
Science General Education Program 

Annual Assessment Report 2013-2014 

 

I.  Introduction 

 

The Science General Education Program serves all Oregon Tech bachelor’s degree students, who are 

required to complete 12 science credits selected by the student or specified by the major department. 

 

II.  Program Purpose and Objectives  

 

The faculty in the Natural Science Department who are part of the Science General Education 

Program met on September 18, 2013 to review the Science General Education program purpose, 

objectives, and student learning outcomes.  The faculty affirmed them without changes. 

 

Science General Education Program Purpose 

To provide lower division science courses appropriate for science, technology, engineering, health, 

and liberal arts students. 

 

Program Educational Objectives 

1.  Understanding of fundamental scientific principles or concepts.  

2.  The ability to apply fundamental principles or concepts to solve problems. 

 

III.  Program Student Learning Outcomes and Assessment Cycle 

 

The student learning outcomes and performance criteria for the Science General Education program 

are as follows: 

SLO 1: Students will demonstrate scientific knowledge and skills in scientific reasoning. 

 Criteria for Assessment:  Students will be able to: 

1. Demonstrate factual knowledge of science (terminology, organization, classifications, methods, 

fundamental principles, generalizations, or theories). 

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

SLO 2:  Students will demonstrate mathematical knowledge and skills.  

 Criteria for Assessment:  Students will be able to: 

1. Perform the mathematical computations required in the science courses they are taking. 

2. Read and comprehend written information relevant to the science courses they are taking.  

3. Read and comprehend graphical quantitative information relevant to the science courses they are 

taking. 



SLO 3:  Students will be able to demonstrate a fundamental scientific principle. 

Criteria for Assessment:  Students will be able to: 

1. Collect data, making appropriate measurements. 

2. Precisely record data, including use of appropriate units. 

3. Analyze data to determine its relationship to the scientific principle and evaluate the data for 

errors. 

 

Student learning outcomes have been mapped to the science general education curriculum as 

shown in Appendix A. Faculty reviewed and revised the mapping for SLO 3 in October 2013. 

The faculty agreed on a three-year cycle of assessment for the three program learning outcomes, 

as shown in Table 1 below. 

Table 1.  Science General Education Assessment Cycle 

 

IV. Summary of 2013-14 Assessment Activities 

 

During the 2013-14 academic year, assessments for SLO 3 (Demonstration of a Scientific Principle) were 

conducted in the following courses: 

o BIO101L (Klamath Falls, Fall term) – described in Section V.A. 

o CHE104 (Klamath Falls, Fall term) – described in Section V.B. 

o CHE104 (distance, Fall term) – described in Section V.B. 

o PHY221L (Klamath Falls, Winter term) – described in Section V.C. 

Additionally, “closing the loop” assessments were conducted in the following courses: 

 SLO 1: (Scientific Knowledge/Reasoning) – described in Section VI 

o PHY222 (Klamath Falls, Winter term) 

o PHY222 (Wilsonville, Winter term) 

Assessment of Critical Thinking, Oregon Tech’s Institutional Student Learning for 2013-2014, was also 

conducted in: 

o CHE/PHY/ENGR 307, Klamath Falls, Fall term – described in Section VII. 

 

Learning Outcomes 
2013-

2014 

2014-

2015 

2015-

2016 

SLO 1: Demonstrate scientific knowledge  

                 and skills in scientific reasoning. 
  X 

SLO 2: Demonstrate mathematical knowledge and skills.   X  

SLO 3: Demonstrate a fundamental scientific principle. X   



V. Assessment of SLO 3 

  

A. BIO 101  

 

This outcome was assessed during the Fall 2013 term within BIO 101 in a laboratory activity focused on 

analysis of the conditions affecting transpiration. 35 students were included in this assessment. Within the 

activity that was evaluated, students were asked to develop a quantifiable hypothesis regarding the effects of 

environmental conditions (wind, heat, humidity) on transpiration, to collect experimental data in order to 

evaluate this hypothesis, (for example, quantity of water consumed in a transpiration experiment) to 

manipulate this data to calculate quantities relevant to testing their hypothesis (such as water consumed per 

leaf area), and to evaluate their initial hypothesis with respect to their experimental data. 

