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Using a Concurrently Collaborative Spreadsheet to Improve
Teamwork and Chemical Engineering Problem Solving

Abstract

A project investigating the viability of a concurrently collaborative online spreadsheet to
improve the effectiveness of student teams when solving chemical engineering problems is
described. Students in two classes representing sophomores and seniors were assigned a problem
to be solved using a spreadsheet on Google Docs, an online browser-based suite of productivity
applications. The unique feature of this spreadsheet is that multiple users on multiple machines
can edit the same spreadsheet simultaneously, with changes appearing on all users screen within
about one second. Assessment was performed to determine whether use of this spreadsheet was
technically viable, suitable for students not in the same room, and useful for improving the
effectiveness and efficiency of students working in teams. From a limited sample size
assessment, the Google spreadsheet does appear to be viable, to allow effective communication
amongst participants, and to contribute to a more efficient and effective team problem-solving
experience.

Introduction

To prepare students for practice in the modern industrial world, graduates of chemical
engineering degree programs are expected to function effectively in teams. At the same time,
problem-solving skills are a focus, typically involving some computation. Often, these
computations are completed with some computer software, with the most common type of
software package used being a spreadsheet.

Collaboration on solving computational problems involving software has typically followed one
of two models: participants gathered around a single computer with one individual interacting
with the software; or a single computational file shared amongst multiple users, either from a
common storage location or revision sharing via e-mail or other file transfer method. Neither
method is efficient due to the need for reconciliation amongst edited versions or a limit of one
concurrent editing session.

A new spreadsheet software, currently in beta status, is available from Google as part of its free
Google Docs service. Google Docs is a web-browser based collection of office software (word
processor, spreadsheet, and presentations) which is not operating system dependent, using Java
to provide a rich user interface. The spreadsheet contains the key inline functions required for
most chemical engineering problems, though it does lack other capabilities engineers frequently
use in Microsoft Excel, such as Goal Seek, Solver, and advanced graphing functionality. Perhaps
the most interesting feature of Google Docs is the ability to share a single online document
amongst multiple users, and when configured appropriately, to enable simultaneous editing by
multiple users.



Students in two chemical engineering courses were each assigned a different group problem for
which they were expected to use the Google spreadsheet to solve. To prepare them for this
process, they were given basic instruction in group problem solving, focusing on planning a
solution and task distribution. Students then were placed in separate rooms and asked to create a
spreadsheet solution using the online spreadsheet, using the built-in messaging software to
communicate with teammates as needed. Students were observed by the instructor developing
their solution, and the session was recorded from the perspective of an editor. The assessments of
both the students and the instructor regarding the use of a concurrently edited spreadsheet will be
presented, along with an overview of alternative approaches to collaborative computations using
spreadsheets.

Background

The need to collaborate when using calculations to solve engineering problems is not new.
Typically, collaborative problem solving in engineering courses means one of two things:
students prepare a solution by huddling around a single computer while the person at the
keyboard does most of the problem-solving; or students prepare portions of a solution and then
gather to try to reconcile those contributions either in person or by sharing multiple computer
files.

Many vendors of computational software have been working to address this need for teamwork
by enhancements to existing software. Most attempts to add collaborative capability have
followed one of two models.

e Library model. A single file is maintained with all calculations and associated
documentation. When an individual accesses the document for editing from a central
database, it is marked as unavailable. Multiple users can have simultaneous read-only
access.

e Revision marking model. The software maintains an original document while
incorporating changes the document into the file. An editor later has the option of
accepting each change made by each author.

Each method has strengths and weaknesses. The library model is restricted to a single concurrent
user. If a user fails to “return” the “borrowed” document, perhaps by failing to close the
document, it is not available for editing without administrative action. The process of teamwork
via this model forces a significant lag in the incorporation of ideas, since the review process is
linear (write>review—>revise>review—>revise...) and often depends on the editing of a lead
participant. The approach has the advantages of security (no changes will be lost under normal
circumstances) and rapid accessibility of edited documents. It requires a server hosting the
document library and managing access.

