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III. Faculty Learning Outcome #1 
Action Research Project 

  

Faculty Learning Outcome #1  
 I will develop a scaffolded write-to-learn activity to improve students’ ability to outline the 
process of cellular respiration. 
 

Essential Competencies and Indicators Addressed 

1) Assessment 
 Employ formative feedback loops to assess learning 
 Employ a variety of assessment measures and techniques (both formative and 

summative) to form a complete picture of learning  
 

2) Scholarship of Teaching and Learning  
 Produce professional work (action research or traditional research) that meets 

the Valencia Standards of Scholarship 
 Build upon the work of others (consult experts, peers, self, students)  
 Be open to constructive critique (by both peers and students)  
 Make work public to college and broader audiences 
 Demonstrate relationship of SoTL to improved teaching and learning processes 
 Demonstrate current teaching and learning theory & practice 
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Clear Goals 
  

A. Abstract 

Metabolic pathways, such as cellular respiration, are among the core concepts of 
biology.  However, student performance on this unit has often been the lowest in 
General Biology I.  Based on student feedback, comments made by colleagues, and 
sources from the literature, this is likely due to three principle factors: (1) the 
abstractness of the topic; (2) the quantity of material to be covered; (3) inadequate 
knowledge of chemistry (which is essential for understanding metabolism).  To help 
improve students’ performance on this unit, I developed a scaffolded write-to-learn 
activity in which students addressed metabolism-related questions during Chapters 1 – 
8, and then revisited these questions prior to the topic of cellular respiration.  Student 
performance after implementation was compared to student performance before 
implementation on Exam 3, which focused on metabolism.   The results of the pilot 
study showed nearly a ten-point difference in the median score of the Fall 2015 
experimental class (72.0) compared to that of the Fall 2014 control group (62.6).   In 
contrast, there was no difference between the medians of the experimental group and 
the control group (56.9 and 54.5, respectively) during Spring 2016 implementation.   
Although the results of the learning strategy were inconclusive, there was a positive 
correlation between one of the other formative assessments (summarization of aerobic 
respiration) and performance on the exam.  Overall, the results of the project indicate 
that differences in students’ study skills, time-management skills, and intrinsic 
motivation occur from semester to semester and must be taken into account when 
comparing class performance on assessments.  

B. Research Question 

 Will a scaffolded write-to-learn activity improve students’ ability to outline the process 
of cellular respiration? 
 

Adequate Preparation 

 Background from Multiple Perspectives  
  

1. Student Perspective 

Metabolic pathways consist of chemical reactions that process energy so that we can 
maintain our status as “living” things.  Understanding the pathway of aerobic 
respiration, which explains how our body combines the food we eat and the oxygen 
we inhale to obtain energy, is a foundation needed for higher biology and health-
related courses; students, however, have difficulty understanding this process.  The 
main evidence is that performance on the unit exam (Exam 3) addressing this 
concept is usually the lowest.  Both the median and mean scores usually fall within 
or below the 60’s.  Below are the median scores received for the two Fundamentals 
of Biology I classes taught during the fall of 2014. The box-and-whisker plot shows 
the performance of the bulk (middle fifty percent) of the class in relation to the 
median.  (The IQR value is the spread of the middle fifty percent around the 
median.) 
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 Median IQR 
 

       

   

Exam 1 75.5 22.0 

Exam 2 68.6 19.9 

Exam 3 62.6 22.3 

Exam 4 71.3 17.5 

 

To gauge the students’ opinion, a poll was taken of two Fundamentals of Biology I 
classes (Spring 2014).  The results were surprising: Even though most students did 
worse on this unit, they did not view it as the most difficult!  Only seven out of 31 
students (22.6 %) found it to be the most difficult topic.  Seven out of 22 (31.8 %) 
found it the second most difficult.  When asked why, nine out of 16 (56.25 %) stated 
that the quantity (rather than the quality) of content was the cause of their poor 
performance.  Although the function of the cell at the molecular level may seem 
abstract, it may not be the primary cause of students’ poor performance on this unit. 

2. Colleague Perspective 

To determine the views of my colleagues, the following poll was taken of the biology 
faculty at Valencia College (Spring 2014).  The individuals were asked to identify the 
three most challenging topics covered in class.  There was no requirement to rank 
these choices.2  Thirty-one of the faculty completed the survey.  The results were as 
follows: 

 

Sixty-five percent (20/31) of the responders found cellular respiration to be among 
the top three most challenging topics for both student and instructor. 
Photosynthesis and the chemistry of living things were also found to be challenging 
(39 % and 32 %, respectively).  This was not surprising because all three concepts 
are highly interconnected.  Therefore, an instructor who selected cellular 

                                                 
2 Because the choices were not ranked and more than one choice was selected per faculty, the responses will not 
add up to 31, and the percentages will not add up to 100 %. In addition, some faculty may have identified only one 
or two challenges. 

# Answer   
 

Response % 
1 The Chemistry of Living Things   

 

10 32% 
2 Cell Structure and Function   

 

0 0% 
3 Cellular Respiration   

 

20 65% 
4 Photosynthesis   

 

12 39% 
5 Mendelian Genetics/Inheritance   

 

7 23% 
6 Cell Cycle (Mitosis & Meiosis)   

 

4 13% 
7 DNA Replication   

 

5 16% 
8 Transcription & Translation   

 

8 26% 
9 Membrane Structure & Function   

 

2 6% 
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respiration as being among the most difficult topics may have also selected 
photosynthesis and/or chemistry. 

When asked of those who were tenured (or in the tenure process) which topics they 
had addressed (or were addressing) as a Faculty Learning Outcome, the results 
were as follows based on the responses of seven faculty members:3  
 

 

The number one topic selected was cellular respiration, which was addressed by 71 
% of the responders.  When asked why the topic of cellular respiration was difficult, 
responders gave a variety of reasons.  Some of these include the abstractness of the 
concept, the amount of material that needed to be covered, and inadequate 
knowledge of chemistry (which is essential for understanding metabolism). 

3. Expert Perspective 

 In accordance with the students’ response discussed in Student Perspective, Stephen 
DiCarlo (2006) of Wayne State University School of Medicine (Detroit, MI) indicated 
that there was “too much content and not enough time” to teach biology concepts. 
As a result, students fail to “acquire a deep understanding of the subject or to 
develop lifelong skills such as critical thinking, problem solving, communication and 
interpersonal skills” (p. 290).  His recommendation is that we should teach the 
fundamentals of biology in the same manner as science is practiced: methodically. 
New ideas and concepts must build on previous ideas, concepts, or knowledge.  As a 
consequence, the time constraint for learning will decrease, and students will have 
the opportunity to “apply their knowledge to solve new problems” (p. 290).   

This observation was further supported by other science professors who indicated 
that students fail to apply principles that were covered in prior chapters to 
biological processes, such as cellular respiration, because they fail to see the 
connection of what was previously learned to what is being covered (Özlem, et. al., 
2002, Gess-Newsome, et. al., 2003, Wilson, et. al., 2006).  This need is not limited to 
science classes but is common throughout college-level courses. In a recent 
presentation about LifeMap, Cathy Penfold-Navarro (2014) stressed the need for 
students of all disciplines to gain a deeper understanding of concepts and to have 
awareness about their mastery of these concepts in order to be successful in college.  
Students must know how to build on prior knowledge and experience. 

                                                 
3 Because more than one choice could have been selected per faculty, the responses will not add up to 7, and the 
percentages will not add up to 100. 

#   Answer       
  

Response   %   
1   The Chemistry of Living Things       

  
1   14%   

2   Cell Structure and Function       
  

1   14%   
3   Cellular Respiration       

  
5   71%   

4   Photosynthesis       
  

2   29%   
5   Mendelian Genetics/Inheritance       

  
2   29%   

6   Cell Cycle (Mitosis & Meiosis)       
  

1   14%   
7   DNA Replication       

  
2   29%   

8   Transcription & Translation       
  

1   14%   
9   Membrane Structure & Function         

  
2   29%   
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4. Self Perspective 

 I originally believed that the reason for the low score on Exam 3 was due to the 
abstractness of the topic.  It was not tangible as other themes such as cell structure 
or the cell cycle.  Even the animations covering metabolism or cellular respiration 
are abstract compared to animations of the cell cycle or the structure/function of 
the cell and cell membrane. This is because students are able to see the cell cycle 
and cell membrane (even if only through a microscope) whereas they are unable to 
see the process of cellular respiration.  Although many of the faculty agreed with my 
beliefs that the abstractness of the topic was one of the reasons for it being such a 
challenge, others felt that inadequate knowledge of chemistry (which is essential for 
understanding metabolism), as well as the amount of material covered, were also 
valid reasons.  The results of the student poll support this view and suggest that 
although metabolism is somewhat abstract, it may not be the primary cause of 
students’ poor performance on this unit.  Instead, it is apparent that too little time to 
cover the vast amount of information on metabolism is the challenge that needs to 
be overcome. 
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Appropriate Methods – Methods & Assessment Plan  

A. Methods  

1. Student Learning Outcome 

 Students will be able to outline the process of cellular respiration. 

2. Performance Indictors of Student Learning Outcomes 

 Students will identify key steps and components of aerobic respiration. 
(Specifically, students will distinguish between glycolysis, citric acid cycle, and 
oxidative phosphorylation based on purpose, key enzymes, reactants, products, 
key intermediates and energy molecules that are used or generated). 

 Student will summarize cellular respiration (1 – 2 pages) as a formative 
assessment 

 On the summative unit exam, students will be assessed on selected questions 
relating to the three stages of aerobic respiration.  Students are expected to earn 
75 % or higher on these questions. 

 The class will earn a median score of 70 % or higher on the summative unit 
exam. 

 Students will complete a survey to rate the effectiveness of the activity on their 
comprehension of metabolism. 

3. Teaching Strategies of Student Learning Outcomes 

1) Students were given 10 chapter-specific worksheets based on related chapters 
in the textbook, Campbell Biology (10th edition).  I designed these worksheets to 
focus on metabolism-related concepts and terms from Unit 1 through Unit 3.  
The worksheets also included questions that targeted potential 
misconceptions/pitfalls in subsequent chapters. During the pilot study, each 
worksheet was distributed at the beginning of each relevant chapter and was 
filled out as we progressed through the chapter. In Spring 2016 
implementation, all worksheets were given on the first day of class to the 
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students and were also made available on Blackboard. The worksheet for 
Chapter 9 was designed to function as a review of all the key concepts from the 
previous chapter worksheets that related to metabolism. 

FLO 1 Artifacts 1.1 – 1.10: Chapters 1 – 10 worksheets 

2) Before previewing subsequent chapters, a review/informal quiz was given to 
assess prior knowledge and to create connection between past concepts and 
current concepts.   

FLO 1 Artifact 2: Informal quizzes 

3) When we began Chapter 9 of Campbell Biology (10th edition), students were 
given a tri-fold 10 × 17 paper on which to create a diagram summarizing the 
overall pathway of cellular respiration. The students were provided a list of 
specific questions via PowerPoint, which was used to note key points on the 
chart.   

FLO 1 Artifact 3: PowerPoint questions relating to the tri-fold chart 

FLO 1 Artifacts 4.1 – 4.3: Students’ of the tri-fold charts 

4) Students were given a worksheet on cellular respiration at the end of the 
chapter as a review and were allowed to work in groups of 3 – 4.  This 
worksheet was given during the second implementation and served as a review 
for both the experimental class and the control class. 

   FLO 1 Artifact 5: Cellular respiration review worksheet 

5) Students were required to summarize each stage of cellular respiration 
(glycolysis, pyruvate oxidation + citric acid cycle, and oxidative 
phosphorylation) based on the tri-fold chart that they created. The summary 
was recommended by a colleague who used it as a means to assess student 
understanding of aerobic respiration.4  Students were graded based on a rubric 
that addressed the key points of cellular respiration.  This assignment was 
given to students in both the experimental class and the control class in order 
to compare the preparation of both groups for the unit exam. 

   FLO 1 Artifact 6: Rubric for cellular respiration summary 

    FLO 1 Artifacts 7.1 – 7.3: Graded summaries on aerobic respiration 

6) A summative assessment (unit exam) was given.  The exam covered Chapters 8 
– 10, which respectively focused on enzymes/metabolism, cellular respiration, 
and photosynthesis. A score of 70 % or higher was expected on this assessment.  
A score of 75 % or higher was expected on aerobic respiration-related sections. 

    FLO 1 Artifact 8: Unit Exam 3 

    FLO 1 Artifact 9: Selected short responses on aerobic respiration 

                                                 
4 This was through conversations with Sue Matthews on activities used to increase student learning of aerobic 
respiration.  Students were required to summarize the process of aerobic respiration based on a simplified diagram 
that illustrates the energy output during cellular respiration.  
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7) After Exam 3, students completed a survey on the effectiveness of the activity.  
The survey also functioned as a means for students to assess their learning. 

FLO 1 Artifact 10: Student survey on the effectiveness of the 
learning strategy  

FLO 1 Artifacts 11.1 – 11.2: Students’ responses on the survey 

8) Student results were compared between implementation and non-
implementation classes. 

FLO 1 Artifact 11.3: Comparison of specific responses 

FLO 1 Artifact 12.3: Comparison of students’ results (statistical 
analyses) 
 
 

B. Assessment Strategies 

 Formative assessment:     

1) Student completed and submitted chapter worksheets that were graded based 
on completion rather than on academic performance.  

FLO 1 Artifact 13: Student example of the chapter worksheets 

2) Students were quizzed after each chapter and before each exam.   The quizzes 
were not graded. 

3) The cellular respiration review worksheet was given to both classes (Spring 
2015 implementation) as a self-assessment.  The worksheet was neither 
graded nor collected but was completed and reviewed in class.   

4) Students wrote a 1 – 2-page summary of cellular respiration addressing the 
purpose, key players, and relevance to everyday life.     

FLO 1 Artifacts 7.1 – 7.3: Summaries on aerobic respiration 

5) A survey was taken after Unit Exam 3 to obtain student feedback on the 
project.  

FLO 1 Artifacts 11.1 – 11.2: Students’ responses on the survey 

 Summative assessment: 

1) Students took the unit exam on completion of Unit 3 and were assessed on 
selected/specific questions.   

FLO 1 Artifact 9: Selected short responses on aerobic respiration 

FLO 1 Artifacts 12.1 – 12.2: Compilation of students’ results 

2) The overall score on the unit exam was also used for comparison.    A score of 
70 % or higher was expected on the exam. 

FLO 1 Artifacts 12.1 – 12.2: Compilation of students’ results 

FLO 1 Artifact 12.3: Comparison of students’ results (statistical 
analyses) 



 Page 52 
 

C. Action Research Methodological Design 
 

The action research was first piloted in the fall of 2015 and then implemented in the spring 
of 2016.  For the pilot study, student performance was compared to the results from two 
control classes from the fall of 2014.   During the spring of 2016, comparison was done 
between two BSC1010C classes, one with and one without implementation.  In all cases, 
students were given the worksheets prior to each chapter and were allowed to work on the 
worksheets at home or during class.  Any questions regarding the worksheets were 
discussed in class.  The worksheets were graded based on completion rather than on 
academic performance.   

The bulk of the worksheets were completed in the first 10 weeks of class that covered 
Chapters 1 – 8.  The Chapter 9 worksheet was specially designed as a review of previous 
concepts covered in Chapters 1 – 8 worksheets, and consisted of an amalgamation of these 
worksheets focusing on the most relevant points that would be revisited in more depth 
during Chapter 9.  Comments in the worksheet were included to redirect the student, if 
necessary, to any preceding worksheet that addressed particular questions.  

To assess the effectiveness of the learning strategy, performance on the unit exam was 
compared based on the median score between the experimental class and a control class in 
which the activity was not implemented.  A score of 70 % or higher was expected on the 
unit exam.  A student survey was given the week after the exam to assess the effectiveness 
of the learning strategy and to provide the students an opportunity to assess their learning. 

 
 

Significant Results  

FALL 2015 Pilot Study: Student Overall Performance on Exam 3 

The results to be described are based on a class of 20 students for the experimental group (Fall 
2015) and 37 for the control group (Fall 2014).  The grades for Exam 3 ranged from 40.8 to 101 
in Fall 2014 and from 38 to 96 in Fall 2015.   The distribution of letter grades is shown in Table 
3.1 and in Figure 3.1.  Any score of 0 due to an absence or academic dishonesty was excluded 
from the data. Letter grades are defined as follows: A = 89.5 % or higher; B = 79.5 – 89.4 %; C = 
69.5 – 79.4 %; D = 59.5 – 69.4 %; F = 0 – 59.4 %).  
 

Table 3.1: Distribution of Exam 3 letter grades in Fall 2014 versus Fall 2015 

 Fall 2014 (Control) Fall 2015 (Experimental) 

A 10.8 % 20.0 % 

B 8.1 % 20.0 % 

C 10.8 % 15.0 % 

D 29.7 % 0.0 % 

F 40.5 % 45.0 % 

   

 n = 37 n = 20 
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Figure 3.1: Distribution of Exam 3 letter grades in Fall 2014 versus Fall 2015            

   

As shown in the table and graph, there was a marked difference in the letter grades between 
semesters.  There were twice as many A’s and 2.5 times as many B’s in the experimental class 
compared to the control.  At first glance, the amount of F’s (40 – 45 %) stands out, showing 
little difference between the control and experimental classes.  However, the higher percentage 
of F’s during Fall 2015 is misleading because no student earned a “D” on the exam that 
semester.  Thus looking at each individual grade offers poor/faulty comparison between the 
different classes.   

