TO: Nathan Sivers-Boyce, Sustainability Council
CC: Fred Thompson
FROM: Heather Dickinson, Elena Noyes, Beverly Schwarz, Weijing Wang

RE: The Costs of a Paperless Classroom Environment

DATE: May 4, 2009

Research Question/Topic

To begin our project, we met with Nathan Sivers-Boyce, the chair of the Sustainability Council, to outline the parameters of our project according to the Council’s needs. Boyce expressed that instead of doing a cost/benefit analysis of going paperless, it would be more beneficial for the Council if we were to compare the cost of one student assignment submitted and graded electronically to the cost of the same assignment submitted and graded in hard copy. With this need in mind, we decided to make this our main research question, while also gathering information about current student and faculty printing behavior.
Research Methodology

We began by brainstorming all of the possible costs associated with submitting and grading student assignments both electronically and in hard copy. We were looking for both environmental costs in terms of paper production and recycling, as well as costs to the university such as wear and tear on printers, costs of purchasing paper, and time costs. This led us to use five main sources of data:

1. Online surveys completed by students and faculty members across the colleges to determine printing and computer usage behavior

2. E-mail communication with WITS employees regarding printing and paper costs

3. Interview with Susan Chiapella, the Budget & Accreditation Analyst at Atkinson to determine printing costs and behavior
4. A Paper Calculator from the Environmental Defense Fund to determine the environmental costs of paper production and recycling

5. Online research to determine plug values for environmental costs

6. The website for the university’s paper supplier, Domtar, to adjust data to the specific type of paper used

Summary of survey responses

We e-mailed surveys to the students and faculty at the College of Liberal Arts, Atkinson Graduate School of Management, School of Education, and Law School. We received responses from 512 students and 44 faculty members. We have summarized the findings below and included the questions and complete responses in the appendix.
Students:

Student printing habits ranged from printing the majority of AGSM students printing 1-25% of assignments to the majority of CLA students printing 75% or more of class materials. We have theorized that this is because most AGSM faculty members use ClassTools and WISE to post most assignments and allow students to have laptops in class, which makes it unnecessary for students to print materials. The main reason that students cited for printing materials is because it is easier for them to read or highlight in hard copy. A large number also indicated that teachers required them to print articles or did not allow laptops in class. Additionally, students expressed that it hurt their eyes to read materials on the computer and were concerned about long-term effects.

Most students reported that they print at school and that the printing limit on Webprint does not affect their printing habits or simply did not know there was a limit. Most responded that they currently print less than the 500 page limit. When asked if being charged for exceeding the printing limit would affect their behavior, students indicated that it would depend on the amount charged.

Most students’ computer usage did not differ when they printed materials as opposed to reading them electronically.

Faculty:

According to the faculty who responded to the survey, most post materials both electronically as well as printing them in hard copy. Several faculty members indicated that they primarily print only syllabi and tests. Others indicated that they felt that hard copy encouraged students to read articles or that students would print them anyway.

Although most faculty members responded that they allow laptops in class, we feel that this number may have been skewed by the ratio of faculty from the graduate schools who responded, versus the CLA. The faculty responses are inconsistent with the student responses that indicated that they are not allowed to use laptops in most of their classes. Regardless of whether or not they allowed laptops in class, faculty members expressed concerns about students using their laptops to surf the internet instead of for note-taking or referring to class materials.

The following lists summarize the comments we received from faculty regarding the limitations to grading electronically, as well as the possible benefits:

Limitations to grading electronically:

· Some assignments are not conducive to electronic submission/grading, such as theory-based math or closed-note tests.
· Some faculty members simply prefer to physically handle the paper.

· Hard copy is more portable and convenient for taking on the bus, on planes, to coffee shops, etc.

· It takes some faculty more time to grade electronically.

· It is harder to see multiple pages at once or to view the whole page on a computer screen.

· People are in habit of grading in hard copy, and this behavior is difficult to change.
Benefits of grading electronically:

· It is easier for students to read typed comments versus hand-written comments, saving both students and faculty time to explain comments.

