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I. Abstract 

The two distinct introductory chemistry curricula at the University of Arizona, ‘General 

Chemistry’ and ‘Chemical Thinking’, were analyzed for their systematic promotion of student 

collaboration in their respective laboratory components. Information on student collaboration 

was gathered with online surveys, through student interviews, and through observations of lab 

meetings. Instructor opinion on student collaboration was very similar for both courses, with 

the main difference being that Chemical Thinking instructors were more comfortable with lab 

report collaboration while General Chemistry instructors were more approving of pre-lab 

collaboration. Chemical Thinking students were shown to plan their experiments more 

thoroughly outside of lab time and reported that while in laboratory their group worked more 

often as a cohesive, equally-contributing unit. General Chemistry students were more likely to 

plan individually and work alone while in laboratory; a frequent strategy being that a group 

leader would delegate tasks that the group members would perform alone. The most distinct 

curriculum changes related to student collaboration are that ‘Chemical Thinking’ experiments 

are one and a half weeks longer on average and that they center around questions the students 

generate themselves, called Central Goals and Claims in the Scientific Writing Heuristic. 
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II. Introduction 

“The only person who is educated is the one who has learned how to learn.” – Carl Rogers1 

The Pew Research Institute reports that 55% of American adults own smartphones2, portable 

devices with more computing power than the instruments that landed the Apollo 11 on the 

moon. Technological development is increasing at an exponential rate, and as technology 

advances, the fate of human society becomes more and more intertwined with that society’s 

scientific capability. Yet, current research indicates major shortcomings in the American general 

public’s comprehension of basic scientific principles. For example, Pew also found that up to 

33% of American adults reject the Theory of Evolution3, a central tenet of Biology. There are 

many complex factors contributing to this societal deficit in scientific understanding, but one 

dimension that can be analyzed is science education.  

Many research institutions are adapting their scientific education curricula to better prepare 

their students for the complexity of work in the applied science fields. Several recent 

publications in The Journal of Chemical Education have recorded the benefits of adapting 

‘inquiry-based’ laboratory courses. The distinction between ‘inquiry based labs’ and 

‘verification’ based labs relates to how much information the students are provided with to 

complete a project4. Inquiry labs are courses designed so that their projects are open-ended, 

procedures are developed by students as the lab progresses, and substantial student research is 

needed for success4. In contrast, the more traditional ‘verification’ labs use pre-determined, 

step-wise procedures to reach one specific outcome4, usually the verification of a known 

scientific principle, hence the name. 

http://www.brainyquote.com/quotes/quotes/c/carlrogers130364.html
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Inquiry-based lab curricula are on the rise nationally, and one notable example of an inquiry-

based introductory chemistry lab being executed on a university level is outlined in: “A Model 

for an Introductory Undergraduate Research Experience.” This particular program at the 

University of Colorado Springs’ signature feature is that introductory laboratory courses feed 

directly into summer research projects with faculty research groups5. These participating 

students are then hired by the research groups and continue their student-faculty partnership 

for as long as they remain with the program5. Canaria outlines many observable improvements 

in student laboratory technique5, but one interesting observation is that student 

communication greatly increased with the more research-based program5. While the data the 

report gathered on the matter was limited, the focus in that document being on outlining their 

developed curriculum, they calculated the following significant increases in student 

communication: student participation in instructor office hours increased by 54.7%, students 

contacting the instructors to schedule office-hours appointments increased by 35.2%, and 

student emails to their instructors with material-related questions increased by 40.1%.5 

The benefits of student collaboration are also touched upon in an article published by the 

National Association of Biology Teachers entitled “Moving From Didactic to Inquiry-Based 

Instruction In A Science Laboratory.”  Two groups of students are identified, one group where 

students worked together during their experiments and another where work was completely 

divided and results were combined afterwards6. Unilaterally, student work improved in the 

collaborative groups compared to the divided groups6. Additionally, students were asked to 

evaluate their impressions on lab work in post course surveys. A distinction was clear, with 

inquiry-based laboratory students reporting much more favorably about their laboratory 
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experience6. Questions about collaboration with their lab group were not prompted in these 

surveys, but the surveys allowed for comments. Within surveys that contained positive 

feedback for the program were seen comments related to working with their lab group. One 

comment highlighted by the paper was a message from a student saying they “loved doing 

biology with their new friends.6”  

Both documents cited above describe benefits for students in inquiry based labs, and both 

make a few comments about lab group collaboration, so the questions arises: are inquiry labs 

promoting improved student collaboration and is that a factor contributing to the improved 

educational results? As more universities overhaul their science education programs to better 

serve their students, that endeavor requires consideration of many variables. If extent of 

student collaboration is an influencing factor in educational improvement, and if the structure 

of laboratory courses can be correlated to student collaborative behavior, then it becomes a 

point of consideration to curriculum designers looking to improve educational results. 

The ‘Chemical Thinking’ introductory chemistry curriculum developed by Dr. John Pollard and 

Dr. Vicente Talanquer of the University of Arizona’s Department of Chemistry and 

Biochemistry7 is an experimental curriculum, which at the time of this publication is preparing 

for complete department implementation. It is the stated philosophy of ‘Chemical Thinking’ to: 

“Move away from chemistry as a set of facts and knowledge to obtain, and move towards 

chemistry as a way of thinking and understanding.7” Based on the curriculum’s current 

structure, it would be defined as an inquiry-based lab using the definitions as outlined above. 

The UA’s Chemical Thinking curriculum is in a somewhat unique situation in that it is, as of this 
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writing, only partially implemented7. The curriculum currently coexists with a more traditional 

introductory chemistry curriculum, herein referred to as ‘General Chemistry’. Having both 

curricula in operation simultaneously at the same university allows for a more accurate direct 

comparison since they are in as similar an environment as possible. Roughly 40% of 

introductory chemistry students are enrolled in ‘Chemical Thinking,’ while the remaining 60% is 

enrolled in ‘General Chemistry.’ It is the intention of this investigation to analyze each 

introductory chemistry curriculum at the University of Arizona with respect to the extent of 

student collaboration. 