The grades were therefore further compared on a pass/fail basis (Table 3.2 and Figure 3.2), 
which is a better reflection of the class’s performance.  A passing grade was considered 69.5 % 
(letter grade C) or higher.  As before, any score of 0 due to an absence or academic dishonesty 
was excluded from the data.  

 

     Table 3.2: Distribution of Exam 3 letter grades based on a pass/fail basis 

 Fall 2014 (Control) Fall 2015 (Experimental) 

A/B/C 29.7 % 55 % 

D/F 70.3 % 45 % 

   

 n = 37 n = 20 
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The results show a marked difference in the pass/fail rate of the experimental and control 
groups.  The rates were roughly 50:50 for the experimental group.  In comparison, the control 
group had a pass/fail ratio of 30 % to 70 %.  To test for statistical significance, the pass/fail rate 
was further compared using a proportion test based on success (assigned a point of 0) versus 
failure (assigned a point of 1).   In this case, the experimental group is expected to have greater 
“success” on the test than would the control group.  Results of the statistical analysis showed 
there was a significant difference between the experimental and control groups (p = 0.0374).5   

One drawback in showing just the letter grade is that there is no distinction between 
borderline grades.  For example, a 69.5 is counted as a C whereas a 69.4 is counted as a D.  A 0.1 
difference is too small a value to compare success versus failure.  The grades were therefore 
compared based on the median values.  The median looks at the overall spread of the classes’ 
performance by dividing the scores into quartiles.  Using the median rather than the average is 
believed to be more appropriate because it takes into account outliers that would skew the 
mean6.  To compare the medians, the following boxplot was done on the data (Figure 3.3).   
 

Figure 3.3: Comparison of median values in student performance (Fall 2014 vs. Fall 2015) 

                               

                                                 
5 For this study, a probability value less than 0.05 (p < 0.05) is considered significant. 
6 This is based on conversations with statistics instructor, Roberta Carew. 
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 The median on Exam 3 during Fall 2014 and Fall 2015 were, respectively, 62.6 and 72.0.  This 
showed an approximate difference of 10 points from fall to fall.  The means (data not shown) 
were respectively 64.2 and 69.4, and showed less variance than the medians.   

Overall, a higher percentage of students succeeded in scoring 70 % or higher on the exam in the 
pilot study (Fall 2015) compared to the control (Fall 2014).  This met my expectations of 
student performance on the summative assessment and showed great promise for the learning 
strategy. 
 
 
 

SPRING 2016 Implementation: Student Overall Performance on Exam 37 

The implementation in Spring 2016 was more fully developed than the pilot study and included 
additional formative assessments besides the chapter worksheets.  This implementation was 
also necessary to account for changes in the curriculum that have occurred since the fall of 
2014.8  The results in the second implementation were based on 24 students in the 
experimental group and 23 students in the control group.  The grades for Exam 3 ranged from 
31.0 to 82.0 in the experimental, and from 26.5 to 101.5 in the control group.   The distribution 
of letter grades is shown in Table 3.3 and in Figure 3.4.  Any score of 0 due to an absence or 
academic dishonesty was excluded from the data. Letter grades are defined as follows: A = 89.5 
% or higher; B = 79.5 – 89.4 %; C = 69.5 – 79.4 %; D = 59.5 – 69.4 %; F = 0 – 59.4 %).  

  

 

 

 

                                                 
7 Note: FLO 2 (which focused on reading skills) was implemented in the “control” class during the same semester of 
the action research project. The original intent was to implement the action research project in Fall 2015, which 
would avoid any conflict with the implementation of FLO 2.  However, because of circumstances, both 
implementations were done in Spring 2016. 
8 Because of changes in the curriculum regarding developmental classes and prerequisites for BSC1010C, students 
who may have poor reading, writing, and math skills may have enrolled in the class without prior means of 
addressing these weaknesses.  

Table 3.3: Distribution of Exam 3 letter grades in Spring 2016 

 Control Group Experimental Group 
A 21.7 % 0.0 % 
B 4.3 % 4.2 % 
C 8.7 % 16.7 % 
D 8.7 % 25.0 % 
F 56.5 % 54.2 % 
 

  

A/B/C 34.8 % 25.0 % 
D/F 65.2 % 75.0 % 

   
 n = 23 n = 24 
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Figure 3.4: Distribution of Exam 3 letter grades in Spring 2016 

              

At first glance, there appear to be a difference in the overall spread of the grades as shown in 
Figure 3.4; however, the difference was not as expected.    First, no one in the experimental 
group earned an A, and only one student earned a B.  In contrast, five students in the control 
group earned an A, and one student earned a B.  Second, the control group had a higher 
percentage of students that earned 69.5 % or higher on the exam (34.8 %) than did the 
experimental group (25.0 %) as shown in Figure 3.5.9      

Figure 3.5: Comparison of the pass/fail rate on Exam 3 in Spring 2016 

                               

Additional comparison using the proportion test (FLO 1 Artifact 12.3) showed no significant 
difference between the performance of the experimental and control group (p = 0.2852).  The 
score for the experimental group was 56.9, and the score for the control group was 54.5; there 
was no meaningful difference (Figure 3.6). 

                                                 
9 Although there was an apparent difference in the number of pass vs. fail between the two classes, a student t-

test could not be done on the results because the distribution of grades [bimodal ( ) for the control group and 

skewed right (  ) for the experimental group] did not have a normal (  ) distribution; conversation with 
Statistics instructor, Roberta Carew. 
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Figure 3.6: Comparison of median values in student performance (Spring 2016) 

                              

 The results of the median and the pass/fail rate of the two classes seemed contradictory.  On 
the one hand, the median showed no difference in performance.  However, the pass/fail rate 
(despite the probability score) showed that the control group had a higher percentage of 
students that succeeded on the test.  The most probable cause of this discrepancy is the range 
of grades.  The control group had extremely high and extremely low performers whereas the 
grades of the experimental group clustered around the median.  This difference is denoted by 
the respective IQR values of 18.2 and 42.9, which reflects the spread of the middle 50 % around 
the median. 

Overall, the results of the implementation fell short of my expectations.  Possible reasons will 
be discussed later during analyses of the surveys. 
 
 

SPRING 2016 Implementation: Student Performance on Selected Exam Questions and 
on Aerobic Respiration Summary  

Student performance on the summary and on specific exam questions relating to aerobic 
respiration were compared between the experimental and control class in Spring 2016.  A 
score of 75 % or higher was expected in each of these sections.10  The results are shown in 
Table 3.4 and Figure 3.7.   

Table 3.4: Average points received on selected assignments (Spring 2016) 

Assessment / Assignment Maximum 
Points 

Control Group Experimental 
Group 

  Mean Median Mean Median 
Aerobic Respiration Short Response 6 3.0 3.0 2.8 2.5 
Glycolysis – Citric acid cycle chart 16 11.3 11.0 11.2 12.0 
Oxidative phosphorylation questions 10 4.6 4.0 5.3 6.0 
Combined scores11 32 19.0 18.0 19.2 20.0 
      

Aerobic respiration summary 30 18.1 21.25 20.4 20.25 

                                                 
10 The exception was the section on oxidative phosphorylation.  Students were only able to score whole numbers 
(e.g. 7 or 8) on the assignment.  Therefore, a minimum score of 70 % (7 out of 10) was considered acceptable. 
11 This is the total of the short response, glycolysis/citric acid cycle chart, and oxidative phosphorylation questions. 
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 Figure 3.7: Percent of students who scored 75 % or higher on selected assignments12 
                            

    

The results showing the class averages and the class performance at or above the expected 
score of 75 % are catalogued below: 

1. Aerobic respiration short response (maximum: 6 points; expected score: > 4.5) 
The experimental group earned an average of 2.8 points whereas the control group earned 
an average of 3.0 pts. There was very little difference in the number of students who scored 
4.5 points or higher in the experimental group (25 %) versus the control group (30 %).   

2.  Glycolysis/citric acid cycle (maximum: 16 points; expected score: > 12)  
The chart covered the first two stages of aerobic respiration.  This section was worth 16 
points.  The experimental group earned an average of 11.2 points whereas the control 
group earned an average of 11.3 points.  Fifty-eight percent (58 %) of the experimental 
group scored 12 points or higher whereas 48 % of the control group did. Although there 
was a 10 % difference between the two groups, this difference was not significant. 

3. Oxidative phosphorylation (maximum: 10 points: expected score: > 7) 
Students were also tested on the third stage (oxidative phosphorylation) of aerobic 
respiration. The experimental group performed slightly better with an average score of 5.3 
compared to the control group, which earned an average score of 4.6.  Twenty-nine percent 
(29 %) of the experimental group (compared to 22 % of the control group) scored 7 points 
or higher in this section. 

4. Combined scores from 1 – 3 (maximum: 32 points; expected score: > 24) 
Overall, when all three sections (short response, glycolysis + citric acid cycle, and oxidative 
phosphorylation) were combined, there was no difference between the two groups in terms 
of the average: the experimental group earned an average of 19.2 points compared to the 

                                                 
12 For “AR Summary” of the experimental group n = 25 because one student did the summary but not the exam. 
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control group, which earned an average of 19.0 points.  However, a higher percentage of the 
control group scored 24 points or higher (34.8 %) compared to the experimental group 
(16.7 %) on the combined points.  These percentages are somewhat similar to that of the 
passing rates of both groups (34.8 % and 25.0 %, respectively; Table 3.3). The proportion 
test showed that despite these numerical values, there was no significant difference 
between the two groups (p = 0.155). 

5. Aerobic respiration summary (maximum: 30 points; expected score: > 22.5) 
As mentioned previously, the summary on aerobic respiration was an activity 
recommended by a colleague.  The summary also assessed the students’ knowledge prior to 
the unit exam.  There was no significant difference in the performance of the experimental 
group (mean 20.4; median 20.25) and the control group (mean 18.1; median 21.25) as 
shown in Table 3.4 and Figure 3.7.  There was also no difference in the percentage of those 
who scored 75 % or higher on the assignment: 38 % of the experimental group (compared 
to 39% of the control group) earned >22.5 points.   

Because the summary (like the chapter worksheets) served as a preparatory write-to-learn 
activity  for the exam, I wanted to determine if there was any correlation between this 
assignment and performance on the test.  Comparison was done using the combined data of the 
two classes.13   The results showed that 9 out of the 12 (75 %) students who passed the test 
received 75 % or higher on the summary.  Two of the 12 earned 70 %.   In comparison, only 29 
% of the students who failed the test received 75 % or higher on the summary; 9 % received 70 
%. These results suggest that there is a positive correlation between performance on the 
summary and performance on the test. 

To further analyze these findings, a scatter plot was done with the results from the two classes, 
and the linear regression of the plot was used to determine the relationship between the scores 
of the summary and the exam (Figure 3.8).   

Figure 3.8: Correlation between performance on the summary and on Exam 3 

                  

                                                 
13 One student who received a high score on the exam but did not take the summary is omitted from these 
calculations. 
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The trendline depicts a strong correlation (R = 0.7738)14 between the two scores.  Such a 
correlation, may not necessarily reflect a cause-and-effect relationship between the two 
factors. However, it suggests that using the summary as a write-to-learn activity is worth 
pursuing. 
 
 

Fall 2015 and Spring 2016 student response on the survey 

The overall performances of both classes as well as the lack of any significant differences in the 
medians of the two groups were of concern and raised the following questions:  

(1) Why was the control group more successful than the experimental group in Spring 
2016?  

(2) Why did the experimental group in Spring 2016 show no improvement unlike the group 
from the previous semester (Fall 2015)? 

The survey responses of the two Spring 2016 classes were compared to address the first 
question.  The survey responses of the experimental groups (Fall 2015 and Spring 2016) were 
compared to address the second question. 
 
 
I. Comparison of Spring 2016 experimental and control groups’ survey responses 

Question: Why was the control group more successful than the experimental group in 
Spring 2016?  

Speculation: The poor performance of the experimental group is due to poor study habits 
and poor reading skills (or lack of reading).   

Two questions that were asked on the survey are as follows: (1) How did you do on the test? (2) 
What was the reason for your answer in the previous question? Below are the responses of 17 
students in the experimental group.    

1. How did you do on the test? 

Response selected # of responders 
Responders’ performance on the exam 

Pass Failed 

As expected 3 1 2 

Not as good as expected 11 2 9 

Better than expected 3 3 0 

It is intriguing that two of the three students who did “as expected” failed the test, and that two 
of the three students who did “better than expected” passed with a C.  This implies that at least 
25 % of the students took the exam with the expectation of failing.  The reasons given for their 
choices are shown below.  The grade received is in parentheses. 

 

                                                 
14 R ranges from + 0 – 1. The closer R is to one, the stronger the correlation. 
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2. What was the reason for your answer in the previous question? 

Response selected Reasons given by the students 

As expected  My grade was due to my lack of studying 100 % (F) 

 I [don’t] understand the material… (F) 

 Studying habits (C) 

Not as good as expected  Didn’t study enough (C) 

 Lack of time and studying habit (F) 

 I felt I studied the wrong information (D) 

 Study habits for this exam were not really there (F) 

 My studying habits need improvement (D)  

 There is a lot of material to cover…also my study habits 

aren’t really the greatest (F) 

Better than expected  [The material] was easy to understand…(B) 

 I crammed the day before…. somehow I passed (C) 

 I do not [have the best studying habits] but the material   

I studied stayed with me. (C) 

At least 50 % of the responses referred to study habits as a cause for the grade received.  A few 
were based on lack of understanding.  Several of the students attempted to form study groups, 
but it often fell through.  Generally, I usually have office hours on Friday’s from 11:30 a.m.  
to1:30 p.m. that serves as a time for remediation.  Because this class has labs on Fridays, the 
office hours are held directly after the class so should have been a great opportunity for 
students to meet with me.  No student took advantage of these study sessions.   

My speculation pertaining to reading skills is based on students’ responses to the following 
paired questions on the survey. 15 

(1) Which two [of the listed items] were the least helpful for Exam 3? 

(2) Which two [of the listed items] were the most helpful for Exam 3? 

The responses regarding the usefulness of reading the textbook (highlighted in red on the 
graphs shown in Figure 3.9) were very distinct. “Reading the textbook” scored the highest 
percentage as “most helpful” for one group and “least helpful” for the other.  Only 1/15 (7 %) of 
the students who responded in the experimental group found reading the textbook helpful 
(Figure 3.9a); the majority, 9/15 (60 %), considered it to be one of the two most unhelpful 
tools in preparing for the exam (Figure 3.9b)!  In contrast, 9/18 (50 %) who responded in the 
control group found reading the textbook helpful (Figure 3.9c); 4/18 (22 %) found it unhelpful 
(Figure 3.9d). 16  
 
 
 
 

                                                 
15 Two questions that differed on the surveys were regarding the worksheets and the reading strategies because 
these were done by either one or the other class based on the FLO that was implemented. 
16 A correlation between reading the textbook and performance on the exam was also evident during the pilot 
study: three of the four students who found it least helpful failed the test. 
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Figure 3.9a: Experimental group response: Which two were the most helpful for Exam 3? 

# Answer   
 

Response % 
1 the objectives   

 

5 33% 
2 the chapter worksheets   

 

4 27% 
3 notes taken   

 

7 47% 
4 the free-write on aerobic respiration   

 

5 33% 
5 doing the Mastering Biology quizzes/assignments   

 

3 20% 
6 doing the end-of-chapter quizzes in the textbook   

 

2 13% 
7 reading the textbook   

 

1 7% 
8 reviewing concept checks/end-of-chapter summaries   

 

3 20% 
9 study partner/study group   

 

4 27% 
10 prior knowledge in biology   

 

1 7% 

11 prior knowledge in chemistry   
 

1 7% 

12 other   
 

0 0% 

 
Figure 3.9b: Experimental group response: Which two were the least helpful for Exam 3? 

# Answer   
 

Response % 
1 the objectives   

 

1 7% 
2 the chapter worksheets   

 

4 27% 

3 notes taken   
 

2 13% 

4 the free-write on aerobic respiration   
 

1 7% 
5 doing the Mastering Biology quizzes/assignments   

 

1 7% 

6 doing the end-of-chapter quizzes in the textbook   
 

2 13% 

7 reading the textbook   
 

9 60% 
8 reviewing concept checks/end-of-chapter summaries   

 

2 13% 
9 study partner/study group   

 

0 0% 
10 prior knowledge in biology   

 

5 33% 
11 prior knowledge in chemistry   

 

3 20% 

 
Figure 3.9c: Control group response: Which two were the most helpful for Exam 3? 

# Answer   
 

Response % 
1 the objectives   

 

6 33% 
2 notes taken   

 

7 39% 

3 the free-write on aerobic respiration   
 

2 11% 

4 doing the Mastering Biology quizzes/assignments   
 

7 39% 
5 doing the end-of-chapter quizzes in the textbook   

 

0 0% 
6 reading the textbook   

 

9 50% 

7 reviewing concept checks/end-of-chapter summaries   
 

2 11% 

8 study partner/study group   
 

2 11% 

9 prior knowledge in biology   
 

2 11% 
10 prior knowledge in chemistry   

 

0 0% 

11 Other   
 

0 0% 
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Figure 3.9d: Control group response: Which two were the least helpful for Exam 3? 

# Answer   
 

Response % 
1 the objectives   

 

4 22% 
2 notes taken   

 

2 11% 
3 the free-write on aerobic respiration   

 

5 28% 
4 doing the Mastering Biology quizzes/assignments   

 

1 6% 
5 doing the end-of-chapter quizzes in the textbook   

 

4 22% 
6 reading the textbook   

 

4 22% 
7 reviewing concept checks/ end-of-chapter summaries   

 

2 11% 
8 study partner/study group   

 

4 22% 
9 prior knowledge in biology   

 

5 28% 
10 prior knowledge in chemistry   

 

7 39% 

It is unclear from the negative response of the experimental group whether students failed to 
read the text or whether they were unable to comprehend what was read.  In regards to the 
positive response of the control group, it should be noted that implementation of FLO 2 (on 
reading strategies) was done in the group that served as the “control” for FLO 1.  This could 
have influenced the responses of the control group in two possible ways: (1) the reading 
strategy encouraged the students to read; (2) the students thought that saying the reading 
strategy was helpful would make the instructor feel good.   

