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Abstract 
 

The main objective of this research study was to determine the effectiveness of three newly- 

 

designed methods using process-oriented guided inquiry learning (POGIL).  Each of these  

 

methods was designed to improve student understanding in some key problematic areas of  

 

stoichiometry.  The first method addressed key concept areas of balancing chemical equations  

 

while the second and third methods addressed key concept areas of limiting reagents.  The  

 

effectiveness of the three methods was determined by evaluation of control and experimental  

 

group quiz scores on two quizzes.  The quizzes were designed to specifically address the key  

 

concept and problem areas of stoichiometry mentioned above.  The bulk of this study was  

 

conducted over a period of two years, and all of the participants involved in the study were  

 

introductory chemistry students from both high school and college chemistry courses.  Overall, it  

 

was found that the college participants from the experimental group performed better on the first  

 

POGIL quiz than did the students from the control group.  The high school participants from the  

 

experimental group, however, did not perform better than the control group students on the first  

 

POGIL quiz.  Only the high school level participants were involved in the activities addressed by  

 

the second POGIL quiz, and there was no difference found between these control and  

 

experimental groups.  Some possible reasons for these findings and their significance will be  

 

discussed in greater detail in this paper.  In general, it was found that the newly-designed POGIL  

 

stoichiometric methods show some promise in helping students more effectively learn difficult  

 

stoichiometric concepts. 
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Using Guided Inquiry Methods to Teach Difficult Stoichiometric Concepts 

         Some of the most important developments and careers in the world today involve science.  

Indeed, science, technology, engineering, and math (STEM) careers are among the highest in 

demand, and the need for qualified personnel in these areas is only expected to grow (National 

Academy of Science, 2007).  In many respects, the education of today’s science students will 

have a tremendous impact on the future development of our country and of the world as a whole.  

Therefore, it is essential that science educators continue to find ways to even more effectively 

teach the sciences and moreover, find the means to attract more students to study the sciences. 

Literature Review:  Effectiveness of Guided Inquiry in Teaching Science 

There are many different ways to teach the core concepts that are fundamental to learning 

science.  Some examples of these methods include conceptual learning methods, the use of flow 

charting, and of course, lecture-based learning (Uce, 2009; Wagner, 2001).  The prevalence of 

technology in today’s world is also strongly impacting science teaching methods.  Technology, 

especially in terms of laboratory-based learning, is playing an increasingly larger role in the 

conceptual learning process (Drahl, 2010).  It is evident that there are several important 

techniques available to teach the sciences, and each has its own character and appeal. 

Although each method used to teach fundamental science concepts has its own 

advantages, there are some rather compelling reasons to use the guided inquiry process as a 

method for teaching science.  One of the foremost benefits to using guided inquiry is the 

structure of the guided inquiry method and how it naturally follows the scientific method 

(Glasson, 1989; Lindberg, 1990; Lloyd & Contreras, 1987).  In guided inquiry learning, as in the 

scientific method, observations are made, explanations/hypotheses are developed, and these 

explanations are tested accordingly.  In guided inquiry learning, students are guided through the 
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learning process, but true to the scientific method, students are able to discover fundamental 

concepts of science in a very meaningful way.  It has long been understood that core science 

concepts that are discovered in this way are much better understood and retained by students 

(Glasson; Lindberg; Lloyd & Contreras).  In addition, students who learn science concepts 

through guided inquiry are much more likely to show a preference for this method of learning, 

and they are also more likely to continue their science education, two key benefits to this style of 

learning (Lewis & Lewis, 2005; Moog & Spencer, 2008; Straumanis & Simons, 2006).  As 

mentioned earlier, these benefits to guided inquiry learning are particularly important to those 

teaching and learning science in today’s world in which there are both a growing demand for 

science students as well as greater expectations being placed on science students. 

Effectiveness of Process-Oriented Guided Inquiry Learning (POGIL). 

One method of guided inquiry learning, process-oriented guided inquiry  

 

learning (POGIL), has been shown to be of particular benefit to students learning science in  

 

today’s world.  Indeed, there are additional expectations beyond learning traditional science  

 

concepts that are being placed on science students.  Zawadzki (2010) addresses this very point:  

 

“Recent surveys of industrial employers show that science education needs to provide the student  

 

with the skills of information processing, critical and analytical thinking, problem solving,  

 

communication, teamwork, management and assessment required by today’s globally 

competitive world” (p. 68).  In the POGIL process, students are guided through the learning 

process in teams, and they must work together collaboratively to solve fundamental problems.  

Zawadzki further explains the fundamentals of the POGIL process: 

Within this [POGIL] structure, students work together in learning teams to acquire 

knowledge and develop understanding through guided inquiry by examining data, 
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models, or examples and by responding to critical-thinking questions.  They apply this 

knowledge in exercises and problems, present their results to the class, reflect on what 

they have learned, and assess how well they have done and how they could do better. (p. 

69)   

As evidenced above, students who learn science concepts through POGIL gain both the benefits 

of guided inquiry learning as well as many of the key skills required of science students in 

today’s world.   

In addition to the important skills mentioned above, there is substantial evidence to 

indicate that students who learn science through the POGIL process tend to learn key concepts 

better and consistently perform better on tests when compared to other methods of learning.  

Lewis and Lewis (2005) conducted a study that compared examination scores for chemistry 

students who learned several key chemistry concepts via the POGIL method to examination 

scores of students who learned these same concepts primarily through lecture.  The results 

showed that students who learned through the POGIL process consistently outperformed 

students who learned mainly through lecture on these examinations.  Moreover, this same study 

surveyed many of the students involved in this POGIL research and asked about their 

experiences with learning through POGIL.  Of the students surveyed, 85% thought the POGIL 

process beneficial and wanted to continue this method of learning into the next semester (Lewis 

& Lewis).   

More specific POGIL research needed. 

 While it is apparent that there are substantial benefits to teaching and learning science 

through POGIL, there are also some key areas that have not been sufficiently addressed in the 

research done on POGIL methods to this point.  POGIL research is lacking in some major  
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chemistry concept areas that have been shown to be the most difficult for students to grasp-

namely, in the realm of stoichiometry.  Although a firm grasp of stoichiometry is critical to 

understanding many fundamental chemistry concepts, many of those who teach and study 

chemistry have consistently identified stoichiometric concepts as being among the most difficult 

for chemistry students to master (Felder, 1990; Harrison & Coll, 2008; Uce, 2009; Wagner, 

2001).  My personal experience in teaching stoichiometry also verifies the difficulty chemistry 

students tend to have with stoichiometry.  Based on student quiz and examination scores from 

several chemistry sections I taught from 2002-2007,  students consistently scored lower on those 

test questions dealing with the core stoichiometric concepts of balancing equations and limiting 

reagents than on questions dealing with other major chemistry concepts.  

Many studies have been conducted to show the overall effectiveness of POGIL methods 

(Hanson, 2005; Lewis & Lewis, 2005; Straumanis & Simons, 2006), but little empirical research 

has been found that addresses the effectiveness of POGIL in terms of the two core stoichiometric 

concepts of balancing equations and limiting reagents.  There are POGIL methods in existence 

that deal with the concepts of balancing equations and limiting reagents (Graham & Giloni, 

2006; Horan, 2005),  but data is lacking with regard to the effectiveness of these methods in 

terms of the conceptual areas (of balancing equations and limiting reagents) with which students 

most tend to struggle.  Furthermore, the existing POGIL stoichiometric methods do not contain 

any information or questions that sufficiently delve into the reasons why students tend to have 

such difficulty grasping these two stoichiometric concepts.  Therefore, it is clear that additional 

research on these most difficult aspects of stoichiometry is most definitely needed, and I will 

address this next. 
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Although there may be other reasons students struggle with certain conceptual aspects of 

stoichiometry, there are some primary reasons that definitely need to be addressed.  The existing 

POGIL stoichiometric methods on balancing equations and limiting reagents do not adequately 

address these primary reasons.  Specifically, a major issue with the current POGIL balancing 

equations activity is that it does not contain questions or information dealing with incorrect 

subscript usage in balancing chemical equations, nor does it provide students the opportunity to 

identify and/or practice questions dealing with incorrect subscript usage.  The literature clearly 

indicates that incorrect subscript usage in attempting to balance chemical equations is an 

extremely common error made by chemistry students, and it is one of the most important reasons 

students fail to properly balance chemical equations (Sanger, 2005; Wainwright, 1989).   

A major issue with the current POGIL limiting reagents activity is that it fails to 

smoothly transition students from non-scientific to scientific limiting reagent examples, nor does 

it use non-scientific equations to aid in this transition process.  It is evident in the literature that 

the use of non-scientific examples, such as analogies, to aid students in learning the concept of 

limiting reagents is critical to their understanding of this concept (Harrison & Coll, 2008; Witzel, 

2002).   

Because of the current lack of POGIL documentation and research that addresses these 

aforementioned elements which consistently hinder students’ understanding of the vital concepts 

of balancing equations and limiting reagents, it is evident that additional POGIL work and 

research specific to these very problematic areas is needed. 
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Purpose of Research Study 

 As mentioned above, further study is needed to explore the effectiveness of POGIL with 

respect to the fundamental concepts of balancing equations and limiting reagents, particularly 

with regard to the problematic areas formerly noted.  In response to the need for additional study 

in these areas, three POGIL methods dealing with these concepts specifically addressing the 

most conceptually difficult and problematic areas for students have been designed.  The first 

method is a POGIL classroom activity on balancing equations, the second method is a POGIL 

classroom activity on limiting reagents, and the third activity is a POGIL laboratory activity that 

deals with both of these concepts with an emphasis on limiting reagents.   

 In designing the POGIL method on balancing equations, an introduction to the basic 

principles of balancing chemical equations, as well as sections specifically addressing the 

problems so many students have with incorrect subscript usage in balancing equations, have been 

included.  In contrast to the current POGIL balancing equations method, the newly-designed 

method more clearly demonstrates the chemical bonding that takes place in a chemical reaction 

rather than merely showing separate atoms on each side of a chemical reaction.  The current 

POGIL method on balancing equations depicts separate atoms on each side of a chemical 

reaction (Horan, 2005).  Only the total number of atoms on the reactant and product sides of the 

reactions are shown.  The reactant and product atoms in the reactions are not shown as they truly 

exist (i.e. chemically bonded as molecules).  In contrast, the newly-designed POGIL balancing 

equations method depicts both the reactant and product atoms of these reactions in a chemically 

bonded (molecular) form (see Appendix A figures 1-3 of the experimental balancing equations 

method).  In this way, students can gain a better understanding of the true reaction process and 

can better account for what actually happens to the atoms of the reactants and products in a 
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chemical reaction.  Furthermore, a table has been included in which students can better organize, 

examine, and count all of the reactant and product atoms involved in each sample reaction (see 

Appendix A model 1 key questions of the experimental balancing equations method).  In this 

way, students have a better opportunity to see the balance of reactants and products that must 

occur in a balanced chemical equation.  In addition, sections addressing incorrect subscript usage 

have been included along with the use of a non-scientific example (i.e. how a unicycle and 

bicycle differ) to introduce the topic of subscripts (see Appendix A model 2 of the experimental 

balancing equations method).  Furthermore, this non-scientific example was then used to 

smoothly transition students from the topic of subscripts to the topic of balancing chemical 

equations.  As noted earlier, this type of transition process is fundamental to a firm grasp of 

stoichiometry (Harrison & Coll, 2008; Witzel, 2002).  Questions dealing with incorrect subscript 

usage which allow students to identify common errors with subscript usage and to practice the 

proper way to balance chemical equations are also part of the new method (see Appendix A 

model 2 key questions of the experimental balancing equations method).  Finally, students have 

been provided with the opportunity to summarize and demonstrate what they’ve learned by 

writing their own rules for balancing chemical equations (see Appendix A model 2 key questions 

of the experimental balancing equations method). 

 The current POGIL limiting reagents method is lacking in that it contains no essential 

introductory material on limiting reagents concepts (Graham & Giloni, 2006).  Although the 

current POGIL limiting reagents method uses both non-scientific and scientific examples  

examples, it is lacking in the use of examples and questions to transition from non-scientific to 

scientific language (Graham & Giloni, 2006).  In designing the POGIL classroom activity on 

limiting reagents, transitional questions have been used to more smoothly transition students 
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from non-scientific to scientific terminology and examples, a transition that is fundamental to 

success in stoichiometry (Harrison & Coll, 2008; Witzel, 2002).  To aid in this critical transition 

process, the newly-designed POGIL limiting reagents method contains transitional questions and 

examples to help students move from familiar non-scientific examples to less familiar scientific 

ones (see Appendix A model 1 key questions 1-3 and model 2 question 2 of the experimental 

limiting reagents method).  More introductory information, examples, and hints have also been 

included in the new method to guide students through the process of discovering and learning 

limiting reagents (see Appendix A models 1 and 2 introductory material and model 1 key 

question 3 of the experimental method for examples of this type of guidance). 

 Lastly, since there are no current POGIL stoichiometric laboratory activities, a POGIL 

laboratory method dealing with the concept of limiting reagents was designed (see Appendix A 

for POGIL limiting reagents laboratory method).  The lack of POGIL laboratory activities 

dealing with stoichiometric concepts is perhaps the greatest deficiency in current POGIL 

literature because the use of laboratory activities, perhaps especially inquiry based laboratory 

activities, is crucial in helping students fully understand critical science concepts (Cacciatore & 

Sevian, 2009; Singer, Hilton, & Schweingruber, 2005).  Furthermore, the POGIL limiting 

reagents laboratory was designed to be a safe, user-friendly activity to help reinforce the 

concepts of balancing equations and limiting reagents.  The limiting reagents laboratory also 

emphasizes the use of non-scientific examples, particularly in the realm of limiting reagents, to 

gradually and smoothly transition to scientific examples of limiting reagents (see Appendix A 

key questions from the experimental limiting reagents laboratory).  Students can, therefore, 

practice and reinforce the stoichiometric concepts they’ve learned in a hands-on format.  As a 

final step in this laboratory, some practice questions were included to allow students the 
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opportunity to put together all of the stoichiometric concepts they’ve learned and to fully 

demonstrate their understanding of these concepts (see Appendix A problems from the 

experimental limiting reagents laboratory). 

In order to evaluate the effectiveness of each of the three newly-designed POGIL 

methods mentioned above, a study was employed which compared two separate quiz scores, a 

quiz dealing with the concept of balancing equations and a quiz dealing with the concept of 

limiting reagents.  Student scores from these two quizzes were then compared for experimental 

groups (chemistry students who used the newly-designed POGIL methods to learn balancing 

equations and limiting reagents) and control groups (chemistry students who used more 

traditional methods of learning balancing equations and limiting reagents).   

Research Questions 

In order to assess the effectiveness of the POGIL methods used in this study, two questions 

were addressed. 

1)  Does the newly-designed POGIL method on balancing equations improve balancing  

 

equations quiz scores for introductory chemistry students? 

 

2) Do the newly-designed POGIL classroom method on limiting reagents and the newly- 

 

designed POGIL laboratory method on limiting reagents improve limiting reagents quiz  

 

scores for introductory chemistry students? 
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Research Methodology Used 

This study used a quantitative, quasi-experimental design which compared quiz scores of 

experimental and control groups participating in the study (Creswell, 2009).  The research study 

was conducted over a period of two years.  The quizzes used in this study were designed to 

specifically address the stoichiometric areas mentioned above which were consistently found to 

be most difficult for students.  To expand the breadth of this study and its impact on different 

student populations and instructors, several different instructors and their respective classes acted 

as participants.  Nonrandom, convenient sampling of participants was used, and some 

participants were from a high school setting while other student participants were from a college 

setting.  Four chemistry instructors and their respective classes took part in this study, and a total 

of  200 participants were targeted for the study (N = 200).  Overall, six introductory chemistry 

classes were targeted as experimental groups and two introductory chemistry classes as control 

groups.  Four of the experimental classes involved participants from a mid-size, suburban, 

Midwestern public high school (approximately 80 students in all four classes), with one of the 

control classes having participants from this same high school (approximately 20 students).  All 

participants from this high school were 11
th

-grade introductory chemistry students.  The high-

school portion of the study primarily targeted  Caucasian high-school students from middle-

income families.  A fairly even gender distribution was sought in each of the high-school 

chemistry classes taking part in this study.  