If ‘Chemical Thinking’ is designed to better expose students to how scientific work operates, are 

they preparing students to work more effectively with future coworkers? By analyzing whether 

there is an appreciable difference in student collaboration within these two curricula operating 

concurrently at the same university, one more inquiry based and the other more verification 

based, information can be gleaned about whether inquiry-based lab courses promote more 

effective student collaboration. Should differences in collaboration be detected, the two 

curricula can be thoroughly analyzed to determine what specifics changes from ‘General 

Chemistry’ to ‘Chemical Thinking’ caused the observed changes. 
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III. Experimental Methods 

Summary - Data collection for this investigation was of these general types: 

1) Written surveys distributed to the laboratory instructors to determine if there are 

substantial differences in instructor opinion on the subject of student collaboration in their 

laboratories. The differences in how the instructors perceive student collaboration have to 

be considered when evaluating the student collaborative behavior in each course, as 

instructor opinion would influence student collaboration in a potentially different way than 

the curriculum’s structuring. 

2) Online, anonymous surveys distributed to students and laboratory instructors. These 

surveys inquire amongst their participants about their opinions on student collaboration 

and ask about their experiences with lab-work collaboration while completing their courses. 

These surveys will be distributed to Chemical Thinking and General Chemistry students.  

3) Voluntary interviews with general chemistry and chemical thinking students. These 

interviews attempt to fill in the gaps from the data collected from the surveys, as the 

surveys cannot realistically be designed to consider every possible factor relation to student 

collaboration.  

4) Observations by the primary investigator of lab courses from each curriculum with regards 

to student collaboration. The intention is to again glean information that the surveys cannot 

appropriately obtain. 

After this data was gathered, it was compiled by the primary investigator to present to Mark 

Yanagihashi, the coordinator of the introductory chemistry labs at the UA.  
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1) Anonymous Instructor Surveys: 

Both ‘General Chemistry’ and ‘Chemical Thinking’ have the same instructional format. Each lab 

meets once a week for four hours, with the first hour being a discussion where word problems 

of exam-level complexity are presented and completed. The laboratory instructors also lead 

these hour discussions. Afterwards, students spend three hours in the actual laboratory, 

beginning with a Powerpoint presentation that is created by the laboratory supervisor and 

provided to all the lab instructors.  

While the content of the discussions and the lab introductions are provided by the department, 

there is still substantial room for individual laboratory instructors to shape their labs. It was 

realized that if instructors had significantly different outlooks on student collaboration, these 

differences could percolate down to the students they instruct. Personal instructor opinion, if it 

were substantially different between the two courses, would manifest in the results obtained. 

Differences in student collaborative behavior could be from their instructors, and not the 

curriculum, which would convolute this inquiry. To probe whether or not instructor opinion 

would influence student collaboration, the following survey was distributed to instructors. This 

survey attempts to quantify instructor opinion on student collaboration: 
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Lab Group Collaboration Inquiry – Lab Instructor Survey 

Instructions 

The Lab Group Collaboration Inquiry is an investigation into the nature and extent of lab collaboration 
amongst introductory chemistry students in the different curricula.  This form is to be completed by 
introductory chemistry lab instructors.  Please respond to the questions about your opinion and 
impressions on lab collaboration within the sections you have taught. All answers will be kept anonymous 
so please be as honest as possible. Thank you for your time and contribution. 

 

Responder’s Profile 

1) How many introductory chemistry sections have you taught in your career at UA? 
a) One to four 
b) Five to nine 
c) Ten or more 

 
2) Please select which different introductory chemistry course you have taught at UA: 

____ general chemistry (151 + 152) 
____ Chemical Thinking (151 +152 XXI) 
 

Evaluation of Instructor’s Outlook on Collaboration  

 Please select the answer that best describes your opinion on the question posed. 

1) “Collaboration between students improves the average quality of work.” 
a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 
e) Primarily Circumstantial 

 
2) “Collaboration is promoted by the introductory chemistry lab setup and curriculum.”  

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 
e) Primarily Circumstantial 

 
3)  “I support student collaboration on the lab reports” 

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 
e) Primarily Circumstantial 

 
Please continue with questions on the reverse side 



11 
 

 
 

 
4) “Increased collaboration leads to increased plagiarism and other cheating.” 

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 
e) Primarily Circumstantial 

 
5) “I support collaboration on pre-lab assignments” 

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 
e) Primarily Circumstantial 

 
6) “The more a lab group collaborates the better they perform” 

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 
e) Primarily Circumstantial 

 
7) “Promoting collaboration is unfair to certain students” 

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 

 
8) “It is important for introductory chemistry lab to promote group collaboration” 

a) Agree 
b) Disagree 
c) Resolutely Agree 
d) Resolutely Disagree 

 

To gather additional data, I will be performing observations of running lab sections. If you feel 
comfortable with me visiting one of your lab sections briefly, please leave your name and the section 
information below.  

Name:_______________________    Lab Section:_________________   

 

Time and Location___________________________ 

Thank you for your participation with this project, your feedback is greatly 

appreciated 
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These surveys were distributed to laboratory instructors during their weekly staff meeting, 

when all the instructors are together to review the material for the coming lab week. These 

meetings are mandatory and a survey was provided to every ‘Chemical Thinking’ and ‘General 

Chemistry’ lab instructor present.  