It is difficult to determine the degree of “influence” of the reading strategy.  Even though the 
control group performed better on the exam than did the experimental group in terms of 
pass/fail rates, the class did not perform as well on the exam as the experimental group of the 
pilot study (38 % and 55 % passing rates, respectively).  However, the control group of Spring 
2016 had a higher passing rate (38 % compared to 21 %) to the control group of the pilot 
study.  It is probable that the high performers in the control group were students that already 
had strong reading, writing, and comprehension skills.      

 Two other factors that could have affected the results were area-of-interest and prior 
knowledge.  The experimental group had a higher number of non-biology/non-health science 
majors (5/24 compared to 2/23 of the control group; see FLO 1 Artifacts 12. 1 – 12.2).  In 
addition, all five of the students in the experimental group had little prior knowledge of biology 
or chemistry.  One of the two non-majors in the control group had college-level biology and 
chemistry and was among the top scorers on all exams.  Based on the survey, prior knowledge 
in chemistry or biology (presumably from high school) did not contribute to performance on 
the unit exam (see Figure 3.9). Roughly 30 % of responders considered prior knowledge of 
little use when preparing for the exam.   Only 9 % considered prior knowledge helpful.  These 
results emphasize what was discussed in Expert Perspective: “Students must know how to build 
on prior knowledge and experience.”  Prior knowledge does not necessarily begin with the 
worksheets or what was covered in previous chapters.  It must also include what was 
addressed in previous semesters or previous years of education.  It seems that students were 
only learning “in the moment” for short-term benefits: to earn a passing grade on the test. They 
appear unaware that what they learn in the present might be re-visited in the future—and 
perhaps in more depth. 
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II. Comparison of Fall 2015 and Spring 2016 experimental groups’ survey responses 

Question: Why did the experimental group in Spring 2016 show no improvement unlike the 
group from the previous semester (Fall 2015)?   

Speculation: Besides poor studying habits, the worksheets were viewed as a tool in Fall 2015; the 
worksheets were viewed as a task in Spring 2016. 

The students were asked about the way they “used” the worksheets.  The three choices of 
response were as follows: 

A. I have not really used [the worksheets] because I either forgot to do them, did not have 
time to do them, or find them a bother. 

B. I do [the worksheets] only because I am required to. 

C. I generally do [the worksheets] on time and use them as a means to help me 
understand the material.  

Figure 3.10: Student survey responses 

Fall 2015 Response 

   

Spring 2016 Response   

 

Although both groups stated that they used the worksheets in a positive way, several of the 
students in Spring 2016 did not do the majority of the worksheets.  Roughly 25 % of both 
groups felt obligated to do the worksheets without consideration of the benefits (Figure 3.10). 

When asked about the effectiveness of the chapter worksheets, both groups also responded 
positively (FLO 1 Artifacts 11.1 – 11.2).  They felt that it was beneficial and recommended that I 
use the worksheets in future classes.  However, although four (27 %) of those who responded 
during Spring 2016 implementation found it helpful in preparing for the test, four also found it 
the least helpful (Figures 3.9a and 3.9b).   

I was actually surprised that most of the students in Spring 2016 responded positively on the 
survey because it was not evident during the course.  At the end of the term I collected most of 
the worksheets; none of the students made corrections on (or asked about) the comments I 
wrote when grading the assignment.  Many of the students turned in the worksheets late at 
least once or did not do all the worksheets even though it was graded based on completion 
rather than correctness.  No student requested the use of more worksheets for the rest of the 
term.  I may even say that they “rejoiced” to know that there would be no more worksheets 
after Unit 3!   

Answer 
A

0%
Answer 

B
29%Answer 

C
71%

Answer 
A

17%
Answer 

B
22%
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This was a different response from students in Fall 2015.  During the pilot study, at least two of 
the students came regularly to my office to review the comments I made on the worksheets.   At 
least four of the students (out of 14 responses) commented that they wish there were either 
more chapter worksheets available for the rest of the semester, or that the worksheets were 
modified to include more (rather than less) information (FLO 1 Artifact 11.1). Other comments 
were either requests to make the worksheets reflect the upcoming tests or constructive 
criticism on how to improve the worksheets.   

Examples of such responses that pertain to the worksheets are as follows: 

     Question 1: One thing I wish you would change (or not change) about this course is… 

     Question 2: If you could, what would you change about the worksheets or the course? 

     Responses:  

(1) “Nothing, I like [the worksheets] ” 

(2) “I would have worksheets for every chapter until the final.” 

(3) “Add more visual content to help remember the information more/better” 

(4) “I would continue the worksheets and add some for the final chapters.”  

(5) “I wish the worksheets and notes reflected exactly what was on the test” 

(6) “Make them a little more complex to take the full advantage on [studying] for the tests” 

(7) “That they would be longer and have more info about the chapters directly from 
PowerPoint objectives” 

During the Fall 2015 pilot study, one of the students kept ahead of the class by several chapters.  
Because he read the textbook as a continuous story and did the worksheets at that same pace, 
he was able to see the connection between each chapter and the future importance of whatever 
topic I was covering at that moment.  He was able to understand the purpose of the 
worksheets: build on prior knowledge.17  

In regards to the Spring 2016 experimental group, most of the comments regarding the 
worksheets were also positive; however, these mainly focused on either the way it was graded 
(based on completion rather than performance) or the need to modify it to reflect what will be 
on the test.   

     Question 1: One thing I wish you would change (or not change) about this course is… 

     Question 2: If you could, what would you change about the worksheets or the course? 

     Responses:  

(1) “I felt that the material on the worksheets a lot of times had little to do with that we 
were learning and didn't connect back to the tests.” 

(2) “When worksheets, and mastering are turned in on time, allowing students to receive a 
100 %.” 

(3) “Please don’t change the way of grading the worksheets.” 

(4) “Class should have a pre-exam worksheet at least 1 class before exam.” 

  The students misread the purpose of the worksheets and thought of it as a source for 
questions that will be on the tests.  In addition, some of the students were unable to answer all 

                                                 
17 This comment was made during office hours. 
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of the questions on the Chapter 9 worksheet correctly. Some of these questions were taken 
verbatim from worksheets 1 – 8, which suggests that these students did not take the time to 
review the past worksheets to find the answers.  As mentioned previously, the students seemed 
to be learning the material for short-term benefits (e.g. earn a passing grade on the test). They 
failed to see the big picture: what we learn today is a foundation for future concepts. 

One trend that was apparent during Fall 2015 semester and seemed to emphasize the use of 
the worksheets (as well as the request for more by the students in the pilot study) was the 
overall performance of the students throughout the course.   Not only did their performance 
increase on Exam 3, it was also higher than that of the control group on the first three exams 
(Figure 3.11).  This trend was not seen during Spring 2015 implementation (FLO 1 Artifact 14). 

Figure 3.11: Comparison of Exams 1 – 4 Performance (Fall 2014 vs. Fall 2015) 

     

   Key:       Control group (Fall 2014) 
                   Experimental group (Fall 2015) 

The one exam in Figure 3.11 that did not appear to have an obvious difference was Exam 4.  
This exam covered Chapters 12 – 14 and did not involve cellular respiration.  Therefore, no 
worksheets were provided for these chapters.  In the past, this unit was considered one of the 
least difficult as shown by the higher median score (compared to Exams 2 and 3) in the control 
group.  The results imply that use of the worksheets helped improved the students’ overall 
exam grades in the pilot study.  As mentioned previously, some of the students commented that 
they wish there were more chapter worksheets available for the rest of the semester.  It would 
be interesting to see if such a provision would improve students’ performance on the fourth 
exam. 
 
 

Reflective Critique 

A. General Reflection 

Overall, the results from the action research project were inconsistent.  The pilot study 
showed an improvement on student performance; however, the Spring 2016 
implementation negated these findings.  What are possible causes for these differences?  
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As mentioned previously, the experimental group of the Spring 2016 implementation 
had poor study habits (based on the results of the survey).  In addition, students in the 
Fall 2014 pilot study seemed to put more effort into the worksheets.  Personal factors 
such as course workload and responsibilities outside of class could have also 
contributed to the lack of improvement.18   

One comment that stood out in the feedback (FLO Artifact 11) is that students still felt 
that the pace was fast or that there was “too much content and not enough time,” the 
same comment mentioned in Expert Perspective.  One of the aims of the worksheets was 
to help alleviate this time constraint; however, the worksheets failed to do that during 
the implementation.  The lack of time may be due to the amount of content being 
covered, other student obligations outside of my class, or a combination of both.  Failure 
to read the textbook could also influence time constraint and vice versa.  When I begin 
lecturing on a chapter, it is with the expectation that the students have read the text.  In 
this way, time would be spent on reinforcing what they have already learned while 
reading, or on clarifying what they did not understand.  Time spent on addressing basic 
questions due to lack of reading has a negative impact on the pace of the course. 

Another factor that was apparent was the effectiveness of prior knowledge.  A second 
purpose of the action research was to use the chapter worksheets as a means of 
generating background knowledge that would apply to the topic of cellular respiration.  
As stated previously, “Prior knowledge cannot begin with the worksheets or 
information covered in previous chapters; it must also include what was covered in 
previous semesters or previous years of education.”  Based on students’ responses in 
both the pilot study and the Spring 2015 implementation, prior knowledge obtained 
before students took my class was generally ineffective. In Spring 2016, 30 % said it 
was among the least useful tools for preparing for the exam whereas 9 % found it useful 
(FLO 1 Artifact 11.2).  In the pilot study of Fall 2015, four students said that it was one 
of the two least helpful tools (FLO 1 Artifact 11.1). What I found intriguing is that all 
four of these students did well on the exam! Perhaps this is because all four also found 
that the online assignments and/or the worksheets were helpful tools for preparing for 
the exam.  Thus the worksheets could have served as a means of obtaining the 
background knowledge required to understand the section on cellular respiration. 
Another possibility is that several of these students created their own study guides, 
which was a compilation of materials from many different sources. 

My goal for the upcoming semesters is to continue using the worksheets.  However, the 
worksheets could be used as a non-graded, in-class assignment.  Hopefully, by removing 
the pressure of completing the worksheets in a timely manner, the students will benefit 
from the activity.  As an in-class assignment I will also have more control to ensure that 
the students are actively doing the assignment.  Another option is to grade the 
worksheets based on academic performance.  During the Spring 2015 implementation, 
students failed to make corrections on the graded worksheet.  This suggests that they 
did not take time to revisit the worksheets.  Grading based on performance would 
therefore force the students to put in more effort on the assignment.  The drawback of 
grading the worksheets based on performance is that it may encourage students to copy 
each other’s answer.   Therefore, a third alternative would be to use the worksheets as a 

                                                 
18 This is based on conversations with students. 
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group-graded in-class assignment.  This would not only foster collaboration between 
students, but will also provide the opportunity for each student to contribute to the 
learning of others.   

I also plan to continue using the aerobic respiration summary and the Chapter 9 review. 
The positive correlation between the summary and performance on the test suggests it 
is a tool worth pursuing.  The summary will most likely be used as a non-graded self-
assessment; students will then grade themselves or each other using the rubric.    The 
reason for this change is based on the comment that my critique/grading on the 
summary was not available until after the test.  This was primarily due to the amount of 
time it took to grade the assignment.  Thus by having the students critique the 
assignment in class, feedback will be swift and more relevant/effective. An alternative 
would be to continue using the summary as a graded assignment and provide one of the 
exemplary student summaries of this project (after minor modifications) as a review for 
the exam.  This would indirectly address the concern of returning the graded 
summaries in a timely manner.  Students also commented that it would have been nice 
to have a similar writing activity on photosynthesis, which is covered in the chapter 
following cellular respiration.  Thus my intent is to develop writing activities that may 
be used as a review for each chapter. 

The primary lesson I learned from the action research is as follows:  Tools (including 
tools of learning) are wonderful inventions; however, if tools are not used (or are used 
improperly) they are ineffective.  In other words, students must do their share—
whether it is reading the text or completing the practice activities.  I must also do my 
share by listening to feedback and seeking ways to improve these tools of learning.  
Hopefully the changes I will make in the upcoming semesters will validate the potential 
of the scaffolded write-to-learn strategy implemented in this study. 
 
 

B. Critical Evaluation of Each Essential Competency & Indicators in this FLO 

1. Assessment 

 Employ formative feedback loops to assess learning 

 Employ a variety of assessment measures and techniques (both 
formative and summative) to form a complete picture of learning 

Reflection 

 Employ formative feedback loops to assess learning 

According to Cathy Penfold-Navarro during her presentation on LifeMap, students 
must be able to build on prior knowledge.  Learning can occur more efficiently if 
there is a foundation to build upon.  The purpose of the worksheets was to help 
create such a foundation as well as a means of assessing what students learned from 
previous chapters that could now be applied to the current chapter.  Students were 
given the opportunity during lecture to ask questions regarding anything that was 
not clear on the worksheets as a means of self-assessment.  The worksheets were 
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checked for errors and returned to the students either with correct information or 
directions on where to access the correct information.   

Another assignment that was used (or was intended to be used but fell short!) as a 
formative feedback loop was the aerobic respiration summary. Prior to the 
summary, we reviewed all the steps of aerobic respiration, addressed any 
misconceptions, and answered any questions that still lingered.  The summary could 
therefore be considered as a reassessment of all these factors.  The day of the 
summary, we reviewed once more all the key points by filling in the Chapter 9 
review activity.  The students were then given 30 minutes to complete the summary.  
However, the effectiveness of this assignment fell short because I was unable to 
return the graded worksheets before the students took the exam.    Nevertheless, the 
summary was also meant as a means for the students to assess what they knew.  For 
example, one student failed to respond because he did not prepare for the 
assignment. That should have been motivation for him to either meet with me or 
review the process of aerobic respiration so that he would be able to perform better 
on the exam than he did on the assignment.  To improve the effectiveness of both 
the worksheets and the summary as a formative feedback loop, my aim is to have 
the students compare their responses on the worksheets or critique each other’s 
summary on respiration.  Alternatively, I may make available one of the exemplary 
student summaries of this project (after minor modifications) as a review for the 
exam.   

Employ a variety of assessment measures and techniques (both formative and 
summative) to form a complete picture of learning 

Besides the worksheets and the summary on aerobic respiration, students were 
provided with other opportunities to assess their learning either in or outside of 
class.  For example, students were required to do reading quizzes and homework 
assignments on Mastering Biology (an online tool provided by Pearson Publishing).  
This tool also contained animations that were accompanied by quizzes to assess 
student learning. Students were encouraged to bring to class (or mention during 
office hours) any questions that they found challenging in these assignments.  

At the end of each chapter and/or unit, we reviewed the end-of-the-chapter 
questions so that the students could “test their understanding.”  In addition to these 
quizzes, we also did informal quizzes designed to address misconceptions.  During 
these assessments, I would ask, “Why is this answer right? Why is this answer 
wrong? How can we alter the wrong answer to make it right?” One of the emphases 
in doing these quizzes is to show the students that learning is not always about the 
correct answer.   The wrong answer can be just as useful a tool for learning.  

The diagram/chart that the students created during the lecture was also a tool for 
learning (FLO 1 Artifact 4).  By actively drawing the pathway, the students could 
retain more information on cellular respiration.  As we drew each step, we 
discussed what was going on and what key factors were essential for that step.  
Students were also encouraged to add any additional information that they thought 
essential to understanding the chart.  Some students redrew the chart of their own 
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volition as a means of studying the material. Others used the information to create 
their own chart on the computer.19 

Based on the results of the assessments used in this study, it is apparent that 
learning cannot be accomplished if qualitative skills (such as reading and studying 
habits) are not in place.  Students need to see the potential outcome of their 
performance on this unit as a consequence of these skills, whether lacking or 
present.  My aim is to show future students the results of this study, with a focus on 
the differences and causes of the outcomes of the Fall 2015 pilot study and the 
Spring 2016 implementation.       
 

2.   Scholarship of Teaching and Learning  

 Produce professional work (action research or traditional research) that meets 
the Valencia Standards of Scholarship 

 Build upon the work of others (consult experts, peers, self, students)  
 Be open to constructive critique (by both peers and students)  
 Make work public to college and broader audiences 
 Demonstrate relationship of SoTL to improved teaching and learning processes 
 Demonstrate current teaching and learning theory & practice 

Reflection 

Valencia is a college with the vision to “inspire individuals with excellence” and 
therefore demands that we, the faculty, “continuously examine the effectiveness of 
[our] teaching.”20  This action research project provided me the means of doing so. 
As long as I have taught (or taken) biology classes, the unit on metabolism and 
cellular respiration have always been challenging.  Over the years I have constantly 
searched for ways to make this topic comprehensible to the students, to improve the 
way I taught this topic.  The different perspectives that I sought (student, colleague, 
and peers) showed me that my focus was on the wrong objective.  I was already 
making the material comprehensible (based on students’ feedback).  The main 
problem was that there was too little time to cover the vast amount of information 
in Unit 3, which focused on metabolism.  In addition, understanding metabolism 
required prior knowledge in some of the concepts (e.g. chemistry) that were 
addressed in previous chapters.  Therefore, it seemed that I had to seek a way to 
decrease time constraints and lack of prior knowledge, both of which negatively 
affect students’ performance on Unit 3 exam.  