The two remaining experimental classes that took part in the study had participants from 

a mid-size, Midwestern public university and a small Midwestern community college 

(approximately 25-35 students in each of the classes).  The control class from the college portion 

of this study had participants from the aforementioned Midwestern university (approximately 40 
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students in this control class).  All participants from both of the colleges in this study were 

introductory chemistry students.  The college portion of the study targeted a fairly diverse ethnic 

mix of students with varying income levels.  A fairly even gender distribution was sought in each 

of the college chemistry classes taking part in this study.  

In designing the POGIL methods for this study, consideration for the safety of the 

students taking part in the study was important, and the use of these methods entailed no more 

risk to students than normal chemistry classroom activities.  All high school students 

participating in the study were given information about the study and the activities associated 

with it prior to their involvement in the study.  The high school students and their parents were 

asked to sign an informed consent document prior to involvement in the study.  Any questions 

regarding participation in the study were answered, and participants had the right to withdraw 

from the study at any time without penalty.  Likewise, all college students participating in the 

study were also given information about the study and were asked to sign an informed consent 

document prior to their involvement in the study.  Questions regarding participation in the study 

were answered, and these college participants also had the right to withdraw from the study at 

any time without penalty.  All participant names and any identifying information about the 

participants taking part in this study were kept strictly confidential; all data from the study was 

presented in aggregate and thus, anonymous format.  Approval from the University of 

Wisconsin-River Falls Institutional Review Board was obtained before the study was conducted. 

Data Collection 

 The three new POGIL methods involved in this study were designed to specifically 

address the problematic areas for students lacking in existing POGIL stoichiometric methods.  

Among other things, the balancing equations activity designed for this study uses a more 
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structured format and includes elements which aid in the transition from non-scientific to 

scientific examples.  It also includes information and questions which specifically address the 

problematic area of incorrect subscript usage.  Moreover, the limiting reagents classroom activity 

and laboratory activity designed for the study include non-scientific to scientific transitional 

questions, as well as non-scientific equations, to help students fundamentally grasp the concept 

of limiting reagents.  In the case of the limiting reagents laboratory activity, students are also 

given the opportunity to learn the concept of limiting reagents in a hands-on fashion, an 

opportunity that doesn’t exist in current POGIL methods.   

The two quizzes used to compare control and experimental groups in this study contain 

questions that specifically address the problematic areas for students detailed above.  A 

comparison of scores for these two quizzes for the experimental groups (participants using the 

newly-designed POGIL methods to learn the key chemistry concepts mentioned above) and 

control groups (participants using more traditional methods to learn these same chemistry 

concepts) was used to assess the effectiveness of the newly-designed POGIL methods.   

All participants were taught the concept of balancing equations according to the method 

designated for each group (i.e. POGIL methods for experimental groups and traditional methods 

for control groups).  A balancing equations quiz was then administered to each of the control and 

experimental groups.  Scores from this quiz were then compared for the control and experimental 

groups.  Next, participants in the experimental groups were given both the POGIL limiting 

reagents classroom activity and the limiting reagents laboratory activity, while participants in the 

control groups learned these molar concepts via more traditional methods.  After all participants 

were taught limiting reagents concepts according to their respective methods, a second quiz on 
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limiting reagents was administered to all participants.  Control and experimental group scores 

from this second quiz were also compared.   

 Four different chemistry instructors and their respective classes took part in this study.  In 

order to maintain consistency in the administration of the POGIL activities among all instructors 

and groups taking part in this study, an instructor facilitation plan was created for each of the 

newly-designed POGIL activates.  The facilitation plan for each activity contains detailed 

instructions specifying how to set up each activity.  All of the instructors involved in the study 

were given a facilitation plan for each POGIL activity and had an opportunity to clarify any 

issues before administering the new POGIL methods to their classes.  In order to maintain 

consistency in the grading of quizzes and results for the study, a detailed grading rubric for each 

quiz involved in the study was created.  All instructors were given these grading rubrics and 

were asked to follow these guidelines before submitting any final results for the study.  Once 

each participating instructor completed and graded the POGIL quizzes according to the rubrics, 

the original documentation for the study was mailed by the participating instructors to the 

principal investigator for compilation and final data analysis. 

Results of Research Study 

As mentioned above, participants from the experimental groups were given the three new 

POGIL methods to learn balancing equations and limiting reagents concepts.  Likewise, 

participants from the control groups learned these concepts in more traditional manners.  Two 

quizzes, a balancing equations quiz and a limiting reagents quiz, were then administered to all 

participants, and scores from the experimental and control groups were compared to determine 

the effectiveness of the new POGIL methods.  Statistical analysis included a comparison of  
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experimental and control group average (mean) quiz scores at a 90% confidence level (= .05) 

to determine if the averages for these two groups were statistically different (Taylor, 1990).   

The overall results of this study will be discussed in terms of the data associated with 

student scores from the balancing equations quiz and the data associated with student scores 

from the limiting reagents quiz.  The following graphs were generated to show a comparison of 

various control and experimental group results (see Appendix D): 

1) Cumulative average balancing equations quiz score for control group 1 (college level 

control group) and control group 2 (high school level control group) compared to the 

cumulative average balancing equations quiz score for experimental groups 1-4 (all of 

the experimental groups). 

2) Average balancing equations quiz score for control group 1 compared to the 

cumulative average quiz score for experimental groups 1-3 (all of the college 

experimental groups).  

3) Average balancing equations quiz score for control group 1 compared to the average 

balancing equations quiz score for experimental group 1. 

4) Average balancing equations quiz score for control group 1 compared to the average 

balancing equations quiz score for experimental group 2. 

5) Average balancing equations quiz score for control group 1 compared to the 

cumulative average balancing equations quiz score for experimental groups 1 and 2. 

6) Average balancing equations quiz score for control group 1 compared to the average 

balancing equations quiz score for experimental group 3. 
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7) Average balancing equations quiz score for control group 1 compared to the average 

balancing equations quiz score for experimental group 4 (high school level 

experimental group). 

8) Average balancing equations quiz score for control group 2 (high school level control 

group) compared to the average balancing equations quiz score for experimental 

group 4. 

9) Average balancing equations quiz score for control group 2 compared to the average 

balancing equations quiz score for experimental group 1. 

10) Average balancing equations quiz score for control group 2 compared to the 

cumulative average balancing equations quiz score for experimental groups 1-3. 

11) Cumulative average balancing equations quiz score for control groups 1 and 2 

compared to the cumulative average quiz score for experimental groups 1-3. 

12) Cumulative average balancing equations quiz score of question 5 for both control 

groups compared to the cumulative average balancing equations quiz score of 

question 5 for all of the experimental groups (experimental groups 1-4). 

13) Cumulative average balancing equations quiz score of question 6 for both control 

groups compared to the cumulative average balancing equations quiz score of 

question 6 for all of the experimental groups. 

14) Average limiting reagents quiz score for control group 2 compared to the average 

limiting reagents quiz score for experimental group 4. 

15) Average limiting reagents quiz score of question 2b for control group 2 compared to 

the average limiting reagents quiz score of question 2b for experimental group 4. 
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16) Average limiting reagents quiz score of question 2c for control group 2 compared to 

the average limiting reagents quiz score of question 2c for experimental group 4. 

Student quiz scores for questions 5 and 6 of the balancing equations quiz were isolated  

for additional study because both of these questions most specifically address the most 

problematic areas for students in learning the concept of balancing equations.  Likewise, student 

quiz scores for questions 2b and 2c of the limiting reagents quiz were isolated for further study 

because these two questions most specifically address those areas that are most problematic for 

students in learning limiting reagents concepts.  It should also be noted that, since only the high 

school instructor and respective high school participants were able to complete the POGIL 

limiting reagents classroom and laboratory activities, the limiting reagents data collected could 

only be used to compare the high school control group (control group 2) and the high school 

experimental/POGIL group (POGIL group 4).  

 Based on the aforementioned results, different control and experimental groups were 

compared to determine if any statistical differences existed between their average quiz scores.  

The following is a summary of these findings: 

1) The overall average balancing equations quiz score for both control groups was  

78 % + 18%.  The overall average balancing equations quiz score for all of the  

experimental groups was 80% + 24%.  It was found that there was no statistical  

difference between these averages. 

2) In comparing control and experimental overall averages for the balancing equations 

quiz from the college portion of the study, it was found that the college control group 

(control group 1) had an overall average quiz score of 77% + 18% while the 

cumulative average score of all of the college experimental groups (POGIL groups 1-
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3) was 88% + 19%.  Statistical analysis showed that there was a statistical difference 

between these average scores. 

3) Further breakdown of the college experimental data revealed that the balancing 

equations average quiz score for POGIL group 1 was 91% + 15%.  When compared 

to the control group 1 average score of 77% + 18%, it was found that there was a 

statistical difference between these two averages.  The average balancing equations 

quiz score for POGIL group 2 was 85% + 32%.  There was no statistical difference 

between the average score for POGIL group 2 and control group 1.  Since POGIL 

groups 1 and 2 had the same instructor, an overall average balancing equations quiz 

score for POGIL groups 1 and 2 was found to be 89% + 24%.  There was a statistical 

difference between this overall average score and the average score for control group 

1.  The average balancing equations quiz score for POGIL group 3 was 85% + 14%.  

There was a statistical difference between the average score for POGIL group 3 and 

the average score for control group 1. 

4) The overall average balancing equations quiz score for the high school control group 

(control group 2) was 81% + 15%.  The average balancing equations quiz score for 

the high school experimental group (POGIL group 4) was 71% + 24%.  No statistical 

difference was found between these two averages, nor could a statistical difference be 

found between the averages for POGIL group 4 and control group 1.  Furthermore, 

the average score of 88% + 19% for all of the college experimental groups (POGIL 

groups 1-3) was compared to the average score for control group 2, and no statistical 

difference was found.  A statistical difference was found between the average score 

for control group 2 and the average score for POGIL group 1, however.  Finally, a 
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statistical difference was also found when comparing the average score for both 

control groups (78% + 18%) and the cumulative average score (88% + 19%) of all of 

the college experimental groups (POGIL groups 1-3). 

5) A comparison of average control and experimental group scores for questions 5 and 6 

of the balancing equations quiz was also done.  The cumulative average score of 

question 5 for both control groups was 76% + 30%.  The cumulative average score of 

question 5 for all of the experimental/POGIL groups was 87% + 26%.  There was a 

statistical difference between these two averages.  The cumulative average of 

question 6 for both control groups was 40% + 46%.  The cumulative average score of 

question 6 for all of the experimental/POGIL groups was 64% + 41%.  There was 

also a statistical difference between these two averages. 

6) The average limiting reagents quiz score for control group 2 was 38% + 15%.  The 

average limiting reagents quiz score for POGIL group 4 was 43% + 19%.  There was 

no statistical difference between these two averages.  The control group 2 average for 

question 2b of the limiting reagents quiz was 27% + 33%, and the average for 

question 2b of the limiting reagents quiz for POGIL group 4 was 25% + 33%.  There 

was not a statistical difference between these two averages.  Finally, the control group 

2 average for question 2c of the limiting reagents quiz was 31% + 24%, and the 

average for question 2c of the same quiz for POGIL group 4 was 38% + 31%.  No 

statistical difference was found between these two averages. 
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Limitations of Research Study 

Although a great deal of effort went into ensuring best practices for this study, some 

factors which could not be controlled may have influenced the outcome of this study and thus, 

should be discussed.   

1) Because a total of four chemistry instructors were involved in the administration of activities 

for this study, variations in teaching styles, how closely instructors followed the instructions 

detailed in the facilitation plans, and the varying levels of experience instructors may have 

had with the POGIL process may have affected the final results of this study. 

2) Because convenient sampling and a somewhat small sample size were used in conducting 

this study, the overall results of this study may have been impacted.  Furthermore, only one 

control group from the high school portion of the study and one control group from the 

college portion of the study were used, and these factors may have impacted the final 

outcome as well.  As a final note, the control group from the high school portion of the study 

had the smallest sample size of only 17 participants.  Due to all of these factors, it may be 

difficult to duplicate the results of this study and/or generalize the results of this study to a 

larger population. 

3) Only the high school chemistry classes involved in this study, due to time or other 

constraints, had the opportunity to attempt all three of the newly-designed POGIL activities 

designed for this study.  Therefore, the data, particularly for the limiting reagents activities, is 

limited.  Moreover, varying levels of experience the students may have had with the POGIL 

process as well as their ability to complete the activities likely impacted the final results.  It 

should also be noted that several of the high school student POGIL groups, due to time 

constraints, were not able to complete the POGIL activities.  The high school students who 
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participated in the POGIL portion of the study, by the discretion of the participating 

instructor, were also informed that the POGIL activities and quizzes would not factor into 

their course grades.  This factor may also have affected the final results of the high school 

portion of the study. 

Analysis of Data 

In order to formulate the most complete study of the results generated by this study, 

statistical analysis comparing averages of different control and experimental groups was 

performed.  Statistical analysis involved an assessment of data based on a 90% confidence 

interval in order to determine if statistical differences existed between different control and 

experimental group averages.   

Balancing Equations Quiz Data Analysis 

 The initial data analysis involved a comparison of the cumulative average balancing 

equations quiz score for both control groups and the cumulative average balancing equations 

quiz score for all of the experimental/POGIL groups.  The overall average quiz score for both 

control groups was 78% while the overall average score for all experimental groups was 80%, 

and there was no statistical difference between these averages.  Both control groups had average 

quiz scores comparable to one another:  77% for control group 1 (college level control group) 

and 81% for control group 2 (high school level control group).  Three of the experimental groups 

also had average quiz scores comparable to one another:  91% for POGIL group 1, 85% for 

POGIL group 2, and 85% for POGIL group 3.  The final experimental group, POGIL group 4, 

had an average quiz score of only 71%.  POGIL group 4 was the experimental group consisting 

of high school level participants while the remaining experimental groups had college level 

participants.   
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In order to address the considerably lower average quiz score for POGIL group 4 (the 

high school group), two contributing factors need to be discussed.  The first factor is the overall 

lack of experience the high school level participants from POGIL group 4 generally had with 

assignments involving teamwork.  Because a major aspect of POGIL activities depends on 

successful teamwork, the more experience students tend to have with POGIL and its associated 

teamwork elements, the better students generally perform on POGIL coursework (Moog & 

Spencer, 2008).  Therefore, as the high school participants gain more experience with POGIL 

coursework and elements of teamwork, it would be expected that they progressively perform 

better on POGIL coursework and associated quizzes (i.e. balancing equations quiz).  The second 

factor to be discussed is that the high school participants, as decided by the participating 

instructor, were informed that their scores on the POGIL coursework and the balancing equations 

quiz would not be factored into their course grades.  In addition, several of the high school 

POGIL groups were not able to complete the POGIL activities due to time limitations.  This puts 

into question, then, whether the high school students were sufficiently prepared for the balancing 

equations quiz and/or had the initiative to put the necessary effort into the POGIL activities and 

the balancing equations quiz.  Consequently, these two important factors likely impacted the 

high school student quiz scores and may very well account for the much lower average quiz 

score for POGIL group 4. 

When examining the college portion of the study and the corresponding data, the 

balancing equations quiz data revealed some significant findings.  The average quiz score for 

control group 1 (college participants) was 77%, while the cumulative average quiz score for 

POGIL groups 1-3 (college participants) was 88%.  These POGIL groups scored statistically 

higher than the control group.  Also, the cumulative average of the three college POGIL groups 
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(POGIL groups 1-3) of 88%  was found to be statistically higher than the cumulative average of 

78% for both of the control groups (college and high school control groups).  These two findings 

provide the most compelling evidence that the POGIL balancing equations activity may have 

helped several students in the experimental groups, particularly the college experimental groups, 

perform better on the balancing equations quiz than students in the control groups. 