Since these surveys were not physically anonymous, instructors could volunteer to provide a 

name for the purposes of conducting laboratory observations, no individual responses will be 

published. Only the collective results from the surveys, tabulated and analyzed, will be 

provided. This protects instructors and allows them to respond honestly. 

 

2)Online anonymous survey 

Through the course management software at the UA, Desire2Learn (d2L), the survey was 

posted in the lecture-site of every ‘General Chemistry’ and ‘Chemical Thinking’ professor. The 

survey was anonymous for the student responders, ensuring they were able to respond 

honestly. It was designed to be multiple choice so that results could be analyzed more readily 

through graphs and statistics, as the interviews and observations are better tools for obtaining 

more nuanced data anyhow. A section was provided for written comments for students who 

could not perform the interviews, but who were still interested in producing written responses. 

Additionally, to prevent students from guessing the ‘right’ answer to each question, the 

responses were randomized. This also requires that students read every response to each 

question as they could not choose a ‘default’ answer for each question. 
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To promote participation in the survey, the author visited each of the professor’s lectures to 

introduce students to the project, explain what the survey is and how to complete it, and 

inspire students to complete the survey. The survey was active for two weeks, with D2L 

calendar reminders promoting students towards its completion. Additionally, emails were sent 

to the chemistry studentsreminding them about the survey and encouraging their participation.  

The survey questions were as follows: 

1) Choose which statement most accurately describes how your lab group collaborates on 

pre-lab assignments 

 No collaboration or almost no collaboration 

 We collaborate on nearly every pre-lab assignment. 

 
We collaborate on the majority of assignments either in person or with digital tools like 

email. 

 We collaborate on every pre-lab assignment 

 
We may collaborate on the occasional pre-lab assignment; for instance a single email, text, 

or question every couple weeks. 

2) How much does your lab group plan what you will do to complete each experiment, or 

distinct experimental task, before you begin attempting that task in lab itself? 

 
We plan for several minutes about how we will complete the experiment or experimental 

task. 

 
We construct an intricate plan before beginning the experiment. We nearly always 

formulate this plan, partially or completely, before the lab period begins. 

 
We construct a usable plan before beginning the experiment. We may formulate this plan, 

partially or completely,  before the lab period begins. 

 We don't form any kind of plan before we start working. 

 We discuss for a minute or two what each person will do and then begin. 
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3) Once your group has begun working on an experiment, how much do you discuss the 

experiment in progress? 

 
We work on many of the tasks together but if we run into any issues we stop and ask the 

TA. 

 
Everyone does their own thing and if we ask questions we ask our lab group first, the TA 

second. 

 Everyone does their own thing and we barely talk about the experiment at all. 

 
We work on many of the tasks together and if we run into any issue we discuss it first. If the 

issue is unresolved we ask the TA. 

 Everyone does their own thing and if we have a question, we ask the TA. 

 

4) Once the week's experiment is completed, how much does your group collaborate on 

processing the data and/or the experiment's report? 

 We discuss nearly every experiment with each other during the report writing. 

 We don't collaborate after the experiment is done at all. 

 We discuss the majority of the experiments with each other during the report writing 

 We may ask each other a question or two 

 
We collaborate on each report very extensively - ie: work through all the calculations 

together, critique each other's discussions etc. 

 

 

5) If you have worked on a group project proposal for your lab course, please select the 

option that best describes the collaboration that went into that proposal's construction 

from individual proposals. 

 The group proposal was finished with partial effort from multiple group members. 

 Each member of our group contributed significantly to the group proposal's completion. 

 One member of the group completed the group proposal without assistance. 

 We have not completed a proposal for our class 

 
One member of the group completed the proposal from the collection of individual 

proposals. 
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6) Please select the response that best articulates your opinion on lab group collaboration. 

 It would be better to work all semester alone. 

 Lab groups are an essential part of this course, it would not work without them. 

 Collaboration is useful for all of the experiments 

 Collaboration is useful for most of the experiments 

 Some experiments are better for groups, others should be performed alone. 

 

7) Which statement best describes, as far as you can tell, how your TA fosters 

collaboration? 

 I cannot tell if our TA is for or against collaboration. 

 Our TA strongly opposes lab group collaboration. 

 At times, our TA actively promotes collaboration. 

 In some ways, our TA opposes lab group collaboration. 

 Our TA consistently supports collaboration 

 

8) Do you have additional comments on lab group collaboration that were not addressed 

in this survey? 
 

3) Student Interviews 
 

The surveys provide the largest pool of data possible, however the questions have to be written 
before students responses can be analyzed. Therefore, while the questions may of thoroughly 
thought out and designed, the subject of student lab collaboration is too complex for the 
surveys to be able to cover every factor. Supplementing this data are free-form interviews 
conducted with student volunteers from both courses. These interviews were designed to be as 
open-ended as possible, only two or three questions would be posed and students were 
allowed to talk as long as they were willing. To maintain conversation, follow-up questions 
would be asked based on how the student had previously responded. These interviews were 
voice-recorded to allow for verbatim transcription and took place in the UA Science and 
Engineering library in reserved study rooms.  

For publishing the interview results, a transduction key was designed to represent interview 
responses numerically. Analysis of the interviews revealed that student answers often 
pertained to identifiable specific categories, so answers were cataloged and filed under these 
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common responses. The transduction key used, and an example transduction, are included 
below: 

Question: “In the days between meetings of lab, describe how often, and in what ways, you 

communicate with your lab partners?” 

Raw Answer: “We speak occasionally, but I’d say not often. We talk about lab reports, talk through 

data mostly. Make sure we’re all on the same page. Sometimes we text about pre-labs. I’d 

sayeveryoneisinvolved in the texting, some respond more than others. Two lab members participate a 

lot, while the other two participate, I’d say, about half the time.” 