In attempt to improve my teaching of this topic, I spoke to several of my colleagues 
who gave insight on what they were doing to address the same material.  For 
example, Dave Curtis—who also focused on cellular respiration as an action 
research project—gave input on using a write-to-learn strategy and on the results of 
his action research.  One of the writing strategies I used in my action research 
involved summarizing the process of cellular respiration.  This activity was 
recommended by one of my colleagues, Sue Matthews, who found it beneficial in her 

                                                 
19 This is observation is based on conversations with some of the students. 
20 Taken from Valencia’s Vision (http://valenciacollege.edu/aboutus/vision.cfm) and Faculty Development website 
(http://valenciacollege.edu/faculty/development/coursesResources/ScholarshipofTeachingandLearning.cfm) 

http://valenciacollege.edu/aboutus/vision.cfm
http://valenciacollege.edu/faculty/development/coursesResources/ScholarshipofTeachingandLearning.cfm
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class.  I incorporated this learning strategy into the action research and found it 
worthwhile such that it will now be a permanent part of my course.   

While designing the worksheets, I also received feedback from others on the 
suitability of the questions included, and on how to tailor the worksheets so that 
they met the purpose of creating them.  I was encouraged to “emphasize the links to 
respiration and energy some more…by providing at least one question that 
[highlighted] the implications of the content directly to an aspect of respiration.”21  
Such recommendations were included in the final version of the worksheets.  Other 
recommendations made by my students were to add additional information and to 
generate worksheets for other chapters.  I plan to do so in the coming semesters. 

My goal is to share the worksheets with anyone who desires.  By posting the project 
on the action research builder, the worksheets will be available to all Valencia 
faculty.  I am also open to additional suggestions on how to improve the worksheets.  
Every moment is an opportunity to learn. 

 
 

C. Plan for Dissemination 
  

To review and analyze the outcomes of this study, I will submit a portfolio containing 
the results of my action research project to my ILP Review Panel. I will meet with them 
on June 10, 2016 to present my results and discuss the effectiveness of the action 
research.   I will also upload the portfolio into Valencia College’s Action Research 
Builder in Atlas to make it available to other colleagues.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
21 Communication with Dr. Flora Chisholm, Valencia College – Osceola Campus. 
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D. Supporting Artifacts for FLO #1 

FLO 1 Artifact 1.1: Chapter 1 Worksheet 

FLO 1 Artifact 1.2: Chapter 2 Worksheet 

FLO 1 Artifact 1.3: Chapter 3 Worksheet 

FLO 1 Artifact 1.4: Chapter 4 Worksheet 

FLO 1 Artifact 1.5: Chapter 5 Worksheet 

FLO 1 Artifact 1.6: Chapter 6 Worksheet 

FLO 1 Artifact 1.7: Chapter 7 Worksheet 

FLO 1 Artifact 1.8: Chapter 8 Worksheet 

FLO 1 Artifact 1.9: Chapter 9 Worksheet 

FLO 1 Artifact 1.10: Chapter 10 Worksheet 

FLO 1 Artifact 2: Informal Quizzes 

FLO 1 Artifact 3: PowerPoint questions relating to the tri-fold chart 

FLO 1 Artifact 4.1: Student tri-fold chart outlining the steps of aerobic respiration  

FLO 1 Artifact 4.2: Student tri-fold chart outlining the steps of aerobic respiration 

FLO 1 Artifact 4.3: Student tri-fold chart outlining the steps of aerobic respiration 

FLO 1 Artifact 5: Cellular Respiration Review worksheet 

FLO 1 Artifact 6: Rubric for cellular respiration summary 

FLO 1 Artifact 7.1: Student summary on aerobic respiration (Summary #1) 

FLO 1 Artifact 7.2: Student summary on aerobic respiration (Summary #2) 

FLO 1 Artifact 7.3: Student summary on aerobic respiration (Summary #3) 

FLO 1 Artifact 8: Unit Exam 3 

FLO 1 Artifact 9: Selected short responses on aerobic respiration 

FLO 1 Artifact 10: Student survey of the learning strategy  

FLO 1 Artifact 11.1: Students’ responses on the survey (Pilot study – Fall 2015) 

FLO 1 Artifact 11.2: Students’ responses on the survey (Spring 2016) 

FLO 1 Artifact 11.3: Comparison of specific responses (Fall 2015 vs. Spring 2016) 

FLO 1 Artifact 12.1: Compilation of students’ results (Spring 2016 experimental group) 

FLO 1 Artifact 12.2: Compilation of students’ results (Spring 2016 control group) 

FLO 1 Artifact 12.3: Comparison of students’ results (statistical analyses) 

FLO 1 Artifact 13: Student example of the chapter worksheets 

FLO 1 Artifact 14: Comparison of class performance on all unit exams 

 

 

 



 Page 73 
 

FLO 1 Artifact 1.1 

Chapter 1 Worksheet22 

1. What is metabolism? 
a. Look up the definition of metabolism in the textbook (see p. 142 and the glossary).  

 

 

 

 

 

 

 

b. Rewrite the definition in your own words and include at least one example of a metabolic 
process that occurs in you. 

 

 

 

 

 

2. Review Concept 1.1 in the text and list the five unifying themes (page 2) that discuss ways of 
thinking about life. Define each theme in one word (Figure 1.2 and notes from Chapter 1 lecture 
may be helpful in identifying some of these words).  Explain why each word is suitable to define 
its respective theme. 

Theme One-word definition Explanation of definition 

 

 

  

 

 

  

 

 

  

 

 

  

 

 

  

                                                 
22 This worksheet is based on Chapter 1 (“Evolution, the Themes of Biology, and Scientific Inquiry”) of Campbell 
Biology, 10th ed. 
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3. Read and summarize in 2 or more sentences the following theme found on page 7: “Life 
requires the transfer and transformation of energy and matter.” 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Read and summarize in 2 or more sentences the following theme found on pages 8 – 9: 
“Molecules: interactions within organisms.” 
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FLO 1 Artifact 1.2 

Chapter 2 Worksheet23 

1. Diagram a hydrogen atom.  How many protons, neutrons, and electrons are in a typical 
hydrogen atom? What is its valence? Will hydrogen gain, lose, or share electrons? 

 

2. Diagram a hydrogen ion.  How are hydrogen ions formed? Write the symbol of a hydrogen 
ion.  How many protons, neutrons, and electrons are in a hydrogen ion? 

 

 
3. If an electron is added to a hydrogen ion, what is formed? Write an equation for this 

reaction. 

 

 
4. Diagram an oxygen atom.  How many protons, neutrons, and electrons are in a typical 

oxygen atom? What is the valence of oxygen? Will it gain, lose, or share electrons? 

 

 
5. Diagram a carbon atom.  How many protons, neutrons, and electrons are in a typical carbon 

atom? What is the valence of carbon? Will it gain, lose, or share electrons? 

 

 
6. Number the bonds in order of strength. What happens to electrons in each bond?  

_____Ionic bond: 
       _____Nonpolar covalent bond: 
       _____Polar covalent bond: 

7. Review the electronegativity chart.  Which of the top 11 elements listed in Table 2.1 (p. 29) 
provides the greatest attraction to electrons? __________________ 

8. Determine if electrons will be shared relatively equally or 
unequally between the following elements.  If the electrons 
are shared very unequally, state which element’s orbital the 
electron(s) will occupy more frequently.   

i. Hydrogen and carbon: _____________________________ 

ii. Hydrogen and oxygen: _____________________________ 

iii. Carbon and oxygen: ________________________________  

9. If the electrons are shared unequally, the atom in which the 
electron spend most of its time will have a slightly 
_____________charge. 

  
Element Electronegativity 

O 3.5 
Cl 3.1 
N 3.0 
C 2.5 
P 2.1 
H 2.1 

Na 0.9 
K 0.8 

 

                                                 
23 This worksheet is based on Chapter 2 (“The Chemical Context of Life”) of Campbell Biology, 10th ed. 
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10. Define energy. 

 

 

11. Define potential energy. How does potential energy relate to electrons? 

 

 

 

12.  Select the correct word: Energy is required / released when an electron is moved away 
from the atom’s nucleus (e.g. from the 1st shell to the 2nd shell). 

13. Define chemical reaction. 

 

 

14.  What happens to the electrons during a chemical reaction? Are they destroyed? 

 
 

15. (a) Write the simplified equation of photosynthesis (see page 41).  (b) Label the reactants 
and products.  (c) Write the equation in reverse.  (d) Label the reactants and products.  (e) 
When written in reverse, the equation becomes the equation of what metabolic process? 
(Hint: see page 163.) ____________________________________________________ 

 

 

 

 

16. The reaction for methane combustion is as follows: CH4 + 2O2  CO2 + 2H2O + energy. 
In this reaction, electrons are redistributed such that hydrogen and its electrons are 
switched from methane (CH4) to the oxygen (O2), and water (H2O) is formed as a result.  
Energy is also released during the process.   

Q: Which has more potential energy: the electrons in the reactants or the electrons in the 
products? Explain. (Hint: review Questions 6 – 8). 

 

 

17. Review your definition of metabolism from your Chapter 1 worksheet.  Based on your 
definition, explain how electrons relate to metabolism. 
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FLO 1 Artifact 1.3 

Chapter 3 Worksheet24 

1. If a hydrogen atom interacts with an oxygen atom, what kind of bond will most likely 
form? (See your Chapter 2 worksheet.) Why would this kind of bond form between 
these two atoms? Where do the electrons involved spend most of their time? 

 

 

 

 

 

2. Draw three or more water molecules interacting with each other.  Identify the two types 
of bonds present in these interactions.  Which bond is an intermolecular (within the 
molecule) bond? Which bond is an intramolecular (between molecules) bond? Which of 
the two types of bonds is more easily broken?  

 

 

 

 

 

 

 

3. A water molecule can dissociate into two components (see Concept 3.3, pg. 51 or the 
lecture notes). Write the equation showing the dissociation of a water molecule.  Write 
the names of the components below the reaction.  Why is the dissociation of water 
possible? What happens to the electron that was shared between the oxygen and 
hydrogen atoms? 

 

 

 

 

 

4. Define pH. What does pH measure? 

 

 

                                                 
24 This worksheet is based on Chapter 3 (“Water and Life”) of Campbell Biology, 10th ed. 
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5. Write the definition of an acid.  Give two examples of an acid.  Organic acids tend to 
contain what group of elements? (See lecture notes.) 

 

 

 

6. Write the definition of a base.  Give two examples of a base.  What functional group is 
present is present in some organic bases? (See lecture notes.) 

 

 

 

7. Compare a hydrogen ion and a hydrogen atom.  (Hint: see your Chapter 2 worksheet).  
What atomic particles (and how many) are present in a hydrogen ion? What atomic 
particles (and how many) are present in a hydrogen atom?  

 

 

 

 

8. Choose the correct word: 
(a) The lower the pH, the more / less the concentration of H+.  The lower the pH, the 

more acidic / basic the solution. 

(b) The higher the pH, the more / less the concentration of H+.  The higher the pH, the 
more acidic / basic the solution. 

9. Complete the following sentences: 
(a) A hydrogen ion can be defined as a hydrogen atom that _____________________________ 

____________________________________________________________________________________________.  

(b) A hydrogen atom can be defined as a hydrogen ion that _____________________________ 

____________________________________________________________________________________________. 

10. Hydrogen ions play an important role in mitochondria.  Mitochondria are special 
compartments in eukaryotic cell that are responsible for ATP production during aerobic 
respiration. What effect can these ions have on the mitochondria? 
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FLO 1 Artifact 1.4 

Chapter 4 Worksheet25 

1. A carbon atom will form what kind of bond with other molecules? (See your Chapter 2 
worksheet.) _____________________________________________________________________ 

 

2. An organic molecule is a molecule that contains______________________________.  Give two 
examples.   [Note: exceptions are carbon dioxide (CO2) and carbon monoxide (CO-).] 

 

3. A hydrocarbon is a molecule that contains __________________________________________. One 
example of such a molecule is _____________________________________.  What type of bond is 
present in all hydrocarbons? (See your Chapter 2 worksheet): _________________________ 

 

4. What are two important characteristics of hydrocarbons? (See p. 60) 

 

 

 

 
5. Fill in the following chart regarding the seven functional groups. 

Functional group Structure Compound name Main property Example 

Hydroxyl     

Carbonyl     

 Ketone     

 Aldehyde     

Carboxyl     

Amino     

Sulfhydryl     

Phosphate     

Methyl     

                                                 
25 This worksheet is based on Chapter 4 (“Carbon and the Molecular Diversity of Life”) of Campbell Biology, 10th ed. 
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6. Pyruvic acid and citric acid are important molecules in aerobic respiration.  What 
functional group would be present in both of these molecules? (Hint: look at the names 
of these molecules.)  Write out or diagram the functional group. 

 

 

 

7. If this functional group (in question #6) lost its hydrogen, what molecule would remain? 
(Hint: write the molecule in a molecular formula format.)   

 

 

 

8. One of the main products of aerobic respiration is ATP (adenosine triphosphate). What 
functional groups (and how many) are present in ATP? Based on the 
purpose/characteristic of this functional group, what can we infer about ATP? 

 

 

 

9. Fats are high in hydrocarbon.  What functional group is most likely present in fats? Is 
this functional group most likely to be polar or nonpolar? (Hint: review the 
characteristics of hydrocarbons.) 

 

 

 

10. Based on its name, cholesterol (a lipid found in the plasma membrane of many cells) 
contains what functional group? 

 

 

11. What is the difference between an aldehyde and a ketone? 

 

 

12. Glucose, which is a major reactant of cellular respiration, is also known as an aldose.  
Based on its name, what functional group is present in the sugar aldose? 

 

 

 

 



 Page 81 
 

FLO 1 Artifact 1.5 

Chapter 5 Worksheet26 

1. Complex carbohydrates are often referred to as ________________________________. 

2. Simple carbohydrates are often referred to as __________________________________, and the most 
common one is ____________________________. 

3. A disaccharide is a carbohydrate containing______________________________________________. 
Sucrose (table sugar) is an example of a disaccharide, and it contains _________________ and 
__________________. 

4. What is the unit ratio for a simple sugar? (Hint: think of the two parts of the word 
carbohydrate.) _____________________ 

5. What are two complex carbohydrates found in plants? What is the purpose of each? 

 

 

6. What complex carbohydrate is found in animals? What is its purpose? 

 

 

7. Write the molecular formula for glucose.  Draw the linear and ring structure of glucose (see 
Fig. 5.4).  Identify its main functional groups (see your Chapter 4 worksheet).  Is glucose a 
polar or nonpolar molecule? How do you know? (Hint: see your Chapter 2 and Chapter 4 
worksheets.) 

 

 

 

8. A molecule with the following formula is found in some chewing gum: C5H12O5.  Is this 
molecule a true simple sugar? Why or why not? 

 

 

9. Some simple sugars can be modified.  Describe the modification done to form each of the 
following molecules.  What do the numbers refer to?  

a. Glucosamine 

b. Glucose 6-phosphate 

c. Fructose 1,6-bisphosphate 

d. Glyceraldehyde 3-phosphate 

                                                 
26 This worksheet is based on Chapter 5 (“The Structure and Function of Large Biological Molecules”) of Campbell 
Biology, 10th ed. 
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10.  Glyceraldehyde vs. glycerol 
a. Draw (or cut-and-paste) the structure of glyceraldehyde (see pg. 68) and the structure 

of glycerol (see pg. 73).   
 
 
 
 
 
 
 
 
  

b. Are both of these molecules true simple sugars? Explain. (Hint: write the molecular 
formula of both molecules).   

 
 
 
 

c. What is the main difference between the two? (Hint: review your Chapter 4 
worksheet.)  

 
 
 
 

d. What functional group is present in glyceraldehyde that is absent in glycerol? (see 
Chapter 4 worksheet). 

 
 
 

e. The modified glyceraldehyde (glyceraldehyde 3-phosphate or G3P) is important in 
what two metabolic processes? (See Ch. 9 and Ch. 10 or use the glossary of the 
textbook.) 

 

 

 

f. Based on the purpose/characteristic of the additional functional group, what can we 
infer about glyceraldehyde 3-phosphate? 

 

 

11. Proteins make up more than 50 % of our mass and are important in the day-to-day 
functions of our cells.  Complete the following sentences regarding types of proteins: 

1. __________________________ proteins speed up chemical reactions. 

2. __________________________ proteins may move materials into and out of a cell. 
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FLO 1 Artifact 1.6 

Chapter 6 Worksheet27 

Mitochondria 

1. What is the purpose of mitochondria? 

 

 

2. With what metabolic process are these organelles associated? 

 
 

3. What is the singular of mitochondria? ____________________________________________ 

4. Which of the following organisms typically contain mitochondria in their cell(s)? Check 
all that apply. 

___Amoeba                  ___Algae                     ___Bacteria                    ___Fungi              

___Humans                 ___Plants                   ___Animals (other than humans) 

5. Draw and label the structure of mitochondria.   

 

 

 

 

 

 

 

 

6. What are the cristae of the mitochondria? What is the benefit of having cristae? 

 

 

 

7. The inner membrane divides the mitochondrion into two internal compartments.  What 
are these compartments? 

 

8. In which two regions are most of the “respiratory” enzymes found? 

 

 

                                                 
27 This worksheet is based on Chapter 6 (“A Tour of the Cell”) of Campbell Biology, 10th ed. 
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Chloroplast 

9. What is the purpose of chloroplasts? 

 

 

10. Which of the following organisms typically contain chloroplasts in their cell(s)? Check 
all that apply. 

___Amoeba                  ___Algae                     ___Bacteria                    ___Fungi              

___Humans                 ___Plants                   ___Animals (other than humans) 

11. Draw and label the structure of a chloroplast.   

 

 

 

 

 

 

 

 

12. What are the thylakoids of the chloroplast?  

 

 

 

13. The membranes of the chloroplast divide it into three compartments.  What are these 
compartments? 

 

 

 

14. In what ways are the chloroplast and mitochondrion similar? In what ways are they 
different? 

 

 

 

 

 

 



 Page 85 
 

FLO 1 Artifact 1.7 

Chapter 7 Worksheet28  

On a separate sheet of paper, define the following terms in your own words: 

a. Diffusion f. Cotransport k. Hypertonic solution 

b. Simple diffusion g. Concentration gradient l. Isotonic solution 

c. Facilitated diffusion h. Endocytosis m. Osmosis 

d. Passive transport i. Exocytosis n. Ligand 

e. Active transport j. Hypotonic solution o. Membrane potential 

1. Complete the following chart on cell transport 

 PASSIVE TRANSPORT ACTIVE TRANSPORT 

Simple Diffusion Facilitated Diffusion  

Movement in terms of 
the concentration 
gradient 

   

Size of molecules 
transported 

   

Type of molecules 
transported 

   

Does this process 
require energy? 