 In comparing the college portion of the study to that of the high school portion, there are 

perhaps two other contributing factors that may help account for the better performance of the 

college POGIL participants on the balancing equations quiz than the high school POGIL 

participants.  The first reason is that the college participants were generally more accustomed to 

teamwork assignments of a nature similar to the teamwork elements of POGIL coursework than 

the high school participants were.   The second reason is that some of the college participants had 

already taken chemistry classes as part of their previous coursework.  As a result, the college 

participants seemed better prepared for the POGIL activities and the balancing equations quiz 

than the high school participants.  It is expected, then, that given more exposure to POGIL 

activities and the teamwork experience, the high school participants would perform better on the 

balancing equations quiz and on POGIL activities in general (Moog & Spencer, 2008).   

There is one remaining factor concerning the overall balancing equations quiz scores that 

should be discussed.  POGIL groups 1 and 2 were both taught by the same instructor, an 

experienced POGIL instructor, while the remaining POGIL groups were taught by instructors 

without specific POGIL experience.  The cumulative average score of the balancing equations 

quiz for POGIL groups 1 and 2 was 89%, and both POGIL groups 1 and 2 had average quiz 

scores at or above the average score for the other POGIL groups.  Both this evidence and the 

literature suggest that as an instructor gains more experience with teaching POGIL coursework, 
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students generally perform better on POGIL coursework and quizzes (Moog & Spencer, 2008).  

As each of the instructors gains more experience with POGIL instruction, therefore, student 

coursework and quiz scores should correspondingly rise. 

The final data analysis for the balancing equations quiz involved a breakdown of the quiz 

data with respect to two quiz questions that most specifically address the areas most problematic 

for students learning how to properly balance equations.  These two questions were numbers 5 

and 6 of the balancing equations quiz.  The cumulative average for question 5 for both of the 

control groups was 76%, and the cumulative average for question 5 for all of the experimental 

groups was 87%.  The average experimental group score was statistically higher than the average 

control group score for this question.  Likewise, the cumulative average score for question 6 for 

both control groups was 40% while the question 6 cumulative average for the experimental 

groups was 64%.  The experimental group average score was statistically higher than the control 

group average on this question as well.  These findings revealed that both the college and high 

school student groups that worked on the POGIL activities performed much better on these two 

critical concept questions than students from the control groups performed on these same 

questions.  This is compelling evidence that the POGIL balancing equations activity may have 

helped students in the experimental groups perform much better on the critical concept/problem 

areas of the balancing equations process than students in the control groups. 

Limiting Reagents Quiz Data Analysis 

 The data from the limiting reagents quiz is much more limited than the data from the 

balancing equations quiz.  Moreover, all of the data from the limiting reagents quiz exclusively 

involves high school participants, and a smaller number of high school participants were 

involved in this part of the study than in the balancing equations quiz study.  For all of these 
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reasons, it will be more difficult to generalize results and findings from the limiting reagents quiz 

data than from the balancing equations quiz data.   

 The overall average limiting reagents quiz score for the control group (control group 2) 

was 38%, and the overall average quiz score for the experimental group (POGIL group 4) was 

43%.  As in the case of the balancing equations quiz, data from two questions (questions 2b and 

2c) was selected because these two questions best represented the most problematic areas for 

students in learning limiting reagents concepts.  The average score for question 2b of the limiting 

reagents quiz for the control group (control group 2) was 27%, and the average score for 

question 2b for the experimental group (POGIL group 4) was 25%.  Finally, the average score 

for question 2c of the limiting reagents quiz for the control group (control group 2) was 31% 

while the average score for this same question for the experimental group (POGIL group 4) was 

38%.  In each of the above cases from the limiting reagents quiz, there was no statistical 

difference found between the control data and the experimental data. 

 In analyzing the data from the limiting reagents quiz, it should first be noted that the 

overall average quiz scores as well as the averages from questions 2b and 2c were quite low for 

both the control group and the experimental group.  In general, the data was consistently low for 

both the control and experimental groups.  One contributing factor for these low scores was that 

the participating high school instructor had little time to address the limiting reagents concepts in 

class, either by traditional methods or by use of POGIL instruction.  In the case of the POGIL 

instruction, several of the groups were not able to complete the POGIL classroom activity or 

laboratory activity.  Since the POGIL activities and limiting reagents quiz were designed to 

address problematic areas in limiting reagents concepts, the lack of time to adequately address 

these areas in class definitely impacted quiz scores.  Another contributing factor to the low quiz 
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scores is that, as mentioned earlier, the high school participants were informed by their instructor 

that the POGIL coursework and limiting reagents quiz would not be factored into their course 

grades.  This definitely calls into question the legitimacy of the high school limiting reagents 

quiz results, particularly for the experimental group. 

Recommended Modifications for Further Research 

 While the newly-designed POGIL methods for stoichiometry revealed some promise in 

helping students learn difficult stoichiometric concepts, certain modifications to the methods and 

to the general research should be done if any further analysis is to be conducted. 

 One of the most important elements that should be incorporated into any future research 

involving these new POGIL activities is the use of models, for the use of models and hands-on 

activities is a critical element used to fully comprehend many important scientific concepts 

(Gobert & Buckley, 2000).  Models were used in the limiting reagents laboratory activity, in the 

form of edible s’mores ingredients, to demonstrate what happens when ingredients are 

consumed.  Similarly, model kits could be used in the balancing equations activity to 

demonstrate chemical bonding and structure.  For example, students could use model kits to 

show how bonding in one molecule differs from another.  This might be particularly useful in 

helping students visually determine how subscripts in chemical formulas relate to molecular 

bonding.   

 Models could also be used in the limiting reagents classroom activity.  As was the case 

for the balancing equations activity, students could use model kits to visualize chemical structure 

and bonding.  Students could also use these models to build product molecules from reagent 

molecules.  Not only would students be able to see how bonding takes place in the formation of 

the product molecules, but they would also be able to see the result of one of the reagents (i.e. the 
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limiting reagent) being completely consumed.  This limiting reagent concept could then be 

reinforced and built upon by the limiting reagents laboratory activity. 

 Two other important considerations in doing any future research on the new POGIL 

methods is the need for introductory guidance and practice teamwork.  These two elements seem 

to be especially important for the high school level participants.  The high school participants, 

according to the participating instructor, had greater difficulty working independently and 

required more guidance from the instructor than did the college participants.  As mentioned 

earlier, POGIL participants tend to develop a greater level of comfort with POGIL coursework as 

they gain experience (Moog & Spencer, 2008).  Therefore, the more experienced college 

participants generally performed better on the POGIL activities and quizzes than the high school 

participants because they generally had more experience with teamwork and with working 

independently.  We might expect, then, that the high school students would gain this same level 

of comfort and thus, perform better on POGIL activities and quizzes as they gain this essential 

experience.  To help the high school participants in this process, it might be useful to initially 

provide more guidance and introductory material for the first POGIL activity and gradually 

provide less guidance with subsequent activities.  Also, it might be helpful to provide some 

practice activities involving teamwork prior to administering the first POGIL activity.  This may 

help the high school students develop a greater comfort level with the POGIL process prior to 

working on the first POGIL activity. 

 Finally, it is worth considering other areas of chemistry in which POGIL activities are 

lacking.  As mentioned earlier, there are currently no POGIL laboratory methods dealing with 

stoichiometric concepts.  A POGIL balancing equations laboratory method reinforcing and 

building upon the concepts of the balancing equations classroom activity could help further 
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conceptual understanding of balancing equations.  A balancing equations laboratory method 

focusing on the use of molecular model kits or similar equipment to build many different 

molecular models could really enhance student understanding of balancing equations concepts.  

Similar POGIL laboratory methods could also be designed to address other important chemical 

concepts that are not currently being addressed in this manner, such as net ionic equations, 

solution chemistry, and other related concepts.  Molecular models or other simple laboratory 

equipment could also be used to help illustrate important concepts and related problems students 

tend to have with these areas of chemistry.   

Summary of Findings 

 The importance of science and the need for qualified scientists in today’s world cannot be 

overemphasized.  Indeed, science and the education of today’s science students may very well 

play a crucial role in many of the successes or failures of modern society.  Therefore, it is 

absolutely essential that science educators have the best tools at their disposal to effectively 

educate science students according to the demands of today’s world.   

One of the most important and effective tools available to teach the sciences is the 

POGIL process.  While the POGIL process has its definite advantages, some of its methods are 

lacking in the realm of stoichiometry.  In particular, there are certain aspects of balancing 

chemical equations which are not addressed in current POGIL literature, such as incorrect use of 

subscripts and coefficients, which consistently cause problems for students learning this key 

concept.  In addition, there are no current POGIL limiting reagents laboratory methods or POGIL 

limiting reagents classroom activities that contain adequate language or examples to transition 

students from non-scientific to scientific stoichiometric examples, a transition that is essential to 

learning limiting reagents concepts.   
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In order to address the deficiencies noted above, three new POGIL methods were 

designed, and a comparative study of various high school and college introductory chemistry 

classes was conducted to assess the effectiveness of these new POGIL methods.  The POGIL 

methods prepared for this study were:  a balancing equations activity, a limiting reagents 

classroom activity, and a limiting reagents laboratory activity.  A quiz on the concept of 

balancing equations and a quiz on limiting reagents concepts were administered to participants in 

the study to assess the effectiveness of these new methods. 

In general, the new POGIL method on balancing equations seemed to be quite effective 

in helping introductory chemistry students at a college level perform well on the respective 

balancing equations quiz.  The same method was seemingly not as effective in helping high 

school introductory chemistry students perform as well on the balancing equations quiz.  Both 

college and high school POGIL participants performed more effectively than non-POGIL 

participants on the two critical quiz questions that dealt with key problematic areas for students 

in balancing equations. 

While only a limited number of high school participants were involved in the limiting 

reagents portion of the research study, it was found that the limiting reagents classroom activity 

and laboratory activity were not effective in helping the high school POGIL participants perform 

better on the limiting reagents quiz than the non-POGIL participants.  Also, these POGIL 

participants did not perform better on the two critical limiting reagents quiz questions dealing 

with key problematic areas for students than did the non-POGIL participants. 

The newly-designed POGIL methods for this research study seem to have shown some 

effectiveness in helping students learn stoichiometric concepts.  Some modifications to the 

methods, especially with respect to the limiting reagents methods, may help to further student 
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understanding of the critical stoichiometric concepts.  While some modifications to the methods 

may be needed, the new POGIL methods designed for this study show some promise in aiding 

students through learning some of the most problematic aspects of stoichiometry. 
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Appendix A: 

Experimental POGIL Stoichiometric Activities, Quizzes, and  

Instructor Facilitation Plans 
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                 Chemistry-Fall, 2010  

                Tourville 
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GUIDED INQUIRY ACTIVITY:  BALANCING CHEMICAL EQUATIONS 

Why: 
Matter cannot be created or destroyed in a chemical reaction.  The atoms that make up 

the matter involved in a chemical reaction are simply rearranged.  In other words, all of 

the atoms that go into a reaction must come out of the reaction in the same amount.  

Using these basic principles of the Law of Conservation of Matter and Dalton's Atomic 

Theory, all chemical reactions can, and must be, balanced. 

 

Learning Objective: 
 To learn the process of balancing chemical equations and the concepts associated with it. 

 

Success Criteria: 
 To demonstrate the ability to properly balance chemical equations. 

 

Prerequisites: 
 Conservation of matter 

 Chemical formulas and compound nomenclature 

  

New Concepts: 
 Balanced chemical reactions 

 Proper use of coefficients and subscripts in balancing equations 

   

References:  
Balancing Chemical Equations. (Version 2, Corrected, January, 2007).Retrieved March 

21, 2010, from http://www.pogil.org/uploads/media_items/balancing-chemical-

reactions.original.pdf  

 

Lecture 3:  Balancing Equations.Retrieved March 21, 2010, from 

http://www.calzim.com/online/online3_2/class_material/unit3/unit3.htm 

 

 

Science Standards: 
Addresses Minnesota Science Standard (9.2.1.2.3) dealing with matter, chemical 

reactions, & describing chemical reactions using words and symbolic equations. 
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Model 1:  Counting Atoms                   

 

The following figures represent the combination of hydrogen and oxygen in the 

chemical reaction that produces water. 
 

 Figure 1:  

 

Molecule(s) of hydrogen             Molecule(s) of oxygen  Molecule(s) of water 

 

                        H-H                 +                    O-O             →             H-O-H 

 

 

 

 

 Figure 2:   

     

              Molecule(s) of hydrogen             Molecule(s) of oxygen  Molecule(s) of water 

                                

                        H-H                     +                         O-O                  →           H-O-H  +  H-O-H 

 

 

 

 

 Figure 3: 

 

Molecule(s) of hydrogen             Molecule(s) of oxygen  Molecule(s) of water 

                      

   H-H  +  H-H               +                          O-O                  →           H-O-H  +  H-O-H 

 

 

 

Key Questions: 
 

1. Complete the following table for each of the figures above. 

 

Figure # of reactant 

molecules 

# of product 

molecules 

# of 

hydrogens 

on reactant 

side 

# of 

hydrogens 

on product 

side 

# of oxygens 

on reactant 

side 

# of oxygens 

on product 

side 

1       

2       

3       
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2. Which of the above figure(s) shows a balanced equation?  Explain your answer. 

 

 

 

 

 

 

 

 

3.       Use your own words to explain what must occur in order for there to     

            be a balance between the reactants and the products in a chemical equation. 

 

 

 

 

 

 

 

Model 2:  Changing Compound Subscripts  

 

Consider these two different types of cycles:  a unicycle and a bicycle.  

 

                                  
 

 

Each of these cycles has a frame as its base, but what really makes each cycle different and 

unique from the other is its number of wheels.  This is even indicated in the name for each cycle:  

unicycle (1 wheel) and bicycle (2 wheels).  In terms of a chemical reaction, a unicycle can be 

depicted as:  1 wheel (1 Wh) + 1 frame (1 Fm) → 1 unicycle, or Wh + Fm → WhFm.  In a 

similar manner, a bicycle can be depicted as:  2 wheels (2Wh) + 1 frame (1Fm) → 1 bicycle, or 

2Wh + Fm → Wh2Fm.  Although both of the cycles are similar, each cycle is distinctly different 

from the other because its number of wheel(s) is unique to it and gives that cycle its unique 

characteristics.   

 The same holds true for chemical compounds and their formulas.  For instance, both CO 

(carbon monoxide) and CO2 (carbon dioxide) consist exclusively of carbon and oxygen.  

Changing the subscript of the oxygen from 1 in carbon monoxide to 2 in carbon dioxide, 

however, radically changes the substance from a gas that is deadly at very low concentrations to 

a gas that makes up part of every breath we take.  Just as changing the number of wheels in a 
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cycle changes its identity (i.e. from a 1-wheeled unicycle to a 2-wheeled bicycle), changing a 

subscript in a compound formula changes the identity of the compound.   

Now let's take a look at the following chemical reaction: 

 

  (1)   H2  +  O2   →    H2O. MOLECULAR MODEL OF WATER (H2O):       

          
 

We examined this reaction above:  hydrogen and oxygen chemically reacting to form water.  We 

know that the reaction is not balanced, and a quick look shows that we need an extra oxygen 

atom on the product side of the equation.  Placing a subscript of 2 beneath the oxygen atom on 

the product side balances all of the atoms and makes the molecule on the product side H2O2.   

 

The reaction then becomes: 

 

  (2)   H2 + O2   →     H2O2.  MOLECULAR MODEL OF  

HYDROGEN PEROXIDE (H2O2):  

          
 

 

Key Questions/Exercises:  
 

1. In model 2 above, the equation depicting a bicycle is written as: 

2Wh + Fm →  Wh2Fm.  Would it be correct to write this equation as: 

Wh2 + Fm  →  Wh2Fm?  Explain how the two equations are different.   

(HINT:  Compare the two equations and explain what the parts of each equation mean.) 

 

 

 

 

 

 

 

 

2. Examine equations (1) and (2) from model 2 above which show the chemical 

combination of hydrogen and oxygen.  Compare the two equations and state what is 

different about each of them.  Is either of the two equations balanced as written? 