Interview Tranduction Key 

Frequency of 

Communication (FC) 

Subject of 

Communication (SC) 

Method of 

Communication (MC) 

Degree of Complete 

Group Involvement in 

Communication (DI) 

None: 0 pre-labs: 0 Phone: 0 individual work: 0 

seldom: 1 lab reports – data: 1 Email: 1 two or three members: 

1 

Occasional: 2 lab reports – write-up: 2 Combination phone and 

email: 2 

all members to varying 

degrees: 2 

Frequent: 3 project proposals: 3 physical meeting: 3 all members to 

equivalent degrees: 3 

Transduced Answer from above: FC 2, SC 1, SC 0, MC 0, DI 1 + DI 2. 

4) Laboratory Observations 

The final data type collected was from observations of lab sessions in progress. These 

observations were conducted by the author to obtain data from a neutral perspective, 

preventing the potential bias present in students responding about their collaborative 

experiences. In principle, this type of data would be the most ‘pure,’ since the personal 

opinions of the responding individuals would be removed and the observer would be using the 

same criteria, and definition of collaboration, to conduct the observations. However, only a 
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limited number of observations could be scheduled due to time constraints, so the data 

generated from the interviews is also of a supplementary nature. In a matter similar to the 

interviews, the observational comments were transduced into numerical form using the 

following key:Observation notes: Gen Chem Lab: Groups either divided into pairs or writing on their 

own. Half of the groups discuss the plan for a minute or two, other half come to bench in silence and 

begin working. When TA approaches group to answer questions, entire group comes together to hear 

questions. Over course of work, in two groups it was seem that one pair out of the four people was 

working while the other two stood around. In three other groups, pair worked consistently. Final group 

had everyone working on their own, three with focus, one standing around. Lab time ran out before 

data could be crunched. 

Observation Transduction Key 

Frequency of 
questions to the 
TA (FTA) 

Number of Fully 
participating 
group members 
(FPG) 

Number of group 
members 
consistently 
working together 
on a single task 
(#G) 

Instances of              
inter-group 
collaboration (IGC) 

Time spent 
processing data 
before group 
disperses (TPD) 

not observed 
asking questions 

1 1 none observed no time 

1-2 every half hour 2 2 1-2 over 
observation’s 
course 

1-2 minutes 

1-2 every ten 
minutes 

3 3 3-6 over 
observation’s 
course 

2-5 minutes 

2 or more every 
ten minutes 

4 4 more than 6 over 
observation’s 
course 

 more than five 
minutes 

Transduced Answer: FPG: 1, 2,  4. #G: 1, 2. IGC: 0. TPD: 0. 
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After every mode of data collection was completed, the author conducted an interview with 

Mark Yanagihashi. Mark provided his response to what differences between the two curricula 

as he understood them, and then he provided his opinion on differences in student 

collaboration he has observed between the two courses. Afterwards, Mark was presented with 

the data and his responses are included in this report’s discussion. 
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IV. Results 

Instructor Survey Responses 

11 out of 12 ‘Chemical Thinking’ laboratory instructors responding 

16 ‘General Chemistry’ laboratory instructors responding 

 

 

 

 

 

 

 

 

The first question on the instructor survey, the results were conclusive that the instructors for 

both ‘General Chemistry’ and ‘Chemical Think’ believe that the quality of student work is 

improved by collaboration. Under the assumption that improved student work is a positive 

outcome, instructors would likely be favorable to this aspect of collaboration. Standard 

deviation analysis indicates that there is a minor detectable difference between Chemical 

Thinking’ and ‘General Chemistry,’ with slightly more ‘Chemical Thinking’ instructors believing 

Chart One 
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work is improved. However, since approximately 90% of ‘General Chemistry’ instructors 

responded in the same manner, this was not seen as statistically relevant.  

 

 

 

 

 

 

 

 

 

The question above was posed to determine whether or not instructors viewed the group 

behavior within their course as collaboration. Every response collected indicated that the 

instructors believe their course promotes collaboration. This indicates that the instructors 

understand that collaboration is a significant component of the course. 

 

 

 

 

 

 
Chart Three 

Chart Two 
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Related to the question above, this was meant to determine if having the course promote 

collaboration was a positive aspect. At least 90% of instructors for both courses responded that 

collaboration is positive for the course. This result is key in that it demonstrates that instructor 

opinion is almost unanimous in their belief that collaboration is an important component of the 

course. This approval allows for the rest of the report to continue, since the instructor opinion 

on collaboration in general is fairly uniform. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart Four 

Chart Five 
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Charts four and five found that there was statistical difference between whether the instructors 

approved of lab report collaboration or pre-lab (assignments to be completed before each lab 

period, online quizzes for both courses) collaboration. Interesting to note was that the pool of 

instructors more likely to disapprove of collaboration on those assignments changed based on 

what the assignment was, with ‘Chemical Thinking’ disapproving of pre-lab collaboration while 

‘General Chemistry’ disapproved more frequently of lab report collaboration. The assignment 

rubrics for the lab reports and pre-lab assignments are different for the two courses, so it is 

postulated that the assignments are different enough in nature between the two courses to 

significantly affect how the instructors understand them. These differences are analyzed in 

more detail in the discussion section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart Six 
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As charts 1-3 address the ‘positive’ aspects of student collaboration, charts 6-7 ask for 

instructor opinion on the potential ‘negative’ aspects. As displayed in chart 6, ‘Chemical 

Thinking’ students were statistically more likely to assert that collaboration can mean cheating. 

Therefore, these instructors see this negative component of collaboration as a greater concern, 

assuming the instructors oppose cheating. To the contrary, the ‘General Chemistry’ instructors 

were more likely to respond that collaboration is unfair to certain students, although still the 

significant majority for both courses think it is fair. Again, assuming unfairness is viewed 

negatively, the ‘General Chemistry’ instructors would view a certain part of collaboration as 

more negative. In both cases, the response rates for instructors between the two courses were 

always with 10% of each other, so there are no drastic differences in opinion.  