 

Specific aspects of this activity that were examined: 

 

Formulate a quantifiable hypothesis 

(Assessment criterion: “Analyze data to determine 

its relationship to the scientific principle and 

evaluate the data for errors.”). Success at this aspect 

(2 points) consisted of stating a quantifiable and 

verifiable hypothesis; partial success was rated at 1 point 

out of 2. Results: Students’ performance on this aspect 

fell short of the target benchmarks, and the instructor 

described students’ difficulties with developing 

quantifiable hypotheses – stating hypothesis in vague terms and not realizing that confounding or 

complicating variables should be taken into account.  

Record raw measurements of water 

consumption and leaf mass (Assessment criterion: 

“Collect data, making appropriate measurements”). 

Success at this aspect (1 point) consisted of reporting a 

plausible quantity with units; two items were included in 

the assessment. Results: Students’ performance exceeded 

the target benchmarks; the instructor viewed this portion 

of the activity as fairly straightforward and was satisfied 

with students’ performance. 

Process the data to calculate derived quantities 

relevant to testing their hypothesis (Assessment 

criterion: “Precisely record data, including use of 

appropriate units.”). Success at this aspect (1 point) 

consisted of reporting a plausible quantity with units; 

two items were included in the assessment. Results: 

Students’ performance did not meet the target 

benchmarks, and the instructor described both students’ 

weaknesses in math and some lack of understanding as 

to the purposes of these calculations – why would it be 
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relevant to calculate water consumed per leaf area, for instance, rather than simply comparing quantities of 

water consumed. 

 

Analyze the data with respect to their hypotheses 

for three different treatment conditions (Assessment 

criterion: “Analyze data to determine its relationship 

to the scientific principle and evaluate the data for 

errors.”) Success at this aspect (2 points) consisted of a 

complete discussion linking quantitative data to the 

students’ original hypothesis; partial success was rated at 

1 point out of 2. Discussion of three different treatment 

conditions was considered here, for a rating scale ranging 

from 0 to 6 points.  Results: Students’ performance 

exceeded target benchmarks for this aspect; the instructor 

described students ability to successfully interpret data 

once they had it in hand, enjoying the process of “sense-

making” and taking pride in drawing conclusions. 

 

 

Reflections and Recommendations 

 

The two areas of weakness in student performance seen here are linked – students’ weaknesses at 

constructing quantifiable hypothesis and their ability to manipulate data to produce the quantities needed to 

evaluate those hypothesis with respect to data. 

 

In further activities and iterations of this course, the instructor plans on making a number of adjustments 

to facilitate students’ understanding of what constitutes a quantifiable hypothesis and why it is important. 

During the first laboratory experiments of the term, the instructor will provide more explicit description for 

what constitutes a quantifiable hypothesis, including analogies, examples and criteria that students can 

evaluate their own hypotheses against. Examples used will include hypotheses which require consideration of 

“derived” quantities, rather than just directly measured quantities. Additionally, the instructor has proposed 

activities in which students groups “practice” the process of developing hypothesis by creating, sharing, and 

critiquing each other’s proposed hypotheses, and is eager to assess the results of student performance in Fall 

2014 following these adjustments. 
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B. CHE104  

 

This outcome was assessed within CHE104 during the Fall 2013 term in a laboratory activity focused on 

oxidation-reduction reactions. 100 students were assessed within 6 laboratory sections on the Klamath Falls 

campus, and 14 students were assessed using a comparable activity in distance education section taught by 

one instructor. 

 

Within the activity that was evaluated, students were asked to develop descriptions of chemical systems 

involving oxidation-reduction reactions which included metals. As part of this activity, students recorded 

sensory observations of reactions between metals, ionic solutions, and acid solutions, wrote balanced 

chemical equations to describe these reactions and analyzed the data to order metals within the 

electrochemical activity series. 

 

Specific aspects of this activity that were examined: 

 

Record observations of reactions between 

metals and solutions. (Assessment criterion: 

“Collect data, making appropriate measurements”) 

Success at this aspect (1 point) consisted of correct 

collection of relevant observations; four reactions were 

included in the assessment. Results: Students’ 

performance exceeded target benchmarks for this aspect, 

and both instructors were generally satisfied with 

students’ success at recording relevant observations, even 

for reactions where observations were sometimes 

ambiguous or unclear. 

