focus on a microscope slide of a somewhat challenging specimen (such as bacteria) provides an excellent opportunity to gain this type of experience, and also demonstrates that they have mastered a skill which is taught in this course.  

For each of the following assessments, I individually observe each student as they perform the exercise. I rate them using a scoring guide which would be provided to the students in advance, so that they know what they are being assessed for. Ideally, Part A would be conducted on Day 1, Parts B and C would be conducted on Day 2, and Parts D and E would be conducted on Day 3. Students would be assured that although they are being rated, their actual rating will not be included in their overall grade (since this is intended as a formative assessment only). Instead, they would receive participation points. In my case, I awarded students 5 points for each of Parts A, B, C, D, and E for a total of 25 points.
Part A (Day 1 – Identification of Light Microscope Parts): In this assessment, students use Post-It Note flags, which they will label with the names of the main microscope parts (given to them in a list). Each student would then use the flags to correctly point out the relevant parts of the microscope, without the use of any references. When they are done, I check their answers and let them know which parts, if any, they need to review.
Parts B and C (Day 2 – Preparation of Bacterial Smear Using Aseptic Technique and Gram Stain): The second portion of the exercise is to have the students prepare a smear of a bacterial culture on a slide (Part B), as I observe them individually. I then return the scoring guide to them with suggestions for any improvements they can make to their technique. Once the smear is prepared, they will perform the Gram stain on it (Part C). They may use their lab protocol as they perform the staining. I do not observe the students during Part C and just allow them to work independently. The outcome of their Gram stain will be used to rate their success later.
Parts D and E (Day 3 – Focusing on Slide and Correct Microscope Shut-down): Finally, the student will demonstrate her/his ability to focus on the Gram-stained slide s/he prepared earlier in Part C. They will follow the guidelines provided in an earlier lesson as a hand-out on how to focus their microscope. As I observe them, I again rate their technique using a scoring guide which has been made available to them in advance. I provide feedback to them when they are finished, so that they can make any improvements if needed. Once they have successfully focused on their slide, they will demonstrate that they can correctly restore the microscope to its original settings (Part E) before putting it away.

Overall, the goals of the above assessments are:

1) to ensure that students can carry out the above procedures correctly and in a safe manner. Any areas for improvement are identified and feedback is provided so that they can fully master the techniques involved.
2) to help students become comfortable with being observed in situations where they are being evaluated for their practical skills and technical expertise.
3) to demonstrate to students that hands-on practice will help them to completely master a technique.

At the end of the semester, as part of a Practical Laboratory Examination, I have the students carry out Part B (smear preparation) and Part D (focusing on a slide and interpreting it), for points towards their overall grade (summative assessment/evaluation). The hope is that they will not find this stressful or confusing, since they previously did the same procedure as part of the assessment.
Scoring Guides for the above assessments follow.
Scoring Guide for Assessment, Part A: Identification of Compound Light Microscope Parts

Student will have correctly placed their Post-It flag labels on the following microscope parts. 

1 point for each of the following:

1. ocular lenses/eyepieces 

_____

2. nosepiece



_____

3. 10 X objective lens


_____

4. arm




_____

5. stage



_____

6. stage clips



_____

7. coarse focus adjustment knob
_____

8. fine focus adjustment knob

_____
9. mechanical stage adjustment knob
_____

10. condenser



_____

11. iris diaphragm adjustment lever
_____

12. condenser adjustment knob
_____

13. light source


_____

14. light switch/voltage regulator
_____

15. base



_____

Total Score:



_____

Comments:
Scoring Guide for Assessment, Part B: Preparation of a Bacterial Smear
Student will have completed the following steps, in the correct order.
Rating: 

1 – yes
0 – no

1. Bunsen burner was correctly set up _____
2. Benchtop was clear _____
3. Performed work near the flame to minimize contamination _____
4. Minimized exposure of bacterial culture to the air by not leaving plate lid off for too long _____
5. Flamed loop prior to picking up water droplet and sample _____
6. Allowed loop to cool prior to picking up sample _____
7. Kept loop sterile (did not set down) after flaming _____
8. First applied two drops of distilled water to slide _____
9. Applied an appropriate quantity of bacteria to water droplet on slide _____
10. Allowed slide to air dry for about 3 minutes _____
11. Heat fixed the slide correctly _____
Total score: _____

