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I. Introduction and Background 

 

The Science Department started its assessment collection data with the Fall of 2009.  The general 

format of assessment follows the pattern of giving a pre-test during the first week of class to 

students in select sections.  The questions are chosen by the full time faculty and represent areas 

of study in line with the state accepted exit standard competencies.  These responses are scored 

and kept until the end of the semester when the identical questions are asked in a summative test.  

The results are then calculated and used to assess the effectiveness of instruction. 

 

Since the level of science classes varies tremendously and many offerings are confined to a 

single section per semester, it was decided to focus on general education classes.  This gives the 

broadest access to removing variables that may skew the results.  For instance, if only one 

instructor gave the assessment, there could be a bias based upon that instructors teaching 

methods.  To remove the possibility of students not giving their best effort on the pre-test, many 

instructors offer bonus points for correct answers which would help insure that each students 

responses accurately reflect their knowledge.  The post-test questions are asked as part of the 

summative exam, and thus should have no difficulties being an accurate reflection of the 

student’s knowledge.   

 

 

 

II.  Data and Results 

 

See Appendix for data and Results 

 

 

 

III. Data Analysis and Interpretation 

 

Biology 

 

The Biology assessment instrument is focused on the Essentials of Biology class, a course 

designed for non-majors.  This course is taught by multiple instructors at all times and in all 

semesters.  There are 25 questions administered by the individual instructors and the data is 

summarized by the Biology Program Coordinator.  The questions were chosen based upon the 

exit competencies established by the state run curriculum alignment committee.   

The data is summarized as follows: 

 

Semester # of Students Pre-test average Post-test average 

Spring 09 273  13.1   18.0 

Fall 09  236  12.1   18.0 

Spring 10 166  13.7   18.6 

 

Detailed analysis requires additional semesters of study, but it seems apparent that the students 

are showing marked improvement after taking the class. 
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Chemistry 

 

The Chemistry portion is administered to all sections of Introductory Chemistry (CHM 101) 

since Spring semester 2009.  The questions are given on the first day of class and cover the core 

competencies agreed upon by the curriculum alignment committee.  Detailed breakdown is 

available in the Chemistry addendum, but a marked increase is present in all competencies 

except for the Applying Appropriate Units competency.  It is our belief that since the pre-test 

simply required matching units to the appropriate quantity, while the post-test required actual use 

of the quantities, the rigor of the questions was not equal.  This will be addressed in future 

versions of the test. 

 

Physical Science 

 

The Physical Science section was problematic as our core Physical Science class, Introduction to 

the Physical Sciences (PHY 111), is a survey class with no direct correlation to any of the classes 

in the state curriculum alignment initiative.  It was decided instead to use Introduction to 

Physical Geology (PHY 125) as an alternative.  The drawback is that this course only has one 

section per semester which leaves us with very little data.  The 23 questions were chosen to 

support the core competencies, and over a very limited sample size, the classes showed an 

average pre-test score of 12 and a post-test score of 18.5.  The low sample size, a total of 102 

students since Fall 09, makes conclusions drawn from the data unreliable at best.  But the 

increase should seem to indicate, at least preliminarily, an adequate increase of comprehension. 

 

  

IV. Discussion of Data with Program Faculty 

 

  

V. Implications for Improvements or Change  

 

It is the general consensus of the department that the Biology assessment tool is meeting 

expectations and no changes are planned before the next assessment report.  In the Chemistry 

section, the problem of the Applying Appropriate Units competency will be addressed with the 

data collected in the Fall semester of 2011.  To deal with the small sample size of the Physical 

Science assessment the department plans to add the assessment to the Introduction to Astronomy 

class (PHY 130), which does have exit competencies established by the curriculum alignment 

committee.  This is expected to start in the Fall 11 academic section.  

  

VI. Conclusion and Action Steps 

 

Drawing conclusions from essentially three semesters of data is decidedly problematic, but a 

clear trend is observable.  The increase in pre-to post-test scores across all disciplines is 

essentially the same at approximately 50%.  There are variations among specific competencies, 

but the overall increase is fairly consistent.  Without normalizing this data to other institutions, it 

is at best an indication of consistent improvement through all disciplines within the study.  

