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Executive Summary 
During the 2008-09 academic year, the OIT Assessment Commission conducted an assessment 
of science in general education.  The assessment was based on two performance criteria— the 
ability to demonstrate factual knowledge of a science, and the ability to use appropriate scientific 
reasoning skills to interpret and analyze content in the natural sciences. 
 
The assessment was based on problem sets administered during final exams in science courses 
selected by the Assessment Commission and the Natural Sciences Department.  The courses 
included in the assessment were: 
 

• BIO 102 General Biology (one section) 
• BIO 232 Human Anatomy and Physiology II (three sections) 
• CHE 101 Elementary Chemistry (two sections) 
• CHE 102 Elementary Chemistry (one section) 
• CHE 202 General Chemistry (one section) 
• CHE 222 General Chemistry (one section) 
• PHY 221 General Physics with Calculus (two sections) 
• PHY 222 General Physics with Calculus (one section) 

 
For each course, the science faculty wrote ten factual knowledge questions of similar difficulty, 
and six scientific reasoning questions; all of the questions were appropriate to the science course 
in which the students were enrolled.  Three of the science reasoning questions required the 
student to apply basic concepts, and the remaining three questions required the student to apply a 
higher level of reasoning to more challenging or complex questions. 
 
The results indicated that 76.7% of students in these courses performed at a proficiency or high 
proficiency level in demonstrating scientific knowledge, and 74.6% performed at these levels for 
scientific reasoning.  The Natural Sciences Department and the Executive Committee of the 
Assessment Commission reviewed these overall results and found them to be “acceptable,” “as 
expected,” and “reasonable” for each of the two performance criteria.   
 
The faculty also reviewed student performance data for each course.  With the exception of the 
physics courses, the faculty found student performance to be acceptable in each course.  The 
faculty noted that the physics courses are more difficult and require much higher level math 
skills than the other courses involved in the assessment.  The faculty would like to see, however, 
improvement in student learning in physics and made the following plans: 

• Many of the students in PHY 221 have poor algebra/calculus skills, so the faculty will 
include a review of relevant math for physics at the beginning of the course. 

• The faculty will also add, at the beginning of PHY 221, a session focused on problem 
solving strategies, and continue to emphasize these strategies throughout the course. 

• The faculty recommends that the Assessment Commission notify faculty advisors of the 
importance of urging students to take physics soon after completing the prerequisite math 
series. The Assessment Commission will do this during fall convocation. 

• The physics faculty will initiate a dialogue with the math faculty to see if the problem 
solving skills required in physics can be supported in the prerequisite math series. 
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• The faculty will re-assess PHY 221 and 222 using the same or similar final exam 
questions in the winter 2010 term. 

 
In addition to the analysis by course, the Executive Committee and the Natural Sciences faculty 
reviewed cross tabulations of the data by class level and major.  While the committee noted 
various strengths and weaknesses in these student performance data, they did not draw 
significant conclusions from the data in terms of action steps for the future. 
 
The Executive Committee of the Assessment Commission also reviewed a survey of graduating 
students that was administered in conjunction with the Application to Graduate.  The results 
indicated a high level of agreement among graduating seniors that they are able to demonstrate 
factual knowledge of a science and use appropriate scientific reasoning skills to interpret and 
analyze content in the natural sciences. 
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Definition and performance criteria for scientific knowledge and skills in scientific 
reasoning 
The Executive Committee of the Assessment Commission, in conjunction with the Natural 
Sciences Department, approved the following expectations and performance criteria for scientific 
knowledge and skills in scientific reasoning: 
 

In an increasingly complex world, the ability to think critically, evaluate and apply 
information, understand logic and the methods of scientific inquiry are vitally important. 
A person who is competent in scientific reasoning adheres to a self-correcting system of 
inquiry (the scientific method) and relies on empirical evidence to describe, understand, 
predict and control natural phenomena. 
 
Expectation:  Graduates should understand and be able to apply the scientific process to 
explore, hypothesize, and answer questions.  These expectations may be met through 
coursework in science, social science, and the major courses. 

Criteria for Assessment:  Students will be able to 

• Demonstrate factual knowledge of a science (e.g., terminology, organization, 
classifications, methods, fundamental principles, generalizations, or theories). 

• Use appropriate scientific reasoning skills to interpret and analyze content in the 
natural sciences. 