   

Does this process 
require a transport 
protein? 

   

If a transport protein 
is required, give an 
example 

   

2. Review the section “How Ion Pumps Maintain Membrane Potential” in Concept 7.4. 
(a) What is membrane potential? (b) What is an electrogenic pump?  (c) What is the main 

electrogenic pump in animals (e.g. humans)? What ion(s) does it pump, how many, and 
in what direction? (d) What is the main electrogenic pump in bacteria?  

(a) _____________________________________________________________________________________________________

_____________________________________________________________________________________________________  

(b) _____________________________________________________________________________________________________

_____________________________________________________________________________________________________  

(c) _____________________________________________________________________________________________________

_____________________________________________________________________________________________________  

(d) _____________________________________________________________________________________________________ 

                                                 
28 This worksheet is based on Chapter 7 (“Membrane Structure and Function”) of Campbell Biology, 10th ed. 
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3. (a) Compare and contrast an H+ pump and an H+ channel in terms of what they transport 
and the mode of transport.  For example, do both these processes require energy? Why or 
why not? (b) In Figure 7.17 the H+ pump is referred to as a proton pump.  Why is it called 
a “proton” pump? (Hint: Review your Chapter 2 worksheet).  (c) What is the effect of this 
pump on cellular energy? 

 

 

 

 

 

 

 

 

 

4. Look at Figure 9.15.  This figure shows the internal structure of a mitochondrion.  What 
electrogenic pump is present in the mitochondrion? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Page 87 
 

FLO 1 Artifact 1.8 

Chapter 8 Worksheet29 

1. Review the section “Organization of the Chemistry of Life into Metabolic Pathways” in 
Concept 8.1 and complete the following sentences.  Make sure to mention the effects of 
these processes on energy. 

a. Anabolism is a metabolic process in which _______________________________________________ 
_________________________________________________________________________________________________  

b. Catabolism is a metabolic process in which _______________________________________________ 
_________________________________________________________________________________________________  

2. What is metabolism? 

 

3. Is cellular respiration an anabolic or catabolic process? Explain. 

 

4. Why is catabolism referred to as “downhill” reactions? 

 

5. Why is anabolism referred to as “uphill” reactions? 

 

6. Define “metabolic pathway.” 

 
 

7. Use the following set of reactions to answer the associated questions.  Select the correct 
term from the list provided.30 

 

 

 Anabolic reaction 
 Enzyme 
 Initial reactant 
 Intermediate 
 Ligand 
 Metabolic pathway 
 Product 

(a) The above set of reactions is best described as a(an) ________________________________. 

(b) “A” would be considered as a(an) ______________________________________________________. 

(c) “B” or “C” would be best described as a(an) __________________________________________. 

(d) What is “D”?  _____________________________________________________________________________. 
(e) “Molecule Y” is considered a (an) ______________________________________________________. 

                                                 
29 This worksheet is based on Chapter 8 (“An Introduction to Metabolism”) of Campbell Biology, 10th ed. 
30 Question 7 adapted from Peer-Lead Team Learning Anatomy & Physiology, Module 4: Metabolism and Cellular 
Respiration.  Online at http://www/pltlis.org  

http://www/pltlis.org
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8. What is free energy? What does G represent?   

 

9. Review Figure 8.6.  Define endergonic and exergonic reactions in terms of energy and G.  
How does free energy change in endergonic vs. exergonic reactions? 

 

 

10. Review the section “Forms of Energy” in Concept 8.1.  (a) What is chemical energy? (b) Is it a 
form of potential energy or kinetic energy? (c) Give an example of a source that is high in 
chemical energy. 

 

 

11. Cofactors are non-protein helpers that help enzymes complete their job.  Cofactors that are 
organic molecules are referred to as coenzymes.  Below is a list of important coenzymes 
essential for your survival that you will encounter in the next two chapters.    Identify the 
purpose of these coenzymes. 

Coenzyme Function 
ATP 

(see p. 148 + lecture) 
  

CoA (coenzyme A) 
(see p. 170 ) Attaches to _________________ to form ____________________. 

FAD 
(see p. 170) 

 

NAD+ 
(see p. 165 and p. 170) 

 

NADP+ 
(see p. 195 and p. 198) 

 

Ubiquinone (coenzyme Q) 
(see p.174; Figure 9.15 ) 

 

12. What is the purpose of an enzyme? 

 

13. True or False: All enzymes are proteins. __________________________ 

14. Describe three ways enzymes are regulated. 

 

15. Draw a typical enzyme (make sure to include a reactant).   Label its two main sites and 
describe the purpose of each. Reactants of enzymes are also known as ____________. 
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FLO 1 Artifact 1.9 

Chapter 9 Worksheet (Chapters 1 – 8 Review)31 

1. Write the equation for aerobic respiration.  Which has more potential energy: the electrons 
in the reactants or the products? (Hint: review your Chapter 2 worksheet.) 

 

 

 

2. In your Chapter 1 worksheet you summarized the two following themes: 

(a) “Life requires the transfer and transformation of energy and matter.” 

(b) “Molecules: interactions within organisms.” 

Explain how these two themes relate to the process of cellular respiration. 

 

 

 

3. Which of the top ten elements found in humans provides the greatest attraction to 
electrons?  ____________________________ 

4. What atomic particles (and how many) are present in a hydrogen ion? What atomic 
particles (and how many) are present in a hydrogen atom?  

 

5. During cellular respiration, hydrogen ions are pumped into the intermembrane space of the 
mitochondria.  (a) In such a case, will the pH of the intermembrane space increase or 
decrease?  (b) Will the intermembrane space become more acidic or basic? (c) Will this 
affect membrane potential? Explain. 
(a) _________________________________________________________________________________________________ 

(b) _________________________________________________________________________________________________ 

(c) _____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_________________________________________________________________________________________ 

 
6. Two important intermediates of aerobic respiration are pyruvic acid and citric acid.  (a) 

What functional group is present in these two compounds? (Write out or diagram the 
functional group.) (b) If this functional group lost its hydrogen, what molecule would 
remain? (Hint: write the molecule in a molecular formula format.) 

 

 

                                                 
31 This worksheet is based on Chapter 9 (“Cellular Respiration and Fermentation”) of Campbell Biology, 10th ed. 
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7. Some simple sugars can be modified.  Describe the modification done to fructose to form 
fructose 1,6-bisphosphate.  What is the most likely source or the material added to modify 
the molecule? What do the numbers 1 and 6 refer to?    

 

 

8. Which of the following organisms contain mitochondria in their cell(s)?  

        ___Amoeba              ___Algae                 ___Bacteria               ___ Animals (other than humans)            

        ___Humans              ___Plants               ___Fungi  

9. (a) Draw and label the structure of mitochondria.  (b) What are the cristae of the 
mitochondria? What does it do? (c) The inner membrane divides the mitochondrion into 
two internal compartments.  What are these compartments? 

 

 

 

 

 

 

 

 

10. What is the main difference between active transport and facilitated diffusion?  How are the 
two processes similar? 
 

 

11. What is a proton pump? 

 
 
12. Compare and contrast an H+ pump and an H+ channel in terms of the mode of transport and 

the concentration gradient of the substance transported. 

 
 

 
13. What is the purpose of NAD+?  

 
 
14. Is cellular respiration an anabolic or catabolic process? Explain. 
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FLO 1 Artifact 1.10 

Chapter 10 Worksheet32 

1. Write the equation for photosynthesis. 

 

 

2. Define photosynthesis in terms of energy transfer. 

 

 

3. Which of the following organisms typically conduct photosynthesis? Check all that apply. 

               ___Amoeba                   ___Algae                           ___Fungi         

               ___Animals                   ___Cyanobacteria          ___Bacteria (non-cyanobacteria)                     

4. Draw and label the structure of a chloroplast.  Make sure to label the three compartments.  
What is the purpose of each compartment during photosynthesis? During which of the two 
reactions is each compartment utilized?  

 

 

 

 

 

 

 

 

5. Review Figure 10.15.  Based on that figure, what is the purpose of light in the process of 
photosynthesis? 

 

 

 

6. Review the section “Linear Electron Flow” on page 195.  What is the purpose of water in 
photosynthesis? 

 
 
 

 
7. What molecule is the final electron acceptor in the light reaction? 

                                                 
32 This worksheet is based on Chapter 10 (“Photosynthesis”) of Campbell Biology, 10th ed. 
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8. What are the two main reactions that take place during photosynthesis? What substances 

are used and what substances are produced during each of these reactions?  What are the 
key enzymes and coenzymes? How are the two reactions connected? 

 

 

 

 

 

 

 

 

9. Summarize the process of photosynthesis (C3 pathway). Include in your summary what 
organisms conduct photosynthesis, the purpose of synthesis, how the process occurs 
(describe the two reactions), where the process occurs, and when the process occurs. 

 

 

 

 

 

 

 

 

 

 

10.  How are photosynthesis and cellular respiration similar? How are they different? 
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FLO 1 Artifact 2 

Non-graded Informal Quizzes 

Chapter 1 

1. Of all the characteristics of living things, which of the following best distinguishes if an 
organism is alive? 

a. Processing of energy       
b. The presence of cells           
c. The presence of DNA    
d. Lack of growth 

2. What is the definition of metabolism? 

Chapter 2 

1. Potential energy that is stored in molecules and compounds is due to ____.  (Select all 
that apply.) 

a. Interactions between protons, neutrons and electrons 
b. Interactions between protons and electrons 
c. Interactions between protons and neutrons 
d. Interactions between electrons 

2. In general, a hydrogen ion _____. 
a. consists of only a proton. 
b. is a hydrogen atom that has gained a neutron. 
c. is a hydrogen atom that is sharing an electron. 
d. is a neutral atom. 

3. Hydrogen and oxygen atoms tend to form ____. 
a. polar covalent bonds with each other. 
b. Nonpolar covalent bonds with each other. 
c. Ionic bonds with each other. 
d. A cation and an anion when bonded with each other. 

Chapter 3 

1. If the H+ concentration of a solution increases, how is the pH of that solution affected? 
a. The pH will increase 
b. The pH will decrease 
c. The pH will remain the same 

2. What is the relationship between pH and H+ concentration? 

3. What is the relationship between pH and acidity? 

Chapter 4 

1. Which of the following functional groups will interact with water? Check all that apply. 
a. Phosphate (– PO4

-) 
b. Methyl (– CH3) 
c. Carboxyl (– COOH) 
d. Amino (– NH2) 
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2. Organic acids generally contain which of the following functional groups? 
a. Phosphate (– PO4

-) 
b. Methyl (– CH3) 
c. Carboxyl (– COOH) 
d. Amino (– NH2) 

3.  Glucose can be modified to form a molecule called fructose 1,6 – bisphosphate (FBP) by 
the addition of two phosphate groups.  Which of the following is likely true? 

a. There is more potential energy stored in glucose than in FBP. 
b. There is more potential energy stored in FBP than in glucose. 
c. There is an equal amount of potential energy stored in glucose and FBP. 
d. There is insufficient information to determine if there is any difference in 

potential energy between the two molecules. 

Chapter 5 

1. At the cellular level, the major source of “food” is 
a. Glucose 
b. Fats 
c. Proteins  
d. ATP 

2. Proteins that conduct chemical reactions are known as 
a. Transport proteins 
b. Structural proteins 
c. Receptors 
d. Enzymes 

3. Which of the following is true about hydrolysis? Select the two best answers. 
a. Large molecules are broken down into smaller molecules. 
b. Water is formed. 
c. It is also known as a dehydration reaction. 
d. Hydrogen atoms are split. 
e. Electrons are involved. 

Chapter 6 

1. What is the purpose of cristae? 
a. It increases surface area so that more reactions can occur. 
b. It increases surface area so that more materials can enter or exit the cell. 
c. It decreases surface area so that reactions are contained within a small space. 
d. It decreases surface area so that important molecules will remain within the cell. 

2. Which of the following organisms can conduct cellular respiration? Check all that apply. 
a. Animals 
b. Bacteria 
c. Fungus 
d. Plants 
e. All of the above.  
f. Only a and c. 
g. Only a, c, and d 
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3. Which of the following is a function of the membranes of mitochondria and chloroplast?  
a. Making ATP. 
b. Adhering to other cells. 
c. Use of the Na+/K+ pump to maintain the membrane potential of -70V. 
d. Uptake of materials by endocytosis. 
e. All of the above are functions of these organelles. 

4. Which of the following statements about mitochondria and chloroplasts is true? 
a. They both have ribosomes. 
b. They both have rough endoplasmic reticulum. 
c. They both create energy. 
d. They both are part of the endomembrane system. 
e. All of the above is true. 

 

Chapter 7 

1. Which of the following is FALSE about the way the plasma membrane is assembled? 
a. Water is present both outside and inside cells. 
b. The hydrophobic ends of the phospholipids cannot interact with an aqueous 

environment. 
c. The structure allows both hydrophilic and hydrophobic molecules to easily 

diffuse through the membrane. 

Chapter 8 

1. Is the goal of metabolism to reach equilibrium? Why or why not? 

2. Is ATP hydrolysis endergonic or exergonic? 

3. What is the benefit of feedback inhibition? What part of the enzyme is involved? 

 

Chapter 9 

1. What three things do we need to stay alive? 

2. What does “aerobic respiration” mean? 

3. True or False? The oxygen we inhale is converted to carbon dioxide, which we exhale. 

4. Is the breakdown of organic molecules endergonic or exergonic? 
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FLO 1 Artifact 3 

PowerPoint questions relating to the tri-fold chart 
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FLO 1 Artifact 4.1 

Student tri-fold chart outlining the steps of aerobic respiration 
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FLO 1 Artifact 4.2 

Student tri-fold chart outlining the steps of aerobic respiration 
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FLO 1 Artifact 4.3 

Student tri-fold chart outlining the steps of aerobic respiration 
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FLO 1 Artifact 5 

Cellular Respiration Review 

 

1. The equation for cellular respiration is ___________________________________________ 

2. What is the main reactant? ______________________ 

3. What are the three stages of aerobic respiration? 

a. 

b. 

c. 