 

 

 

 

 

3. Examine equations (1) and (2) from model 2 once again.  Recall that equation (2) was an 

attempt to balance the oxygen from equation (1) by changing the subscript of the oxygen 
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on the product side.  Use your own words and the information and molecular model 

provided above to explain if this attempt to balance equation (1) is correct and explain 

why/why not.  If this attempt is incorrect, use the information provided above to show the 

correct way to balance equation (1).   

 

 

 

 

 

 

 

 

 

 

4. A student attempted to balance the following equations.  Did the student balance  

the equations correctly?  If not, correct the errors and balance the equations  

properly.  If the student made an error in balancing, use your own words to explain why  

the method the student used is incorrect. 

  

 a.   Equation to be balanced:   Cu2S  +    O2  →        Cu  +      SO2 

 

 

       Student's attempt:  Cu2S   +   O2 → Cu2  +    SO2 

 

 

 

 

 

 b.   Equation to be balanced: Fe2O3  +    Mg  →   MgO  +    Fe 

 

 

       Student's attempt:  Fe2O3  +    Mg → MgO3  +    Fe2 

 

 

 

 

 c.   Equation to be balanced:   H2O2     →      H2O    +      O2 

 

 

                   Student’s attempt: H2O2  +  O2  + H2    →    2H2O  +    O2 

 

 

 

              d.   Equation to be balanced:  Mg      +    HNO3   → Mg(NO3)2  +     H2 

 

         Student’s attempt:  Mg    +      H2(NO3)2  → Mg(NO3)2  +     H2 
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5. As a group, use what you’ve learned from the models and the exercises above to  

write some of your own rules for balancing chemical equations.  Test your rules  

by trying them out on the problems below.  (HINT:  One of your rules might indicate that 

it’s best to leave any elements for last when balancing equations.) 

 

 

 

 

 

 

 

 

Problems:  
 

Balance each of the following equations using the models and your written rules for 

balancing equations for guidance. 

 

 

1. Al   +       O2   →           Al2O3 

 

 

 

 

 

2.  N2   +      H2      →        NH3 

 

 

 

 

 

3. Ca(OH)2   +     CO2   →       CaCO3   +     H2O 

 

 

 

 

 

4. Cu    +     AgNO3  →         Cu(NO3)2  +     Ag 

 

 

 

 

 

5. Ga    +      H2SO4      →          Ga2(SO4)3   +       H2 

 

 



USING GUIDED INQUIRY TO TEACH STOICHIOMETRY   44 

         Chemistry-Fall, 2010 

         Tourville 

 

FACILITATION PLAN FOR GUIDED INQUIRY ACTIVITY: 

      BALANCING CHEMICAL EQUATIONS 

 

Intended Student Audience: 

This activity is designed primarily for introductory chemistry students at a high school or 

general chemistry level who have little or no knowledge of guided inquiry activities. 

 

Prerequisite Knowledge: 

Prior to attempting this activity, students should be introduced to/review chemical 

formulas and formula subscripts. 

  

Time Commitment for Activity: 

Since this will be a first attempt at a guided inquiry activity for most students, extra time 

should be allotted for this introductory activity.  I suggest allowing at least two full 50-

minute class periods for this activity.  The intent of this activity is for students to gain a 

fuller understanding of the process of balancing chemical equations and to learn some 

essentials of the guided inquiry process.  The time used for this activity should take the 

place of normal lecture and classroom time spent on covering this topic.  Therefore, the 

instructor should only review the suggested points outlined in this activity’s prerequisites 

and allow ample time for student groups to independently work on this activity.   

 

Learning Objectives: 

To be able to balance chemical equations and to develop a sound understanding of this 

process, particularly concerning why formula subscripts cannot be changed when 

balancing equations. 

 

To develop process skills associated with guided inquiry activities, such as higher-level 

thinking and writing skills, as well as teamwork skills. 

 

Group Set-up: 

Students should ideally be placed in groups of four to do this activity.  If necessary, 

students can work in groups of three.  Each student should have his/her own worksheet, 

but students need to work together to agree upon and record the same answers on their 

worksheets.  Only the worksheet from the group’s recorder should be submitted for 

grading purposes, and the members of the group should all be graded based on this 

(group) compiled worksheet.  Students should work together within their groups, and the 

instructor should ideally intervene only when necessary (i.e. when students need added 

guidance or ask for help).  The instructor should closely monitor the groups, especially 

for this introductory activity when students are becoming accustomed to inquiry learning, 

to make sure students stay on task and that all group members are actively participating.  

The instructor should intervene as little as possible and emphasize to students the 

importance of working within their groups.  The instructor can check on group progress 

and student comprehension by bringing the class together at designated points in the 
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activity (i.e. checking with group presenters after groups have answered a certain 

designated key question).   

 

Rather than allowing students to choose their groups, it’s recommended that the 

instructor place students in groups of four.  The instructor may assign group members 

randomly, have students draw lots for assignment, or whatever means the instructor 

deems appropriate.  Once placed in groups, the student groups should remain the same 

for the remaining guided-inquiry activities (unless there is a compelling reason for the 

instructor to make a change in the group membership).  If you were, however, to continue 

to use guided-inquiry learning on an ongoing basis (i.e. throughout the entire school 

year), you may want to consider changing group membership at regular intervals, such as 

after each examination.  Since only a few inquiry activities will be tried here, I suggest 

keeping the group membership the same for each of the three inquiry activities, as 

students tend to bond and work well together after trying the process a few times. 

 

In order to benefit fully from guided-inquiry group learning, students need to understand 

that each group member has a role/responsibility.  Although the members of the group 

remain the same for each inquiry activity, members should take turns playing different 

roles with each activity.  The instructor needs to take time to thoroughly explain group 

roles and member responsibilities for this first activity, and these roles should probably 

be reviewed, at least to some extent, prior to setting students to work on subsequent 

inquiry activities.   

 

The first group member role is that of the group manager.  In addition to participating in 

the activity, this student acts primarily as the group leader, helping to keep the group 

focused on the activity and trying to ensure that all members participate.  The group 

manager also reports to the instructor how effectively the group is able to work together 

(i.e. if all members are participating, if any member dominates the group, etc.).  Based on 

this information about group dynamics (i.e. in the form of a group survey compiled by 

the manager or something of this nature), the instructor can determine if anything needs 

to be changed with respect to the workings of a particular group. Finally, the manager is 

the only member of the group allowed to ask questions of the instructor.  In order to 

foster a proper group dynamic, the instructor should make clear to students that they 

work closely together to answer questions within their group before seeking help from 

the instructor and make it clear to students that group questions to the instructor should 

come only from the group’s manager. 

 

The next member role is that of the recorder.  In addition to participating in the activity, 

this member is responsible for recording the group’s answers to the questions.  It’s 

recommended that each group submit one compiled answer sheet to the instructor to be 

graded, and this should be compiled by the group’s recorder.  Other group members may 

also record answers on their own sheets, but only the answers from the recorder should be 

submitted for the group’s grade.  It is the recorder’s responsibility to record clear answers 

representative of the entire group. 
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The final (one or two) group members act as the presenter(s).  In addition to 

participating in the activity, these members are responsible for presenting or explaining 

their group’s answers to designated questions.  The instructor should choose 2 or 3 key 

questions and ask each group to present answers to those questions.  This can be done 

formally or informally at the discretion of the instructor, as long as the instructor is able 

to receive the necessary feedback from groups to determine student understanding of the 

key concepts.  Rather than asking every group to report on the same question, it’s 

probably best to randomly select 2 (or 3) different group presenters and get feedback 

from them.  Different groups/presenters can be rotated and randomly selected to provide 

feedback on different questions. 

 

Instruction Plan: 

The instructor should spend about 15-30 minutes introducing the activity to students and  

explaining how the guided inquiry process works.  (Since this is the first attempt at  

guided inquiry, more time should be spent introducing this initial guided-inquiry process  

than will need to be spent on subsequent activities.)  The instructor should emphasize the  

importance of all members participating in the activity.  Let students know that only the  

worksheet from the group’s recorder will be submitted for grading, so it’s very important  

for group members to work together to agree upon the best answer.  It’s also important to  

stress to students that they need to come up with their own words to explain what they are  

learning in the activity (i.e. when answering essay key questions).  Several of the  

questions are open-ended essay questions, and students should be as thorough as possible  

in their answers to receive full credit.  Students learn important thinking and  

writing skills in this activity, and it will take some practice for them to become skilled at  

this.  It’s important to share this information with students and let them know some of the  

critical skills that are learned in the group guided-inquiry process.  Here are some of the  

benefits of inquiry-based group learning and important points you can share with students  

to help “sell” the group guided-inquiry process to them:  1) students working in learning  

teams tend to learn more and have a more thorough comprehension of material (i.e. get  

better grades) than in individualized learning, 2) inquiry-based learning helps students  

develop critical problem solving and thinking skills that are essential for future success,  

and 3) inquiry-based group learning helps students develop critical  

teamwork and communication skills that are essential to students’ future success. 

 

For this particular activity on balancing equations, groups should set off to work on 

model 1 key questions.  Try to push students to think through the model(s) within their 

groups and resist the temptation to offer help initially.  It will take some time for students 

to get accustomed to the inquiry process, but the skills learned from the process are quite 

beneficial.  Provide assistance here only when absolutely necessary.  

 

In order to keep students on task, the instructor may find it useful to loosely designate a 

time limit for each part of the activity.  For example, it might be useful to have the 

expectation that all groups have 30-40 minutes to complete key question #3, model 2, at 

which point a class review will take place.  Obviously, if students are struggling with the 

activity and need extra help, the time frame may need to be changed, but this might 

provide a good starting point and may give groups a good idea of how to pace their work.  
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Depending on how groups progress through the activity, the problems at the end of the 

activity may be done outside of class (as independent homework).  The key 

questions/exercises for both models 1 and 2, however, should be done within the student 

groups during normal class time.  If groups appear to be working at very different paces 

(i.e. one or two groups way ahead of the others), intervene by asking those groups 

working at an accelerated pace to write grammatically-correct statement(s) about a key 

question(s).  For example, groups that complete key question #3 of model 2 before other 

groups can be asked to write grammatically-correct, complete sentences describing the 

answer to this question.  (This helps to keep groups on the same pace, as well as to 

reinforce concepts and develop important writing skills.)  After most/all groups have 

completed key question #3 of model 2, stop the class and review at this point.  

Randomly select a group’s presenter to illustrate the answer to key question #2 from 

model 1.  Randomly select another group’s presenter to illustrate the answer for key 

question #3 from model 2.  Work with the class as a whole to determine if each of the 

groups has answered the questions correctly and correct any errors that may have 

occurred in the groups’ answers to these two questions. 

 

Monitor groups as they continue to work through model 2 key questions and intervene 

only when absolutely necessary.  Again, try to push students to work within their own 

groups and to think for themselves.  Once most/all groups have completed the key 

questions for model 2, randomly select a new group (presenter) to share the answer 

for one part of question #4 of model 2.  Randomly select a different group’s 

presenter to share the answer for another part of question #4.  Finally, randomly 

select another different group’s presenter to share the answer for key question #5, 

model 2.  As before, work with the class as a whole to evaluate the groups’ answers and 

determine if there are any errors in the answers and correct the answers as needed. 

 

Homework/Follow-up: 

Depending on how much time remains, groups can work on the problems at the end of 

the activity or problems may be assigned as independent homework.  Depending on how 

students have grasped the activity and the process of balancing equations, the instructor 

may assign additional homework problems as deemed necessary. 

 

Roughly 1-3 days after completing this activity, students should be given a short quiz 

(provided) to evaluate their comprehension of the process of balancing chemical 

equations. 

 

Outline (Summary) of Facilitation Plan for Balancing Equations Activity: 

I. Review (or introduce) any prerequisites to this activity. 

II. Allocate two full 50-minute class periods for activity.  (Allow enough time for 

students to complete the key questions for the activity as a group.)   

III. Assign students to groups of four members each.  Assign each group member a 

role and thoroughly explain the duties associated with each role.  (You will likely 
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need to spend 15-30 minutes explaining this introductory guided inquiry process 

and student expectations here.)   

IV. Closely monitor the groups to ensure participation.  It may be useful to give 

groups a loose time frame for completing the activity.  Perhaps allow 20-30 

minutes for students to complete key question #3 of model 2 and then have a class 

review.  (You may want to poll the class occasionally to determine the pace of 

each of the groups.  If groups are working at very different paces, ask the faster-

working group(s) to write a grammatically-correct answer to one of the key 

questions (eg. #3, model2), or you may want to allow those groups to work ahead 

on some of the more involved problems.) 

V. Once most/all groups have completed key question #3 of model 2, randomly 

select a group’s presenter to illustrate the answer to key question #2 from model 

1. 

VI. Randomly select a different group’s presenter to illustrate the answer to key 

question #3 from model 2. 

VII. Discuss with the class any mistakes made by the groups and provide any 

necessary clarification. 

VIII. Allow groups to continue working on the key questions from model 2.  After 15-

20 minutes, or an appropriate amount of time for groups to complete all of the 

model 2 key questions, pull the class together for another class review. 

IX. Randomly assign a new group’s presenter to share the answer for one of the parts 

of key question #4, model 2. 

X. Randomly assign another group’s presenter to illustrate the answer to another part 

of key question #4, model 2. 

XI. Randomly assign a different group/presenter to illustrate the answer to key 

question #5, model 2. 

XII. Discuss the groups’ answers as a class and provide any necessary clarification. 

XIII. Assign any problems which groups were not able to complete in class as 

independent homework. 

XIV. One-three days after completing this activity, administer to the class the quiz 

(provided) on balancing equations. 
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          Chemistry-Fall, 2010 

          Tourville 

 

BALANCING EQUATIONS QUIZ (20 PTS.) 

 

Balance each of the following chemical equations.  Use the smallest possible whole number 

coefficients to balance. (3 points each) 

 

1.  Pb(NO3)2   +     KCl    →         PbCl2   +    KNO3 

 

 

2.  K2SO4      +      BaCl2    →        BaSO4  +    KCl 

 

 

3. C3H8     +       O2   →   CO2      +       H2O 

 

 

4. AgNO3    +      CaCl2    →   AgCl       +     Ca(NO3)2 

 

 

 

5. A student was given the following chemical equation to balance:   

Zn  +   HCl      →    H2   +   ZnCl2. 

 

 The student balanced the equation in this manner: 

  Zn  +   H2Cl2    →     H2    +   ZnCl2. 

 

What error did the student make in attempting to balance the equation?  Show the proper 

way to balance the equation. (4 points) 

 

 

 

 

 

 

 

 

6. Explain why a subscript in a chemical formula can never be changed in order to balance a 

chemical equation. (4 points) 
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         Chemistry-Fall, 2010 

        Tourville 
             Modified Version:  January, 2011 

    

GUIDED INQUIRY ACTIVITY:  THROWING A PARTY & LIMITING 

REAGENTS  
 

Why:  
We hope to discover the similarities between having enough party supplies and reagents 

in a chemical reaction. 

 

Success Criteria: 
To be able to determine the limiting reagent in a chemical reaction and to do some 

limiting reagent calculations. 

 

Prerequisites: 
 Balancing chemical equations 

 Concept of moles 

 Basic stoichiometry 

 

New Concepts: 
 Limiting reagents & limiting reagent stoichiometry 

 

Reference: 
What Happens if I Run Out of Ingredients (Reactants)?  (Version 3, January, 2007). 

Retrieved March 21, 2010, from http://www.pogil.org/uploads/media_items/limiting-

reactants.original.pdf 

 

Science Standards: 
Addresses Minnesota Science Standard (9.2.1.2.3) dealing with matter, chemical 

reactions, & describing chemical reactions using words and symbolic equations. 