With each pool of instructors more likely to view one aspect of collaboration more negatively, 

each more supportive of collaboration on pre-lab assignments or reports, and their remarkable 

agreement on collaboration’s positive aspects, it is the assertion of this report that there is no 

difference in instructor opinion on student collaboration remarkable enough to skew the 

Chart seven 
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results. Reasons as to why the two groups would agree on collaboration’s pros and cons in the 

majority of cases are addressed more thoroughly in the discussion. 

Student Survey Responses 

Chemical Thinking response rate: 378 students out of 528, 71.6% response rate 

General Chemistry response rate: 640 students out of 792, 80.1% response rate.  

 

 

 

 

 

 

 

 

 

 

 

 

Chart 8 demonstrates how the was a statistically significant population shift with ‘Chemical 

Thinking’ students planning more thoroughly before lab than ‘General Chemistry’ students. An 

interesting corollary to this result is that the ‘Chemical Thinking’ instructors were more 

opposed to pre-lab collaboration, indicating that the before-lab planning relates more to how 

to actually conduct the experiment, and is not just more effort invested in completing the pre-

lab assignments. Statistically similar populations plan a brief amount. 

Chart eight 
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Out of the five categories probed in chart nine, two showed the student population’s 

statistically divergent. Firstly that ‘General Chemistry’ students were much more likely to work 

independelty (three times as much of the population operates that way) and second that the 

‘Chemical Thinking’ students work together, and refer to each other with questions. This 

demonstrates a major difference in lab group behavior. This difference was identified as a key 

question to investigate in the interviews and during lab observations.  

 

 

 

 

Chart nine 
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Chart 10 shows great uniformity in student behavior with one exception. Far more ‘General 

Chemistry’ students do not collaborate on their reports at all compared to their counterparts, 

whose behavior is split between the other categories. This would indicate that ‘Chemical 

Thinking’ promotes report collaboration of some kind. This question was investigated more 

thorough in the interviews and report writing was identified as a potential catalyst for other 

collaborative behavior. 

 

 

 

 

 

Chart ten 
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How students evaluate the importance of collaboration in their lab courses were seen to be 

essentially the same. The main difference was that a larger proportion, albeit still the smallest 

by far, of ‘General Chemistry’ student were opposed to collaboration, while to the contrary 

‘Chemical Thinking’ students were more likely to respond that lab groups were essential to the 

course. 

Student Interview Responses 

Interviews conducted: Chemical Thinking – 26 

   General Chemistry – 19 

The sample size for the interviews is much smaller compared to the surveys, meaning the 

possibility that the sample is not representative of the whole is apparent. However, this data 

was interpreted from open-ended student responses, common answers to reoccurring topics 

were compiled in these tables. This provides an advantage over the surveys in that that same 

definition of collaboration is being used to evaluate all responses, since people can have vastly 

Chart eleven 
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different understandings of that word. Therefore, the interview data is still considered relevant 

since a uniformity of interpretation can be applied. When collaboration is described here, that 

collaboration is more aligned with how it is defined elsewhere in this report and is not subject 

to the myriad possible alternative interpretations. 

 

 

 

 

 

 

 

 

The amount that students communicate with each other was seen to be drastically different 

based on the interview responses. One survey question probed how students plan their 

experiment beforehand, and while the same shift towards ‘Chemical Thinking’ collaborating 

more was observed, the shift was not this drastic. However, in the survey question, it was asked 

that students evaluate the thoroughness of their collaboration, not how often it occurred. This 

data could indicate that the students do indeed communicate much more frequently, even if 

they do not perceive this to indicate a vast difference in lab planning thoroughness. 

 

 

 

Chart twelve 



29 
 

 
 

 

 

 

 

 

 

 

 

 

Communication between ‘Chemical Thinking’ students was shown to be much more frequent, 

and that communication seems to favor the more complex methods of email, or a combination 

of methods. It should be noted here that ‘phone’ is nearly entirely text messages, a much more 

succinct, and more informal communicative means than email. 

 

 

 

 

 

 

 

 

 

Chart thirteen 

Chart fourteen 
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The above question is essentially the same as one asked in the surveys, however the difference 

here is one of how collaboration is understood. How the hundreds of students who answered 

the surveys comprehend collaboration results in many different meanings for the same word, 

not all of which agree with the working definition of this report. These results were 

interpretations of student answers, using a consistent definition of collaboration. Therefore, 

there is a loss of statistical accuracy from the smaller sample, and a gain from the removal of 

error by differencing definitions. Using the consistent definition of collaboration, the results are 

much more drastic: ‘General Chemistry’ students drastically favor working alone, or with 

fractions of their total group, relative to the ‘Chemical Thinking’ students that are much more 

likely to work as a cohesive group. 

 

 

 

 

 

 

 

 

 

The main difference seen here is that ‘General Chemistry’ students focus more exclusively on 

the calculations portion of the report, while a significantly greater portion of the ‘Chemical 

Thinking’ population works together on the report in its entirety. 

Chart fifteen 
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Laboratory Observations Data 

Observations performed: 6 Chemical Thinking for 36 lab groups total 

          5 General Chemistry for 30 lab groups total 

 

 

 

 

 

 

 

The primary experimenter sat down with Mark Yanagihashi, coordinator of the introductory 
chemistry labs at the UA, to analyze the first experiments in each course to try and precipitate  

 

Chart 16 demonstrates that ‘Chemical Thinking’ groups demonstrate the behavior of every 

member of the group contributing more frequently, at least over the course of the 

observations. However, it should be noted that less than half of the groups in either course had 

every member contributing fully, indicative that over half the groups in either course have 

students that are partially disengaged from their groups.  