 
Description of assessment 
The assessment was based on problem sets administered during winter 2009 final exams in 
science courses selected by the Assessment Commission and the Natural Sciences Department.  
The courses are required in many curricula and therefore have a broad representation of majors.  
The courses included in the assessment were: 
 

• BIO 102 General Biology (one section) 
• BIO 232 Human Anatomy and Physiology II (three sections) 
• CHE 101 Elementary Chemistry (two sections) 
• CHE 102 Elementary Chemistry (one section) 
• CHE 202 General Chemistry (one section) 
• CHE 222 General Chemistry (one section) 
• PHY 221 General Physics with Calculus (two sections) 
• PHY 222 General Physics with Calculus (one section) 

 
For each course, the science faculty wrote ten factual knowledge questions of similar difficulty, 
and six scientific reasoning questions; all of the questions were appropriate to the science course 
in which the students were enrolled.  Three of the science reasoning questions required the 
student to apply basic concepts, and the remaining three questions required the student to apply a 
higher level of reasoning to more challenging or complex questions. 
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Data collection 
The Director of Assessment worked with the Natural Science instructors participating in the 
assessment to identify the problems, to code and document them, and to minimize differences in 
results due to administration conditions.  The problem sets were completed by students during a 
proctored and graded, two-hour final exam.  No students were excused from the exam based on 
high performance prior to the exam. 
 
The Director of Assessment provided score sheets for the Natural Sciences faculty and compiled 
all individual score sheets into a data set for each course.  The aggregated data for all courses 
were then submitted to the Director of Institutional Research for analysis. 
 
Data scoring 
The Natural Sciences faculty scored student exam questions, for assessment purposes, as either 
correct (one point) or incorrect (0 points).  No partial credit was given.  The faculty left scores 
blank for students who did not answer a question or take the final.  The exams were scored 
separately for grading purposes.   The department determined what total student scores would be 
classified as proficient or highly proficient as follows: 
 

For factual knowledge: 
• Little or no proficiency:  student gave correct answers to zero to four of the questions. 
• Some proficiency:  student gave correct answer to five or six of the questions.  
• Proficient: student gave correct answer to seven or eight of the questions.  
• Highly proficient: student gave correct answers to nine or ten of the questions.  

 
For scientific reasoning: 
• Little or no proficiency:  student gave correct answers to zero or one of the questions. 
• Some proficiency:  student gave correct answer to two or three of the questions. 
• Proficient: student gave correct answer to four or five of the questions.  
• Highly proficient: student gave correct answers to six of the questions.  

 
Data elements 
The data elements collected in this assessment process included: 

• Student ID (from course rosters) 
• Student last and first name (from course rosters) 
• Course Reference Number (CRN) 
• Subject, course, and section number (e.g., BIO 102-01) 
• Scores for each of the ten scientific knowledge problems, using zero for incorrect and one 

for correct on each problem 
• Scores for each of the six scientific reasoning problems, using zero for incorrect and one 

for correct on each problem 
 
In addition, the Director of Institutional Research linked the above data elements to the student’s 
major (including pre-majors) and class level. 
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Assessment results 
Both the Executive Committee of the Assessment Commission and the Natural Sciences 
Department reviewed the results of this assessment. 
 
Overall results for all courses 
Results for students demonstrating proficiency or high proficiency for all courses combined are 
shown in Table 1.  There were 493 students involved in this assessment. 
 

 
Proficiency Level 

Scientific  
Knowledge 

Scientific 
Reasoning 

Percent proficient  
 

30.2% 50.1% 

Percent highly proficient  
 

46.5% 24.5% 

Total proficient or 
highly proficient 

76.7% 74.6% 

Table 1. Overall proficiency levels, all courses  
 
The Natural Sciences Department and the Executive Committee of the Assessment Commission 
reviewed these overall results and found them to be “acceptable,” “as expected,” and 
“reasonable” for each of the two performance criteria.  Since two-thirds of the students in the 
assessment were freshmen and sophomores, it is expected that the students would perform more 
solidly in scientific knowledge than in scientific reasoning.  It is also expected that these lower-
division students would fall more strongly in the proficient category, rather than the highly 
proficient category, in scientific reasoning.  The results reflect these faculty expectations. 
 