 

Model 1:  Party Supplies & Limiting Reagents 

 

Introduction:  Suppose you’ve invited 16 friends over for a party.  Here are the supplies  

you’ve picked up for the party:  two 24-packs of Mountain Dew, 5 pizzas (each cut into 8 slices), 

and 2 cakes (each cut into 8 pieces).  You’ve planned on each guest needing 2 slices of pizza, 2 

cans of Mountain Dew, and 1 piece of cake.  Unfortunately, some of your friends showed up at 

the door with some uninvited guests-2 to be exact.  Now you have 18 total party guests, but 

you’re concerned that you won’t have enough food and drink for everybody. 
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Key Questions: 
  

1. Recalling that each guest at the party will need 2 slices of pizza, 2 cans of Mountain 

Dew, and 1 piece of cake, will you have enough of each item to serve all of the 18 guests 

at your party?  If not, how many “happy” guests will you be able to serve all of these 

items?  How many “not-so-happy” guests will not be served all of these items? 

 

 

 

 

 

 

 

2. In attempting to serve all of your guests as shown in question 1, which party food, if any, 

will you run out of first?  Which food(s) will you have leftover, if any, after serving as 

many guests as possible according to the guidelines in question 1?   

 

 

 

 

 

 

 

 

3. Recall that you determined that each party guest will require 2 slices of pizza, 2 cans of 

Mountain Dew, and 1 piece of cake.  Here’s a “scientific” way of stating this:  2 PS + 2 

MD + 1 CP = 1 PG, where PS = pizza slice, MD = Mountain Dew, CP = piece of cake, 

and PG = party guest.  Does this look familiar?  (I bet you never thought of writing out 

party foods in a balanced equation format.)   

 

a. Use this “scientific” balanced equation format to verify your answer to question 1 by 

determining the maximum number of party guests you can serve all of the party foods 

as outlined above.  The first step showing how many guests can be served pizza slices 

has been set up for you below.   

 

1PG  x  40 PS = ? PG 

2PS 

 

 

 

b. Use the process from step a to determine how many guests can be served the 

Mountain Dew and cake as well. 
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c. Based on your findings from steps a and b, what is the maximum number of party 

guests you can serve all of the party foods according to the guidelines given?  Which 

of the party food(s) acts as the limiting reagent?  Which of the party food(s), if any, 

will be leftover? 

 

 

 

 

 

 

 

 

4. Now put it all together and use what you’ve learned.  Use your own words to describe 

what you think the terms limiting reagent and excess reagent mean.   
 

  

 

Model 2:  Molar Concepts 

K + HCl → H2  + KCl 

Recall that the chemical equation above, once balanced, tells us how many atom(s) of potassium 

and how many molecule(s) of hydrochloric acid are needed to produce a certain number of 

molecule(s) of hydrogen gas and potassium chloride.     

 

1. Balance the above chemical equation and write the balanced equation for the reaction of 

potassium with hydrochloric acid.  Show how you can read this balanced equation to 

show the number of moles reacted (of each reactant) and the number of moles produced 

(of each product) in this reaction. 

 

 

 

 

2. Write the “scientific” balanced equation for the party supplies (see model 1, key question 

3) in the same manner shown in the above equation.  Show how you can read this 

balanced equation as you did in question 1 to show the number of moles involved in this 

party supply equation.  How are this equation and the equation from number 1 (above) 

similar? 
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3. Suppose you have 4.86 moles of potassium and 5.14 moles of hydrochloric acid available 

to react.  How many moles of hydrogen gas and potassium chloride can be produced from 

these reactant amounts?  (HINT:  Use the same process you used in model 1, key 

question 3 to set up.) 

 

 

 

 

 

 

4. Which reagent from question 3 is the limiting reagent?  Explain how you know. 

 

 

Exercises: 

Na + Cl2 →  NaCl 

1. Balance the above reaction and use the balanced equation to complete the table below. 

 

# moles sodium reacted # moles chlorine reacted # moles sodium chloride 

produced 

   

 

 

2. How many moles of sodium chloride can be produced if you have 0.25 mole of  

sodium and 0.25 mole of chlorine available to react?  Which reagent is the  

limiting reagent?  What mass of sodium chloride can be produced from these  

quantities? (HINT:  You’ll need to use molar mass.) 
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3. How many moles of each of the two reactants is required to produce 18.0 grams of 

sodium chloride? (HINT:  Use the molar mass to convert to moles first.) 

 

 

 

Problems: 

Hg + O2  → HgO 

1. Balance the above equation and use it to determine how many moles of oxygen are required 

to completely react with 0.25 mole of mercury. 

 

 

 

 

2. Given the molar amounts in question 1, how many mole(s) of mercury (II) oxide will be 

produced?  How many grams of HgO will be produced from these amounts? 

(HINT:  You’ll need molar mass again.) 

 

 

 

 

 

3. If you have 12.9 grams of mercury and 18.3 grams of oxygen available to react, how many 

grams of mercury (II) oxide can be produced?  Which reagent is the limiting reagent? (HINT:  

Start by converting masses to moles using molar mass.) 
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            Chemistry-Fall, 2010 

         Tourville 

 

FACILITATION PLAN FOR GUIDED INQUIRY ACTIVITY: 

LIMITING REAGENTS 

Intended Student Audience: 

This activity is designed primarily for introductory chemistry students at a high school or 

general chemistry level who have little or no knowledge of guided inquiry activities. 

 

Prerequisite Knowledge: 

Prior to attempting this activity, students need to be introduced to balancing chemical  

equations, a basic understanding of the concept of moles, and some basic stoichiometry.   

Students should also have already completed the guided inquiry activity on balancing  

equations. 

  

Time Commitment for Activity: 

I anticipate allocating two full 50-minute class periods for this activity.  The intent of this  

activity is to introduce students to the concept of limiting reagents.  No prior discussion  

of limiting reagents should be done before allowing students to work on this activity.  As  

in the previous guided inquiry activity, the time used for this activity should take the  

place of normal lecture and classroom time spent on covering this topic.  Therefore, the  

instructor should only cover the suggested points outlined in this activity’s prerequisites.   

 

Learning Objectives: 

To be able to determine the limiting reagent in a chemical reaction and to work on some 

concepts and calculations dealing with limiting reagents. 

 

To develop process skills associated with guided inquiry activities, such as higher-level 

thinking and writing skills, as well as teamwork skills. 

 

Group Set-up: 

As per the previous activity, students should ideally be placed in groups of four to do this 

activity.  Assign new roles to each group member and briefly review the roles with the 

student groups.  If necessary, students can work in groups of three to do this activity. 

Each student should have his/her own worksheet, but students need to work together to 

agree upon and record the same answers on their worksheets.  As in the previous activity, 

only the worksheet from the group’s recorder should be collected for grading purposes.  

Remind students of the importance of working collaboratively in their groups and 

agreeing upon answers to worksheet questions.  As previously mentioned, the instructor 

should intervene only when necessary (i.e. when students clearly need guidance or a 

group’s manager asks for help).  The instructor should monitor the groups to some extent 

to ensure students stay on task and that  group members are participating appropriately.  

Since the students have previouly participated in a guided-inquiry activity, though, 

members of the groups should be taking more responsibility at this point for group 

monitoring and ensuring participation by all group members.  The instructor may need to 



USING GUIDED INQUIRY TO TEACH STOICHIOMETRY   56 

intervene with certain groups or with the class as a whole if it becomes apparent that 

students are not grasping some key concepts and/or if some groups are not working 

effectively together. 

 

Instruction Plan: 

As per the previous inquiry activity on balancing equations, the instructor should 

emphasize the importance of all members participating in the activity and that students’ 

answers within their groups should agree.  Remind students that the group recorder’s 

sheet is the only worksheet to be submitted for credit.  You should review the role of each 

group member prior to starting students on this new activity.  As before, stress to students 

the importance of using their own words to explain what they are learning in the activity 

(i.e. when answering essay key questions).  Several of the questions are open-ended essay 

questions, and students should be as thorough as possible in their answers to receive full 

credit.  As mentioned previously, students learn important thinking and writing skills in 

this activity, and it will take some practice for them to become skilled at this.   
 

Prior to setting students to work on this activity, review with students the role of each  

group member, and assign a new role to each group member (i.e. a different role than in  

the first activity).  Now that students have done a previous inquiry activity, the instructor  

should spend very little time reviewing the inquiry process and should essentially just let  

the student groups get to work right away.  It’s probably best to do this activity over  

two separate class periods, with day 1 of the activity designated for the model 1  

activities and day 2 designated for model 2 activities.  On the first day of the activity,  

then, students should set off to work on the model 1 key questions and exercises. Even  

though students have completed a previous inquiry activity, it will still take some time for  

students to get accustomed to the inquiry process and to become skilled at it.  The skills  

and knowledge learned from the process are fundamentally very important, though, and  

the benefits learned from the process are worth the time and struggle.      

 

DAY 1/MODEL 1:  In order to keep students on task, the instructor may find it useful,  

as in the previous inquiry activity on balancing equations, to loosely designate a time  

limit for each part of the activity.  For example, it might be useful to have the expectation  

that all groups complete the model 1 key questions and exercises in 30-40 minutes.   

(The problems from model 1 may be done as homework outside of class if you wish.)  As  

in the previous activity, only intervene when absolutely necessary and try to push  

students to work collaboratively within their groups.  As in the previous activity, if some  

of the groups are working at a faster pace than the other groups, you may ask those  

groups to write grammatically-correct sentences describing their answers to selected  

questions.  After most groups have completed the key questions and exercises, pull the  

groups together and initiate a class review to check group progress.  Randomly select a  

group’s presenter to answer one of the key questions in model 1.  Select another  

group’s presenter to answer another key question from model 1.  You may also wish  

to select another group/presenter to illustrate the answer to another key question.   

Work with the class or individual groups on any points students may be struggling with  

and correct any errors.  Depending on how student groups progress through the activity,  

the problems at the end of the activity may be assigned as independent homework.  The  

key questions & exercises for this activity should, however, be done within the  
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student groups during normal class time. 
 

DAY 2/MODEL 2:  On the second day of the activity, allow students to work on any 

unfinished parts of the model 1 key questions/exercises and have students begin work on 

the model 2 key questions (and problems).  When most/all groups have completed the 

model 2 key questions, pull the class together for a review.  Randomly select a 

group/presenter to illustrate the answer to onr of the key questions from model 2.  

Likewise, select a different group’s presenter to provide the answer to another key 

question from model 2.  Finally, select a different group/presenter to provide the answer 

to a different key question from model 2.  Work with the class to ensure accuracy of 

group answers and correct any errors the groups may have made.  As time permits, you 

may wish to work through additional questions/problems with the class.  As before, the 

problems at the end of model 2 may be assigned as homework to be done outside of class.  
 

Homework/Follow-up: 

Depending on how much time remains, groups can work on the problems at the end of 

models 1 and 2, or problems may be assigned as independent homework.  Depending on 

how students have grasped the activity and the concept of limiting reagents, the instructor 

may assign additional homework problems as deemed necessary.  This activity, however, 

should be done just prior to the limiting reagents laboratory activity on s’mores.  Because 

students will be working on a reinforcing limiting reagents (and stoichiometry) lab. 

activity right after this activity, you may want to minimize additional homework 

problems at this time.  Roughly 2-3 days after completing both this activity and the 

s’mores laboratory activity, students should be given a short quiz (provided) to evaluate 

their comprehension of the concept of limiting reagents (and basic stoichiometry). 
 

Outline (Summary) of Facilitation Plan for Limiting Reagents Activity: 

I. Review (or introduce) any prerequisites to this activity.   

II. Allocate two full 50-minute class periods for activity.  The first class period 

should be spent in review and ideally, on completing key questions & exercises 

from model 1.  The second class period should be spent on the key 

questions/exercises from model 2.    

III. CLASS PERIOD 1: 

A. Assign new group roles to each member of the student groups and  

review the duties associated with each role.  Monitor the groups to  

ensure participation, but allow students to take more responsibility  

for the activity at this point. 

B. Allow the groups to set to work on the model 1 key questions &  

exercises.  It may be useful to give groups a loose time frame for  

completing the activity.  Perhaps allow 30-40 minutes for groups  

to complete model 1 key questions & exercises, at which point a  

class review will take place.  (You may also want to poll the class  

occasionally to determine the pace of each of the groups.  If groups  

are working at very different paces, ask the faster-working  

group(s) to write a grammatically-correct answer to one of the key  

questions, or you may want to allow those groups to work ahead  
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on some of the problems from model 1. 

C. Pull the class together for a review.  Randomly select a group’s  

presenter to illustrate the answer to  a model 1 key question. 

D. Randomly select a different group’s presenter to illustrate the  

answer to another key question from model 1. 

E. As time permits, you may also want to ask a different  

group/presenter to share the answer for another question from  

model 1. 

F. Discuss with the class any mistakes made by the groups and  

provide any necessary clarification.   

IV. CLASS PERIOD 2: 

A. Allow groups to complete any unfinished parts of model 1 key questions.   

Groups should begin work on model 2 key questions/exercises. 

B. Allow groups 30 minutes, or an appropriate amount of time to complete 

the key questions from model 2, and then pull the class together for a 

review. 

C. Randomly select a new group’s presenter to share the answer for a model 

2 key question. 

D. Randomly select another group’s presenter to share the answer for another 

model 2 key question or exercise. 

E. As time permits, select a different group/presenter to illustrate the answer 

for a different model 2 key question, exercise, or problem. 

F. Discuss the groups’ answers with the class and provide any necessary 

clarification. 

V. Assign any problems which groups were not able to complete in class as  

independent homework. 

VI. Two-three days after completing both this activity AND the s’mores laboratory 

activity, administer to the class the quiz (provided) on limiting reagents. 
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    Chemistry-Fall, 2010 

       Tourville 

          Modified Version:  January, 2011 

       
GUIDED INQUIRY LABORATORY:  S’MORE ABOUT LIMITING REAGENTS  

 

Why: 
This is a fun interactive activity that very nicely illustrates and reinforces the concepts of 

limiting reagents, stoichiometry, and yield. 

 

Success Criteria: 
Students should be able to identify limiting and excess reagents and do basic 

stoichiometric calculations associated with these concepts. 

 

Prerequisites: 
 Balancing chemical equations, basic molar concepts, and basic stoichiometry. 

 

New Concepts: 
 Limiting reagents, excess reagents, theoretical and percent yield. 

 

Materials: 
 Graham crackers, marshmallows, chocolate, and containers for the ingredients. 

 

Reference: 
Smores Activity.Retrieved March 21, 2010, from 

http://www.hse.k12.in.us/staff/ebutzin/Documents/.../smores%20lab.doc 

 

Science Standards: 
Addresses Minnesota Science Standard (9.2.1.2.3) dealing with matter, chemical 

reactions, & describing chemical reactions using words and symbolic equations. 

 

Introduction:                        

Most of us have probably been camping at some point and have enjoyed freshly-made 

s’mores.  You may not know, however, that the process of putting ingredients together to make 

s’mores is a lot like the way ingredients (reactants/reagents) come together to make product(s) in 

a chemical reaction.  To make a proper s’more requires two graham crackers, a marshmallow, 

and a piece of chocolate-in those proportional amounts.  The maximum number of s’mores you 

can make with the ingredients you have available is called your theoretical yield.  

In a similar way, forming a chemical product by means of a chemical reaction requires 

fixed, proportional amounts of the chemical ingredients (reagents) needed to form the product(s).  

Unlike the process of making s’mores in which only the reagents you have available limit the 

number of s’mores you can make, in a chemical reaction there are many other factors that also 
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limit the amount of product that can be formed.  For a number of reasons (i.e. loss of product, 

side reactions, incomplete chemical reaction, etc.), the amount of product actually formed in a 

chemical reaction (actual yield) is usually less than what is theoretically possible (theoretical 

yield).  It’s useful for us to compare the actual yield for a chemical reaction to the theoretical 

yield for that reaction in the following way:   

 

actual yield (actual mass of product formed)   x   100 =  percent yield. 

 theoretical yield (mass of product theoretically possible) 

 

The percent yield for a reaction is a measure of how successful a reaction has been in terms of 

producing product.  

 

Model/Procedure: 
 

1. Obtain a container of s’mores ingredients and record the number of the container.  

Using two graham crackers, one marshmallow, and one chocolate square for each 

s’more, make as many complete s’mores as possible.  If you have any leftover 

ingredients, place them to the side. 