 

 

 

 

Chart sixteen 
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Statistically difference in the frequency of students asking questions of their instructors was not 

found during observations. 

 

 

 

 

 

 

It was observed that ‘Chemical Thinking’ students remained behind after completing their labs 

more frequently to discuss their data with their partners. While the vast majority (>90%) only 

met for a short period during the observations performed, markedly more students engaged in 

Chart seventeen 

Chart eighteen 
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this behavior than in ‘General Chemistry.’ The experiment being performed in ‘Chemical 

Thinking’ at the time of the observations did not fill the entire scheduled time for most groups 

while the ‘General Chemistry’ experiment did. When students have to work through their 

scheduled lab time, they were much less likely to remain and interpret data. Part of this may be 

scheduling, as the students have other engagements after their lab time. 

V. Discussion 

The data on charts 1-3 indicates that the instructors for the two different courses were found to 

have nearly identical opinions on collaboration’s place in the laboratory. The results were that 

over 90% of instructors viewed collaboration as positive for the lab and that it improved 

student work, with every instructor agreeing that their course works to promote collaboration. 

This uniformity in opinion could be an effect of the chemistry lab instructor training at the UA. 

With the lab instructors being predominantly grad students, with a few selected 

undergraduates and permanent staff members as well, these grad students all go through the 

same two-week instructor training as part of graduate student orientation. Separation in to 

‘Chemical Thinking’ and ‘General Chemistry’ occurs after the training so all the future 

instructors are prepared in the same way. While the instructors are selected for their class by 

the faculty, the teaching ideology and the skillset they are presented with are the same. 

Therefore, if the instructors are prepared the same way, what differences in opinion there are 

as related to student collaboration are personal opinions of the instructor, not differences the 

instructors are indoctrinated with during training. These differences are predominantly 

random, so the end result is great similarity in instructor opinion towards collaboration. 
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This largely homogenous instructor opinion on collaboration is important as it allows that 

variable to be removed from the analysis of differences in student collaboration between the 

two courses. Assuming the student population does not enter the courses with significantly 

different perceptions of collaboration, a fair assumption to make since the courses are listed 

together through the undergraduate course registration infrastructure, what differences are 

observed, if any, can be correlated to curricular differences. 

 One such difference is manifest in the categories where the instructors disagreed about 

student collaboration. As is outlined in charts 4 and 5, The ‘General Chemistry’ instructors were 

significantly more against collaboration on lab reports, while the ‘Chemical Thinking’ instructors 

were more against pre-lab collaboration. The General Chemistry reports follow essentially the 

same rubric used for the individual reports in organic-level chemistry, the sections are abstract, 

introduction (summary of chemistry principle being tested), experimental, data, analysis, and 

conclusion, an overall summary. This format aligns closely with the common format for 

scientific papers and exposure to this format is useful. However, in the context of General 

Chemistry, the experiment is already defined and the specific analytical points are outlined for 

students, so completing the format can be a matter of filling in the appropriate blanks. More 

information for writing the report, the introduction and experimental, come from the instructor 

and the data is interpreted through answering questions provided by the course. Collaboration 

is not as useful for these reports since so much of the content is prescribed. With the reports 

anticipating certain answers, student collaboration can be more instances of student cheating 

as there is less room for individual interpretation. Therefore, the ‘General Chemistry’ 

instructors may see lab report collaboration less favorably since it can mean more cheating. 
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On the other hand, ‘Chemical Thinking’ follows the Scientific Writing Heuristic, and the reports 

sections are: central goals (defined by each student group), experimental, data, claims (key 

results of the analysis), claim analysis, and reflection. Many sections are identical to the General 

Chemistry report, while central goals and claims are the key differences. The central goals are 

chosen by the students, there are not set central goals for each experiment. Students construct 

these goals from their interpretation of what the objective of the experiment was, and these 

take the place of the introduction wherein instead of the student processing a provided 

context, they develop a context. What students identify as the central goal affects how they 

conduct the experiment, so they must coordinate with their lab group about what that context 

will be. Student collaboration therefore is relevant to sections of the ‘Chemical Thinking’ 

reports that it does not affect in General Chemistry. Similarly, the ‘claims’ address the 

outcomes of the experiment, students evaluate the data they obtained and see how their 

data’s conclusions address the central goals they outlined. Since it is an interpretation of data, 

not just a statement, collaboration once again is more prominent as student groups must first 

understand, and then author, what claims they can make. With the reports more open-ended, 

collaboration can help students generate quality answers. This could lead to the ‘Chemical 

Thinking’ instructors looking on report collaboration more favorably, as they were observed to 

feel. 

Chart 8 demonstrates that the behavior of students not preparing for lab at all was more 

prevalent in ‘General Chemistry’ than in ‘Chemical Thinking.’ The number of students that plan 

briefly was essentially the same, meaning the population of students planning more heavily was 

larger for ‘Chemical Thinking.’ Additionally, charts 9, 12, 13, and 16 show two trends: ‘Chemical 
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Thinking’ students work together as a group in many more instances than is seen in ‘General 

Chemistry,’ and more members of the group are on task at any moment. Despite these 

distinctly different behaviors, the student opinion on collaboration was shown to be practically 

the same: chart 11 shows that the vast majority of students think collaboration is either useful 

for most experiments, or essential to the course. This shows the students in both courses value 

collaboration highly, but the degree of collaboration is very different. If both populations value 

collaboration to similar extents, should not the collaborative behavior be largely the same? 

Considering also the uniformity in instructor opinion as outlined before, the answer must lie in 

course structure. 