Future versions of this assessment will concentrate on a more consistent analysis presentation 

between the disciplines.  As we build a bigger database of information, it will become possible to 

do more rigorous study of the results.   
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Appendix 

 

 

Chemistry Department Assessment Data 

 

 

Chemistry Assessment Report—Fall 2010 

 

Colleges and universities in the state of Missouri compiled a common list of competencies 

students should achieve by the end of an introductory general education course in chemistry.  

Each semester since Spring 2009 instructors teaching CHM 101, Introduction to Chemistry, have 

given a common pre-assessment on the first day of class that covers competencies from each of 

the main categories in the state competency list.  The instructors asked questions on their final 

exams that assessed the same competencies covered on the pre-assessment.  Student scores on 

the pre-and post-tests were compiled and sent to the Program Coordinator.  The data for each 

semester is attached. 

 

The following observations have been made: 

 

In general, change in students’ grasp of competencies is impressive. 

 

Decrease in student scores relating to use of units is puzzling, but given that entrance scores were 

so high and entrance question involved simply matching the correct unit with a quantity while 

the exit test involves use of the units, this is probably not surprising.  The entrance questions will 

be altered in future tests to evaluate this supposition. 

 

While the increases were impressive, some of the success percentages for the exit assessment 

could use improvement, particularly those pertaining to redox topics.  Traditionally, many 

instructors in this class have not covered redox before, so stressing the inclusion and adequate 

treatment of this topic is in order.  This will be communicated to instructors and future results 

monitored. 
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ENTRANCE COMPETENCIES TESTED DURING SPRING 2009 

Introduction to Chemistry 

 

Competency # Attempting # Successful 

I:  The Scientific Method.  The student should: 

A.  Know that science is a process. 302 34 (11%) 

G.  Know that Theories and Laws are subject to change; that 

Theories and Laws must be supported by the data. 
302 14 (5%) 

II:  Atoms and the Periodic Table.  The student should be able to: 

C.  Understand the Law of Conservation of mass and 

energy. 
300 106 (35%) 

D.  Quantify the three fundamental particles in any atom, 

isotope, or ion. 
288 96 (33%) 

III:  Compounds, Formulas, Reactions, and Equations.  The student should be able to: 

A.  Classify elemental, ionic, and covalent substances and 

relate a systematic name to a formula 
239 0 (0%) 

B.  Recognize various reaction types and construct a 

balanced equation describing the formation of products from 

reactants. 

261 33 (13%) 

IV:  Behavior of the States of Matter.  The student should be able to: 

B.  Relate the effect of pressure, volume, temperature, or 

amount changes as stated by the Ideal Gas Equation. 
223 1 (0.4%) 

E.  Determine the energy transfer involved with varying 

temperature and changes in state using measured conversion 

factors. 

217 4 (2%) 

V.  Properties of Solutions.  The student should be able 

to: 
  

B.  Use dimensional analysis to systematically convert from 

one unit to any other with concentration units as a 

connection. 

410 2 (0.5%) 

C.  Understand and use the concepts of mass percent, parts 

per million, molarity, molality, and mole fraction. 
410 2 (0.5%) 

VI.  Equilibrium, and Oxidation and Reduction.  The student should be able to: 

B.  Assign the oxidation states for each element within a 

formula. 
265 22 (8%) 

C.  Identify oxidation and reduction reactions.  301 54 (18%) 

D.  Identify oxidizing agents and reducing agents. 301 54 (18%) 
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EXIT COMPETENCIES TESTED DURING SPRING 2009 

Introduction to Chemistry 

 

Competency # Attempting # Successful 

I:  The Scientific Method.  The student should: 

A.  Know that science is a process. 220 194 (88%) 

G.  Know that Theories and Laws are subject to change; that 

Theories and Laws must be supported by the data. 
220 133 (60%) 

II:  Atoms and the Periodic Table.  The student should be able to: 

C.  Understand the Law of Conservation of mass and 

energy. 
219 145 (66%) 

D.  Quantify the three fundamental particles in any atom, 

isotope, or ion. 
220 182 (83%) 

III:  Compounds, Formulas, Reactions, and Equations.  The student should be able to: 

A.  Classify elemental, ionic, and covalent substances and 

relate a systematic name to a formula 
245 177 (72%) 

B.  Recognize various reaction types and construct a 

balanced equation describing the formation of products from 

reactants. 