4. What eukaryotic organelle is required for aerobic respiration? _______________________ 

5. What is the purpose of glycolysis? 

 

 

 

6. In which organisms does glycolysis take place? ________________________ 

7. In what part of the cell does glycolysis take place? ___________________ 

8. Is oxygen required for glycolysis? ________________ 

9. What is the gross and net ATP created in glycolysis? Gross = ______; Net = _______ 

10. What type of acid is created in glycolysis? _____________________ 

11. When this acid gives up its hydrogen ion, it is known as ______________. 

12. When this molecule enters the mitochondria what does the enzyme dehydrogenase do to it?   

 

 

 

13. What gas is formed as a result?  How many? ______________________________ 

14. A coenzyme is added to the remaining two carbons to form _________________________ 

15. What is the net amount of ATP made during this process? ______________ 

16. What is the first intermediate made during the citric acid cycle? ______________________ 

17. What molecule is regenerated in this cycle? ______________________________ 

18. How many ATPs are made in the citric acid cycle? __________________ 
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19. What gas is released during this cycle? How many? _______________________ 

20. What happens next to this gas? 

 

21. How many NADH are made during this cycle? _____ How many FADH2? ______ 

22. What happens next to NADH and FADH2 molecules? 

 

 

23. What is the purpose of oxidative phosphorylation? 

 

 

24. Each NADH powers how many proton pumps? ____________________ 

25. Each FADH2 powers how many proton pumps? _______________________ 

26. What does the proton pump transport? ______________________ 

27. Is this active or passive transport? ________________________ 

28. The high-energy electron that powers the electron transport chain is ultimately stored by 

forming what molecule? ____________________ 

29. During the process of the electron transport chain, what gradient is formed? _____________ 

30. At this point, would the pH of the intermembrane space be acidic, basic, or neutral? ______ 

31. How do the substances from the gradient re-enter the mitochondrial matrix? 

 

 

 

32. How many total ATPs are made during oxidative respiration? ________________________ 

33. If oxygen is not present, plants do ____________________________to break down glucose. 

34. If oxygen is not present, animals do __________________________ to break down glucose. 

35. How many ATPs are created in each of these two processes? ________________________ 

36. Does fermentation take place inside the mitochondria? __________________ 
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FLO 1 Artifact 6 
 
Aerobic Respiration Summary Grading Rubric                                                                   

CONTENT POSSIBLE 
POINTS 

POINTS 
EARNED 

1.  The three stages of respiration is mentioned 1  

2.  Purpose of glycolysis: Split 6C glucose into two 3C pyruvate 1  

3.  Purpose of glycolysis: Obtain energy (convert to ATP) 1  

4.  2 ATP is invested in the energy investment phase 2  

5.  How many ATP produced (gross or net)   2  

6.  The 3C intermediate (G3P) or the 6C intermediate (FBP) is formed 1  

7.  2 NADH is generated 1  

BONUS: kinase processes ATP;  aldolase splits 0.5  

BONUS: dehydrogenase is the enzyme that reduces NAD+ to NADH 0.5  

8.  Pyruvate oxidized to form acetyl-CoA in mitochondrial matrix 1  

9.  2 CO2 produced 1  

10.  2 NADH produced 1  

BONUS: purpose of citric acid cycle (to complete the oxidation of glucose) 0.5  

11.  Acetyl-CoA joins the 4C molecule (oxaloacetate) to form citrate 1  

12.  6C molecule oxidized to 5C molecule (NAD+ reduced to NADH; CO2 form) 1  

13.  5C molecule is oxidized to 4C molecule (NAD+ is reduced to NADH) 1  

14.  2 ATP is produced during citric acid cycle 2  

15.  2 FADH2 are produced during the regeneration of oxaloacetate 1  

16.  A total of 6 NADH is produced during citric acid cycle 2  

17.  FADH2/NADH drops off electrons in the last stage (Ox. Phosphorylation) 2  

18.  Electrons passed from complex to complex in electron transport chain 2  

19.  Hydrogen ions pumped across the membrane 1  

20. The final electron acceptor is oxygen, which is reduced to water 2  

21. Hydrogen ions go through the ATP synthase by facilitated diffusion 1  

22. ATP synthase generates a lot of ATP (26 – 32) 2  

BONUS: H+ (proton) gradient is generated 0.5  

BONUS: electron transport chain is a series of redox reactions 0.5  

BONUS (Extra info given):    0.5  

Total for _________________________ 33.0 ___/30 

Comments:   
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FLO 1 Artifact 7.1a 

Exemplary sample of student summary (summary #1) 

Free Write: Aerobic Respiration33 

In the process of aerobic respiration, the first stage to begin breaking down the glucose 
molecule is glycolysis.  In glycolysis, there are 2 stages: the investment phase and the payoff 
phase.  In the investment phase, two ATP is invested to breakdown34 glucose to fructose 1,6 
Biphosphate or FBP.  The enzyme that carries out this is kinase.  Once FBP is formed, the 
enzyme aldonase35 splits FBP into G3P and DHAP.  These two are exact mirror images or 
isomers.  G3P is then oxidized by dehydrogenase to form 1,3 Biphosphate36 in which NAD+ is 
reduced to NADH making 2 NADH total.  1,3 Biphosphate36 is then changed to 3-
phosphoglycerate by kinase and 2 ATP is formed.  Lastly, 3-phosphoglycerate is changed by 
kinase again to form 2 pyruvate with also forming 2 more ATP with a total of 4 ATP; net 2 ATP 
and 2 NADH.  This all takes place in the cytosol or cytoplasm.   The whole purpose of this stage 
is to breakdown sugar molecules37. 
 From glycolysis, we move to the next stage of aerobic respiration called Pyruvic38 
oxidation/citric acid cycle.  This all happens in the mitochondrial matrix with the intent to 
continue oxidation of pyruvate.  Pyruvate is first oxidized by dehydrogenase, with also 
reducing NAD+ to NADH and removing CO2.  In addition, the co-enzyme A is added to change 
pyruvate39 to acetyl-CoA.  This will begin the citric acid cycle.  Once the cycle has started, 
acetyl-CoA combined with oxeolacetate form citric acid.  Continuing through the cycle, citric 
acid then looses H2O or H2O is removed forming isocitrate.  Isocitrate is then oxidized and CO2 
is lost, forming a-ketoglycerate.  a-ketoglycertate is again oxidized with the release of CO2 and 
the reduction of NAD+ to NADH, forming sucinyl-CoA after the CoA-SH is added to the 
molecule.  Once succinyle-CoA is formed, a phosphate group is added to the molecule and the 
coenzyme is removed from the molecule.  This step also makes GDP which in return makes 
GTP.  The change from GDP to GTP also generates ATP.  After this whole step, the result is 
succinate.  Two hydrogens are then added to FAD forming FADH2 which changes the molecule 
to famurate.  With the addition of water famurate is then changed once again to malate and 
NAD+ is oxidized again to form NADH which produces oxeolacetate and starts the cycle one 
more time, creating a total of 2 ATP, 4 CO2, 2 NADH40 and 2 FADH2.   
 The next stage is oxidative phosphorylation, which is the stage that creates more ATP 
(28 – 32) and occurs in the inner membrane of the mitochondria.  NADH and FADH2 transport 
electrons to complexes in the membrane, specifically NADH transports electron to complex 1, 3, 
4 while FADH2 to41 3, and 4.  As they pass, protons enter outside the membrane forming a 
proton gradient by active transport.  The protons are then entered through ATP synthase by 
facilitated diffusion generating 28 – 32 ATP and as well as forming water42. 
                                                 
33 Note: spelling errors were as originally written by the student.  Because the focus was on content/context, such 
errors were ignored. Misspelled words were as follows: aldolase, bisphosphate, oxaloacetate, succinyl-CoA, loses, 
-ketoglutarate, and fumarate.  On the student’s paper, my comments were made on terms highlighted in red. 
34 This word was corrected to “convert” 
35 This word was corrected to “aldolase” 
36 This word was corrected to “an intermediate” or “bisphosphoglycerate” 
37 The phrase “and obtain energy” was added. 
38 This word was corrected to pyruvate oxidation. 
39 This word was corrected to “the 2-carbon molecule” 
40 The amount was corrected to “6 NADH” 
41 This was corrected as follows: “…FADH2 transports e- first to peripheral protein complex 2, then to 3 and 4.” 
42 A note was made that water is formed after complex 4 gives the electrons to oxygen (O2). 
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FLO 1 Artifact 7.1b 

Graded rubric for student summary #143    
 

Aerobic Respiration Summary Grading Rubric 

CONTENT POSSIBLE 
POINTS 

POINTS 
EARNED 

1.  The three stages of respiration is mentioned 1 √ 

2.  Purpose of glycolysis: Split 6C glucose into two 3C pyruvate 1 √ 

3.  Purpose of glycolysis: Obtain energy (convert to ATP) 1 √ 

4.  2 ATP is invested in the energy investment phase 2 √ 

5.  How many ATP produced (gross or net)   2 √ 

6.  The 3C intermediate (G3P) or the 6C intermediate (FBP) is formed 1 √ 

7.  2 NADH is generated 1 √ 

BONUS: kinase processes ATP;  aldolase splits 0.5 √ 

BONUS: dehydrogenase is the enzyme that reduces NAD+ to NADH 0.5 √ 

8.  Pyruvate oxidized to form acetyl-CoA in mitochondrial matrix 1 √ 

9.  2 CO2 produced 1 √ 

10.  2 NADH produced 1 √ 

BONUS: purpose of citric acid cycle (to complete the oxidation of glucose) 0.5 √ 

11.  Acetyl-CoA joins the 4C molecule (oxaloacetate) to form citrate 1 √ 

12.  6C molecule oxidized to 5C molecule (NAD+ reduced to NADH; CO2 form) 1 √ 

13.  5C molecule is oxidized to 4C molecule (NAD+ is reduced to NADH) 1 √ 

14.  2 ATP is produced during citric acid cycle 2 √ 

15.  2 FADH2 are produced during the regeneration of oxaloacetate 1 √ 

16.  A total of 6 NADH is produced during citric acid cycle 2 √ 

17.  FADH2/NADH drops off electrons in the last stage (Ox. Phosphorylation) 2 √ 

18.  Electrons passed from complex to complex in electron transport chain 2 √ 

19.  Hydrogen ions pumped across the membrane 1 √ 

20. The final electron acceptor is oxygen, which is reduced to water 2 -1.0 

21. Hydrogen ions go through the ATP synthase by facilitated diffusion 1 √ 

22. ATP synthase generates a lot of ATP (26 – 32) 2 √ 

BONUS: H+ (proton) gradient is generated 0.5 √ 

BONUS: electron transport chain is a series of redox reactions 0.5 -0.5 

BONUS (Extra info given):   Too many to count!!! 0.5 √ 

Total for (Student name omitted) 33.0 31.5/30 

Comments:  You did an excellent job explaining the process of aerobic respiration.  I am impressed.  
I am also sorry that you were unable to take the exam.  Based on what you wrote for the free-write; 
I know that your exam score would have also been off the chart.   

 

 

                                                 
43 The student scored the highest in the experimental group; however, the student was unable to take the test. 
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FLO 1 Artifact 7.2a 

Average sample of student summary (summary #2) 

Three stages of Aerobic respiration44 
In order they are Glycolysis, pyruvate oxidation/citric acid cycle and last is the oxidative 
phosphorylation.  The main purpose of Aerobic respiration is to break down glucose and form 
ATP.  The formula for this is C6H12O6 + 6O2  6H2O + 6CO2 + free energy. The first step is 
glycolysis in which we break down sugar to produce energy and we make pyruvate.  C6H12O6 is 
glucose and the main reactant in this process.  2 ATP is the net amount produced and 2 ATP is 
invested bringing the gross up to 4 ATP.  There are two phases in glycolysis the investment 
phase and the payoff phase.  All organism perform glycolysis because it happens in the 
cytosol/cytoplasm and it does not require oxygen.  Also 2 NADH are produced along with 
pyruvates.  After glycolysis we stop at the pyruvate oxidation where pyruvate is oxidized and 
CO2 form45 acetyl COa which kick starts the citric acid cycle.  In the citric acid cycle, 2 ATP are 
produced.  The “big Ox” oxaloacetate is key because he is recycled and make the cycle happen.  
4 CO2 are made.  CO2 gas is also released.  6 NADH, 2 FADH molecules are formed.  In oxidative 
phosphorylation the key is to reduce oxygen and produce ATP around 26 – 32.46  The citric acid 
cycle and the oxidative phosphorylation both happen in the mitochondria.  Krebs happen in the 
matrix though.47 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
44 Note: spelling/grammatical errors were as originally written by the student.  Because the focus was on 
content/context, such errors were ignored. On the student’s paper, my comments were made on terms 
highlighted in red. 
45 This section was corrected as follows: “…where pyruvate is oxidized, 2 NADH is formed, and CO2 is released.” 
46 The following comment was made: FADH2 and NADH drop off electrons; H+ is pumped 
47 Additional comments: You need to include mention of the electron transport chain, H+ gradient, and the two 
purposes of ATP synthase. 
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FLO 1 Artifact 7.2b 

Graded rubric for student summary #2    
 

Aerobic Respiration Summary Grading Rubric 

CONTENT POSSIBLE 
POINTS 

POINTS 
EARNED 

1.  The three stages of respiration is mentioned 1 √ 

2.  Purpose of glycolysis: Split 6C glucose into two 3C pyruvate 1 √ 

3.  Purpose of glycolysis: Obtain energy (convert to ATP) 1 √ 

4.  2 ATP is invested in the energy investment phase 2 √ 

5.  How many ATP produced (gross or net)   2 √ 

6.  The 3C intermediate (G3P) or the 6C intermediate (FBP) is formed 1 -1.0 

7.  2 NADH is generated 1 √ 

BONUS: kinase processes ATP;  aldolase splits 0.5 -0.25 

BONUS: dehydrogenase is the enzyme that reduces NAD+ to NADH 0.5 -0.5 

8.  Pyruvate oxidized to form acetyl-CoA in mitochondrial matrix 1 √ 

9.  2 CO2 produced 1 √ 

10.  2 NADH produced 1 -1.0 

BONUS: purpose of citric acid cycle (to complete the oxidation of glucose) 0.5 -0.5 

11.  Acetyl-CoA joins the 4C molecule (oxaloacetate) to form citrate 1 -0.5 

12.  6C molecule oxidized to 5C molecule (NAD+ reduced to NADH; CO2 form) 1 √ 

13.  5C molecule is oxidized to 4C molecule (NAD+ is reduced to NADH) 1 √ 

14.  2 ATP is produced during citric acid cycle 2 √ 

15.  2 FADH2 are produced during the regeneration of oxaloacetate 1 √ 

16.  A total of 6 NADH is produced during citric acid cycle 2 √ 

17.  FADH2/NADH drops off electrons in the last stage (Ox. Phosphorylation) 2 -2.0 

18.  Electrons passed from complex to complex in electron transport chain 2 -2.0 

19.  Hydrogen ions pumped across the membrane 1 -1.0 

20. The final electron acceptor is oxygen, which is reduced to water 2 -1.0 

21. Hydrogen ions go through the ATP synthase by facilitated diffusion 1 -1.0 

22. ATP synthase generates a lot of ATP (26 – 32) 2 √ 

BONUS: H+ (proton) gradient is generated 0.5 -0.5 

BONUS: electron transport chain is a series of redox reactions 0.5 -0.5 

BONUS (Extra info given):    0.5 √ 

Total for (Student name omitted) 33.0 21.25/30 

Comments: The first two stages were well done.  However, you missed the main points of the last 
stage: H+ gradient, electron transport chain, etc. 
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FLO 1 Artifact 7.3a 

Exemplary sample of student summary (summary #3)48 

Glycolysis is the first stage of aerobic respiration.  It consists of two phases called the energy 
investment phase and the energy payoff phase.  In the energy investment phase, 2 ATP is 
invested to split glucose.  This takes place in the cytosol.  Glucose is transformed into (6C) 
49fructo biphospate (FBP) which is split into two 3 carbon sugar by aldolase.  As aldolase splits 
glucose50, it forms DHAP and G3P.  Dehydrogenase then converts G3P to form 
phosphoglycerate which releases 2 NADH and 2 ATP.  Phosphoglycerate is then converted to 
pyruvate.   
The second stage is pyruvate oxidation and this takes place in the mitochondrial matrix.  
Pyruvate is oxidized by dehydrogenase to form Acetyl CoA.  This formation release 2 CO2 and 
NADH.  Acetyl CoA which has 2 carbon is then fed into the citric acid or Krebs cycle and is 
combined with oxaloacetate which has 4 carbons.  The 6 carbon molecule now forms citrate 
which becomes an isomer of itself known as isocitrate.  Isocitrate then reduces NAD to NADH 
and releases CO2.  It reshapes to form  ketogluterate which is now a 5 carbon molecule.   
ketoguterate reduces NAD+ to form NADH and releases CO2.  It then reshapes to form succinyl 
CoA.  Succinyl CoA releases CO2 and reduces NAD+ to NADH.  The molecule reshapes to form 
succinate which has 4 carbons.  Since 4 carbon is needed to reshape to oxaloacetate, no more 
carbon is released, however, as succinate is reshaped it releases 2 ATP, 2 FADH and 2 NADH as 
it goes through various process to reshape to oxaloacetate.  Then the cycle continues or 
repeats.  This process also takes place in the mitochondrion. 
 
The last stage of aerobic respiration end with the Oxidative Phosphoralation and 
chemiosmosis.  The Energy released from the food in the form of NADH and FADH are 
transferred to the electron transport chain to be distributed across the membrane.  They NADH 
& FADH are oxidized and their electrons are transported by mobile carriers such as Ubiquoine 
(Q) and cytochrome c (Cyt C).  The Q transport the electron to the first protein complex then to 
complex II. As the transport takes place, it powers the proton pump to actively transport 
protons or H+ ions across to the intermembrane space.  FADH is oxidized in complex II and the 
electron is transported along to complex III by Cyt C.  Cyt C takes the electron to Complex IV 
where it is used to bind with O2 to form H2O.  As the concentration gradient of protons 
increases, chemiosmosis takes place.  The H+ ions are transported by facitilated diffusion down 
the ATP synthase into the mitochondrion matrix.  As they go through ATP synthase (works like 
a rotor) the energy, ATP is released from the movement of the electrons through the rotor.  A 
net of 26 – 28 ATP is released due to this process.  In the overall process of aerobic respiration, 
a total of 28 – 32 ATP is made. 
 
 
 
 

                                                 
48 Note: spelling/grammatical errors were as originally written by the student.  Because the focus was on 
content/context, such errors were ignored. On the student’s paper, my comments were made on terms 
highlighted in red. 
49 Spelling error (fructose 1,6 – bisphosphate) 
50 It splits the FBP, not glucose. 
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FLO 1 Artifact 7.3b 

Graded rubric for student summary #351    
 

Aerobic Respiration Summary Grading Rubric 

CONTENT POSSIBLE 
POINTS 

POINTS 
EARNED 

1.  The three stages of respiration is mentioned 1 √ 

2.  Purpose of glycolysis: Split 6C glucose into two 3C pyruvate 1 √ 

3.  Purpose of glycolysis: Obtain energy (convert to ATP) 1 √ 

4.  2 ATP is invested in the energy investment phase 2 √ 

5.  How many ATP produced (gross or net)   2 √ 

6.  The 3C intermediate (G3P) or the 6C intermediate (FBP) is formed 1 √ 

7.  2 NADH is generated 1 √ 

BONUS: kinase processes ATP;  aldolase splits 0.5 √ 

BONUS: dehydrogenase is the enzyme that reduces NAD+ to NADH 0.5 √ 

8.  Pyruvate oxidized to form acetyl-CoA in mitochondrial matrix 1 √ 

9.  2 CO2 produced 1 √ 

10.  2 NADH produced 1 √ 

BONUS: purpose of citric acid cycle (to complete the oxidation of glucose) 0.5 -0.5 

11.  Acetyl-CoA joins the 4C molecule (oxaloacetate) to form citrate 1 √ 

12.  6C molecule oxidized to 5C molecule (NAD+ reduced to NADH; CO2 form) 1 √ 

13.  5C molecule is oxidized to 4C molecule (NAD+ is reduced to NADH) 1 √ 

14.  2 ATP is produced during citric acid cycle 2 √ 

15.  2 FADH2 are produced during the regeneration of oxaloacetate 1 √ 

16.  A total of 6 NADH is produced during citric acid cycle 2 √ 

17.  FADH2/NADH drops off electrons in the last stage (Ox. Phosphorylation) 2 √ 

18.  Electrons passed from complex to complex in electron transport chain 2 √ 

19.  Hydrogen ions pumped across the membrane 1 √ 

20. The final electron acceptor is oxygen, which is reduced to water 2 √ 

21. Hydrogen ions go through the ATP synthase by facilitated diffusion 1 √ 

22. ATP synthase generates a lot of ATP (26 – 32) 2 √ 

BONUS: H+ (proton) gradient is generated 0.5 √ 

BONUS: electron transport chain is a series of redox reactions 0.5 √ 

BONUS (Extra info given):    0.5 √ 

Total for (Student name omitted) 33.0 32.5/30 

Comments: You did a good job explaining glycolysis.  You were one of three students who 
mentioned that electron transport chain involves redox reactions, and one of two that mentioned 
the role of ubiquinone and cytochrome C!  This essay clearly shows your understanding of aerobic 
respiration as reflected on the exam. [Keep in mind that the movement/flow (kinetic energy) of the 
protons provides the energy for ATP synthase to make ATP.] 