The revision marking approach is most common because it is decentralized (does not require a
server host). Using this approach, changes are added to the document without deleting any
information. Changes are coded to correspond to an individual editor. At some point, an
individual may go through the document reviewing, accepting, and rejecting changes to the
document. The final result may be the consolidation of the contributions of many individuals, but



requires significant management by a single editor before the document is finalized. One key
advantage is that all team members may edit the document simultaneously. The key disadvantage
is that most team members will never see the suggestions of those whose contributions are
rejected by an editor before they see a consolidated file. Another disadvantage to this approach it
that at any given time there are multiple versions of a document file in existence, making it
difficult to track which is the most current version.

Some approaches combine these methods, using revision marking on files managed by a central
server.

This review focuses on the current state of collaborative functionality offered by companies
offering computational software used by chemical engineers.

Desktop Applications

Microsoft. Microsoft offers several mechanisms to facilitate collaboration in its ubiquitous
spreadsheet, Excel. It allows users to “Track Changes” (the revision marking approach) and add
comments to facilitate contributions from multiple users. Additionally, Microsoft offers a server
product known as SharePoint, implementing the library model. In addition to document
management, it also provides services to enhance communication amongst users including
“Wiki” style document writing, “blogs”, and persistent discussion forums. Some versions of
Office (including the Enterprise version available through the campus licensing agreements at
many universities) include Groove, a client-based program which offers some similar
functionality to SharePoint but decentralized with less administrative effort. Finally, Microsoft
has recently introduced its Live Office suite, which is a collection of web-browser based
applications which mimic members of its office suite. Its spreadsheet equivalent, however, is
currently not intended as a calculation tool.!

MathWorks. MATLAB, one of the most common math packages in use in chemical engineering
departments, does not offer integrated collaborative functionality. However, since it is modeled
after traditional development software, it does interface with industry standard source control
software provided from other vendors. This is a library management approach with some
revision tracking handled by the server.”

PTC. Mathcad offers user the capability to share worksheets including an edit-protected mode
of “live” worksheets, but does not allow multiple users to edit a file in any non-trivial mode
(other than providing a copy worksheet file to another user).”

Wolfram. Mathematica does not offer integrated collaborative functionality. The company offers
a companion product, Wolfram Workbench, that serves as an integrated development
environment (IDE) allowing multiple users to work on a development project. Individual files in
that workspace may be edited by only a single user at a time.

Maplesoft. There are no advertised collaborative features in Maple.’



OpenOffice.org. OpenOffice is a collection of open source projects oriented toward competing
with the functionality of Microsoft Office. The Calc spreadsheet module does not offer native
collaborative capabilities.6

Internet Based Options

Online Storage. There are multiple options available for engineers to use desktop applications on
their desktop and store those files online for broader access. This includes services such as
Xdrive (www.xdrive.com), Windows Live Folders (skydrive.live.com), Basecamp
(www.basecamphg.com), WebOffice (http://www.weboffice.com), and Central Desktop
(www.centraldesktop.com).7 Some of these resources offer collaborative features using the
library model, but the primary emphasis is that files are available from any location a user has
network access.

Google. Google Docs (docs.google.com) offers a suite of web-browser based productivity
applications (spreadsheet, word processor, presentations) that offer many of the standard
capabilities of spreadsheets. For engineering purposes, it contains basic graphing capabilities, all
standard functions and calculation capabilities. It does lack some features of particular use to
engineers, including a *“goal-seek” capability and circular (iterative) calculations. Another
downside is a limit of IMB for a single spreadsheet file. Documents may be imported from and
exported to desktop applications, including Excel. The distinguishing feature of the offering is
the ability to not only share documents with other users, but for all of those users to
simultaneously edit the document with all changes appearing on the spreadsheet in nearly real-
time. The application uses subtle outlines and color changes to indicate a cell is currently locked
for editing by another user. Google currently does not charge individual users for access to the
application.

Zoho. Google is not the only company to offer an online collaborative spreadsheet. Zoho
(www.zoho.com) offers similar capabilities in what is arguably a more attractive package. Zoho
is also free to individual users. The greater likelihood of a student already having a Google
account led to the decision to use Google Docs in this project.