Analysis by course 
To determine strengths and weaknesses in student performance in each course, an analysis of 
student proficiency by course was completed, as shown in Table 2 below. 
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Proficiency Level 
Scientific Knowledge Scientific Reasoning 

BIO 102 General Biology, n = 28 
Percent proficient  21.4% 57.1% 
Percent highly proficient  42.9% 25.0% 
Total proficiency 64.3% 82.1% 

BIO 232 Human Anatomy and Physiology II, n = 165 
Percent proficient  35.8% 59.4% 
Percent highly proficient  29.1% 28.5% 
Total proficiency 64.8% 87.9% 

CHE 101 Elementary Chemistry, n = 56 
Percent proficient  35.7% 51.8% 
Percent highly proficient 51.8% 26.8% 
Total proficiency 87.5% 78.6% 

CHE 102 Elementary Chemistry, n = 36 
Percent proficient 22.2% 66.7% 
Percent highly proficient 41.7% 13.9% 
Total proficiency 63.9% 80.6% 

CHE 202 General Chemistry, n = 33 
Percent proficient 33.3% 42.4% 
Percent highly proficient  60.6% 48.5% 
Total proficiency 93.9% 90.9% 

CHE 222 General Chemistry, n = 55 
Percent proficient  16.4% 54.5% 
Percent highly proficient  81.8% 21.8% 
Total proficiency 98.2% 76.4% 

PHY 221 General Physics with Calculus, n = 80 
Percent proficient  23.8% 23.8% 
Percent highly proficient  67.5% 18.8% 
Total proficiency 91.3% 42.5% 

PHY 222 General Physics with Calculus, n = 40 
Percent proficient 42.5% 42.5% 
Percent highly proficient  15.0% 10.0% 
Total proficiency 57.5% 52.5% 
Table 2. Proficiency levels by course  
 
The Natural Sciences Department reviewed the data by course above and offered the following 
reflections: 
 
BIO 102 General Biology 
Students enrolled in BIO 102, an elective course, performed at an acceptable level overall.  The 
students performed at a higher level in scientific reasoning than in scientific knowledge.  The 
instructor hypothesized that these non-majors focused more on conceptual understanding than on 
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memorizing factual knowledge, because they did not expect to continue in the sciences as a 
major.   
 
BIO 232 Human Anatomy and Physiology II 
Students enrolled in BIO 232 performed at an acceptable and expected level overall.  This course 
involves large numbers of students in several sections, taught by different instructors.  The 
faculty found the student performance in scientific knowledge to be somewhat lower than 
expected, and the performance for scientific reasoning to be somewhat higher than expected, but 
after re-examining the test items, the faculty did not identify any specific areas of student 
learning that required further action. 
 
CHE 101 Elementary Chemistry 
Students enrolled in CHE 101 performed at an acceptable and expected level overall.  The 
faculty noted that student performance in CHE 101 correlates well with an assessment that was 
completed last year for this course and that students in this assessment performed better than last 
year.  At the freshman level of this course, the faculty expected to see higher performance with 
scientific knowledge than scientific reasoning, as was the case here. 
 
CHE 102 Elementary Chemistry 
Students enrolled in CHE 102 performed at an acceptable and expected level overall.  The 
faculty noted that students appeared to perform more strongly in scientific reasoning, but that the 
reasoning at this level involves basic application of chemistry concepts.  
 
CHE 202 and 222 General Chemistry 
Students enrolled in CHE 202 and CHE 222 performed at a better-than-expected level.  The 
instructor offered regular help sessions, and they were well attended.  The instructor noted that 
the students enrolled in the course this term were unusually motivated. 
 
PHY 221 and PHY 222 General Physics with Calculus 
Although student performance in physics was lower than the other courses involved in this 
assessment, the faculty noted that the physics courses are more difficult and require much higher 
level math skills than the other courses. The student performance in these two courses was not 
unexpected.  In addition, the faculty noted the following: 

• Student performance in scientific knowledge in PHY 221 was better than expected. 
• The faculty would like to see an improvement in scientific reasoning at the PHY 221 

level.   
• The concepts in PHY 222 are more abstract, so a drop in the scientific knowledge score 

from PHY 221 to PHY 222 may be expected. 
• Students increased their scientific reasoning ability from PHY 221 to PHY 222, probably 

due to having more experience with the type of problems presented in physics. 
 
In response to these results, the faculty made the following plans to improve student learning in 
the physics courses: 

• Many of the students in PHY 221 have poor algebra/calculus skills, so the faculty will 
include a review of relevant math for physics at the beginning of the course. 
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• The faculty will also add, at the beginning of PHY 221, a session focused on problem 
solving strategies, and continue to emphasize these strategies throughout the course. 

• The faculty recommended that the Assessment Commission notify faculty advisors of the 
importance of urging students to take physics soon after completing the prerequisite math 
series.  

• The physics faculty will initiate a dialogue with the math faculty to see if the problem 
solving skills required in physics can be supported in the prerequisite math series. 

• The faculty will re-assess PHY 221 and 222 using the same or similar final exam 
questions in the winter 2010 term. 