· It may take more time, but some indicated that they leave higher quality comments because they can leave more detailed comments and can more easily see the student’s though process for quantitative assignments.

· Some faculty indicated that they liked having an electronic paper trail in terms of their comments on students’ work.

· Grading electronically allows faculty members to use grammar and spell check and catch errors more easily.
Assumptions

· Electricity use: We chose to assume that electricity use does not vary in an electronic vs. paper environment because survey data indicated that it does not impact students’ behavior regarding computer usage. Although we did not ask this question of faculty members, we assume that the difference in computer use is negligible between the two scenarios because many faculty members leave their computers on even when they are not working on them.

· Time: For the purposes of our analysis, we decided that we would not analyze the time cost. We assumed that when moving to a paperless environment, the time spent downloading or printing documents is simply shifted from having students print their assignments to turn them in in hard copy to having faculty download them to grade them electronically. Additionally, there was no clear consensus from our survey indicating how much extra time, if any, it takes to grade electronically. We also believe that some of the costs of extra time are directly offset by the increase in the quality of comments that professors are able to leave electronically versus in hard copy.
· Environmental Costs: To determine the dollar costs, we assumed that Co^2 emissions cost $12 per ton based on the average estimated social cost of carbon dioxide
. We also assumed that 1 ream of paper is equal to 20 pounds because it is 20 pound weight paper
. To determine the value of a tree we considered the cost to remove the equivalent CO^2 from the atmosphere based on an article from the Christian Science Monitor.

· Recycling and retention rates: We used the recycling rate of 56% based on information about the nation-wide recycling rate in 2008in a report by Domtar
. We increased Domtar’s estimated retention rate (i.e.; the paper not wasted or recycled, but retained for future use) from 7% to 25%. We feel that the rate should be higher because many students keep their assignments or articles for reference.

As a result of our assumptions about time and electricity costs, we concluded that there are no quantifiable costs associated with moving to a paperless environment. Therefore, any reductions in money spent on the paper environment can be considered benefits of moving toward the paperless environment. However, there are non-quantifiable costs associated with altering preferences and current behavior. We provide some recommendations at the end on how to possibly deal with these costs.
Paper Life-cycle
The following is a graph showing the steps that paper goes through in its lifecycle
. These steps are relevant to evaluating the environmental costs of paper production. In our costs, we took the whole paper lifecycle into account, starting with virgin paper harvesting to the cost of recycling paper after use.

[image: image1.png]olayouion. Diayuasaon..

o merc ey Dmersanat a2 s tc)
it Sty s et
frr— o s, oo e, e )
catiying vty ity Sossameaainon
Comtiotamspary - '“

B / \

Dayoasaon
Apeaipu miuses o sof e
S s e k.
et o procs gy
Aypeatpu ity s7ob enrgy

Diayoutaon.. St s 10 v o

In vt e aprconmes encue

Ao ecowred o recing newereto ey ety ey o

Reycingone oot aper ot 1ot wewaia o

it Sace o Benre a7 ton SR Aot s

Sime i uploas nowetwae

el i S B 5

ana sts i
‘Deing recoveredto :‘:"m”“:'_
ey e




Explanation of the Spreadsheet
Inputs

The first page of the spreadsheet is a page where the main assumptions and units of analysis can be changed. . When these numbers are changed, the environmental costs change accordingly. This sheet is intended to be used for small units of analysis where a single assignment, class, article, etc is being looked at. There is another set of sheets intended to be used to evaluate the total costs the university is incurring at different levels of paper usage.