2. Use a balance to obtain the total mass (to the nearest 0.1 g) of each of the ingredients.  

Also obtain the total mass of the leftover ingredients. 

3. Complete the following table for your container.  Record the container number above 

the table.  

 

Container # ________ 

 

Ingredients Graham Crackers Marshmallows Chocolate Squares 

Initial Amount (#)    

Number Leftover    

Mass of Ingredient 

Used (total for each) 

(g) 

   

Total Mass of 

Leftover Ingredients 

(g) 

   

Total Number of 

S’mores Made: 

 

   

Total Mass of 

S’mores Made (g): 
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Key Questions & Exercises: 
 

1.   For the container in your s’mores experiment, determine the following:  the  

 limiting reagent, the excess reagents, and the theoretical yield. 

 (HINT:  See the introduction for definitions.) 

 

 

 

 

 

 

 

 

 

2.   Using the data from your completed table from your experiment, determine the  

 following masses.  Use these masses to answer the questions below. 

 

 Mass of a marshmallow: 

 Mass of a graham cracker: 

 Mass of a chocolate square: 

 Mass of a complete s’more: 

 

a. How many complete s’mores can be made from 21.0 grams of  

  marshmallows, 62.0 grams of graham crackers, and 28.0 grams of  

 chocolate?  Which ingredient is the limiting reagent?  What is the mass of  

 the leftover ingredients? (HINT:  Begin by writing the ingredients for  

 making s’mores in an equation format as you did in the limiting reagents  

 exercise.) 

 

 

 

 

 

 

 

 

 

 

 

 

b. Using the information from part a, determine the mass of the complete s’mores 

that can be made in part a. 
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c. Use your own words to explain why just adding together the masses of the 

graham crackers, chocolate, and marshmallows does not necessarily equal the 

mass of the s’mores that can be made.  To what can you attribute any additional 

mass? 

 

 

 

 

 

 

 

 

3.   You have the following ingredients available to make s’mores:   

 a box of graham crackers (mass of 408 g). 

 a large chocolate bar (mass of 52 g). 

 a bag of marshmallows (mass of 453 g).   

 

What mass of complete s’mores can be made from these ingredients?   

(HINT:  Write the ingredients in an equation format and use the equation to help answer 

this question.) 

 

 

 

 

 

 

 

 

 

4.  Suppose you have an enormous Tupperware container filled with:  4.0 moles of  

 graham crackers, 4.0 moles of marshmallows, and 3.0 moles of chocolate squares.   

 What (incredibly-large) mass of complete s’mores can be made from these  

 ingredients? (HINT:  Begin with a balanced equation for making s’mores.) 
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Problems: 
 

1.      We’ve seen this very common chemical reaction many times before, the reaction   

            between hydrogen and oxygen to form water:  2H2 + O2  2H2O.  This reaction  

 can be likened to “synthesizing” s’mores from graham crackers, chocolate, and  

 marshmallows. 

 

a. How many moles of both hydrogen and oxygen are needed to produce 2 moles of 

water in this reaction? (see the balanced equation above) 

 

 

 

 

 

 

 

 

 

     b.   The chart below shows three different reactions that all produce water but   

         with different amounts of reactants.  Circle the limiting reagent in each  

       reaction and then determine the number of moles of water that can  

         theoretically be produced in each case when the limiting reagent is  

        completely used up/consumed. 

 

   

 Starting amount 

of H2 

Starting amount 

of O2 

Amount of water produced 

(theoretical yield) 

Reaction 1 8.0 moles 12.0 moles 
 

 

Reaction 2 6.0 moles 6.0 moles 
 

 

Reaction 3 12.0 moles 8.0 moles 
 

 

 

 

c. Use the number of moles of water produced in each reaction in the above chart to 

determine the mass of water produced in each reaction.  Calculate the percent 

yield for reaction 2 if 65.2 grams of water is actually produced by the reaction. 

(HINT:  See the introduction for definitions.) 
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2. Begin by balancing the following chemical equation and use it to answer  

each of the questions below:  Fe + O2 →  Fe2O3.  

 

a. If you have 13.5 grams of iron and 18.2 grams of oxygen available to form  

rust (Fe2O3), how many moles of rust can be formed from these reagent  

amounts?  Which of the reagents is the limiting reagent? (HINT:  Use exercise 3  

above and the balanced equation for producing rust to help answer this.) 

 

 

 

 

 

 

b. How many grams of rust can (theoretically) be produced from the reagent amounts given 

above? 

 

 

 

 

 

 

 

 

c. If 15.8 grams of rust is actually produced by this reaction, calculate the  

percent yield for this reaction. 
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           Chemistry-Fall, 2010 

         Tourville 

 

FACILITATION PLAN FOR GUIDED INQUIRY LAB.: 

S’MORE LIMITING REAGENTS 

Intended Student Audience: 

This activity is designed primarily for introductory chemistry students at a high school or 

general chemistry level who have little or no knowledge of guided inquiry activities. 

 

Prerequisite Knowledge: 

Prior to attempting this activity, students should be introduced to balancing chemical 

equations, a basic understanding of the concept of moles, and some basic stoichiometry.  

Students should have also already completed the guided inquiry activities on balancing 

equations and limiting reagents. 

  

Time Commitment for Activity: 

I anticipate allocating one full 50-minute class period for this activity.  The intent of this  

activity is to reinforce and build upon the concepts of limiting reagents and 

stoichiometry, as well as to introduce theoretical and percent yields.  Before working on 

this laboratory activity, students should have completed the inquiry activities on 

balancing equations and limiting reagents.  As per the other inquiry activities, the time 

used for this laboratory activity should take the place of other laboratory and/or lecture 

time spent covering this topic.  Therefore, the instructor should only review, as needed, 

the suggested points outlined in this activity’s prerequisites.  The introductory reading for 

this laboratory covers the main points that students need to complete this activity.  If you 

wish to have students read through the activity outside of class, you could hand out the 

reading material the previous class period (my recommendation).  If you do this, 

however, hand out only the reading material, not the questions from the activity, to 

ensure that questions and exercises from the activity are done during normal class time 

within the student groups.  Since students should have completed two inquiry activities 

prior to this one, I recommend just handing out the activity and letting the student groups 

work independently on it, only providing guidance when necessary (i.e. when a group’s 

manager asks a question).  You may wish to check on student comprehension by 

randomly selecting groups, as per previous activities, to provide answers to some of the 

key questions.       

 

Learning Objectives: 

To be able to determine the limiting reagent in a chemical reaction and to work on some 

concepts and calculations dealing with limiting reagents. 

 

To develop process skills associated with guided inquiry activities, such as higher-level 

thinking and writing skills, as well as teamwork skills. 

 

 

 



USING GUIDED INQUIRY TO TEACH STOICHIOMETRY   66 

Group Set-up: 

As per the other activities, students should work in groups of four to do this activity.  

Assign new group roles to each group member and very briefly review the 

responsibilities of each role.  If necessary, students can work in groups of three for this 

activity.  Each student should have his/her own worksheet, but students need to work 

together to agree upon and record the same answers on their worksheets.  As before, only 

the worksheet from the group’s recorder should be collected for grading purposes, and 

students should be reminded of this.  The instructor should only loosely monitor the 

groups to make sure students stay on task and that all group members participate.  At this 

point, students should be more comfortable with the group inquiry process and should be 

more capable of self-monitoring their own groups.  The instructor may need to intervene 

with certain groups or with the class as a whole if it becomes apparent that students are 

not grasping essential concepts and need guidance.  

 

Instruction Plan: 

As per the previous inquiry activities, the instructor may need to emphasize the 

importance of all partners participating in the activity and that students’ answers within 

their groups should agree.  It may also be important to stress to students that they need to 

come up with their own words to explain what they are learning in the activity (i.e. when 

answering essay key questions).  Several of the questions are open-ended essay questions, 

and students should be as thorough as possible in their answers to receive full credit.  

Students learn important thinking and writing skills in this activity, and it will take some 

practice for them to become skilled at this.   

 

Since the students have already done at least two previous inquiry activities by this point, 

the instructor should essentially just let the student groups get to work right away.  

Students should set off to work on the introductory reading (if not previously assigned) 

and model and should be able to answer the key questions with little assistance from the 

instructor.  Even though students have completed two previous inquiry activities, it may 

still take some time for students to become really skilled at the inquiry process.  The 

skills and knowledge learned from the process are fundamentally very important, though, 

and the benefits learned from the process are worth the time and struggle.      

 

Once most groups have completed the key questions and exercises, gather the student 

groups together for a class review.  You will probably want to check student 

comprehension by randomly selecting one of the group’s presenters to provide an 

answer to key question #2a.  Also select a different group’s presenter to provide the 

answer to key question #2c.  Provide any necessary clarification.  As time permits, you 

may want to do a similar class review with the problems from this activity.  For 

example, you may want to select another group/presenter to provide an answer to 

problem #1c.  Again, provide any necessary clarification.  Some or all of the problems 

from this activity may be assigned as independent homework as well.   

 

Homework/Follow-up: 

Depending on how much time remains, groups can work on the problems at the end of 

the activity or problems may be assigned as independent homework.  Depending on how 
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students have grasped the activity and the concept of limiting reagents, the instructor may 

assign additional homework problems as deemed necessary.  This activity, however, 

should be done immediately after the limiting reagents inquiry activity, and this may 

impact any homework you wish to assign.  Roughly 1-3 days after completing both the 

activity on limiting reagents and this laboratory activity, students should be given a short 

quiz (provided) to evaluate their comprehension of the concept of limiting reagents (and 

stoichiometry). 
 
Outline (Summary) of Facilitation Plan for S’mores Activity: 

 

I. Review (or introduce) any prerequisites to this activity.  It is also recommended 

that the reading material (only) for this activity be given to the students the class 

prior to having students do this activity. 

II. Allocate a full 50-minute class period for activity.  (Allow enough time for 

students to complete the laboratory activity and at a minimum, the key questions 

from the activity.)  Assign new group roles to each member of the student groups 

and briefly review the roles. 

III. Loosely monitor the groups to ensure participation.  It may be useful to give 

groups a loose time frame for completing the activity.  For instance, you may 

want to allow 15 minutes for the laboratory portion and 15 minutes for the key 

questions, leaving the remaining 20 minutes of class time for group presenters.  

You may also want to poll the class occasionally to determine the pace of each of 

the groups.  If groups are working at very different paces, ask the faster-working 

group(s) to write a grammatically-correct answer to one of the key questions (eg. 

#2c or #4), or you may want to allow those groups to work ahead on some of the 

more involved problems (eg. #2). 

IV. Randomly select a group’s presenter to illustrate the answer to key question #2a. 

V. Randomly select a different group’s presenter to illustrate the answer to key 

question #2c. 

VI. Discuss with the class any mistakes made by the groups and provide any 

necessary clarification. 

VII. As time permits, you may want to assign additional group presenters to illustrate 

answers to other questions (eg. key question #1c). 

VIII. Assign any problems which groups were not able to complete in class as 

independent homework. 

IX. One-three days after completing this activity, administer to the class the quiz 

(provided) on limiting reagents.  (Note:  Students should have already completed 

the activity on limiting reagents prior to this lab. activity.) 
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Chemistry-Fall, 2010 

         Tourville 
 

LIMITING REAGENTS QUIZ (20 POINTS) 

 

1) Suppose you want to make a batch of homemade candy turtles for the whole world (and then 

some).  The recipe for making a candy turtle is as follows:   

1 chocolate square +  1 caramel  +  4 walnuts = 1 candy turtle.  If you have 3.4 moles of 

chocolate squares, 2.3 moles of caramel, and 4.6 moles of walnuts available, how many 

moles of candy turtles can you make?  Which ingredient is the limiting reagent? (5 points) 

 

 

 

                                                                                                

  

2) Use the following chemical reaction to answer the questions below:  Ca+O2 → CaO.      

 

a) Balance the above chemical equation. (3 pts.) 

 

 

b) Suppose you have 25.0 grams of Ca and 25.0 grams of O2 available to react.  A student 

added together the masses of both reagents and determined that 50.0 grams of CaO would be 

produced by the reaction.  Explain how the student made an error in determining this amount 

of product. (4 pts.) 

 

 

 

 

 

c) Using the masses of the reagents listed in part b, prove that the student’s answer in part b is 

incorrect by determining the mass of CaO that should be produced by this reaction.  Which 

reagent is the limiting reagent? (5 pts.) 

 

 

 

 

 

 

d)   Determine the percent yield for the reaction if the actual yield is 24.4 grams of CaO. (3 pts.) 
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University of Wisconsin-River Falls 

IRB HUMAN SUBJECTS RESEARCH REVIEW PROTOCOL 

PART I.  Cover Sheet. 

Original Submission                 Proposal Modification   X, 3/15/12                  Renewal         

IRB USE ONLY  
Date Received:                       Approval Date:                       Protocol Number:                  

Signed                                                                        _____         Reapproval Date:                    

Review:  Exempted          Expedited            Full Board           Board Members present:                           

                                                                                                                                              

 

This application is to be submitted to and approved in writing by the IRB prior to the initiation of 

any investigation involving human subjects, data or material. 

 

A.  Principal Investigator:  

Dept/Program:  Tracy H. Tourville-Chemistry/Graduate Studies     

US Mail address:  1590 Quasar Court  Lakeland, MN  55043     

Telephone: 651-436-7518 

Email address:  thtour@comcast.net 

Sponsor (if PI is a student):  Dr. Jeffrey Rosenthal 

Project Title:  MSE-Chemistry Thesis:  How Chemistry POGIL Activities Affect Student 

Achievement on Tough Chemistry Concepts (Using Guided Inquiry Methods to Teach Difficult 

Stoichiometric Concepts) 

          

Beginning Date: 10-1-2010     Ending Date:  10-1-2012  

 

B. Is extramural funding being sought?  no   Potential Supporting Agency:    

 

C. Requested Review Level:  See Appendix A of the manual for instructions on determining the 

appropriate level of review. Be aware that the IRB may require a level of review different from 

your recommendation. 

 

Exempted review       Expedited review        Full Board Review    

 

A complete protocol consists of Part I, this Cover Sheet, and a brief narrative consisting of Part 

II, Description of Study, and Part III, Human Subjects Protection.  Follow outline for Parts II and 

III beginning on the next page, addressing each item. Attach a copy of the informed consent form 

you will administer, if any, and any instruments or questionnaires you will use.  If your study 

will collect data at a school, institution, or place of business other than UW-RF, or if you will use 

data that belongs to another entity, attach a letter (on the organization’s letterhead) from an 

official responsible for the testing site or data certifying that you have the organization’s 

approval for the study.   

 

Submit protocols to Bill Campbell, UW-RF Director of Grants & Research, 104 North Hall, 410 

S. 3
rd

 St., River Falls, WI  54022.  If your protocol qualifies for exempted or expedited review, 
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provide the original and one copy.  If it requires full board review, provide the original and six 

copies.   

D. Statement of assurance:  I/We have read the UW-River Falls Policies and Procedures for 

Research Involving Human Subjects, and will comply with them, including the informed consent 

requirement. Furthermore, I/we will inform the IRB if significant changes are made in the 

proposed study. 

 

                                                                                                                           ____       

         Signature of PI                    Date            Signature of Sponsor                Date  

 

PART II 

 DESCRIPTION OF STUDY 

 

A. Research question.  Type a brief statement of the question(s) being asked and the supporting 

rationale into the gray box below. (It will expand as you type.)  For example: “The study is 

designed to determine if conformity is related to perceptions of group strength.  This project 

is based on the social impact theory of group influence which suggests that social influence 

will increase as a function of perceived ‘strength’ among the group members.  Perceived 

strength in this study is being defined by the expertise of the members.”   

 

 Notice that the statement is brief and expresses not only the research question but the 

theoretical rationale behind the question.  Some projects will undoubtedly require a bit more 

explanation, but a complete literature review is not necessary for IRB review purposes. 

 

 If you have a hypothesis or hypotheses, explain them briefly.  Hypotheses are encouraged but 

not required; preliminary studies that are designed to help the researcher form hypotheses are 

sometimes acceptable. 