Objectives

This project was intended to investigate the practicality and effectiveness of using an online
collaborative spreadsheets for small groups of chemical engineering students to solve problems.

In particular, we examined the following questions:

e Are online spreadsheets adequate for solving problems not requiring advanced spreadsheet
capabilities?

e Are the communication capabilities of the online spreadsheet application sufficient for
students unable to speak to one another to complete the solution?

e Does the requirement for network connectivity and use of a browser-based application
significant impact the usability of a spreadsheet?

e Does the collaborative nature of the online spreadsheet contribute to training students to
function effectively as a team?
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Methods

To address these questions, students in two chemical engineering classes at the University of
Kentucky Extended Campus in Paducah were each assigned problems to be solved as a team.
One course consisted of a group of 5 sophomores in a material and energy balances class, and the
other three students in a senior level engineering economy course. These sample sizes represent
the total enrollment in this program at those levels. Students were given pre- and post-
assessment surveys, with selected questions common to both surveys. The post-project survey
included free-answer questions to illuminate student perceptions of their experience. Just prior to
students being released to complete their assignments, they were given a 15-minute lesson on
how to function as a team. Prior team training varied by student as indicated in the results section.
Students were observed moving to different locations in the engineering facility and were
assumed to have followed the assignment requirement to not communicate outside of the
application’s instant messaging function.

The students in the sophomore course were given a problem requiring completion of a
spreadsheet to calculate the compressibility of a mixture using the Peng-Robinson equation of
state. Since registration is required to use Google Docs, students registered for the site a week in
advance and added their name to a shared spreadsheet to confirm they had access to the
spreadsheet. Students were to complete selected portions of the spreadsheet based on equations
provided on the assignment sheet. The spreadsheet was color-coded to indicate cells the students
should edit, and those cells representing inputs to the problem. A brief explanation of how to use
the spreadsheet was given in the context of the spreadsheet they were going to edit, and the
correspondence of the equations on the assignment sheet to the spreadsheet was explained.
Finally, students were instructed to use computers in multiple locations in the building and not to
speak with each other, relying solely on the instant messaging system included with the
spreadsheet to communicate. The chat traffic was consistent with individuals unable to otherwise
communicate. The instructor was also logged in as a user and recorded portions of the solution
process. A screen capture of the sheet in progress is presented as Figure 1. The sophomores spent
about an hour on the problem.

The seniors in the engineering economy course were expected to develop a spreadsheet to enable
a user to compare the total costs of living for purchasing a home and for renting a home. No
template was used for this assignment. Following a brief explanation of the project requirements
as given on the assignment sheet, students were left to discuss their plan briefly before heading
to computers in different locations as before. Chat traffic was again consistent with a group of
students not able to speak with one another. A recording was also made of their solution process,
although it was more complicated because this class (appropriately) used multiple sheets in the
workbook to isolate inputs and outputs from computations. A screen capture of the student’s
efforts near completion is given in Figure 2. The seniors spent about 45 minutes completing the
project.
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Results and Discussion

In both cases, students were able to complete the solutions of their problems on a timely basis.
Suggestions were infrequently offered by the instructor via instant messaging to limit the time

spent on this project.

All surveys asked students to respond to questions and answer them using a 5-point Likert scale
(1=Strongly Disagree, 5= Strongly Agree). Sample size for sophomores was 5 on the pre-
assessment and 4 on the post-assessment. For the seniors, the sample size was 3 on both

assessments. Standard deviations are not given due to the small sample size.

The first group of questions that students were asked were used to establish the prior experience
of the students as presented in Table 1. Students indicated they had not previously used Google

spreadsheets, but almost all had experience with instant messaging. More advanced students

were far more likely to have had teamwork training, which is a component of our curriculum.

Sophomores | Seniors | Combined
Used Google spreadsheets previously 1.0 1.7 1.25
Used instant messaging previously 3.0 5.0 3.75
Had prior teamwork training 2.8 4.7 3.5

Table 1. Results from questions regarding prior experience asked prior to the project.