The highlighted cells represent inputs that can be altered. These cells are:

· Pounds per ream of paper: this is the assumed weight of one ream of paper and helps calculate the pounds per single sheet of paper

· The number of sheets per ream of paper: this also helps calculate the pounds per sheet of paper

· The length of assignment/article: this is the number of pages desired to be analyzed and can be a single article or assignment a student is asked to read or complete or it could be the total number of pages a student is expected to read/produce over the course of semester

· Number of people: this is how many people reading or producing the assignment/article from the above input

· Cost of CO^2: this is the dollar value the user wishes to attach to CO^2 if they want to assume a different dollar amount than we did

· Cost of a tree: what dollar value should be attached to a tree should the user want to use a different assumption than we did

· Recycling rate: what percentage of the paper is assumed to be recycled once the student is finished with it

· Retention rate: what percentage of the papers are expected to be held onto by the student for an indefinite period of time

Environmental Costs
This sheet reflects the environmental impacts of the unit of analysis from the “Inputs” sheet. These numbers are based on the paper calculator from the Environmental Defense Fund. Nothing in this sheet should be changed by the user. The Greenhouse Gases cell includes all the emissions released into the atmosphere from burning fossil fuels and the methane produced by the paper sitting in the landfill.
Current Total Inputs
This sheet is similar to the “Inputs” sheet, but is intended to reflect the total current paper usage and costs associated with toner, paper, printer maintenance, and replacement. It is used to input current university-wide behavior and will then calculate the environmental and university costs on the following sheets.
The highlighted cells represent inputs that can be altered. These cells are:

· Current Sheets per person: this is the number of sheets the university is currently using per person and is based on Indicator #9 from the 2007-2008 Sustainability Indicators Report

· Number of people: this is how many people reading or producing the assignment/article from the above input

· Recycling rate: what percentage of the paper is assumed to be recycled once the student is finished with it

· Retention rate: what percentage of the papers are expected to be held onto by the student for an indefinite period of time

· Cost of Paper per ream:  how much a single 500 sheet ream of paper costs

· Cost of toner per cartridge: how much the average toner cartridge costs

· Sheets per toner cartridge: approximately how many sheets a cartridge of toner can print. Our number is based on the current usage in Smullin.

· Printer maintenance: how much is spent on printer maintenance in a year for a certain number of pages. Our original numbers are based on estimations given the data we had from Smullin.

· Cost of a new printer: how much a new printer costs on average
· Number of printers: how many printers are at the university. Our original number is an estimation based on the WebPrint options.

· Years printers are replaced: how many years before a printer is replaced

· Number of People calculation cells: how many full-time faculty are in each program and how many students the university in total. These numbers are then summed for the “number of people” cell.

Cost of Current Environment
This sheet takes the information from the “Current Total Inputs” sheet and calculates the environmental cost of current university-wide behavior, as well as the amount spent by the university on printing supplies. These numbers are then summed to capture a dollar amount to attach to current university paper usage.

% Reductions
These sheets reflect the changes in the costs if the university reduced its paper usage by 25%, 50%, or 75%. The percent reduction can be changed by different percentages if desired. These sheets also include an area that shows how much the university can save by reducing usage.

Smullin Lab Data and Paper Usage from WebPrint
These two sheets contain supporting data that was used to create some of our assumptions and analysis on the other sheets.
Environmental Costs
For the environmental costs, we looked at the number of trees used to create virgin paper, the greenhouse gas emissions in the creation of virgin and recycled paper, the energy uses of both processes, the amount of wastewater created, and the solid waste produced. We attached a dollar value to the greenhouse gas emissions and to trees, but were unable to find clear dollar values for wastewater. We chose not to calculate the dollar value associated with methane because the amount produced in the process was too small given the relatively small units of analysis. The greenhouse gases number includes all emissions from burning fossil fuels in the production process and the cost of methane produced by a sheet of paper in the landfill.
University Costs
The university costs of paper we considered included the amount of money spent per month on paper and toner. We also gathered the printer maintenance costs and the approximate cost of a new printer. We learned that the university replaces its printers approximately every 3 years. This data reflects the costs associated with current paper usage and will go down if a paperless environment is encouraged.
Limitations
There were several factors limiting our analysis:
· There was a lack of responsiveness from WITS. The information we did gather came from a single, lower level employee who had limited access to information. Therefore, the university costs primarily focus on information from the Smullin computer lab.
· We are concerned about survey self-selection especially with the faculty survey. Based on the responses, it appears that the faculty who responded are already trying to become paperless and are more concerned generally about paper usage.
· There were some costs to which we were not able to assign a value:

· Environmental
· We were unable to find costs associated with wastewater.