Comments:

Scoring Guide for Assessment, Part C: Gram Stain of Bacterial Smear (first allow students to complete Part D, then assess their results in Part C)
I do not observe the students individually during Part C. Instead, I allow them to perform the procedure on their own. They are rated based on the results of their Gram stain, which is observed at the end of Part D, after they have focused on their prepared slide.
1 point for each of the following:

1. Correct identification of bacterium as Gram positive or negative _____

2. Correct description of bacterial cell shape _____

3. Correct description of bacterial cellular arrangement _____

Total score: _____

Comments:
Scoring Guide for Assessment, Part D: Focusing on Gram Stained Slide

Student will have completed the following, in the correct order.
Rating: 

1 – yes

0 – no

1. Started with the scanning power objective (4x). _____
2. Started with condenser raised all the way up. _____
3. Started with the stage lowered all the way down. _____
4. Correctly secured slide with stage clips. _____
5. Used the coarse focus knob first. _____
6. Used the fine focus knob next. _____
7. Used the nosepiece to change objective lenses progressively, in the correct order, from 4X up to 100X. _____
8. Used the fine focus knob for all subsequent objective lenses after 4X (10X, 40X, 100X). _____
9. Used the objective lenses in the correct order (4X, 10X, 40X, 100X). _____
10. Correctly applied immersion oil at 100X. _____
11. Area of interest was in focus and well-centered. _____
12. An appropriate amount of light was used (the voltage regulator and iris diaphragm were adjusted well for optimal lighting). _____

Total score: _____

Comments:

After Part D is completed, the student will be assessed for their successful interpretation of their Gram Stain (refer to scoring guide in Part C).
Scoring Guide for Assessment, Part E: Correct Microscope Shut-Down
Rating: 

1 – yes
0 – no

1. Power switch was turned off. _____

2. Microscope was unplugged. _____

3. Stage was lowered all the way down. _____
4. Microscope was set back to 4X objective lens position. _____
5. Condenser was raised all the way up. _____
6. Immersion oil was cleaned from 100X objective lens (and stage or other lenses if oil had gotten on these as well). _____

7. Cord was wrapped up correctly. _____

8. Microscope was carried correctly (by arm and base). _____

9. Microscope was placed back in cabinet with arm facing out. _____

Total score: _____

Comments:

Assessment Explanation

The following Student Learning Outcomes (from the course syllabus) are addressed by this set of assessments:
Upon successful completion of this course, the student will be able to:
03)
utilize aseptic technique while handling microorganisms (Part B)
04) employ staining techniques to differentiate between types of bacteria (Part C)
05)
use brightfield microscopy to view and identify features of microorganisms (Parts  A, C, D, and E)

(Note: The numbers “03, 04, and 05” above refer to the SLO numbering on the syllabus). 


After using this series of assessments in class, my conclusion is that they are effective for measuring the above SLO’s. This particular assessment involves a direct observation of the students’ ability to perform the above three procedures. This allows me to note where they may be having difficulties and to provide them with instant feedback so that they can make improvements right away. Since they are actually carrying out the procedure (as opposed to just reading about it and answering questions on a quiz), the students tend to understand and retain these concepts better. In past sections of this course, I would simply quiz the students on the procedure, rather than assess them on their technical ability and provide them with meaningful feedback. 

This semester, I gave the students the assessment, provided them with individual feedback for improvement, and later quizzed them. I have noticed that students who were first assessed and then quizzed performed much better on the quiz, in contrast to my previous groups of students who were not assessed. I noticed that after utilizing the assessment last semester and giving the students a written quiz on the Gram stain, in general students did very well on it. My class average on this quiz this semester was 9 out of 10. I did not retain the quiz data from past semesters before I started using this assessment, but I am certain that the average was previously not this high. Next semester, I will be teaching two Microbiology 233 sections. I will provide the same written quiz on the Gram stain procedure to both sections (one section will first be assessed as described above, and the other section will not), and I will compare their results on the quiz to obtain a more concrete measure of the effectiveness of this assessment. 