219 183 (84%) 

IV:  Behavior of the States of Matter.  The student should be able to: 

B.  Relate the effect of pressure, volume, temperature, or 

amount changes as stated by the Ideal Gas Equation. 
216 177 (82%) 

E.  Determine the energy transfer involved with varying 

temperature and changes in state using measured conversion 

factors. 

215 129 (60%) 

V.  Properties of Solutions.  The student should be able 

to: 
  

B.  Use dimensional analysis to systematically convert from 

one unit to any other with concentration units as a 

connection. 

237 130 (55%) 

C.  Understand and use the concepts of mass percent, parts 

per million, molarity, molality, and mole fraction. 
243 127 (52%) 

VI.  Equilibrium, and Oxidation and Reduction.  The student should be able to: 

B.  Assign the oxidation states for each element within a 

formula. 
203 124 (61%) 

C.  Identify oxidation and reduction reactions.  191 101 (53%) 

D.  Identify oxidizing agents and reducing agents. 190 98 (52%) 
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COMPARISON OF SUCCESSFUL ENTRANCE AND EXIT SCORES FOR 

COMPETENCIES TESTED DURING SPRING 2009 

Introduction to Chemistry 

 

Competency Entrance Exit Change 

I:  The Scientific Method.  The student should: 

A.  Know that science is a process. 11% 88% +77% 

G.  Know that Theories and Laws are subject to change; that 

Theories and Laws must be supported by the data. 
5% 60% +55% 

II:  Atoms and the Periodic Table.  The student should be able to: 

C.  Understand the Law of Conservation of mass and energy. 35% 66% +31% 

D.  Quantify the three fundamental particles in any atom, isotope, 

or ion. 
33% 83% +50% 

III:  Compounds, Formulas, Reactions, and Equations.  The student should be able to: 

A.  Classify elemental, ionic, and covalent substances and relate a 

systematic name to a formula 
0% 72% +72% 

B.  Recognize various reaction types and construct a balanced 

equation describing the formation of products from reactants. 
13% 84% +71% 

IV:  Behavior of the States of Matter.  The student should be able to: 

B.  Relate the effect of pressure, volume, temperature, or amount 

changes as stated by the Ideal Gas Equation. 
0.4% 82% +82% 

E.  Determine the energy transfer involved with varying 

temperature and changes in state using measured conversion 

factors. 

2% 60% +58% 

V.  Properties of Solutions.  The student should be able to: 

B.  Use dimensional analysis to systematically convert from one 

unit to any other with concentration units as a connection. 
0.5% 55% +55% 

C.  Understand and use the concepts of mass percent, parts per 

million, molarity, molality, and mole fraction. 
0.5% 52% +52% 

VI.  Equilibrium, and Oxidation and Reduction.  The student should be able to: 

B.  Assign the oxidation states for each element within a formula. 8% 61% +53% 

C.  Identify oxidation and reduction reactions.  18% 53% +35% 

D.  Identify oxidizing agents and reducing agents. 18% 52% +34% 
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CHM 101 Assessment   

Spring 2009   

 

1. Which of the following can change?  

 

a. Hypothesis  

b. Law  

c. Theory  

 

 

2. In the following equation I2 is being ___ and is the _____. 

I2(s) + SO32-(aq) + H2O(l)   2I-(aq) + SO42-(aq) + 2H+(aq)  

 

a. oxidized; oxidizing agent  b. reduced; reducing agent  

c. oxidized; reducing agent  d. reduced; oxidizing agent  

 

 

3. What amount of heat is released when 2.63 g of water vapor at 140.40 C condenses to a liquid 

at 100 C? (Hcond= 540 cal/g; csteam= 0.48 cal/g-C; cwater= 1.00 cal/g-C)  

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Write a balanced combination equation with the reactants of H2(g) and O2(g) producing 

H2O(g)  

 

 

 

 

 

 

5. Please give a systematic name for the following compound:  PbS2  

 

 

 

Please write your answers in 

the blanks to the right of each 

question. 