 

Write balanced chemical equations to describe 

reactions (Assessment criterion: “Precisely record 

data, including use of appropriate units”). Success at 

this aspect (1 point) consisted of correctly writing the 

balanced chemical equations; the same four reactions 

were considered for this aspect as in the above 

paragraph. Results: Students’ performance did not meet 

target benchmarks for this aspect, an outcome which 

surprised instructors, who expected that students would 

be fairly successful at this fairly algorithmic manipulation. 
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Order metals within the electrochemical 

activity series (Assessment criterion: “Analyze data 

to determine its relationship to the scientific 

principle and evaluate the data for errors.”) Success 

at this aspect (1 point) consisted of correct ordering the 

chemical species involved in a particular chemical 

reaction in terms of electrochemical activity, based on 

observations and/or the balanced equation. Again, the 

same four reactions were used. Results: Students’ 

performance exceeded target benchmarks for this 

aspect, and instructors were pleased at students’ ability 

to synthesize and determine patterns from observation, 

a higher-order thinking task. 

 

Reflections and Recommendations 

 

One observation that the instructors made in looking at the data was that students’ performance was 

often very binary – many students made no or few errors, but there was an unusual prevalence of students 

who made many errors in multiple aspect of the assignment. Not surprisingly, there was a direct correlation 

between the students who made multiple errors in the assessed lab and who also had similar performance 

difficulties in their co-requisite lecture. The instructors believe that poor performance in these activities is 

very often a result of student characteristics, particularly student in their first term in college. Instructors also 

noted a number of other characteristics of the fall term that affect student success, including class size and the 

slightly earlier schedule of laboratory experiments compared to the same course in winter and spring terms.  

The instructors discussed in implementing activities within the lab sections in which students are 

explicitly asked to compare answers, a strategy that may help the population of students who find themselves 

“lost” during lab activities and may be hesitant to speak up. Additionally, the instructors wish to explore 

methods for providing greater amounts of instructor-student contact within CHE101/104 sections, such as 

reducing class size or incorporating senior students as TAs during portions of the laboratory period. 

 

 

Comparison of distance and on-campus students. 

 

Because distance delivery of CHE104 is new to the 

Natural Sciences Department, an explicit comparison of 

distance students (n=14) with on-campus students 

taught by the same instructor (n=38) was conducted. 

Although the performance of distance students with 

respect to the assessment benchmarks was comparable 

to the performance of on-campus students, distance 

students showed substantially fewer students scoring at 

the highest end of the performance range, on every 

aspect of the activity that was assessed. The instructor 

noted that, while distance students, many of whom 
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tended to be working professionals, tended to surpass 

on-campus students – many of whom were first-year 

college students -- in consistently balancing school and 

other commitments – the population of distance 

students did not necessarily include as many “top 

performers” as the mix of on-campus students. In 

addition, the instructor noted that on-campus students 

benefitted from the real-time presence of an instructor 

“looking over their shoulder” to troubleshoot student 

difficulties in lab and scaffold their learning on an 

individual level.  

In response to some of these challenges, the 

distance instructor has made some adjustments to 

distance delivery of this and other material, including 

placing “lecture” presentation of related content entirely prior to the related lab. This shift, similar to the 

scheduling issue for on-campus labs in the fall, is intended to allow students to solidify the procedural or 

algorithmic aspects of equation-writing before introducing the additional challenge of relating balanced 

equations to real-world observations in lab. 
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C. PHY 221  

This outcome was assessed within PHY221 during the Winter 2014 term within two laboratory activities 

focused on Newton’s second law of motion. 36 students were included in this assessment. 