As mentioned earlier, at the end of the semester, a Lab Practical Examination is administered to the students to measure their comprehension and recall of laboratory skills covered in the course. One portion of this examination tests students on their light microscopy skills. Specifically, they are asked to demonstrate the following (as they had done earlier in the semester during this assessment):

1) prepare a smear, using aseptic technique (same as Part B of assessment)

2) correctly focus on a commercially prepared Gram-stained slide (same as Part D of assessment)


 3) correctly interpret a Gram-stained slide (same as Part C of assessment)

I evaluated the students using the same criteria and guidelines as those used in the assessment described above. I noticed that overall they appeared to be more relaxed during their demonstrations than my previous classes of students for whom I did not implement the assessment. Although I did not compile data from earlier semesters (in which I did not utilize the microscopy/staining assessment), I am quite certain that the performance level of my earlier classes was not as high as it was in my Spring 2013 class, where I used the assessment for the first time. In this class, the averages were:

1) smear preparation (using Part B scoring guidelines): 9.8 out of 11

2) correctly focusing on a slide (using Part D scoring guidelines): 10.5 out of 12

3) correctly interpreting a Gram-stained slide (using Part C scoring guidelines): 2.8 out of 3

For instance, for the smear preparation, in earlier semesters, I recall that the majority of my students forgot to place their bacterial plates near the flame while working, left the plate covers off too long, and forgot to cool their inoculation loops before picking up their sample. This would have resulted in a deduction of -3, so the class average would have been closer to 8 out of 11 for these earlier classes (non-assessed), versus 9.8 out of 11 for the assessed class.

Improvement of Assessment


To improve this assessment, I would do the following:


1) To make it a more effective learning experience for the students, I would allow them to perform it a second time, maybe one or two weeks later. This would help me to determine how well they were retaining the feedback provided to them from their first demonstration experience, and also help them become even more comfortable with light microscopy concepts and procedures.


2) I would provide a more detailed set of guidelines to students, which more carefully outlines common errors to watch out for, so that students can avoid them.

Summary


This assessment gave me instantaneous feedback on the students’ ability to do the following:

1) identify key microscope parts


2) prepare a bacterial smear, using aseptic technique


3) perform a Gram stain


4) correctly use a light microscope to view a bacterial smear


5) correctly interpret the results of a Gram stain


The value of this assessment is that I was able to observe each student as s/he performed the procedure and I was thus able to provide them with immediate and personalized guidance if they were experiencing difficulty. Any misunderstandings or need for clarification could be immediately addressed by this hands-on exercise. This assessment yielded much more useful information than a written assessment (such as a quiz) would have. I noted that most students tended to have the same misconceptions or oversights. Some of these included:


1) forgetting the importance of minimizing plate exposure to the air and the need to work near the flame


2) confusion about the location of the condenser and the iris diaphragm and when to adjust them


3) forgetting to use the nosepiece to change the objective lenses.


4) not knowing when to use the coarse focus knob versus the fine focus knob


My awareness of these common pitfalls will enable me to emphasize these points in future lessons.


In addition to helping me pinpoint problem areas for students, this assessment has led me to some invaluable realizations which have actually impacted my overall teaching approach. First, it gave me firsthand evidence for the value of allowing students to practice a technique and be observed in a “low-pressure” situation, to help them perform better in a “high-pressure” situation at a later time. In this case, the “high-pressure situation” was the Lab Practical Exam given at the end of the semester. I realized that previously I was not giving students the experience of being observed while performing a procedure (which can be potentially stressful). By having them demonstrate their skills during an assessment, in which they were guaranteed to earn full points for participating, students approached the tasks calmly and were able to learn at the same time. I was able to provide them with constructive feedback which they could remember and incorporate in the future. When they had to perform the same procedures on the Lab Practical Exam, they were much less anxious and apprehensive about it because they were already familiar with the process. They also felt more confident since they had successfully completed the procedure before. As a result, I plan to incorporate more hands-on assessments similar to this one, for other aspects of the course material. 