Students were satisfied with the capabilities of the online spreadsheet, though some were
uncomfortable with the lack of familiar features which might have been useful for the assigned
problems. Table 2 shows the results from relevant questions. In particular, the sophomore class
problem would have been solved more elegantly with a goal-seek function. Perceptions changed

notably before and after using the spreadsheet. Perhaps the most interesting result was that

students indicated they were not as likely to use the online spreadsheet for an individual

assignment was they were for a team project.

Sophomores | Seniors Combined
Pre- | Post- | Pre- | Post- | Pre- | Post-
Google spreadsheets (GS) are as easy to use as Excel | 1.8 |4.3 30 (27 |23 |3.6
GS contain all the functionality I need for engineering | 1.8 3.0 30 (40 |23 |34
problems
We never lost data when developing the spreadsheet 4.5 4.3 4.4
I would use GS for suitable individual problems 2.5 3.0 2.7
I would use GS for suitable team problems 4.8 4.0 4.4

Table 2. Results from questions associated with the usability of Google spreadsheets.

Teamwork was the final topic addressed by student surveys as presented in Table 3. Sophomore
students appeared to develop a greater appreciation for the value of planning and organization in

team projects, while seniors indicated no change in their perceptions. The spreadsheet itself

seemed to facilitate communication amongst team members adequately, both through an




effective instant messaging applet and through adequate indication of where other team members
were working within the spreadsheet. The collaborative features of the spreadsheets were
perceived to have required less time to solve the problem compared to other collaborative
methods.

Sophomores | Seniors Combined
Pre- | Post- | Pre- | Post- | Pre- | Post-
We have planned how to execute this task 1.6 2.7 2.0

We have/had determined how to solve the problem 1.6 30 |27 |33 2.0 [ 3.1
prior to beginning calculation

We planned sufficiently to execute the assigned task 4.5 2.7 3.7

Planning is more important when working on a project | 2.8 | 4.8 (4.7 |43 |35 |46
simultaneously

It was less time-consuming to work simultaneously on 4.5 4.0 4.3
the same spreadsheet

Instant messaging was an effective means of 4.5 4.3 4.4
communication

I coud tell what my team members were doing 4.5 4.0 4.3
I worked more than I would have if we had gathered 3.5 2.7 3.1
around a single computer

Teamwork instruction was important to the project’s 4.3 4.0 4.1

timely completion

Table 3. Teamwork assessment questions.

Students were also asked some free-answer questions regarding the spreadsheet application and
the project. Students commonly indicated that the collaborative nature of the spreadsheet was
appealing, with the problem being solved rapidly with everybody contributing simultaneously.
Shortcomings of the spreadsheet primarily involved usability, including lack of common
shortcuts (F4 for toggling absolute cell references), poor visibility of cell contents, and lack of
prompts for function arguments. The best feature appeared to be the integration of the instant
messaging system.

Students indicated that more time to prepare for the project would have been useful, or perhaps
setting a time limit to make certain students plan ahead. More general comments included:

“I really enjoyed it. I really like working in teams.”

“The project was very interesting due to the fact that the spreadsheet can be compiled so
quickly.”

“It seemed to fly by once everything started clicking.”

“fun yet challenging”

“Interesting possibilities”

“That was fun”

“Best homework all semester”

“Got to chat with each other”




All students participating received full credit for the assignment, which counted as a homework
grade in each course.

The instructor noted that students had greater interest in this assignment than they have had for
essentially the same assignment in previous terms. Much of this excitement can likely be
attributed to the novelty of the browser-based spreadsheet. Individual contributions could be
observed by the instructor, and those students with more developed spreadsheet skills completed
a great proportion of the tasks required by the assignment. The spreadsheet was judged by the
instructor to be sufficient for problems that do not require iterative calculations or goal-seek
functions, and will likely be included in future course offerings.

There is no additional instructional overhead required for an assignment involving this
collaborative spreadsheet beyond a brief introduction to Google Docs, nor is there need to
monitor student activities in the manner performed for the purposes of this project. Any
assignment involving use of a spreadsheet can involve use of this application, provided that the
calculations are not subject to the computational limitations of the application (no iterative
calculations, Goal Seek, or Solver). The application offers no additional benefit in monitoring for
academic integrity, and is potentially more susceptible than Excel since Excel offers internal
tracking data which can be extracted by the skilled instructor. Training requirements are the
same as for Excel with minor additions for operational details specific to Google Docs.