 

Lab 1. Within the first laboratory activity, students were asked to apply Newton’s second law of motion 

to predict acceleration in two different situations. In situation 1, a dynamics cart was allowed to roll down a 

ramp that was placed at a small angle to the horizontal. Students were asked to draw a free-body diagram, 

sum the forces (not including friction) and determine an equation for acceleration in terms of the angle and 

the acceleration due to gravity. In situation 2, students hung two masses over a “frictionless” pulley. One 

mass was made slightly larger than the other and the students were again asked to draw a free body diagram, 

sum the forces on each mass, and determine an equation for the acceleration. After making a prediction for 

the acceleration in each situation, the students then measured the acceleration using a motion detector. The 

acceleration was measured by plotting a velocity vs. time graph using Logger Pro software and determining 

the slope of the graph using a linear fit.  

 

Lab 2. Within the second laboratory activity, students were asked to extend their application of Newton’s 

second law of motion to a situation involving kinetic friction. In this “open ended” experiment, students were 

tasked with determining the coefficient of kinetic friction between a board and block of wood without being 

given specific directions.  

Parallel aspects of each laboratory activity were examined; comparable aspects of each lab are discussed 

together below: 

 

Record reasonable data using appropriate units. (Assessment criterion: “Precisely record data, 

including use of appropriate units.”) Success at this aspect (2 points) consisted of reporting measures 

which seemed to be correct, using appropriate units. Partial success (1 point) included errors such as omitting 

units or using inappropriate units.  

 

 

Results: Students’ performance met expectations; 

all students made measurements which seemed reasonable and correct; however, a few omitted or used 

inappropriate units. The instructor believes that students are quite good at collecting data and using 

appropriate units. 
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Record data in a clear and legible manner, including an appropriately calculated uncertainty. 

(includes facets of all 3 assessment criteria). Success at this aspect (2 points) in both laboratory 

experiments consisted of reporting legible data that included a percent certainly based on a range that 

included all measurements. Partial success (1 point) consisted of legible data, but with uncertainties calculated 

in inappropriate ways or not at all.  

 

 

Results: Students’ performance fell slightly short of expectations for both laboratory experiments. The 

instructor reported that all students recorded data in a legible way, but many did not record uncertainties 

appropriately, including a number of students in one who computed uncertainty in a way that he could not 

ascertain, and a few that did not calculate uncertainty at all.  

Discuss results in comparison with predictions, including reasons for any disagreement. 

(Assessment criterion: “Analyze data to determine its relationship to the scientific principle and 

evaluate the data for errors.”). Success at this aspect (2 points) consisted of discussion of agreement with 

predictions (verification of Newton’s second law) and of disagreements with predictions (due to friction, for 

example). Partial success (1 point) consisted of incorrect or unreasonable discussions of sources of error. 

 

 

 

Results: Students’ performance was close to or exceeded targets for this aspect. In the first experiment, 

although most of the students’ were able to realize that they had verified Newton’s second law and 

considered friction as a source of possible disagreement even though that factor was very small. However, 

about six students identified friction as a source of potential error when their measured acceleration was 

actually greater than their prediction. In the second experiment, although most students summarized their 

results, four did not, and some incorrectly applied Newton’s second law in making their predictions, omitting 

consideration of factors such as the weight of the block (which did not affect the coefficient of friction). 
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Reflections and Recommendations: 
 

 The instructor noted that students were typically quite good at collecting data precisely and using 

appropriate units. Cases in which units were not used appropriately seemed to be instances of students either 

forgetting to write them down or of simple laziness.  

  When uncertainties were calculated, students were generally able to calculate uncertainty correctly, but 

considering both laboratory exercises together, however, in only 68% of the cases overall did students 

calculate uncertainty explicitly, and only about 74% of the cases did students fully and appropriately discuss 

results in light of experimental uncertainty. It seems that students have no difficulty calculating uncertainties 

when shown how to do so and explicitly asked or reminded to do so.  When they are not asked to calculate or 

record uncertainties they often do not do so at all.  This is a reflection of the fact that, in the instructor’s 

opinion, the students fail to understand the importance of uncertainty and what it represents at a fundamental 

level.  To many students it is just another number to calculate when prompted. During the Winter 2014 term 

when this assessment was conducted, the laboratory experiment focusing on uncertainty that was typically 

done was replaced by a different lab. The instructor believes that these results indicate that this laboratory 

experience is important to help students realize the importance of uncertainty in their measurements, and 

plans on re-introducing a lab focusing on uncertainty in future terms. 

