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This Small Business Innovation Research Phase I project will study the technical feasibility
and safety of a complete, quantitative chemistry exploration kit for use in high school and college
chemistry classes. This series of chemistry explorations will go beyond the purely
phenomenological demonstrations found in most chemistry kits to teach the concepts behind the
phenomenon.

A large number of science courses taught in schools today do not involve laboratories.

Although good instructors incorporate class demonstrations, hands-on homework, and various

teaching aids, including computer simulations, students in such courses often accept key concepts
and experimental results without discovering them for themselves. Our series will present the
students and instructor with a compact, easy to use set of materials and textual explanations for
discovery and incorporation of fundamental science concepts.

Research toward the development of a “household” safe, self-contained and quantitative
chemistry laboratory is proposed. Although packaged like a textbook, it will contain all of the
supplies and information needed to directly discover, quantify and expenience key concepts related
to chemistry. It is expected that such a system will be widely adopted as a supplement to chemustry

textbooks of all levels of instruction, from college telecourses 1o junior high school classrooms.

KEY WORDS:

Laboratory, Kit, Experiment, Chemistry, Inguiry-base

ANTICIPATED RESULTS/POTENTIAL COMM ERCIAL APPLICATIONS as described by the appiicant. (Limit to space provided),

A conservative estimate of the classes without a laboratory is 25%, indicating a need in
approximaiely 45,000 high school level chemistry classrooms. If each kit were to have enough
materials for four students, then for twenty students (6 participate in their own research. 5
kits/class would be required (up to 225,000 kits per year.) Other markets include distance learning
(telecourses), home teaching, and colleges/universities with inadequate laboratories.

(All information provided on this page is subject to release to the public.) 18

D. IDENTIFICATION AND SIGNIFICANCE OF THE OPPORTUNITY

le or ' 0 laboratory experience by the time they

Students in the United States may receive lirr ¥
and

graduate from high school. The labless science course h.s become very common in chem
physical science education. Although outstanding instructors attempt to overcome this defic ency
with the use of classroom demonstrations, discovery-based homework assignments, class projects,
and computer simulations, many instructors have neither the time nor the inclination to utilize these
tools, particularly with the added responsibilities of instructing several classes a day over a broad
range of subjects (1). Also, the rapid growth of "distance learning" — using television and video
tapes 1o offer courses remotely over the National Information Infrastructure (internet) — is expected
to produce large numbers of “science” students with littla hands-on, laboratory experience,

At a time when there are state, regional, and national initiatives to adopt hands-on
approaches to learning science (2), it becomes increasingly important that science instructors
involved in labless courses have at their disposal a complete and safe laboratory teaching tool, We
call one such tool, which is appropriate for use in a regular classroom, laboratory or responsible
home setting, the Labless Lab®.

The name "Labless Lab®" is meant to describe a prepared laboratory systern for use in a
previously labless class. It will consist of a single partitioned container enclosing safety equipment
(goggles, chemical resistant gloves, an absorbent working surface and a safety checklist) and 10 to
20 science exploration components (with instructions, supplies and devices). The kit will be safe,
complete and ready to use (3). To provide the rigorous and quantitative results found in more
complex laboratory designs using only the simple and common materials to be found in this kit
novel experiments and experimental methods will have to be researched and developed. This is the
proposed research for this Phase [ research project.

The recent recommendations for change in chemistry education (4), determined by the
American Chemical Society's Division on Chemical Education 1990 Task Force, include the
addition of: original problem solving, the methodology of science, experimentation in the lah,
evaluation of students’ ability to interpret information and analyze data, and a reorganization of the
course around the laboratory.

United Stares' businesses also perceive certain g
have initiated skills up-grade programs, spending nearly
employees (5,6).

Experiments, as they are used in the classroom and classroom associated laboratories now,
often follow “cookbook " formats with right or wrong "fill in the blank” answers. Comments f
a beginning chemistry student include (7),

reral defects in the education system and
' 340 billion a year educating and training

"The labs were presented to us without any explanation of the concepis being
covered. Ifelt like we were simply following a recipe without knowing why."