__________ 

__________ 

__________ 

__________ 

_______________________________________________________

____ 

_____________________

_ 
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6. What is the oxidation number of the underlined element? 

 

K2Cr2O7  
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7. Calculate the number of grams of NaCl in 56.150 mL of a 0.0500 M solution  

 

 

 

 

 

 

 

 

 

 

 

8. How many electrons are in the nuclide below?  

  
 

 

9. Please place these activities involved in the scientific method in the proper order:  

 

 A. Analyzing data  B. Forming hypotheses  

 C. Making conclusions   D. Making observations  

 E. Performing experiments  

 

 

 1.  _______ 2.  _______ 3.  _______ 4.  _______ 5.  _______ 

 

 

10. What is the molality of a solution made by dissolving 15.6 g of water in 386.2 g of acetic 

acid?  

 

 

 

 

 

 

 

 

 

 

 

11. Air trapped in a pressure cooker, in which the volume of gas remains constant, has a pressure 

of 748 torr at 27.8oC. What will be the pressure inside the pressure cooker if the temperature is 

raised to 103.6oC?  

 

 

 

 

 

74

33As

__________ 

__________ 

__________ 

__________ 
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12. Which of the following is true about the Law of Conservation of Mass and Energy?  

 

a. Every time a chemical reaction occurs new energy and new mass are created  

b. The amount of mass (in kJ) used must equal the energy (in kJ) used in a chemical reaction  

c. The total energy and mass of the universe are not created nor destroyed  

d. We should work hard to conserve energy in our daily lives  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

__________ 
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ENTRANCE COMPETENCIES TESTED DURING FALL 2009 

Introduction to Chemistry 

 

Competency # Attempting # Successful 

I:  The Scientific Method.  The student should: 

A.  Know that science is a process. 302 85 (28%) 

II:  Atoms and the Periodic Table.  The student should be able to: 

A. Apply appropriate units to express various 

measurements. 
302 252 (83%) 

E.  Apply the significance of the electron configuration 

within an atom or ion and the position of an element on the 

periodic table. 

302 83 (27%) 

III:  Compounds, Formulas, Reactions, and Equations.  The student should be able to: 

A.  Classify elemental, ionic, and covalent substances and 

relate a systematic name to a formula. 
302 5 (2%) 

C.  Use a periodic table and a balanced chemical equation to 

convert (reversibly) between mass to moles of a substance 

and mole to mole conversions for various changes. 

302 54 (18%) 

D.  Apply the concept of limiting reactants and the nature of 

chemical analysis. 
302 54 (18%) 

E.  Construct working Lewis structures for simple covalent 

compounds.  Classify types of chemical bonding 
302 0 (0%) 

IV:  Behavior of the States of Matter.  The student should be able to: 

B.  Relate the effect of pressure, volume, temperature, or 

amount changes as stated by the Ideal Gas Equation. 
302 3 (1%) 

D.  Predict Hydrogen Bonding and the unique physical 

properties it manifests in water and other biomolecules 
302 196 (65%) 

V.  Properties of Solutions.  The student should be able 

to: 
  

B.  Use dimensional analysis to systematically convert from 

one unit to any other with concentration units as a 

connection. 

302 0 (0%) 

C.  Understand and use the concepts of mass percent, parts 

per million, molarity, molality, and mole fraction. 
302 0 (0%) 

VI.  Equilibrium, and Oxidation and Reduction.  The student should be able to: 

B.  Assign the oxidation states for each element within a 

formula. 
302 7 (2%) 

C.  Identify oxidation and reduction reactions.  302 41 (14%) 

D.  Identify oxidizing agents and reducing agents. 302 41 (14%) 
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EXIT COMPETENCIES TESTED DURING FALL 2009 

Introduction to Chemistry 

 

Competency # Attempting # Successful 

I:  The Scientific Method.  The student should: 

A.  Know that science is a process. 121 107 (88%) 

II:  Atoms and the Periodic Table.  The student should be able to: 

A. Apply appropriate units to express various 

measurements. 
121 88 (73%) 

E.  Apply the significance of the electron configuration 

within an atom or ion and the position of an element on the 

periodic table. 