 

 

 

VII. Closing-the-Loop Assessment of SLO 2 

 

 In the 2012-2013 assessment report, physics faculty identified areas for improvements in PHY222 

relating to both criteria assessed in conjunction with student learning outcome #1 – “ Students will 

demonstrate scientific knowledge and skills in scientific reasoning.” Challenges faced by students often 

centered around conceptual understanding and problem-solving; as one instructor noted: “it […] cannot be 

assumed that the ability to identify and calculate a particular physical quantity indicates understanding of what 

that quantity represents.”  

 Faculty made a number of adjustments to the course to address these areas of concern. In Klamath Falls, 

faculty most notably added additional emphasis on problem-solving during a “recitation” portion of the 

laboratory, utilizing a portion of the time for scaffolded group problem-solving, emphasizing general 

problem-solving strategies and on collaborative group problem-solving. In Wilsonville, faculty reported 

additional use of online simulation tools to increase the amount of time students spent working with content 

outside of lecture. Additionally, the instructor introduced weekly quizzes focused on conceptual content from 

the prior week’s materials, and an increased use of peer-explaining as an in-class teaching strategy. 

  The charts below compare students’ performance on selected final exam questions in 2013 with matched 

or comparable sets questions in 2014. The Klamath Falls student sample included 42 students in Winter 2013 

and 69 students in Winter 2014; the Wilsonville student sample included 42 students in Winter 2014 and 15 

students in Winter 2015. 

 



 

 
Reflections and Recommendations 

 Although in no case were the ambitious assessment targets met in 2014, significant progress was made on 

both campuses. The student population in Klamath Falls showed substantial advances in performance on 

factual knowledge over the previous years’ cohort, while students in Wilsonville showed outstanding gains on 

scientific reasoning items. The faculty member in Klamath Falls attributed the gain in part to awareness of 

areas of student weakness identified by the previous years’ assessment activities, while the faculty member in 

Wilsonville identified both the positive changes to the course structure and activities and the strength of the 

2014 student cohort as factors in their improved performance. Faculty at both campuses intend on 

continuing to employ the modifications they piloted during the 2013-2014 year and maintain their dialogue 

about course content and teaching strategies as they strive to meet the target performance levels they have 

set. 
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VIII. Critical Thinking ISLO Assessment 
 

The “Critical Thinking” ISLO was assessed during the Fall 2013 term within CHE/PHY 307 

(Introduction to Nanoscience and Nanotechnology), in a laboratory activity focused on understanding the 

synthesis and properties of gold nanoparticles.  

19 students were included in this assessment. Within 

the activity that was evaluated, students were asked to 

develop a molecular-level model (description) of the 

synthesis of gold nanoparticles based on the evidence 

they had accumulated over several periods of laboratory 

investigations. Students were also asked to describe how 

their model (their ideas) about this system had changed 

over the course of their experimental investigations, and 

what experimental evidence supported changing their 

models. The three criteria associated with this ISLO – 

“Identification,” “Clarification,” and “Evaluation” were 

mapped onto the assignment activities. 

Identification. Success at this aspect consisted of 

clearly describing the system to be investigated – in this 

case, by clearly articulating a molecular-level model for 

each aspect of the chemical system in question. 

Incomplete or omitted descriptions of models (or 

models that did not contain molecular-level 

components) resulted in lower scores in this category. 

The overwhelming majority of students largely 

succeeded in clearly articulating this part of their model 

in their inquiry. 

 

Clarification. Success at this aspect consistent of a 

clear description of how their molecular-level ideas had 

changed over the course of the experiment, and 

articulating generalizable conclusions based on their 

experiences. Although not quite as clearly present in 

every students’ work, a solid majority of students largely 

succeeded at this aspect of their written work.  