· The psychological cost of changing human behavior.

· We were unable to determine a training cost because we are unsure how long it would take.

· The costs of recycling paper were difficult to establish, so we had to use the paper calculator to determine the costs of 100% recycled content paper.
· We were unable to determine faculty computer usage when grading electronically.
· We were unable to collect data related to how much faculty members print.
· While we adjusted some of the paper calculators numbers to reflect the actual paper the University uses, not all numbers were easy to adjust due to different units and other measurement differences.
Recommendations

First, we would like to stress that a 100% paperless environment is not feasible. Some reasons faculty members and students gave for needing to print cannot be fully addressed. For instance, it is perfectly reasonable to print exams. Also, there are times when portability is a genuine reason for printing. However, many of the concerns that arose about paper usage can be addressed in an attempt to limit paper. 

Our main recommendation is to train faculty and students in how to use electronic resources. For students we recommend spending approximately 30 minutes during the new student orientation to explain how to use WISE and submit assignments. This should include information on proper file naming. Additionally, this session should teach students how to find and access comments in Microsoft Office documents. Finally, the session could include tips on how to reduce eye strain, since this was a frequent concern for students.

Faculty members may need more in depth training, which could take some time. Faculty training needs to include information on how to use WISE and set it up correctly to accept student work. This training should focus on ways to show faculty how student anonymity can be maintained in an electronic environment. Another focus for this training should be to provide recommendations for ensuring that student work does not get “lost.” In addition to training on how to properly use WISE, teachers should also be trained on how to use the comment features in Microsoft Office documents. Throughout the training, the positive benefits of grading electronically should be repeated and stressed.

The final component of the training should be tips on how to handle laptops in class. As students, we feel that faculty concerns about laptop distraction is mostly stemming from a lack of knowledge on how to handle laptops and fully engage students. Some tips for dealing with laptops include:

· Allowing laptops to be open only when working on assignments that justify laptop use. For example, when discussing an article that has been made available online. This policy would prevent students from having to print articles and bring them to class for discussion. Other times when laptops could be allowed could be when using programs like Excel, Access, or other relevant software for the subject at hand.

· If computer usage is very infrequently justified, bring the class to the computer lab when it is justified.

· Use an online component which requires the student to pay attention in class. For instance, teachers could set up a survey for each class period which asks them to briefly identify the 2-3 key things they learned that class period.

· Require participation for class and grade the participation in a way that is concrete.

· Cold call on students during class discussion. If students know that they may be called on to answer a question or contribute to discussion without volunteering there will be an incentive to pay attention.

· Find a way to integrate group work or small group discussions into the class time.

· If a teacher recognizes that a single student is not paying attention due to laptop usage, limit just that student’s ability to use their laptop. It is unfair to punish all students for the behavior of one. As one faculty member commented, it is the student’s responsibility to learn and if they choose to use a laptop for other purposes in class it is their choice and should be naturally reflected in their assignments if they are truly not paying attention in class. Students who were not as concerned about their learning found many ways distract themselves before laptops were an option.

An additional recommendation is to work with AGSM and study the processes and behaviors in place. AGSM could possibly act as a model for the rest of the university because it appears that paper usage at Atkinson is lower than the other colleges. We theorize that this is due to the laptop requirement and faculty behavior.

� http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr.pdf


� This is based on the assumptions in the 2007-2008 Sustainability Indicators Report


� http://www.csmonitor.com/2006/0426/p20s01-sten.html


� http://www.domtar.com/files/sustainability/DOMTAR_SGR_web.pdf


� http://www.domtar.com/files/sustainability/DOMTAR_SGR_web.pdf