 

                                                 
51 This student scored the highest in the control group. 
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FLO 1 Artifact 8 

Name: _________________            BSC1010C EXAM 3 (Chapters 8 – 10)                             

1. Which region of a chloroplast is associated with 

the capture of light energy?      

a. Thylakoid membrane 

b. Stroma 

c. Outer membrane 

d. Intermembrane space 

2. In photosynthesis, the overall flow of electrons 

during the light reactions is from  

a. H2O to CO2. 

b. Photosystem II to ATP Synthase 

c. H2O to NADPH. 

d. H2O to ATP. 

3. The main function of cellular respiration is to 

a. convert the energy stored in the chemical 

bonds of glucose to a form that the cell can 

use. 

b. create energy in the mitochondria. 

c. recover NAD+ from NADPH. 

d. Convert kinetic energy to potential energy. 

4. Which of the following statements regarding 

glycolysis is FALSE? 

a. A 6-carbon sugar is broken down to two 3-

carbon molecules. 

b. Glycolysis requires oxygen. 

c. A net sum of two ATP molecules is 

generated. 

d. Glycolysis occurs in the cytoplasm. 

5. Select the best answer: Plant cells are capable 

of 

a. photosynthesis, ethanol fermentation, ATP 

production, and aerobic respiration. 

b. photosynthesis, ethanol fermentation, and 

ATP production. 

c. only photosynthesis and ATP production. 

d. only photosynthesis. 

6. Which of the following is an example of 

potential rather than kinetic energy? 

a. Muscle contractions of a person mowing 

grass 

b. Water rushing over Niagara Falls 

c. A molecule of glucose 

d. The flight of an insect searching for food 

7. True or false? The oxygen we inhale is 

converted into carbon dioxide, which we exhale. 

a. True                  b.  False 

8. What occurs in the Calvin Cycle? 

a. A molecule of water is split, and oxygen is 

produced when light energy is present. 

b. Carbon dioxide is used to form G3P. 

c. Light energy is converted to NADPH and ATP. 

d. FADH2 and NADH are produced. 

 

9. Which of the following is an example of an 

endergonic reaction? 

a. Glucose oxidation 

b. ATP hydrolysis 

c. Photosynthesis 

d. None of the above 

 

10. At what stage of aerobic respiration is glucose 

completely oxidized? ________________________ 

 

11. The main source of energy in many organisms is 

a. Carbohydrate 

b. Protein 

c. Nucleic acid  

d. Fatty acid 

 

12. Which of the following is true about catabolism? 

a. It is an endergonic pathway. 

b. Monomers are used to build polymers. 

c. It involves a condensation reaction. 

d. The change in free energy (G) is negative. 

 

13. What stage of aerobic respiration produces the most 

ATP molecules? 

a. Oxidative phosphorylation 

b. The citric acid cycle 

c. Glycolysis 

d. Pyruvate oxidation 

e. Fermentation 

14. Which is an end product of glycolysis? 

a. Glyceraldehyde 3-phosphate 

b. 3-phosphoglycerate 

c. Pyruvate 

d. Acetyl-CoA 

e. Fumarate 

 

15. The first law of thermodynamics states that _______ 

___________________________________________ 

___________________________________________ 
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Cellular Respiration  

Using the diagram shown, match the molecule with the appropriate letter for questions 1 – 5: 

1. _____ citrate 

2. _____ glucose 

3. _____ oxaloacetate 

4. _____ glyceraldehyde 3-phosphate (G3P) 

5. _____carbon dioxide 

 

6. Which of the following processes is NOT part 

of the process in the diagram? 

a. Pyruvate oxidation 

b. Glycolysis 

c. Calvin Cycle 

d. All of the above processes are included in 

the diagram. 

 

For questions 7 – 10, identify the steps in the 

diagram using the appropriate number.  If more than 

one answer is possible, only put one. 
 

7. Which step requires pyruvate kinase? _____ 

8. Although not shown, which step requires 2 

ATP? ___ 

9. In which step is pyruvate oxidized? _____ 

10. Aldolase works at which step? _____ 

11. Which step requires a dehydrogenase? _____ 

12. Pyruvate oxidation takes place in the 

a. thylakoid. 

b. cytoplasm. 

c. chloroplast. 

d. mitochondrial matrix. 

13. What waste gas is given off in E?  __________ 

14. Is step 4 endergonic or exergonic? __________ 

15. What is the net amount of ATP produced during 

the entire process shown in the diagram? _____ 

16. Where is the bulk of energy stored from the 

breakdown of glucose stored?  
 

 

 

Amylase (which breaks down starch) is secreted in the mouth of humans. Amylase functions in the mouth 

but stops functioning once it hits the stomach environment. (a) Explain why amylase does not function in the 

stomach. (b) What is likely happening to the enzyme to prevent it from functioning? (4) 
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Enzymes (2 pts each) 

The purpose of phosphofructokinase is to convert fructose 6-phosphate (F6P) to fructose 1,6-bisphosphate (FBP) 

by adding a phosphate group to F6P. Review the diagram below to answer the following questions regarding the 

components of the following structure.  

1. Site A is called the   ______________________________________ 

2. Site B is called the _______________________________________   

3. In this scenario F6P is a (an) _______________________________ 

4. When the cell is producing too much ATP, ATP will regulate 

phosphofructokinase by binding at Site B.   This would be an example 

of which kind of regulation? 

a. Irreversible inhibition 

b. Competitive inhibition 

c. Feedback inhibition 

d. Enzyme-substrate complex 
  

 

Compare and contrast fermentation and aerobic respiration. Give three similarities and three differences. (6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During the light reaction, a chlorophyll molecule in the first photosystem (Photosystem II) loses two electrons.  

What caused the loss of these electrons? How are the electrons replaced? (4) 

 

 

 

 

 

 

 

 

 

 

When completely oxidized, a glucose molecule can release -686 kcal of energy.  In cells, complete oxidation of 

glucose produces ~36 ATP (which is a total of approximately -270 kcal).  Why would there be such a difference 

between the two amounts of energy released? (4) 
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Use the following information and diagram to answer questions 1 – 8:  In humans, alcohol dehydrogenase 

(ADH) converts ethanol to acetaldehyde, which is an organic molecule even more toxic than ethanol.  A different 

protein, acetaldehyde dehydrogenase (ALDH), quickly converts acetaldehyde to acetate (which is nontoxic).  The 

overall pathway of ethanol metabolism in human is as follows: 

                                
Identify the following parts of the overall reaction using the molecules shown above. Where more than one 

answer is necessary, only put one.  Note: some of the molecules may be used more than once. (8) 

1. Co-enzyme:  ____________________________________________________________________________ 

2. The main product: _______________________________________________________________________ 

3. Enzyme: _______________________________________________________________________________ 

4. Intermediate product:  ____________________________________________________________________ 

5. Main reactant: __________________________________________________________________________ 

6. In the conversion of acetaldehyde to acetate, is acetaldehyde being oxidized or reduced?  ______________  

7. Electron carrier:   ________________________________________________________________________ 

8. Is ethanol being oxidized or reduced?  _______________________________________________________ 

Aerobic Respiration or Photosynthesis (see handout) (6) 

Answer question 3 and question 4 (6 pts).   

1. (a) Write the equation for photosynthesis. (b) Describe the overall process of photosynthesis in 

terms of energy conversion (e.g. what forms of energy are being converted into what form?). (c) 

How is the first stage of photosynthesis connected to the second stage?  (d) How is photosynthesis 

related to aerobic respiration? (Provide specifics!!!) (e). Do chemoheterotrophs generally conduct 

photosynthesis? Explain. 

2. (a) Write the equation of aerobic respiration.  (b) In the overall reaction, which molecule is being 

oxidized, and where in the cell does this process take place? (c) Which molecule is being reduced, 

and where does this process take place? (d) Explain how the electrons are transported from the 

molecule in part b to the molecule in part c. (e) Can photoautotrophs conduct aerobic respiration? 

Explain. 

 

 

 

ethanol                                acetaldehyde                             acetate ADH 

 NAD
+             

  NADH 

ALDH 

 NAD
+             

  NADH 
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Review the diagram52 below to answer the questions below. Symbols or abbreviations can be used.  10 pts       

 
1. Name one transmembrane protein:  _________________________________________________________ 

2. Which complex (I, II, III, or IV) is also known as Cytochrome C reductase?  __________________________ 

3. Protein Complex I serves multiple purposes.  Describe two functions of Complex I.   

 

 

 

 

4. Which molecule is the final electron acceptor?  ________________________________________________ 

5. What is one end product of the process shown?  _______________________________________________ 

6. Is Q (ubiquinone) being oxidized or reduced by Complex II?  ______________________________________ 

7. How do the hydrogen ions go from the intermembrane space to the mitochondrial matrix? 

a. active transport                                  b.   simple diffusion                 c.    facilitated diffusion                 

  

8. Why would it require the method of transport selected in question 7? 

a. Because the hydrogen ions are too large to squeeze through the phospholipid bilayer. 

b. Because the hydrogen ions are small enough to squeeze through the phospholipid bilayer. 

c. Because the hydrogen ions are going against the concentration gradient. 

d. Because the interior of the membrane is hydrophobic. 

 

9. What directly powers the production of ATP in the process illustrated in the diagram? 

a. The proton-motive force. 

b. The production/formation of water. 

c. NADH and FADH2 

d. Heat energy. 

BONUS: What does the abbreviation ATP stand for? Which of its three components is responsible for the transfer 

of energy? (2 pts) 

 
 

                                                 
52 The diagram was taken from Pearson’s Campbell Biology, 10th ed. 

Mitochondrial matrix 

Intermembrane 
space 
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FLO 1 Artifact 9 

Selected short response on aerobic respiration53   

 

Question: Aerobic Respiration (6 pts) 

(a) Write the equation of aerobic respiration.  (b) In the overall reaction, which molecule is 
being oxidized, and where in the cell does this process take place? (c) Which molecule is being 
reduced, and where does this process take place? (d) Explain how the electrons are 
transported from the molecule in part b to the molecule in part c. (e) Can photoautotrophs 
conduct aerobic respiration? Explain. 
 

Student #1 response  

C6H12O6 + 6O2  6 H2O + 6CO2 + Free energy 

Glucose is being oxidized and this happens in cytoplasm and the mitochondria.  Oxygen is being 
reduced in the mitochondria.  Electrons are transported in part b to part c through electron 
carriers such as NaDH and FADH.  Photoautotrophs get their energy from light and convert it into 
chemical energy.  They can conduct aerobic respiration but they are not as efficien as human are. 

Short response score: 5.5; Exam grade: 68  

 

Student #2 response 

a) C6H12O6 + 6O2  6CO2 + 6 H2O + free energy.  b) Glucose is oxidized in the cytoplasim.  c) 
Oxygen, mitochondria.  d) after the citrate acid cycle, when moving to the electron transport 
chain.  Oxygen is reduced at the end of the electron transport where it will pick up an electron and 
a H+ to form water. 

Yes.  When light does not present, cells require energy therefore they will “reverse” the process 
from photosynthesis to aerobic respiration. 

Short response score: 5.0; Exam grade: 81 

 

Student #3 response 

a) C6H12O6 6O2 + 6C +                     + free energy. 

b) Oxygen is being oxidized, oxidation phosphorylation.  

c) Carbon dioxide is being reduced, citric acid. 

d) Electrons are transported through electron carriers NADH-NAD+ 

e) Autotrophs can conduct Aerobic respiration because they have a mitochondria 

 Short response score: 2.0; Exam grade: 50 

 

                                                 
53 Spelling errors in the response were made by the student and intentionally left uncorrected by me. Sections in 
red were X’ed or crossed out on the test to denote an incorrect response. 
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FLO 1 Artifact 10 

Student survey on the effectiveness of the learning strategy / worksheets54 
 

Name: _____________________              Grade on Exam 3:    A       B       C       D       F 

1. One thing I wish you would change (or not change) about this course is…. 

2. On a scale of 1 – 5 (1 = poor; 5 = excellent), how would you rate the pre-quizzes (Chapter 

Reading Assignments) on Mastering Biology? Why? 

3. On a scale of 1 – 5 (1 = poor; 5 = excellent), how would you rate the Homework 

Assignments on Mastering Biology? Why? 

4. How do you “use” the homework assignments? 

a. I have not really used them because I either forgot to do them, did not have time to do 
them, or find them a bother. 

b. I do them only because I am required to. 

c. I generally do them on time and use them as a means to help me understand the 
material. 

5. How do you “use” the Chapter Worksheets? 

a. I have not really used them because I either forgot to do them, did not have time to do 
them, or find them a bother. 

b. I do them only because I am required to. 

c. I generally do them on time and use them as a means to help me understand the 
material. 

6. Which of the following did you use to study for Exam 3? (Circle all that apply.) 

a. Mastering Biology homework assignments        b.  Chapter worksheets      c.  Class notes    

d. Read the textbook       e.   Review “concept checks” and chapter summary in the book  

f.    Study partner      g. PowerPoint slides     h.  Prior knowledge      i. Other __________________ 

7. Which two of the above study methods were the most helpful on the test? ______________ 

8. Which two were the least helpful? _________________________ 

9. If you could, what would you change about the worksheets?  

 

 

10. Would you recommend that the instructor use the worksheets in future classes?  

11. How did you do on the test? 

       a.  Better than I expected         b.   Just as I expected          c.  Not as good as I expected 

                                                 
54 Materials written in blue pertains in some way to the learning strategy/worksheets 
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FLO 1 Artifact 11.1 

Student response to questions relating to the learning strategy/worksheets (Fall 2015)55 

1. One thing I wish you would change (or not change) about this course is…. 

Responses relating to the pace/time constraints  
1) How rushed the lectures are sometimes 

2) I wish the course was longer and/or less rushed, so that I could have more time to 
retain all the info. 

3) The fact that we are going too fast in this course and not enough time to understand 
the material 

4) The ability to do more in class lecture in both the class and lab 

Responses relating to the worksheets 
5) Everything went well, I like the worksheets and the lectures.  Not a huge fan on 

Mastering Biology. 

6) I wish the worksheets and notes reflected exactly what was on the test 

7) I would continue the worksheets and add some for the final chapters 

Responses relating to other factors 
8) More time I think should be spent doing labs, because the labs are fun. 
9) Adding different and more interesting experiments I would change Mastering 

biology because I don’t think it help us learn the material as well as your lectures.  To 
me, it is a waste of time. 

10) Do not change mastering biology.  I find it to be a very useful study tool 

11) Longer reviews on more specific information that might be on the test 

12) That we stayed on track a little bit more and not vere off to topics not having to do 
with what we’re learning. 

13) For me everything is excellent 

2. How do you “use” the Chapter Worksheets? 
a. I have not really used them because I either forgot to do them, did not have time to do 

them, or find them a bother. (0) 

b. I do them only because I am required to. (4)56 

c. I generally do them on time and use them as a means to help me understand the 
material. (10) 

3. How do you “use” Mastering Biology? 
a. I have not really used them because I either forgot to do them, did not have time to do 

them, or find them a bother. (0) 

b. I do them only because I am required to. (5) 

c. I generally do them on time and use them as a means to help me understand the 
material. (9) 

                                                 
55 Fourteen students completed the survey. Note: Spelling/grammatical errors were not corrected. 
56 All 4 students who selected this answer failed the test. 
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4. Which of the following did you use to study for Exam 3?  
a. Mastering Biology homework assignments (6)         
b. Chapter worksheets (10)     
c. Class notes (13)    
d. Read the textbook (7)        
e. Review “concept checks” and chapter summary in the book (3) 
f. Study partner (3)       
g. PowerPoint slides (10)      
h. Prior knowledge (5)       
i. Other: I make study guides (2 responses); PowerPoint objectives (2 responses) 

5. Which two of the above study methods were the most helpful on the test?  

a. Mastering Biology homework assignments (1)         
b. Chapter worksheets (5)     
c. Class notes (5)    
d. Read the textbook (1)        
e. Review “concept checks” and chapter summary in the book (1) 
f. Study partner (0)       
g. PowerPoint slides (5)      
h. Prior knowledge (1)       
i. Other: personal notes/study guide (2) 

6. Which two were the least helpful?  

a. Mastering Biology homework assignments (5)         
b. Chapter worksheets (2)     
c. Class notes (0)    
d. Read the textbook (4)57        
e. Review “concept checks” and chapter summary in the book (2) 
f. Study partner (2)       
g. PowerPoint slides (2)      
h. Prior knowledge (4)58       
i. Other (0) 

7. If you could, what would you change about the worksheets?  
1) Nothing (5 responses) 
2) Nothing, I like them  
3) I would have worksheets for every chapter until the final. 
4) Add more visual content to help remember the information more/better 
5) Nothing really because I found the worksheets really helpful! 
6) Make them a little more complex to take the full advantage on [studying] for the tests 
7) That they would be longer and have more info about the chapters directly from 

PowerPoint objectives 
8) Make them more like what would be asked on the test 
9) Generalize the questions more so it looks like the exam in some ways 
10) Make one more specific worksheet for 3 chapters at a time…  

                                                 
57 Three of the four students who considered reading the textbook “unhelpful” failed the test. 
58 All four students who found prior knowledge “unhelpful” passed the test. 
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8. Would you recommend that the instructor use the worksheets in future classes?  
a. Yes (11 responses) 

b. Yes, they help more than the online [homework] 

c. Yes, but with more visual activities to help remember 

d. Only if they are more accurate to the length of the test. 
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FLO 1 Artifact 11.2a 

Student survey response (Spring 2016) 

Q: How do you “use” Mastering Biology? 