 

 This research project is being done in compliance with my thesis study requirement for the 

MSE-Chemistry degree/program.  The purpose of the project is to determine if students can 

improve their understanding of some difficult chemistry concepts through exposure to three 

activities I've designed to deal with these concepts via the process-oriented guided-inquiry 

learning (POGIL) method.   

  

B. Subject Selection.   

 

1. Number of subjects:  approximately 3-5 classes of 25-45 students each 

 

2. Human subject pool:  

 

a. Describe relevant features of the subjects you will be using (e.g. sex, race, 

or ethnic group; age range; general state of mental and physical health; 

etc.).  

 

   All subjects involved in the study are general chemistry students.   

   Age ranges are 16 years to adult. 
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b. Note the relevant affiliations of your subjects (e.g. institutions, hospitals, 

general public, etc.).  

 

   Students are from a high school chemistry class, two different  

   general chemistry classes at UWRF, and a general chemistry class at a  

   community college. 

 

3. If human subjects are children, mentally incompetent, or other legally restricted 

groups: 

 

a. Explain the necessity of using these particular groups.  

 

   Some of the students involved in the study are minors.  They were  

   chosen because this age range is typically the focus of general  

   chemistry coursework for which this study is being conducted. 

 

b. Describe any special arrangements to protect their safety.  

 

   There is minimal risk involved with this study, and no special  

   precautions are deemed necessary. 

 

C. Procedures. 

 

1. Describe your recruitment procedures and any material inducements given for 

participation.  

 

  General chemistry instructors and their classes were asked to participate in  

this study.  Consent forms will be provided to all student participants, and 

parents/guardians of minors involved in the study will also be asked to give their 

consent for student participation.  No material inducements were given for 

participation in the study. 

 

2. Note the location of the study.  Be as specific as possible.  

 UWRF, Chemistry Department, River Falls, WI 

 Hudson High School, Hudson, WI 

 Allied Health, Chemistry Department, Kansas City, MO 

  

2. Describe all personnel, including names and affiliation with UW-River Falls (and 

any other relevant affiliations).  

3.  

  Joy Berg, Hudson High School, Hudson, WI 

  Carla Huffman, Allied Health Community College, Kansas City, MO 

  Dr. Lisa Kroutil, UWRF Chemistry Department 

  Dr. Daniel Marchand, UWRF Chemistry Department 

   

4. Describe the information to be gathered and the means for collecting and 
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recording data.  

 

  Quiz and activity scores comparing control and trial classes will be  

  compiled by the participating instructors into a spreadsheet.  Student  

  names will not be used in the collection process, and all data will be kept  

  confidential. 

 

If previously collected data is to be used, describe both the previous and proposed 

uses of these data.  

  N/A 

 

5. Provide a step by step description of everything subjects will be asked to do in 

your study.  

 

  Students will be asked to work together in groups of four on three  

  different guided-inquiry (POGIL) activities.  Each student in the group of  

  four will be asked to learn and conduct a role, as assigned by the  

  instructor, in order to help his/her group learn the concepts illustrated by  

  the activities.  Students will change and learn new roles with each of the  

  activities.  Each activity involves having students answer a series of  

  sequential questions as a group.  As each activity progresses, the questions  

  become more difficult, but students are guided by information in the  

  activity and work together to solve the problems.  At the end of  

  each activity, student groups will be assessed based on their answers to  

  activity questions and will earn points based on these results.  Students  

  will also be asked to take two short quizzes to assess their understanding  

  of the key concepts covered by the activities.  These quiz scores will be 

  compared to quiz scores of students in control groups/classes. 

 

6. Note the title and source of instruments (i.e. personality scales, questionnaires, 

evaluation blanks, etc.).  Include copies of original instruments.  

 

Quizzes and activities to be used for evaluation purposes have been attached. 

 

 PART III 

 HUMAN SUBJECTS PROTECTION 
 

A.  Potential Risks you can anticipate for subjects. 

 

1. Describe immediate risks, long term risks, rationale for the necessity of such 

risks, alternatives that were or will be considered, and why alternatives may not 

be feasible.  

 

  This project involves minimal risk to participants, not being different from  

  what participants might experience during the course of normal daily  

  activities. 
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2. Describe any potential legal, financial, social or personal effects on subjects of 

accidental data disclosure.  Though the potential for disclosure may be extremely 

remote, if a fire or bombing exposed your data, how would it affect subjects?  

 

  All student data is kept anonymous. 

 

B. Expected benefits for subjects (if any) and/or society. 

 

The IRB is required to insure that the potential risks to subjects (however minimal) are 

clearly justified by the potential benefits of the research both to the subjects and to the 

current state of theoretical knowledge on the topic.  You can assist this process by providing 

a statement clarifying the potential for new knowledge resulting from the study as well as 

any benefits directly to the subjects.  (Stating that “more research is needed on this topic” 

will be of little help; explain why more research will be a benefit.)   

 

 This research study involves little risk to participants, not being different from what  

 participants might experience during the course of normal daily activities.  The  

 purpose of the study is to increase student comprehension of some traditionally  

 difficult chemistry concepts by having students work in guided teams to formulate  

 answers to conceptual chemistry questions.  There are many potential benefits to  

 participants in this study.  Among many other benefits, students involved in the study  

 may develop a deeper understanding of key chemistry concepts which may improve  

 their grades, students may develop essential teamwork skills, and students have the  

 opportunity to develop higher-level thinking skills associated with this type of  

 learning process. 

 

C. Deception used in gathering data.  

 

Justify and support the use of deception in the project, particularly if subjects are being 

provided with any untruthful or misleading information.  Realize that not providing complete 

information is minimally deceptive.  Provide a detailed written description of the debriefing 

process.  

 N/A 

 

D.  Safeguarding Subjects’ Identity. 

 

1. What uses will be made of the information obtained from the subjects?  What 

elements of your project might be openly accessible to other agencies or appear in 

publications?  

 

Student participants will only be identified by a student number.  No student 

names will be used in collecting and sharing the data from this study.  The student 

data will be shared by participating instructors, and I will compile the final data 

into my thesis. 

 

2. What precautions will be taken to safeguard identifiable records or individuals?  
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How will confidentiality of data be protected?  

 

  As mentioned above, participating instructors will only use student  

  numbers when sharing student data, and student names will not be used in  

  any form in this study.  Moreover, the participant consent forms (see  

  below) will be maintained by the principal investigator for a period of 1 

  year after the completion of the study.  At that time, the consent forms  

  will be shredded.  Information on the consent forms will not be published  

  or shared with anyone outside of the principal investigator and the  

  participating instructors.   

 

E. Informed consent. 

 

Please refer to Appendix D for guidelines with respect to informed consent and sample 

consent forms.  If you will use an informed consent form, attach a copy of the form you will 

use to the protocol.   

 

If the study involves children, the informed consent form must be signed by the child’s 

parent or guardian.  The IRB usually requires the child to sign a consent form as well so that 

s/he understands as completely as possible the research which is being performed.  Older 

children can sign the same consent form as the parent/guardian.  For younger children, a 

separate form in simpler language may be required. 

 

When a signed consent form is required, a copy must be made available to the subjects.  At 

the very least--e.g. when completion of the instrument serves as giving consent--subjects 

must be given a form identifying the researcher by name, address, and phone number, and 

including these statements: 

 

If you have concerns about how you were treated in this study, please contact: Dr. 

William Campbell, Director of Grants and Research, 104 North Hall, UW-RF, 

715/425-3195.     

 

This project has been approved by the UW-River Falls Institutional Research 

Board for the Protection of Human Subjects, protocol # ______. 

 

Some researchers might meet this requirement by detaching the signature portion of the 

consent form and giving the rest to the subject.  Others might print a separate card or sheet 

with the required information for distributing to subjects. 

 

Studies that maintain the anonymity of subjects should not require subjects to sign informed 

consent forms, since that would violate their anonymity.  Researchers can obtain their 

consent by providing a statement such as: 

  

I am researching [brief description of study].  I ask you to participate by 

completing the following questionnaire.  Please do not write your name on the 

questionnaire; this study is meant to be anonymous.  It is completely voluntary; if 
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you are willing to participate, please answer the questions to the best of your 

ability.  If you choose not to participate, please return the questionnaire to the 

researcher.  [name of researcher, contact information. 

 

 How will you obtain the informed consent of your subjects?   

 

 Please see the attached informational consent form.  For the purposes of  

confidentiality, the consent forms will be maintained by the principal investigator  

for 1 year after the completion of the study.  At that time, these forms will be  

shredded.  The consent forms will not be published or shared with anyone outside  

of the principal investigator and participating instructors.  
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Informational Consent Form for Participation in Research Study 

University of Wisconsin-River Falls 

 

Researcher: Tracy H. Tourville, Master's of Science Education graduate student, University of Wisconsin-River 

Falls, tracy.tourville@uwrf.edu 

 

Dear Students/Parents: 

 

I am a graduate student seeking a Master’s of Science Education degree at the University of Wisconsin-River Falls.  

As part of my degree program, I am working on a thesis project entitled How Chemistry POGIL Activities Affect 

Student Achievement on Tough Chemistry Concepts.  I have designed three POGIL (process-oriented guided-

inquiry learning) activities that deal with some very difficult chemistry concepts for students to grasp.  It is my hope 

that these activities will help students gain a better understanding of these more difficult concepts.   

 

In the coming weeks, students will be trying these new activities in their classrooms.  Students will be part of four-

member student groups during their regular class periods.  These guided-inquiry activities are designed to take the 

place of most in-class lecture time that would normally be spent on the topics covered by these activities, and 

students should be able to complete much of the work associated with the activities during normal class time (within 

their groups).  Students from classes that will be part of this research study will learn the same essential material as 

other students, but the method of learning will differ.  Some practice problems associated with these topics will also 

be assigned as homework, but students are expected to spend about as much time on these homework assignments as 

they would other homework assignments dealing with these same topics.  No additional class time is required for 

classes participating in the study, and all activities are designed to be very safe for students.  The teachers who have 

agreed to participate in this study will work with students to help them understand how to work on these activities 

within their groups.  As part of their groups, students will work together on POGIL activities designed to help 

students gain a deeper understanding of some tough chemistry concepts.  Among many other benefits, students will 

have the opportunity to improve their understanding of key chemistry concepts as well as build essential teamwork 

skills that can provide lifelong benefit to students.  POGIL activities have been used for a number of years, and 

research associated with similar POGIL activities has shown immense benefit to students.  For more information on 

POGIL activities, you can refer to the POGIL website at www.pogil.org. 

 

After these activities have been completed, they will be graded and students will have the opportunity to earn points 

on the activities as a group.  Students will also take two short quizzes to evaluate their understanding of the key 

chemistry concepts on which the activities focus.  The group activities and independent quizzes will account for a 

majority of the grade students earn on the topics covered by these activities.  The University of Wisconsin-River 

Falls requires all student participants and their parents/guardians to give permission to use the classroom data (i.e. 

student activity and quiz scores) generated from such graduate research studies by reading/signing the authorization 

below.  All student data will be kept strictly confidential, and no student names will be used in collecting and 

sharing data.  Please feel free to contact me or the participating instructors with any questions you might have about 

this study.  If you have any concerns about your treatment as a participant in this study, please write or call:   

Rich Wallace 

Grants and Research, University of Wisconsin-River Falls 

River Falls, WI 54022    telephone: (715) 425-3195. 

    

Authorization:  I have read the above information and understand the nature of this study and agree to participate.  I 

understand by agreeing that all information gathered will be recorded in an anonymous form.  I also understand that 

I may withdraw from the study at any time without penalty, and all information collected will be destroyed. 

 

This research project has been approved by the University of Wisconsin-River Falls Institutional Review Board for 

the Protection of Human Subjects, protocol # H0910-W35. 

 

_____________________________     __________ 

Participant Signature       Date 

 

_____________________________     __________ 

Parent/Guardian Signature       Date 

http://www.pogil.org/
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Informational Consent Form for Participation in Research Study 

University of Wisconsin-River Falls 

 

Researcher: Tracy H. Tourville, Master's of Science Education graduate student, University of Wisconsin-River 

Falls, tracy.tourville@uwrf.edu 

 

Dear Students: 

 

I am a graduate student seeking a Master’s of Science Education degree at the University of Wisconsin-River Falls.  

As part of my degree program, I am working on a thesis project entitled How Chemistry POGIL Activities Affect 

Student Achievement on Tough Chemistry Concepts.  I have designed three POGIL (process-oriented guided-

inquiry learning) activities that deal with some very difficult chemistry concepts for students to grasp.  It is my hope 

that these activities will help students gain a better understanding of these more difficult concepts.   

 

In the coming weeks, students will be trying these new activities in their classrooms.  Students will be part of four-

member student groups during their regular class periods.  These guided-inquiry activities are designed to take the 

place of most in-class lecture time that would normally be spent on the topics covered by these activities, and 

students should be able to complete much of the work associated with the activities during normal class time (within 

their groups).  Students from classes that will be part of this research study will learn the same essential material as 

other students, but the method of learning will differ.  Some practice problems associated with these topics will also 

be assigned as homework, but students are expected to spend about as much time on these homework assignments as 

they would other homework assignments dealing with these same topics.  No additional class time is required for 

classes participating in the study, and all activities are designed to be very safe for students.  The teachers who have 

agreed to participate in this study will work with students to help them understand how to work on these activities 

within their groups.  As part of their groups, students will work together on POGIL activities designed to help 

students gain a deeper understanding of some tough chemistry concepts.  Among many other benefits, students will 

have the opportunity to improve their understanding of key chemistry concepts as well as build essential teamwork 

skills that can provide lifelong benefit to students.  POGIL activities have been used for a number of years, and 

research associated with similar POGIL activities has shown immense benefit to students.  For more information on 

POGIL activities, you can refer to the POGIL website at www.pogil.org. 

 

After these activities have been completed, they will be graded and students will have the opportunity to earn points 

on the activities as a group.  Students will also take two short quizzes to evaluate their understanding of the key 

chemistry concepts on which the activities focus.  The group activities and independent quizzes will account for a 

majority of the grade students earn on the topics covered by these activities.  The University of Wisconsin-River 

Falls requires all student participants to give permission to use the classroom data (i.e. student activity and quiz 

scores) generated from such graduate research studies by reading/signing the authorization below.  All student data 

will be kept strictly confidential, and no student names will be used in collecting and sharing data.  Please feel free 

to contact me or the participating instructors with any questions you might have about this study.  If you have any 

concerns about your treatment as a participant in this study, please write or call:   

 

Rich Wallace 

Grants and Research, University of Wisconsin-River Falls 

River Falls, WI 54022    telephone: (715) 425-3195. 

    

Authorization:  I have read the above information and understand the nature of this study and agree to participate.  I 

understand by agreeing that all information gathered will be recorded in an anonymous form.  I also understand that 

I may withdraw from the study at any time without penalty, and all information collected will be destroyed. 

 

This research project has been approved by the University of Wisconsin-River Falls Institutional Review Board for 

the Protection of Human Subjects, protocol # H0910-W35. 