To understand the differences in the courses that could lead to differences in collaboration, 

Mark Yanagihashi was interviewed to obtain the insight of the person who organizes both 

courses. Yanagihashi prefaced the analysis saying “Both courses (‘Chemical Thinking’ and 

‘General Chemistry’) promote collaboration, but not to the same degree. This difference of 

degrees becomes apparent even within the first experiment.” We will begin analyzing the 

differences in the courses with their very first lab experiment. Both examine densities of 

plastics using mechanical capillaries and water displacement method: 
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Table One - First Experiment Analysis 

General Chemistry 
Experimental 
Technique 

Corresponding Learning 
Objective 

Chemical Thinking 
Experimental 
Technique 

Corresponding Learning 
Objective 

-calculation of a plastic 
standard block’s mass 
using an electronic scale              
-calculation of a plastic 
standard block’s volume 
using a graduated 
cylinder.                
-calculation of a plastic 
standard block’s volume 
using a mechanical 
capillary.                                 
–determination of an 
unknown plastic block’s 
density 

 

-use of electronic scale to 
find mass 

-proper technique for 
reading volume 
measurements from a 
graduated cylinder.                 
–use of capillary, 
emphasis on using 
different instruments for 
same measurement.              
–culmination of 
techniques learned over 
course of the lab. 

-Calculation of a plastic 
standard block’s mass 
using an electronic scale              
-calculation of a plastic 
standard block’s volume 
using a graduated 
cylinder.                
-calculation of a plastic 
standard block’s volume 
using a mechanical 
capillary.                                    
–determination of the 
density ofunknown, 
irregular-in-shape plastic 
fragments.  

 

-use of electronic scale to 
find mass 

-proper technique for 
reading volume 
measurements from a 
graduated cylinder.                 
–use of capillary, 
emphasis on using 
different instruments for 
same measurement.                
–application of density as 
a property to solve a new 
problem, combination of 
identification and 
separation. 

 

For the majority of the experiment, the assigned tasks and learning objectives are synchronized. 

It is the final stage of the experiment that they diverge: general chemistry students use the 

already-demonstrated methods to analyze unknowns that are identical to the standards they 

have previously manipulated. To the contrary, the ‘Chemical Thinking’ students must 

understand that density is an intrinsic property and use it to analyze samples that cannot be 

analyzed in the precise manner as the standards –shredded plastic pieces. Using questions 

posed to the students that require an extrapolation of the concepts is part ofthe ‘Chemical 

Thinking” labs that is not seen at this point in the experiment progression in ‘General 

Chemistry.’ The groups of four students must work together in both courses to find the 

unknown’s densities, but a strategy must be developed for ‘Chemical Thinking’and it is this 
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focus on student-generated strategy that distinguishes both of these introductory experiments. 

Developing this strategy means the ‘Chemical Thinking’ experiments have an extra component 

of collaboration, they cannot just divide the work since they must have a coherent plan. 

For the second experiment, the divergence of the two curricula becomes much more 

pronounced. Over the next three weeks, General Chemistry has three more modulated, week-

long experiments where a new concept is introduced and a regimented experiment is 

performed to familiarize students with the central scientific principle. Those experiments are 

TLC analysis of spinach extract, analysis of precipitation reactions with ionic salts, and a 

verification lab of the principles of the Ideal Gas law. The techniques learned in each week are 

irrelevant to the experiment performed next. Each week students start from scratch learning a 

new principle and new analytical methods, apply them to a set of provided standards, and then 

move on to another entirely new topic. At the same time, ‘Chemical Thinking’ students are 

presented with a contextualizing problem: certain food dyes have been causally linked to ADHD 

and the FDA needs to analyze the type and quantity of food dyes in commercial candies. In the 

first week, ‘Chemical Thinking’ students analyze seven dye samples using paper 

chromatography. In the second week, students develop a procedure for isolating the dye from 

nine provided commercial samples using an assembly of available techniques: solvent 

evaporation, column chromatography, centrifugation, and syringe filtration. All the techniques 

are presented even if they do not all work on the sample type. In the third week, the dye 

obtained from candies is analyzed with UV-Vis spectroscopy.  
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Table Two – Second Experiment Analysis 

General Chemistry  Corresponding Learning 
Objective 

Chemical Thinking  Corresponding Learning 
Objective 

3 isolated, week-long 
experiments: 

-TLC of spinach extract       
-precipitation of salts               
–noble gas simulation 

 

Each experiment has 
separate learning 
objectives, each week 
modulated 

-principles of 
chromatography (week 1)                                            
-ionic compound behavior 
(week 2)                                     
–ideal gas law analysis 
(week 3) 

One overarching project 
over three weeks 

-separation and qualitative 
analysis of dye                                       
-quantitative analysis of 
same dye                                  
-extraction and isolation of 
dye from commercial 
sample 

Entire project contextualized 
in real-world problem, food 
additive analysis, and each 
week builds on material 
from previous weeks                                   
-paper chromatography used 
to separate dyes, absorption 
spectroscopy used on 
separated food dye, isolation 
procedure with more than 
four techniques used on 
commercial samples 
followed by chromatography 
and spectroscopy analysis 

 

Each week in the three-week ‘Chemical Thinking’ experimental series connects with previous 

weeks and back to the overall context. In the final portion of the lab, students apply all the 

principles learned to a new set of samples. How students analyze the final samples is not 

prescribed, they may use any and all of the techniques learned in the previous three weeks. 