I decided to extend my experience with the above assessment to other parts of the course. I now also give students similar “low-pressure” assessments for “theoretical” material (not just practical skills as described above). Prior to a lecture exam, I give the students a set of about 30 multiple choice questions covering the material to be tested (usually 1-2 chapters from the textbook). These questions are not exactly the same as the ones that I put on the exam, but they are of the same style and level of difficulty. Not only does this help students know what to expect and help alleviate some of their test-taking anxiety, but they learn how to break questions down prior to the examination. They are asked to treat the questions as if they were an actual examination which they complete during class time (about 30 minutes). Students are told in advance when the “mock-test” will be held and it is recommended that they study for it as if preparing for a real test. We go over the answers together in class and they score their own test. I have them submit their papers to me and I look them over to get an idea of their scores. I record who participated and give all of them credit (usually 5 points), regardless of their actual score. We then go over the answers together and work on analyzing the questions. As we do this, I take polls (by asking students to raise their hands) to find out how many students got a particular question correct or missed it. This tells me where they are having the most difficulty and where common misconceptions may exist. To improve this assessment in the future I would:

1) try to increase student motivation to study in advance for the mock-test and identify their trouble-spots. To do this, I would award the students points for their performance (up to 2 points of extra credit, to be added to their score on their next exam). Since it is extra credit, it would still be in keeping with the spirit of formative assessment (non-evaluative and non-punitive). For example, if a student got 15 out of 30 questions correct, they would earn 1 point of extra credit, which would be added to their next exam score. I would no longer simply award 5 points to students for their participation, because this does not necessarily motivate them to study for the mock-test.

2) use a more effective and efficient form of delivery of this mock-test assessment. Instead of a paper test, I would use a classroom response system (e.g. student clickers), which would record student answers. This data would be recorded by the clicker software and thus could be analyzed later. Comparisons could be made about how well different teaching strategies are working. The students would still be anonymous when they enter their responses, as their names do not show up on the screen. 


If I summarize the most important things I have learned from this assessment, they are:


1. Assessment can be a learning tool for students (not just a teaching tool for instructors to determine if SLOs are being met).

2. Assessments can be implemented to reduce student test-taking anxiety.

3. Assessments can be used to increase student motivation to attend class and participate (i.e. be engaged).

For me, this assessment gave one major “big-picture” message. Assessments such as these (with low/no pressure) create opportunities for students to build their confidence by allowing them to gain experience. From what I observed, this is highly effective for the learning process and for helping to retain students. Although it seems quite obvious, I think instructors often forget to give students the chance to hone their abilities and build their self-confidence. Instructors often overlook doing this (we are often rushing to cover all of the course content so we leave it to the student to figure out how to study on their own. It should not be assumed that students already know how to do this). In addition to conveying content, instructors in a sense are coaches who help students develop their thinking skills. I also think we often forget to reward students for going through the learning process (in other words, we fail to “reward” students for other valuable qualities such as persistence and hard work). Instead, we tend to focus mainly on rewarding the positive final outcomes rather than the work involved in the learning process. This has the inherent danger of leading to frustration and discouragement for the student. If they don’t get something right on the first try and have no opportunity to revisit and learn it, there is little incentive for them to ever go back and address their difficulties. As instructors, I feel we need to shift this attitude in education. 

Much like athletes have to train before a competition, students also need to train before exams and evaluations. An extreme analogy might be pushing someone who does not know how to swim into deep water, thinking that they will learn on the spot, because they have to. The reality is they won’t learn much, because at that point fear and panic have set in. This same situation can apply to taking examinations or being observed and evaluated. The key is to help students develop self –confidence before examinations. Simply assigning homework and telling students to study and take notes is not enough. We need to give them:

a) situations where they can implement their knowledge and demonstrate their skills without fear of penalty, so that they can identify areas for improvement

b) the opportunity to receive helpful feedback


c) another opportunity to implement this feedback 


d) a chance to develop self-confidence by seeing that their efforts are leading to success (i.e. realizing that they have actually mastered a concept or learned a new skill, and that they can do it well).

As instructors we need to emphasize to students that success is not just about getting something right on the first try. Real learning is about making mistakes and then learning from those mistakes. I would like to restructure my own teaching so that I give students greater incentive to persist at areas in which they are having difficulty, until they have these areas completely mastered. I think that this assessment of microscopy technique is an example of how this can be done.
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