Conclusions

This project investigated the utility of an online collaborative spreadsheet for small groups of
chemical engineering students to solve problems. The software tools were judged adequate by
both the students and the instructor. Despite the requirements of a browser-based online
spreadsheet, it was responsive and stable on multiple classes of system running different
browsers. The calculation capability is adequate for many engineering problems, but will not
replace the desktop spreadsheet in the near term. The communication capabilities of the software
make the spreadsheet very appealing for group projects, enabling the social element of instant
messaging to group discussions. Team training enhanced the experience of collaborative
problem-solving for students, and appeared to lead to a better appreciation of the importance of
planning to successful group projects.
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Appendix 1. Assignment given sophomores in collaborative project.

Group Spreadsheet Project

Due Thursday, December 6, 2007

Collaboratively Solving Peng-Robinson

Isn’t Technology Grand?

While spreadsheets have been around since 1979, their capabilities have expanded greatly as they’'ve
evolved into packages like Microsoft Excel and competitors. One thing that software in general did
not do well until recently was allow people to work together. Instead, they had to pass around
printouts, diskettes, or more recently, email files to collaborators, who would make changes of their
own. The person responsible for the project would then compile information from all of the team
members and hopefully enter the correct information. Or perhaps a group of people would gather
around a single computer while the operator attempted to incorporate feedback from everyone else.

Welcome to 2007. Google has introduced a browser-based spreadsheet as part of its Google Docs
project. The innovative thing about this program is that not only is the spreadsheet available from
any web browser on any computer, but it can be accessed simultaneously by multiple users. That’s
right, you can play a game of cell tag by modifying someone else’s work in almost real-time.

While this does represent progress in allowing teams to collaborate on calculations in real-time, it
does come at a cost. The spreadsheet functionality in Google docs has regressed to about a 1990
level, with capabilities like Goal Seek, Solver, and even iterative calculations conspicuously absent for
engineering applications. But all of the key intrinsic functions are there to allow us to handle an
engineering problem like the one here.

Since you will all be working on the same spreadsheet, you’re going to have to work as a team. That
means delegation. Break the problem apart into small chunks, and each team member should take
one of those chunks. As one chunk is finished, move on to another chunk. Note that one of those
chunks might be to do the hand calculations you will need to perform to compare to the spreadsheet
results. Using named cells for inputs and outputs might simplify your task.

You are asked not to speak with each other while working on the spreadsheet. Use the instant
messaging capability built into Docs to communicate with each other. Try to think of this as... fun... in
that chemical engineering sort of way.

Assignment Learning Objectives:
. Organize a project into a task list suitable for team contributions

. Work effectively as a team to complete a project
. Solve an advanced equation of state using spreadsheet tools




Appendix 1. Assignment given sophomores in collaborative project.

The Peng-Robinson Equation of State

The Peng-Robinson (P-R) equation of state [D.Y. Peng and D.B. Robinson, Industrial and Engineering
Chemistry Fundamentals, 15, p 59 (1976)] is one of the most popular equations for describing the PVT (Pressure-
Volume-Temperature) behavior of real, i.e., nonideal, pure substances, in particular of liquid and gaseous
hydrocarbons and common inorganic gases such as oxygen, nitrogen, and hydrogen sulfide. The P-R equation is
similar to the SRK equation of state shown in Section 5.3b of Felder, and has the following form:

RT a(T)
v—>b v(v+b)+b(v—b)

P = (1)

Here, R is the gas constant, P is the absolute pressure, T is the absolute temperature, v is the molar
volume, and b and a(T) are given by:

b= 0.07780 RT, )
P,
R2T?
a(T) = 0.45724 - ~a(T) (3)

c

2

a(T) = [1 +k (1 - (Tl)os)] (4)

k = 0.37464 + 1.54226w — 0.26992w? (5)

Here, T, is the critical (absolute) temperature, P. is the critical (absolute) pressure, and ® is the Pitzer
accentric factor shown for several gases in Table 5.3b of Felder. Thus the P-R equation has in effect just three

compound-specific experimentally-determined physical properties: T., P., and o.