 

 

_____________________________     __________ 

Participant Signature       Date 

 

http://www.pogil.org/
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Balancing Equations Quiz Raw Data for Control Groups 1 and 2 
 

Overall Balancing Equations Quiz Scores for Control Groups 1 and 2 
 

Students from Quiz Score Students from Quiz Score 

Control Group 1 (Percentage) Control Group 2 (Percentage) 

1 90 1 100 

2 90 2 70 

3 70 3 90 

4 70 4 70 

5 35 5 75 

6 80 6 100 

7 55 7 85 

8 50 8 70 

9 80 9 55 

10 100 10 80 

11 100 11 90 

12 90 12 100 

13 90 13 80 

14 60 14 100 

15 40 15 50 

16 45 16 80 

17 55 17 80 

18 80 Average 81 

19 55 Std. Dev. 15 

20 100 

21 80 

22 80 

23 60 

24 80 

25 60 

26 90 

27 100 

28 80 

29 70 

30 70 

31 70 

32 100 

33 100 

34 100 

35 60 

36 90 

37 80 

38 100 

39 100 

40 70 

41 70 

42 90 

Average 77 

Std. Dev. 18 
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Questions 5 and 6 Quiz Scores of Balancing Equations Quiz, Control Group 1 

 

Students from Score for Question 5 Students from  Score for Question 6 

Control Group 1 (Percentage) Control Group 1 (Percentage) 

1 100 1 50 

2 50 2 100 

3 50 3 0 

4 50 4 0 

5 50 5 50 

6 100 6 0 

7 50 7 0 

8 0 8 0 

9 100 9 0 

10 100 10 100 

11 100 11 100 

12 100 12 50 

13 100 13 100 

14 50 14 0 

15 0 15 0 

16 50 16 0 

17 100 17 0 

18 100 18 100 

19 50 19 0 

20 100 20 100 

21 100 21 0 

22 100 22 0 

23 50 23 0 

24 100 24 50 

25 100 25 0 

26 50 26 0 

27 100 27 100 

28 100 28 0 

29 50 29 50 

30 50 30 100 

31 50 31 0 

32 100 32 100 

33 100 33 100 

34 100 34 100 

35 0 35 0 

36 50 36 100 

37 100 37 0 

38 100 38 100 

39 100 39 100 

40 100 40 0 

41 50 41 0 

42 50 42 100 

Average 74 Average 42 

Std. Dev. 32 Std. Dev. 47 
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Questions 5 and 6 Quiz Scores of Balancing Equations Quiz, Control Group 2 

 
Students from Score for Question 5 Students from Score for Question 6 

Control Group 2 (Percentage) Control Group 2 (Percentage) 

1 100 1 100 

2 50 2 0 

3 50 3 100 

4 50 4 0 

5 75 5 0 

6 100 6 100 

7 100 7 25 

8 50 8 0 

9 50 9 0 

10 100 10 0 

11 100 11 50 

12 100 12 100 

13 100 13 50 

14 100 14 100 

15 50 15 0 

16 100 16 0 

17 100 17 0 

Average 81 Average 37 

Std. Dev. 24 Std. Dev. 45 
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Balancing Equations Quiz Raw Data for POGIL Groups 
 

Overall Balancing Equations Quiz Scores for POGIL Groups 1-4 

Students from Quiz Score Students from Quiz Score 

POGIL Group 1 (Percentage) POGIL Group 2 (Percentage) 

1 90 1 12.5 

2 100 2 87.5 

3 100 3 100 

4 100 4 100 

5 100 5 100 

6 100 6 87.5 

7 90 7 100 

8 100 8 100 

9 80 9 25 

10 90 10 0 

11 90 11 100 

12 90 12 100 

13 100 13 100 
14 100 14 100 

15 70 15 87.5 

16 100 16 100 

17 100 17 12.5 

18 70 18 100 

19 100 19 100 

20 100 20 100 
21 100 21 100 

22 100 22 100 

23 90 23 100 

24 100 24 100 

25 100 25 100 

26 70 26 100 

27 80 Average 85 

28 100 Std. Dev. 32 

29 75 

30 25 

31 100 

32 95 

33 100 

34 100 

Average 91 

Std. Dev. 15 
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Students from Quiz Score 
POGIL Group 3 (Percentage) 

1 50 
2 90 
3 90 
4 90 
5 80 
6 85 
7 75 
8 65 
9 95 

10 100 
11 100 
12 100 
13 100 
14 80 
15 70 
16 75 
17 65 
18 90 
19 100 
20 75 
21 100 
22 90 
23 90 

Average 85 
Std. Dev. 14 
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Students from Quiz Score Students from Quiz Score 
POGIL Group 4 (Percentage) POGIL Group 4 (Percentage) 

1 70 50 70 

2 60 51 50 

3 80 52 35 

4 40 53 100 

5 80 54 85 

6 100 55 90 

7 80 56 90 

8 80 57 75 

9 100 58 45 

10 60 59 90 

11 90 60 100 

12 90 61 70 

13 100 62 100 

14 70 63 60 

15 80 64 40 

16 30 65 100 

17 80 66 95 

18 100 67 35 

19 65 68 90 

20 75 69 75 

21 70 70 100 

22 90 71 75 

23 95 72 70 

24 55 73 80 

25 35 74 40 

26 45 75 25 

27 25 76 100 

28 50 77 50 

29 25 Average 71 

30 45 Std. Dev. 24 

31 100 

32 85 

33 40 

34 90 

35 90 

36 100 

37 40 

38 100 

39 70 

40 70 

41 70 

42 85 

43 90 

44 85 

45 90 

46 35 

47 30 

48 35 

49 100 
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Questions 5 & 6 Quiz Scores of Balancing Equations Quiz, POGIL Groups 1-4 

Students from Score for Question 5 Students from POGIL Score for Question 6 

POGIL Group 1 (Percentage) Group 1 (Percentage) 

1 100 1 50 

2 100 2 100 

3 100 3 100 

4 100 4 100 

5 100 5 100 

6 100 6 100 

7 100 7 50 

8 100 8 100 

9 100 9 50 

10 100 10 50 

11 100 11 50 

12 100 12 50 

13 100 13 100 

14 100 14 100 

15 100 15 100 

16 100 16 100 

17 100 17 100 

18 100 18 50 

19 100 19 100 

20 100 20 100 

21 100 21 100 

22 100 22 100 

23 100 23 50 

24 100 24 100 

25 100 25 100 

26 100 26 0 

27 100 27 50 

28 100 28 100 

29 100 29 100 

30 0 30 0 

31 100 31 100 

32 100 32 75 

33 100 33 100 

34 100 34 100 

Average 97 Average 80 

Std. Dev. 17 Std. Dev. 30 
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Students from POGIL Score for Question 5 Students from POGIL Score from Question 6 

Group 2 (Percentage) Group 2 (Percentage) 

1 0 1 0 

2 100 2 100 

3 100 3 100 

4 100 4 100 

5 100 5 100 

6 100 6 100 

7 100 7 100 

8 100 8 100 

9 100 9 0 

10 0 10 0 

11 100 11 100 

12 100 12 100 

13 100 13 100 

14 100 14 100 

15 50 15 100 

16 100 16 100 

17 0 17 50 

18 100 18 100 

19 100 19 100 

20 100 20 100 

21 100 21 100 

22 100 22 100 

23 100 23 100 

24 100 24 100 

25 100 25 100 

26 100 26 100 

Average 87 Average 87 

Std. Dev. 33 Std. Dev. 33 
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Students from POGIL Score for Question 5 Students from POGIL Score for Question 6 

Group 3 (Percentage) Group 3 (Percentage) 

1 100 1 0 

2 100 2 50 

3 100 3 50 

4 100 4 50 

5 100 5 0 

6 50 6 100 

7 75 7 0 

8 75 8 0 

9 100 9 75 

10 100 10 100 

11 100 11 100 

12 100 12 100 

13 100 13 100 

14 100 14 0 

15 50 15 100 

16 100 16 0 

17 100 17 0 

18 100 18 50 

19 100 19 100 

20 50 20 50 

21 100 21 100 

22 100 22 50 

23 100 23 50 

Average 91 Average 53 

Std. Dev. 18 Std. Dev. 42 
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Students from Score for Question 5 Students from POGIL Score for Question 5 

POGIL Group 4 (Percentage) Group 4 (Percentage) 

1 50 50 100 

2 50 51 50 

3 100 52 100 

4 0 53 100 

5 75 54 100 

6 100 55 100 

7 100 56 100 

8 100 57 100 

9 100 58 100 

10 75 59 50 

11 100 60 100 

12 50 61 100 

13 100 62 100 

14 100 63 50 

15 100 64 50 

16 50 65 100 

17 100 66 100 

18 100 67 50 

19 100 68 100 

20 100 69 100 

21 50 70 100 

22 100 71 100 

23 100 72 100 

24 50 73 100 

25 50 74 50 

26 50 75 50 

27 50 76 100 

28 0 77 100 

29 50 Average 81 

30 50 Std. Dev. 28 

31 100 

32 100 

33 50 

34 100 

35 100 

36 100 

37 50 

38 100 

39 100 

40 50 

41 100 

42 100 

43 100 

44 100 

45 100 

46 0 

47 50 

48 50 

49 100 
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Students from Score for Question 6 Students from POGIL Score for Question 6 

POGIL Group 4 (Percentage) Group 4 (Percentage) 

1 0 50 0 

2 0 51 50 

3 50 52 75 

4 100 53 100 

5 25 54 25 

6 100 55 50 

7 0 56 50 

8 50 57 25 

9 100 58 100 

10 25 59 100 

11 50 60 100 

12 100 61 100 

13 100 62 100 

14 0 63 0 

15 0 64 100 

16 0 65 100 

17 0 66 75 

18 100 67 0 

19 25 68 100 

20 25 69 25 

21 25 70 100 

22 0 71 25 

23 75 72 0 

24 50 73 0 

25 75 74 100 

26 75 75 75 

27 0 76 100 

28 0 77 100 

29 0 Average 52 

30 50 Std. Dev. 41 

31 100 

32 75 

33 0 

34 100 

35 100 

36 100 

37 50 

38 100 

39 0 

40 0 

41 0 

42 25 

43 50 

44 75 

45 50 

46 0 

47 0 

48 100 

49 100 
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KEY FOR EXPERIMENTAL GROUPS:  
 

Group 1= Cumulative average quiz score of all experimental groups 

Group 2= Cumulative average quiz score of college experimental groups 

Group 3= Average quiz score of college experimental group 1 

Group 4= Average quiz score of college experimental group 2 

Group 5= Cumulative average quiz score of college experimental groups 1 and 2 

Group 6= Average quiz score of college experimental group 3 

Group 7= Average quiz score of high school experimental group 4 
 

Balancing Equations Quiz

Scores and Standard Deviations

 Average of College Control Group (77) vs. 

Experimental Group Scores
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KEY FOR EXPERIMENTAL GROUPS:  
 

Group 1= Cumulative average quiz score of all experimental groups 

Group 2= Cumulative average quiz score of college experimental groups 

Group 3= Average quiz score of college experimental group 1 

Group 4= Average quiz score of college experimental group 2 

Group 5= Cumulative average quiz score of college experimental groups 1 and 2 

Group 6= Average quiz score of college experimental group 3 

Group 7= Average quiz score of high school experimental group 4 
 

 

 
 

 

 

 

Balancing Equations Quiz

Scores and Standard Deviations

 Average of High School Control Group (81) vs. 

Experimental Group Scores
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KEY FOR EXPERIMENTAL GROUPS:  
 

Group 1= Cumulative average quiz score of all experimental groups 

Group 2= Cumulative average quiz score of college experimental groups 

Group 3= Average quiz score of college experimental group 1 

Group 4= Average quiz score of college experimental group 2 

Group 5= Cumulative average quiz score of college experimental groups 1 and 2 

Group 6= Average quiz score of college experimental group 3 

Group 7= Average quiz score of high school experimental group 4 
 
 

 

 

 

 

 

 

 

 

Balancing Equations Quiz

Scores and Standard Deviations

 Cumulative Average of Both Control Groups (78) 

vs. Experimental Group Scores
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Balancing Equations Quiz 

Cumulative Average Scores and Standard 

Deviations for Question 5 
1=Cumulative Average of Both Control Groups 

2=Cumulative Average of All Experimental Groups
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Balancing Equations Quiz 

Cumulative Average Scores and Standard 

Deviations for Question 6 
1=Cumulative Average of Both Control Groups

2=Cumulative Average of All Experimental Groups
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Limiting Reagents Quiz Raw Data for Control Group 
 

Overall Limiting Reagents Quiz Scores for Control Group 2 

Students from Control Quiz Score 
Group 2 (Percentage) 

1 20 

2 45 

3 35 

4 30 

5 45 

6 50 

7 15 

8 25 

9 60 

10 30 

11 60 

12 50 

13 45 

14 20 

15 45 

16 50 

17 20 

18 35 

19 25 

20 20 

21 70 

22 45 

Average 38 
Std. Dev. 15 

 

 

 

 

 

 

 

 



USING GUIDED INQUIRY TO TEACH STOICHIOMETRY   96 

Questions 2b and 2c Quiz Scores of Limiting Reagents Quiz, Control Group 2 

Students from Score for Question 2b Students from Control Score for Question 2c 

Control Group 2 (Percentage) Group 2 (Percentage) 

1 75 1 20 

2 50 2 20 

3 0 3 40 

4 0 4 40 

5 0 5 60 

6 25 6 60 

7 0 7 0 

8 0 8 20 

9 0 9 40 

10 50 10 20 

11 75 11 20 

12 25 12 60 

13 25 13 60 

14 0 14 0 

15 0 15 60 

16 75 16 20 

17 0 17 0 

18 50 18 20 

19 0 19 20 

20 0 20 0 

21 100 21 80 

22 50 22 20 

Average 27 Average 31 

Std. Dev. 33 Std. Dev. 24 
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Limiting Reagents Quiz Raw Data for POGIL Group 
 

Overall Limiting Reagents Quiz Scores for POGIL Group 4 

Students from Quiz Score 45 35 

POGIL Group 4 (Percentage) 46 30 

1 60 47 30 

2 40 48 30 

3 70 49 20 

4 70 50 25 

5 25 51 30 

6 25 52 35 

7 45 53 65 

8 35 54 30 

9 20 55 70 

10 60 56 20 

11 60 57 25 

12 20 58 70 

13 60 59 30 

14 30 60 40 

15 25 61 30 

16 50 62 25 

17 50 63 20 

18 30 Average 43 

19 50 Std. Dev. 19 

20 20 

21 65 

22 60 

23 65 

24 20 

25 20 

26 45 

27 25 

28 50 

29 90 

30 20 

31 65 

32 50 

33 25 

34 30 

35 70 

36 95 

37 70 

38 50 

39 40 

40 65 

41 50 
42 50 

43 40 

44 40 
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Questions 2b and 2c Quiz Scores of Limiting Reagents Quiz, POGIL Group 4 

Students from Score for Question 2b 48 25 

POGIL Group 4 (Percentage) 49 0 

1 25 50 0 

2 50 51 50 

3 100 52 0 

4 0 53 75 

5 0 54 25 

6 0 55 100 

7 0 56 0 

8 0 57 0 

9 0 58 25 

10 100 59 0 

11 25 60 50 

12 0 61 25 

13 0 62 0 

14 0 63 0 

15 0 Average 25 

16 25 Std. Dev. 33 

17 25 

18 0 

19 50 

20 0 

21 100 

22 25 

23 50 

24 0 

25 0 

26 0 

27 0 

28 0 

29 100 

30 0 

31 25 

32 25 

33 0 

34 0 

35 75 

36 100 

37 0 

38 50 

39 0 

40 75 

41 75 

42 25 

43 25 

44 0 

45 0 

46 50 

47 25 
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Students from Score for Question 2c 50 20 

POGIL Group 4 (Percentage) 51 0 

1 60 52 20 

2 60 53 40 

3 20 54 20 

4 80 55 60 

5 0 56 20 

6 0 57 0 

7 60 58 60 

8 0 59 0 

9 20 60 0 

10 40 61 20 

11 60 62 20 

12 20 63 0 

13 60 Average 38 

14 20 Std. Dev. 31 

15 0 

16 60 

17 60 

18 40 

19 40 

20 0 

21 60 

22 100 

23 100 

24 20 

25 20 

26 100 

27 0 

28 100 

29 100 

30 20 

31 80 

32 60 

33 20 

34 60 

35 40 

36 100 

37 80 

38 20 

39 40 

40 40 

41 60 

42 40 

43 40 

44 40 

45 20 

46 0 

47 40 

48 20 

49 0 
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Limiting Reagents Quiz

 Average Quiz Scores and Standard Deviations
 1=Average of High School Control Group

 2=Average of High School Experimental Group
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Limiting Reagents Quiz

 Average Scores and Standard Deviations for 

Question 2b

 1=Average of High School Control Group 

2=Average of High School Experimental Group
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Limiting Reagents Quiz 

Average Scores and Standard Deviations 

for Question 2c
 1=Average of High School Control Group

 2=Average of High School Experimental Group
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