 
Analysis by class level 
The Executive Committee performed an analysis by class level as shown in Table 3. 
 

Class Level Scientific 
Knowledge 

Scientific Reasoning 

Freshmen, % at proficiency 
or high proficiency, n = 154 
 

 
78.6% 

 
79.9% 

Sophomores, % at 
proficiency or high 
proficiency, n = 179 

 
78.2% 

 
74.3% 

Juniors, % at proficiency or 
high proficiency, n = 82  
 

 
81.7% 

 
65.9% 

Seniors, % at proficiency or 
high proficiency, n = 45 
 

 
64.4% 

 
64.4% 

Non-admits and post-
baccalaureate, % at 
proficiency or higher, n = 33  

 
63.6% 

 
87.9% 

Table 3. Proficiency levels by class level. 
 
The faculty noted the lower performance of upper-division students in the sample.  Over half of 
the upper-division students in the sample were taking physics.  The faculty felt that the upper-
division students were thus in more difficult courses.  In addition, because most OIT curricula 
specify taking physics at the sophomore level, many of these students were taking these courses 
later than prescribed in their curricula.  These results point to the need for careful advising about 
math prerequisites and sequencing for students who will enter the physics series as part of their 
curricula. 
 
Analysis by major 
Because of small sample sizes for each major, students were clustered in four major categories 
for this analysis, including arts & sciences, engineering, health, and information 
technology/management.  The percentage of students performing at proficiency or high 
proficiency by major is shown in Table 4. 
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Major Category Scientific 
Knowledge 

Scientific Reasoning 

Arts & Sciences, n = 82 64.6% 74.4% 
Engineering, n = 187 85.6% 63.6% 
Health, n = 217 74.2% 84.3% 
IT/Management, n = 7 57.1%* 71.4%* 
Table 4. Proficiency by major category, including percentage at proficiency or high proficiency. 
* indicate small cell values. 
 
In reviewing these data, the faculty noted that: 

• There were so few IT/Management students in the sample that they should be excluded 
from consideration. 

• Engineering majors performed at a higher level in scientific knowledge than arts & 
sciences or health majors (Pearson chi-square, p<.001). 

• Health majors performed at a higher level in science reasoning than arts & science or 
engineering majors (Pearson chi-square, p<.001). 

• No category of majors clearly outperformed or underperformed compared to the others 
on both criteria. 

 
The largest major represented in all categories and in the health majors category was pre-Medical 
Imaging Technology, with 123 students.  Students in this major classification must compete for 
admission to the sophomore professional programs.  This group performed noticeably well, 
perhaps due to the competitive admissions factor, as shown in Table 5. 
 

Major Category Scientific 
Knowledge 

Scientific Reasoning 

Pre-MIT Majors, n = 123 82.1% 85.4% 
Table 5. Proficiency of pre-MIT majors. 
 
In comparing pre-MIT students with the other pre-health majors in Dental Hygiene and Nursing, 
it was found that MIT students were significantly stronger in scientific knowledge (p<.001) but 
not significantly stronger in scientific reasoning. 
 
Indirect assessment from Application to Graduate 
The Executive Committee collected indirect assessment information from graduating seniors on 
their scientific knowledge and reasoning skills, using a survey attached to the Application to 
Graduate.  The compiled results from the survey are shown in Table 6. 
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I am able to: 

 
Strongly 

agree 

 
 

Agree 

 
 

Disagree 

 
Strongly 
Disagree 

1. Demonstrate factual knowledge of a 
science. 
 

 
63.4% 

 
33.1% 

 
2.3% 

 
1.2% 

2. Use appropriate scientific reasoning 
skills to interpret and analyze content in 
the natural sciences. 

 
61.6% 

 
36.0% 

 
1.2% 

 
1.2% 

3. Understand and apply scientific ideas 
relevant to my major. 
 

 
69.8% 

 
28.5% 

 
.6% 

 
1.2% 

Table 6. Level of agreement by graduating seniors on science knowledge and skills, n = 207. 
 
These results indicate a high level of agreement among graduating seniors that they are able to 
demonstrate learning of factual knowledge in the sciences, use appropriate scientific reasoning 
skills to interpret and analyze content in the natural sciences, and understand apply scientific 
ideas to the major. 
 
Assessment Reporting 
The Director of Assessment, along with the Executive Committee of the Assessment 
Commission, will report the results of this assessment to the campus by email to the faculty list 
serve, by posting the final report on the assessment web site, and by a convocation presentation 
to the faculty.  
 
Documentation 
The Assessment Office will retain the final report and documentation of this assessment 
indefinitely.  