Note that if the compressibility factor z =Pv /(RT) [see equation (5.3-11) in Felder], then (1) can be
written as a cubic equationin z:

23— (1—-B)z2+(A—3B*—2B)z— (AB—B*—B3) =0 (6)

Here, B = Pb /(RT) and A = aP/(RT)’. Hence, using experimental values for , T, and P. (see Tables
5.3b and B.1 in Appendix B of Felder) and given values for temperature T and pressure P, you can find v from
equation (1) or z from equation (6). Either of the equations can be solved numerically by using a root-finding
algorithm such as Newton's method described in Section A.2e (Appendix A) of Felder.



Appendix 1. Assignment given sophomores in collaborative project.
Also note that k and o(T) are dimensionless, b has units of vol/mol, a(T) has units of Pressure*(vol/mol)’

and R must be in units appropriate for those chosen for P, T, and v. For this problem, the parameters in the
equations should be in units of K for T, atm for P, and m*/mole for v.

The Peng-Robinson Equation of State for Mixtures

As written, the P-R equation is intended for description of the PVT behavior of pure compounds.
However, it can also be used for mixtures of compounds by using "mixture-averaged" values for the equation
parameters. Let the values of parameters a;(T) and b; be the pure-component values of a(T) and b, respectively,
for the i(th) compound in a mixture. Also, let y; be the mole fraction of component i in the mixture. Then
"mixing" rules are applied to compute the mixture-averaged values of a(T) and b for a mixture of n different
compounds as follows:

b= Yi_1ib (7)

a(T) = Xisa (Vi Xj=1 Y a5 (8)

0.5
where aij =aji = (aii ajj)

(9)
Problem Statement
Complete a general-purpose spreadsheet that:
(1) Contains cells where the user will enter values for:

a) The mixture temperature, T (°C)

b) The mixture pressure, P (atm)

¢) The moles of each compound in a mixture containing any of the 14 different compounds listed in
Table 5.3b of Felder's text.

(2) Computes the parameters for the Peng-Robinson (P-R) equation of state for all 14 of the pure compounds
listed in Table 5.3b in Felder, given the temperature T and pressure P entered by the user in part (1),

(3) Computes the mole fractions y; of componentsi (i =1,2,...n ) in the mixture,

(4) Determines "mixture-average" values of the P-R parameters b and a(T) for the specified mixture using the
mixing rules of equations (7) through (9),

(5) Solves equation (6) for the compressibility factor z of the mixture manually by trial & error. This means you
enter values in the cell containing z until f(z)=0. When f(z)=0, you have found z.

(6) Computes the following associated information once z and v are known:

a) total actual volume of the mixture, Vin m?

b) the Pseudocritical Temperature T. in K and Pseudocritical Pressure P in atm using Kay's Rule of
equations 5.4-9 and 5.4-10 of Felder.
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c¢) the Pseudoreduced Temperature T'. = T/T'. and the Pseudoreduced Pressure, P', = P/P'., as described

in Section 5.4c¢ of Felder.

The spreadsheet contains yellow cells-- these are inputs to the spreadsheet. Red cells require formulas
based on the descriptions above. The green cell should contain a guess for z which you will change until f(z)=0.
Note that z should be reasonable—start with z=1 and work from there.

Test Cases
You should test your spreadsheet carefully to insure that it can handle general mixtures of the given

compounds. Once you have done that, use your spreadsheet to solve the following problems:

1. 10 moles of pure N, at -100 °C and 100 atm.

2. 100 moles of pure CO, at 27 °C and 6.8 atm (see example 5.3-3 in Felder).

3. a mixture containing 30 moles of ethane, 15 moles of hydrogen sulfide, 20 moles of methane, and 50
moles of nitrogen at 0 °C and 220 atm.