121 76 (63%) 

III:  Compounds, Formulas, Reactions, and Equations.  The student should be able to: 

A.  Classify elemental, ionic, and covalent substances and 

relate a systematic name to a formula. 
177 101 (57%) 

C.  Use a periodic table and a balanced chemical equation to 

convert (reversibly) between mass to moles of a substance 

and mole to mole conversions for various changes. 

113 95 (84%) 

D.  Apply the concept of limiting reactants and the nature of 

chemical analysis. 
117 85 (73%) 

E.  Construct working Lewis structures for simple covalent 

compounds.  Classify types of chemical bonding 
117 74 (63%) 

IV:  Behavior of the States of Matter.  The student should be able to: 

B.  Relate the effect of pressure, volume, temperature, or 

amount changes as stated by the Ideal Gas Equation. 
119 92 (77%) 

D.  Predict Hydrogen Bonding and the unique physical 

properties it manifests in water and other biomolecules 
120 106 (88%) 

V.  Properties of Solutions.  The student should be able 

to: 
  

B.  Use dimensional analysis to systematically convert from 

one unit to any other with concentration units as a 

connection. 

114 72 (63%) 

C.  Understand and use the concepts of mass percent, parts 

per million, molarity, molality, and mole fraction. 
120 79 (66%) 

VI.  Equilibrium, and Oxidation and Reduction.  The student should be able to: 

B.  Assign the oxidation states for each element within a 

formula. 
120 68 (57%) 

C.  Identify oxidation and reduction reactions.  120 57 (48%) 

D.  Identify oxidizing agents and reducing agents. 120 57 (48%) 
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COMPARISON OF SUCCESSFUL ENTRANCE AND EXIT SCORES FOR 

COMPETENCIES TESTED DURING FALL 2009 

Introduction to Chemistry 

 

Competency Entrance Exit Change 

I:  The Scientific Method.  The student should:  

A.  Know that science is a process. 28% 86% +58% 

II:  Atoms and the Periodic Table.  The student should be able to: 

A. Apply appropriate units to express various measurements. 83% 75% -8% 

E.  Apply the significance of the electron configuration within an 

atom or ion and the position of an element on the periodic table. 

 

27% 69% +42% 

III:  Compounds, Formulas, Reactions, and Equations.  The student should be able to: 

A.  Classify elemental, ionic, and covalent substances and relate a 

systematic name to a formula. 
2% 60% +58% 

C.  Use a periodic table and a balanced chemical equation to 

convert (reversibly) between mass to moles of a substance and 

mole to mole conversions for various changes. 

18% 84% +64% 

D.  Apply the concept of limiting reactants and the nature of 

chemical analysis. 
18% 72% +54% 

E.  Construct working Lewis structures for simple covalent 

compounds.  Classify types of chemical bonding 
0% 69% +69% 

IV:  Behavior of the States of Matter.  The student should be able to: 

B.  Relate the effect of pressure, volume, temperature, or amount 

changes as stated by the Ideal Gas Equation. 
1% 77% +76% 

D.  Predict Hydrogen Bonding and the unique physical properties it 

manifests in water and other biomolecules 
65% 88% +23% 

V.  Properties of Solutions.  The student should be able to: 

B.  Use dimensional analysis to systematically convert from one 

unit to any other with concentration units as a connection. 
0% 63% +63% 

C.  Understand and use the concepts of mass percent, parts per 

million, molarity, molality, and mole fraction. 
0% 66% +66% 

VI.  Equilibrium, and Oxidation and Reduction.  The student should be able to: 

B.  Assign the oxidation states for each element within a formula. 2% 54% +52% 

C.  Identify oxidation and reduction reactions.  14% 56% +42% 

D.  Identify oxidizing agents and reducing agents. 14% 56% +42% 
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