# Answer   
 

Response % 

1 
I have not really used them because I either 
forgot to do them, did not have time to do 
them, or find them a bother. 

  
 

3 17% 

2 I do them only because I am required to.   
 

7 39% 

3 
I generally do them on time and use them as a 
means to help me understand the material. 

  
 

8 44% 

Q: How do you “use” the chapter worksheets? 

# Answer   
 

Response % 

1 
I have not really used them because I either 
forgot to do them, did not have time to do them, 
or found them a bother. 

  
 

3 17% 

2 I did them only because I am required to.   
 

4 22% 

3 
I generally did them on time and used them as 
a means to help me understand the material. 

  
 

11 61% 

Q: Would you recommend that the instructor use the worksheets in future classes? 

# Answer   
 

Response % 

1 Yes. The worksheets are fine as they are.   
 

13 72% 

2 
Yes. However, the worksheets should be 
modified. 

  
 

4 22% 

3 No.   
 

1 6% 

Q: If you chose the second choice in the previous question, what modifications do you 

recommend? 

Text Response 

Make it more interesting 

Make sure the material on the chapter worksheets re related to test material. Sometimes I 
find them unnecessary and that they don't cover the correct material. 

I felt that the material on the worksheets a lot of times had little to do with that we were 
learning and didn't connect back to the tests. 

The worksheet should cover more of the chapter, not just a certain section. 
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Q: How did you do on the test? 

# Answer   
 

Response % 

1 
better than 
expected 

  
 

3 16.7% 

2 
not as good as 
expected 

  
 

12 66.7% 

3 as expected   
 

3 16.7% 

 Total  18   

Q: In regards to the previous question, what do you think was the reason?59 

Text Response 

It is very easy to understand what's being said but you might want to make small change like 
handing out the worksheet that could possibly help us earlier. 

I did not study for the exam. My grade was due to my lack of studying 100% 

I feel like the material that the Professor has gone over is way too fast and I feel like shes 
always rushing us. I also feel like that's a big reason why I do not ask questions in the class. 

I crammed the day before the test although I'm not supposed to. Somehow I passed, and I 
am very thankful for that. 

didnt study enough 

Study habits for this exam were not really there I put other things before studying for my 
exam, so it was my own doing that got me the grade i received. 

studying habits 

I felt that I studied the wrong information. I did not anticipate the questions to be worded in 
such a manner. 

I dont understand the material and when I study my notes it dont be on the exams. 

lack of time and studying habitts 

I studied decently well. I wouldn't say i have the best studying habits because i definitely do 
not but the material I studied stayed with me. 

Some materials I was not expecting, and was not prepared for. 

My studying habits need improvement. 

My reason was that i didnt take the exam so i dont really have an accurate answer 

I just did not have enough comprehension of the material. 

materiel was easy to understand and the topics were interesting 

There is a lot of bulk and material to cover that made exam 3 as well the whole class difficult 
to understand the concept of biology. Also my study habits aren't really the greatest. 

 

                                                 
59 Note: Spelling/grammatical errors were as originally written by the students. 
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Q: One thing I wish you would never change about the class is…60 

Text Response 

Grading policy 

chapter worksheets 

How the Professor does great examples for us to understand it more. 

When worksheets, and mastering are turned in on time, allowing students to receive a 100%. 

please dont change the way of grading the worksheets 

The professors way of explaining the material, she gives examples that makes a difficult class 
interesting and understandable. 

the objectives in the beginning of the powerpoint 

Going over the information and chapters during lab. consitantly doing reveiws helped a lot. 

the way you prepare us for exams 

They way you teach 

the objectives 

the online assignments. 

The mini-quizzes that review the material. 

Never change the way you teach 

How much you talk and try to explain everything in words that the students will understand, 
ex: using examples or comparing Being on top of the class and making sure everyone is on 
the same page. 

Nothing should NEVER change. 

The amount of assignments, quizzes, worksheets, and test given. 

 

 

 

 

 

 

 

 

                                                 
60 Note: Spelling/grammatical errors were as originally written by the students. 
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One thing I wish you would change about the class is…61 

Text Response 

The test should always be done in lab and should have little bit more time because lack of 
time got me C 

I wish that you would provide a study guide of some sort for your exams.... The exams consist 
of A LOT of material, including a lot of short answer responses which you are extremely picky 
on. If we could practice more short responses prior to the exams you could give us feed back 
on what to improve in our answers, allowing us to get higher grades.  The study guide for the 
free write exam was great, except the fact that it was given 15 mins before the exam. Along 
with your grading rubric on that exam... if we had that prior to the exam we would know 
exactly what to remember of focus in on. 

I wish that the Professor could at least let us know what shes going to be looking for on the 
test and give us some kind of indicator of whats going to be on there so we know what more 
to focus on. 

Having a study guide for exam 2 since it's the hardest test in my opinion. This test has 
multiple chapters, and the concepts are harder. 

MORE EXTRA CREDIT PLEASE! 

The pace is very fast but is understandable because it is a lot of material to cover in a short 
time frame. 

making study groups mandatory 

More study guides before tests 

less tests 

Class should have a pre-exam worksheet at least 1 class before exam. 

The homework assignments. 

The lab exams 

TOO HARD EXAMS, like we understand the topics, yet most of us are averaging C in class 

Test reviews as a class instead of going one by one. 

 

 

 

 

 

 

                                                 
61 Note: Students’ spelling/grammatical errors were not corrected. 
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FLO 1 Artifact 11.2b 

Example of student response on survey (Spring 2016)62 

Student response to questions relating to the learning strategy/worksheets 

1. One thing I wish you would never change about this course is…. 

Responses relating to the worksheets 
1. chapter worksheets  

2. When worksheets, and mastering are turned in on time, allowing students to receive 
a 100 %. 

3. please dont change the way of grading the worksheets 

4. The amount of assignments, quizzes, worksheets, and test given. 

Responses relating to other factors 
5. Grading policy 

6. How the Professor does great examples for us to understand it more. 

7. Going over the information and chapters during lab. consitantly doing reveiws helped 
a lot. 

8. The professors way of explaining the material, she gives examples that makes a 
difficult class interesting and understandable. 

9. the objectives in the beginning of the powerpoint 

10. the way you prepare us for exams 

11. They way you teach 

12. the objectives 

13. the online assignments. 

14. The mini-quizzes that review the material. 

15. Never change the way you teach 

16. How much you talk and try to explain everything in words that the students will 
understand, ex: using examples or comparing; Being on top of the class and making 
sure everyone is on the same page. 

17. Nothing should NEVER change. 

2. One thing I wish you would change about this course is…. 

Responses relating to the pace/time constraints  
1. The test should always be done in lab and should have little bit more time because 

lack of time got me C 

2. I wish that you would provide a study guide of some sort for your exams.... The exams 
consist of A LOT of material, including a lot of short answer responses which you are 
extremely picky on. If we could practice more short responses prior to the exams you 
could give us feedback on what to improve in our answers, allowing us to get higher 
grades. The study guide for the free write exam was great, except the fact that it was 
given 15 mins before the exam. Along with your grading rubric on that exam... if we 
had that prior to the exam we would know exactly what to remember of focus in on. 

                                                 
62 Eighteen students completed the survey. Students’ spelling/grammatical errors were not corrected. 
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3. The pace is very fast but is understandable because it is a lot of material to cover in a 
short time frame.   

Responses relating to the worksheets 
4. Class should have a pre-exam worksheet at least 1 class before exam. 

Responses relating to other factors 
5. I wish that the Professor could at least let us know what shes going to be looking for 

on the test and give us some kind of indicator of whats going to be on there so we 
know  

6. what more to focus on. 

7. Having a study guide for exam 2 since it's the hardest test in my opinion. This test has 
multiple chapters, and the concepts are harder. 

8. MORE EXTRA CREDIT PLEASE! 

9. making study groups mandatory 

10. More study guides before tests 

11. less tests 

12. The homework assignments. 

13. TOO HARD EXAMS, like we understand the topics, yet most of us are averaging C in 
class 

14. Test reviews as a class instead of going one by one. 

15. Lab Exams 

3. Which two of the above study methods were the most helpful on the test?  

a. Mastering Biology homework assignments (3)         
b. Chapter worksheets (4)     
c. Class notes (7)    
d. Read the textbook (1)        
e. Review “concept checks” and chapter summary in the book 1(3) 
f. Study partner (4)       
g. PowerPoint slides / objectives (5)      
h. Prior knowledge (2)       
i. Other: personal notes/study guide (0) 

4. Which two were the least helpful?  

a. Mastering Biology homework assignments (1)         
b. Chapter worksheets (4)     
c. Class notes (2)    
d. Read the textbook (9)     
e. Review “concept checks” and chapter summary in the book (2) 
f. Study partner (0)       
g. PowerPoint slide / objectives (1)      
h. Prior knowledge (6)      
i. Other (0) 
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FLO 1 Artifact 11.3 

Comparison of response to the following two questions: 
1. How do you “use” the worksheets? 
2. How do you “use” Mastering Biology? 

Possible responses: 
A. I have not really used them because I either forgot to do them, did not have time to do 

them, or find them a bother. 

B. I do them only because I am required to. 

C. I generally do them on time and use them as a means to help me understand the 
material.  

Fall 2015 Worksheet Response 

 

Spring 2016 Worksheet Response 

 

Fall 2015 Mastering Biology Response 

 

Spring 2016 Mastering Biology Response 

 

Answer 
A

0%

Answer 
B

29%

Answer 
C

71%

Answer 
A

17%

Answer 
B

22%

Answer 
C

61%

Answer 
A

0%

Answer 
B

36%Answer 
C

64%

Answer 
A

17%

Answer 
B

39%

Answer 
C

44%
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FLO 1 Artifact 12.1 

Compilation of students’ results (Spring 2016 experimental group)63 

(Students highlighted in blue are non-health science / non-biology majors) 

Student 
Exam 

3 
Grade 

Aerobic 
respiration 

short response 
(6 pts) 

Glycolysis and 
citric acid 
cycle chart  

(16 pts) 

Oxidative 
phosphorylation 

(10 pts) 

Combined 
scores64   
(32 pts) 

Aerobic 
respiration 
summary 
(30 pts) 

1 82 5 14 8 27 28.25 

2 79 5 16 7 28 26.5 

3 78.5 4.75 12 5 21.75 0 

4 77 5 14 8 27 21.5 

5 70.5 4.5 12 5 21.5 22.5 

6 68 3.5 13 6 22.5 16.25 

7 68 5.5 13 3 21.5 21.25 

8 65.5 1.5 14 4.5 20 24.75 

9 64.5 4 14 7 25 26.5 

10 63 1.5 11 7 19.5 26 

11 61 3.5 14 4 21.5 21.25 

12 57.25 4.25 12 6 22.25 21.5 

13 56.5 3 11 6 20 16 

14 56 2 7 4 13 0.25 

15 53.25 2.25 6 7 15.25 16 

16 52 1.25 13 3 17.25 24.5 

17 51.5 2.75 13 6 21.75 26 

18 50.5 0 13 7 20 18.75 

19 50 2 11 1 14 21.25 

20 49.75 0.25 9 4 13.25 14.75 

21 44 1.5 7 6 14.5 22.75 

22 35 0.5 5 6 11.5 0 

23 31 1.5 7 2.5 11 9.5 

24 31 1.5 7 4 12.5 9 

25 N/A N/A N/A N/A N/A 32.5 

 

                                                 
63 Student #25 did not take the exam. 
64 The combined scores are from the aerobic respiration short response, the glycolysis and citric acid cycle chart, 
and oxidative phosphorylation questions. 
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FLO 1 Artifact 12.2 

Compilation of students’ results (Spring 2016 control group) 

(Students highlighted in blue are non-health science / non-biology majors) 

Student 
Exam 

3 
Grade 

Aerobic 
respiration 

short response 
(6 pts) 

Glycolysis and 
citric acid 
cycle chart  

(16 pts) 

Oxidative 
phosphorylation 

(10 pts) 

Combined 
scores65   
(32 pts) 

Aerobic 
respiration 
summary 
(30 pts) 

1 101.5 6 16 9 31 32 

2 98.5 6 14 8 28 30.5 

3 96.5 5.5 16 9 30.5 31 

4 91.5 3 15 7 25 32.5 

5 91 6 13 9 28 31 

6 84.5 5 14 6 25 21 

7 77.5 3.75 14 3 20.75 24.75 

8 71.25 5 10 4 19 19.5 

9 65.75 3 12 6 17 21.25 

10 65 4 15 6 25 22.5 

11 56 4.5 8 3 15.5 17.75 

12 55 1.25 14 4 25 16 

13 54 0 13 4 17 23.5 

14 50 2.25 11 3 16.25 20.25 

15 50 4 9 5 18 19 

16 41.5 3 9 3 15 14 

17 39.75 2.75 11 4.5 18.25 24 

18 36.5 0 11 2 13 17 

19 36 2.5 8 1.5 12 17.5 

20 34.5 1.5 3 3 7.5 0 

21 28.5 0 7 3.5 10.5 12 

22 28 0 7 1.5 8.5 12.5 

23 26.5 0 9 1 10 9 

 

                                                 
65 The combined scores are from the aerobic respiration short response, the glycolysis and citric acid cycle chart, 
and oxidative phosphorylation questions. 
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FLO 1 Artifact 12.3 

Comparison of students’ results: statistical analyses (proportion test) 

Hypothesis test results: Aerobic Respiration Short Response   

p1 : Proportion of successes (Success = 0) for CONTROL     

p2 : Proportion of successes (Success = 0) for EXPERIMENTAL     

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 ≠ 0        
Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 7 23 6 24 0.054347826 0.13052 0.416 0.6771 

         
 

Hypothesis test results: Glycolysis + Citric Acid Cycle Chart    

p1 : Proportion of successes (Success = 0) for CONTROL    

p2 : Proportion of successes (Success = 0) for EXPERIMENTAL    

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 ≠ 0 
        

Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 11 23 14 24 -0.10507246 0.1456 -0.722 0.4705 
 

Hypothesis test results: Oxidative Phosphorylation    

p1 : Proportion of successes (Success = 0) for CONTROL    

p2 : Proportion of successes (Success = 0) for EXPERIMENTAL    

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 ≠ 0        
Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 5 23 7 24 -0.07427536 0.12723 -0.584 0.5594 
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Hypothesis test results: Combined scores     

p1 : Proportion of successes (Success = 0) for CONTROL    

p2 : Proportion of successes (Success = 0) for EXPERIMENTAL    

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 ≠ 0        
Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 8 23 4 24 0.18115942 0.12723 1.424 0.1545 
 

Hypothesis test results: Aerobic Respiration Summary    

p1 : Proportion of successes (Success = 0) for CONTROL    

p2 : Proportion of successes (Success = 0) for EXPERIMENTAL    

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 ≠ 0        

Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 9 23 9 23 0 0.14392 0 1 
 

Hypothesis test results: Comparing pass/fail rate (Table 3.2, Figure 3.2)  

p1 : Proportion of successes (Success = 0) for CON Fall 2014    

p2 : Proportion of successes (Success = 0) for EXP Fall 2015    

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 < 0        

Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 11 38 11 21 -0.23433584 0.131488 -1.782 0.0374 

         
 

 

Hypothesis test results: Comparing pass/fail rate (Table 3.3, Figure 3.5)  

p1 : Proportion of successes (Success = 0) for CON    

p2 : Proportion of successes (Success = 0) for EXP    

p1 - p2 : Difference in proportions      

H0 : p1 - p2 = 0        

HA : p1 - p2 ≠ 0        

Difference Count1 Total1 Count2 Total2 Sample Diff. Std. Err. Z-Stat P-value 

p1 - p2 8 23 5 24 0.13949275 0.130525 1.069 0.2852 
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FLO 1 Artifact 13 

Student sample of the chapter worksheets  
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FLO 1 Artifact 14  

Comparison of class performance on all unit exams66  

 

Fall 2014 vs. Fall 2015 (Pilot Study) 

     

   Key:       Control group (Fall 2014) 
                   Experimental group (Fall 2015) 
 
 
 
 
 
Spring 2015 Implementation  
 

 

   Key:       Control group  
                   Experimental group  

                                                 
66 Exam 5 of the pilot study is excluded because Unit 5 exam was combined with the final exam during Fall 2014 
and Fall 2015. 
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