4. a mixture containing 1 mole of each of the 14 substances at 50 °C and 1000 atm (you do not need to

validate this one with hand calculations)

In each case, use the values computed in your spreadsheet for the pseudoreduced temperature and
pressure to determine the compressibility factor z predicted by the Generalized Compressibility Charts in
Section 5.3 of Felder. Write the values from the charts by hand on the corresponding spreadsheets, and note
the degree of agreement (or disagreement) with the compressibility factors computed from the P-R equation of

state.

What to turn in

Please submit:

1. A complete spreadsheet as saved on Google docs. You do not have to print or email anything to do
this.

2. A printed spreadsheet for each of the four problems assigned above with your hand computed

compressibility factor and comment on any differences or similarities between the two values.
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Collaborative Spreadsheet Project

Thursday, December 6, 2007
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The Domicile Conundrum

Isn’t Technology Grand?

While spreadsheets have been around since 1979, their capabilities have expanded greatly as they've
evolved into packages like Microsoft Excel and competitors. One thing that software in general did not
do well until recently was allow people to work together. Instead, they had to pass around printouts,
diskettes, or more recently, email files to collaborators, who would make changes of their own. The
person responsible for the project would then compile information from all of the team members and
hopefully enter the correct information. Or perhaps a group of people would gather around a single
computer while the operator attempted to incorporate feedback from everyone else.

Welcome to 2007. Google has introduced a browser-based spreadsheet as part of its Google Docs
project. The innovative thing about this program is that not only is the spreadsheet available from any
web browser on any computer, but it can be accessed simultaneously by multiple users. That’s right,
you can play a game of cell tag by modifying someone else’s work in almost real-time.

While this does represent progress in allowing teams to collaborate on calculations in real-time, it
does come at a cost. The spreadsheet functionality in Google docs has regressed to about a 1990
level, with capabilities like Goal Seek, Solver, and even iterative calculations conspicuously absent for
certain applications. But all of the key intrinsic functions are there to allow us to handle an
engineering problem like the one here.

Since you will all be working on the same spreadsheet, you’re going to have to work as a team. That
means delegation. Break the problem apart into small chunks, and each team member should take
one of those chunks. As one chunk is finished, move on to another chunk. Using named cells for
inputs and outputs might simplify your task.

You are asked not to speak with each other while working on the spreadsheet. Use the instant
messaging capability built into Docs to communicate with each other. Try to think of this as... fun... in
that chemical engineering sort of way.

Assignment Learning Objectives:

. Organize a project into a task list suitable for team contributions
. Work effectively as a team to complete a project
. Solve an advanced equation of state using spreadsheet tools

. Apply engineering economic principles to comparative analysis of opportunities
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The Domicile Conundrum

At some point, most of you in this class will leave home and live on your own. After leaving
college and developing a steady income, you will need to make a choice— do you buy a house or lease
a dwelling (house or apartment)?

Since this course is concerned with making decisions based on an economic analysis, your
assignment is to prepare a case study of both options. To do so, you will need to do research to
estimate appropriate costs and rates; make assumptions; and perform a series of economic analyses
culminating in a supported recommendation.

As part of this project, you will develop a single spreadsheet workbook to contain your
comparison model. This spreadsheet must be designed so that changes in any of your assumptions
(input values) will automatically update the calculations made to determine your recommendations.
Within this workbook, a single page will be neatly formatted to contain your inputs, assumed values,
important intermediate values, and your conclusions. Additional calculations should be contained on
additional sheets within the workbook linked to the report sheet. Any changes to inputs (assumptions)
should automatically be reflected in the spreadsheet calculations.

You will prepare a report which shall summarize your assumptions, methodology, and
conclusions. You should also include a sensitivity analysis for at least one important variable. Taxes
should be considered in the overall analysis, since the deductibility of interest paid on home loans can
be important.

For the purpose of this project you should use your collective experience for values to use in
your analysis. | will be available during the construction of the spreadsheet to answer questions. Use
comments to document where you obtain information.

Your submission will consist of a brief (<1page) memo with your conclusions. That memo may
be in the form of an email. Your spreadsheet will also be examined, but that will automatically be
saved once you create the spreadsheet and set it up to share.