Groups must work to combine experiments across multiple weeks, and how the techniques and 

principles they have learned are combined must be decided upon by the group. Since the 

students have more freedom, they must develop their own experimental series (within the 

boundaries of what they have learned so far, this is an introductory course) and be able to 

justify their decisions to their instructor during evaluation. Collaboration is therefore not just a 

means of dividing labor, but essential for constructing their analysis and organizing a 

procedure. How the group collaborates therefore has an effect on every component of the 

experiment, not simply data collection. 
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Differences in the role of the instructor are also apparent between the two courses. Both sets 

of instructors are provided with Powerpoint presentations prepared by the course professor to 

introduce students to the lab. There is a significant difference in the two sets of presentations, 

however: General Chemistry Powerpoint introductions average to 44 slides, meaning for the 

three-hour lab time given to General Chemistry students, 1/5 – 1/3 of the total time is spent 

with a TA lecture. To the contrary, ‘Chemical Thinking’ slides are an average length of 17 slides, 

just about a third as long as the General Chemistry presentation. Much more time is spent on 

average in ‘Chemical Thinking’ within the lab itself. Shorter presentations mean less time to 

give specific instructions to the students, and this is consistent with the philosophy outlined 

above of students developing their own experimental sequence. The decrease in presentation 

length from the instructor also means that students have to rely more on their lab group to 

understand and complete the particular lab. 

The most important difference between the curricula, in terms of how they influence student 

collaboration, is the prominence of research projects in each course. The research projects last 

2-3 weeks and each has a defined context: water sample analysis, biofuel production, and 

energy cell construction being notable examples. The projects have a set list of reagents, with 

students able to request or provide other materials. Each project has an individual pre-proposal 

and then an overall group proposal built from a compilation of the individual proposals. Over 

the entire year sequence of General Chemistry, students perform one research project that 

uses this format. In the same timeframe, ‘Chemical Thinking’ performs three true research 

projects and one partial research project, partial in that there is only one proposal written with 

a partner rather than the entire group. With more than triple the research projects in ‘Chemical 
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Thinking,’ that aspect of lab is certainly emphasized. Collaboration is central to the proposals 

since their final proposal is a combination of their individual proposals, the work they do in lab 

is chosen by the group.  

Table Three – Summary of Curricular Differences Between General Chemistry and ‘Chemical 

Thinking’ relevant to student collaboration 

General Chemistry Lab Principle Corresponding ‘Chemical Thinking’ Lab 
Principle 

1) Siloed, singular week, experiments that have a 
specific topic related to a central principle of 
chemistry 

2) Introductions lasting 30 minutes to an hour 
which thoroughly explain the task at hand and 
the scientific principle it is probing 

3) Each week uses a new set of skills and 
previously unused equipment 

4) Questions for the experimental write-up are 
provided to students, they know on what 
topics to write. 

5) Students perform one research project over 
the course of a year 

1) Multi-week, inter-connected lab projects 
based around a context derived from current 
scientific issues 

2) Introductions lasting 15-30 minutes to 
introduce the broad context, present an array 
of possible analysis methods, and provide 
beginning questions 

3) Techniques are cumulative, each week new 
analytical methods are introduced to add to a 
skill-set that remains relevant throughout the 
project 

4) Students must build a context for their own 
reports, generating ‘central goals’ to 
personally contextualize the experiment and 
‘claims’ that they write to interpret their data. 

5) Three complete research projects, and one 
partial research project, are performed in a 
year. 
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Yanagihashi’s views on collaboration can be summarized from the following two statements 

made after he was posed the following questions: 

   1) Are there particular experiments in each course that best promote collaboration? Are there 

experiments that relatively hinder collaboration? 

Collaboration in 151 is hindered by siloing of experiments, new techniques are cycled through 

too quickly to allow for exploration so strict procedures are required that a student just follows 

like a guide. The only one-week experiments in chem thinking are the first and a lab using 

molecular modeling software to determine how structural features change molecules. So the 

only one week lab doesn’t waste time in lab, it is an open-ended lab with software that just 

allows for open-ended exploration.  

   2) Are there particular assignments for each course (proposals, reports, pre-labs, etc) that 

significantly affect student collaboration? 

Lab reports in gen chem use the same format as the individual reports in organic chem. Chem 

thinking uses the scientific heuristic, students must develop their own questions and develop 

claims from their data. Students can’t just info-dump, they have to relate everything to a claim.  

 

VI. Conclusion 

With the vast majority of instructors and students both valuing collaboration very highly, large 

proportions of both populations believing collaboration absolutely essential to the course, it is 

clearly an attribute of the laboratory curriculum with special importance. Changes in 

collaborative behavior between ‘Chemical Thinking’ and ‘General Chemistry’ centered around 

‘Chemical Thinking’ students being more likely to plan their work in lab beforehand more 
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thoroughly, more members of the lab group being engaged in the entire process of the 

experiment, and the group members working more closely with each other throughout the 

laboratory. These gains in general collaborative behavior were correlated to ‘Chemical 

Thinking’s’ use of longer experiments that contextualize the lab around a real-world scientific 

problem rather than a chemistry concept. ‘Chemical Thinking’s more frequent usage of 

research projects, three times as many projects over the course of a year, also was connected 

to the more cohesive lab groups observed in that course. Additionally, the increased student 

collaboration on laboratory reports, particularly with students working on the entirely of the 

report more frequently, was connected with the reconstruction of the report rubric. Using 

‘central goals’ that students generated to frame the experiment, and students evaluating their 

own data by a set of criteria that they develop called ‘Claims,’ the reports became more 

interactive between members of each lab group. Collaboration is valued, and use of larger-

scope, open-ended experiments, especially research projects, yielded positive gains in student 

collaboration. 

 

VII. Further questions 

1) How does the curriculum-planning faculty’s view on collaboration influence how the course 

is designed? What effect on student collaboration is seen by changes to how the entire 

department views collaboration? 

2) Does the promotion of collaboration lead to improvements in student learning in higher 

level laboratory courses, some of which currently operate with students working alone? 

3) How can courses be designed to encourage every member of the lab group to collaborate 

with their partners more effectively? 

4) What changes to how the laboratory instructors are trained can lead to positive gains in 

student collaboration? 
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