 

Evaluation. Success at this aspect consisted of 

clearly articulating experimental evidence that supported 

either refining their molecular-level ideas and their 

generalization. Overall performance on this aspect was 

poorer, although a slight majority of students 

consistently provided evidence to support their 

statements. 
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Reflections and Recommendations 
 

The assignment used was adapted from a guided-inquiry laboratory activity previously used in a 

different course by one of the course instructors. In the context where this lab was previously used, students 

had been writing their post-lab assignments in this particular format for most of an academic semester. In the 

nanoscience course at Oregon Tech, this was the first time students had been asked to assemble their post-lab 

reflections and conclusions in this format. Therefore, some of students' difficulties with this assignment may 

be attributable to their lack of familiarity with the format, rather than their capacity to engage in the critical 

thinking skills assessed. However, the number of students who demonstrated high proficiency indicated that, 

particularly for these upper-division students, this was not an insurmountable obstacle. It is our hope that 

more laboratory activities in this style, incorporated throughout the curriculum, will scaffold students' critical-

thinking skills in lower division courses so that they are better able to engage with these sorts of assignments 

in upper-division courses. 

 

Students at this level possessed fairly satisfactory skills in the "Identification" and "Clarification" 

categories -- they are able to articulate the evidence at their disposal in lab, and they are able to assemble and 

articulate a molecular-level description of the system and describe how their ideas have changed over the 

course of the laboratory activities. Students' content knowledge and their ability to collect and assemble ideas 

are not in question, and this is in general alignment with our experience teaching lower-division chemistry and 

physics courses -- students come out with solid content knowledge. 

 

Barely half of the class demonstrated proficiency in the "Evaluation" category, in which they had to 

justify their ideas by referring to specific experimental evidence and discuss possible extensions of the 

experiment. While students had described supporting evidence earlier in the assignment, they did not 

articulate the role that evidence played in supporting their ideas or causing them to revise their ideas about 

the chemical system being studied. This is the most challenging aspect of this assignment, and, in some 

respects, it isn't surprising that student's performance is poorer. However, it echoes issues that we have 

observed in lower-division courses as well when we have asked students to support ideas with evidence -- 

students will merely point to a particular experiment without laying out the chain of logic involved. 

 

Both the chemistry and physics programs are working towards incorporating more activities in which 

students are explicitly asked to engage in this sort of reasoning and to articulate the connections between 

claims and evidence. This assessment activity offers additional data in support of continuing and expanding 

these efforts. 

 

The instructors would encourage courses throughout the curriculum to reinforce the important 

theme of explicitly connecting claims with evidence; this applies in courses from science to humanities to 

writing. In addition, one of the strengths of the format of guided-inquiry labs that this activity comes from is 

the emphasis on student metacognition -- students' reflection on how and why their personal ideas have 

changed. This sort of reflection has been shown to be associated with both a deeper understanding of the 

underlying content and with a better understanding of the scientific process (really, the critical-thinking 

process), and is worth incorporating more explicitly throughout a range of courses in the science and broader 

general education curricula. 

 

  



Appendix A:  PSLOs Mapped to the Science General Education Curriculum 

 

 

Course Taught PSLO 

Number Name Fall Winter Spring #1 #2 #3 
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BIO 101 General Biology I X   X  X 

BIO 102 General Biology II  X  X  X 

BIO 103 General Biology III   X X  X 

BIO 105 Microbiology  X  X  X 

BIO 111 Introduction to Env. Sciences X   X  X 

BIO 200 Medical Terminology X   X   

BIO 211 Principles of Biology I X   X X X 

BIO 222 Principles of Biology II  X  X  X 

BIO 213 Principles of Biology III   X X X X 

BIO 216 Introduction to Vet. Medicine   X    

BIO 231 Human Anatomy & Physiology I X   X   

BIO 232 Human Anatomy & Physiology II  X  X   

BIO 233 Human Anatomy & Physiology III   X X   

CHE 101/104 Elementary Chemistry I X X X X X X 

CHE 102/105 Elementary Chemistry II  X  X  X 

CHE 103/106 Elementary Chemistry II   X X  X 

CHE 201/204 General Chemistry I X   X X X 

CHE 202/205 General Chemistry II  X  X X X 

CHE 221 General Chemistry I X   X X X 

CHE 222 General Chemistry II  X  X X X 

CHE 223 General Chemistry III   X X X X 

GEOG 105 Physical Geog: Geomorphology X   X  X 

GEOG 115 Physical Geog: Climatology  X  X X X 

PHY 221 General Physics I X X  X X X 

PHY 222 General Physics II  X X X X X 

PHY 223 General Physics III X  X X X X 

 