Although not directly related to pre-college education, other areas of importance include
correspondence, distance learning, and TV/video delivered courses. Although some distance
learning/TV-based education offerings work hard to incorperate a laboratory component, such as
the University of Maine's unique course in biology (8), the very rapid growth in multi- and hyper-
media and in computer, satellite, and TV based courses and even de grees, is leaving some question
as to whether a "vinual education” is indeed desirable (9), Labs are either not available for these
courses, or they must be scheduled during off-peak hours at a central location, defeating the
purpose of a distance learning format. Nevertheless, most states, due to political and economic
pressure, are rapidly increasing their distance and remote education activities, The Public
Broadcasting System's adult learning service has issued a handbook on the subject (10), and the
American Chemical Society is establishing an educational outreach program on the World Wide
Web (11)

It is apparent that there is a need for small, inexpensive. cor self contain
laboratories which are safe and can supplement existing textbooks. Many complex concepts can be
safely observed, quantified and assimilated by experimentation with properly designed simple
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investigation techniques as well as learning the concepts of chemical reactions, gas production, heat
production, precipitation, eic.

Another inquiry-based learning system has been developed by Dr. 5.L. Seager, Professor
of Chemisiry at Weber State University in-Ogden, UT. He has developed a laboratory for first year
chemistry students based on inquiry. His laboratory follows the path of exploration,
invention/discovery, and application,

Dr. Art Ellis, chemistry professor at the University of Wisconsin—Madison has led a team of
chemistry and materials science professors to develop a system of teaching freshman chemistry
utilizing solid state materials (i.e. familiar objects) in an inquiry-based format (6). The results of
their efforts, Teaching General Chemistry; A Materials Science Companion, is utilized by several
colleges and universities including Reed College, Portland, OR and Purdue University, West
Lafayette, IN (21). :

The disadvantage of these laboratories has been the increased time commitment required of
the lab instructors. Our safe, simple and complete Labless Lab® exploration system minimizes the
need for instructors 1o use valuable time gathering equipment and chemicals and designing the
laboratory experiments, thus providing the time for the instructor to work directly with the students.

To define the learning objectives of the Labless Lab® in Chemistry (summarized in Tables |
and 2), we exhaustively reviewed both chemistry curricula and major chemistry textbooks (21).
Each major learnin
chemistry texts. T
topics each make up one slice of the circle, and inside the circle are drawn example subtopic ar
These arcs of influence are drawn inside the circle to indicate which major concepts are covered by
which subtopics. For simplicity, only four subtopics are shown on the concept wheel, (all 15 will
be covered by the explorations.) See Table 2 fora list of all subtopics.

objective or concept is divided up into several subtopics, typical of introductory
idea is well represented by the "concept wheel” of Figure 1. The six major

5.

VENES 1 v
Several publishers and manufacturers provide laboratory supplements to existing texts.
These supplements usually consist of text which describes the experiments and lists the materials
required for the lessons. Other supplements or kits which do contain materials required for
experiments are focused on only one or two concepts (i.e. acid/base chemisiry, or ion exch
reactions); ad
expensive and as a result are often used by t f

We propose to create a supplement which contains the supplies and explanation necessary to
free students and instructors to explore the possible reasons for an out . These will arise out of
new experiments and novel ways of preparing and presenting the experiments. Indeed, creating
these novel ways is the primary research focus of this project. The Labless Lab® will free tf
instructor from having to gather the required chemicals and equipment for each set of experiments
since the students will each have their own complete set. This freedom will allow the instructor
more time to interact with the students and the time to develop an inquiry-based
laboratory/classroom. In this environment of student exploration, the laboratory or investigation
could supplant (but never eliminate) the classroom lecture setting. Our Labless Lab® in Chemisiry
will describe the laboratory procedures and provide the means for students and teachers to realize all
of the major concepts of chemistry, with the versatility to encourage new explorations.

NSTUctor or

Techmical Approach
Using simple procedures, "safe” household chemicals, and simple apparatus, we propose to
develop, characterize, and produce novel explorations suitable for the direct observation of a range
of phenomena related to chemistry. The explorations and fundamental concepis are considered i
matrix model, where the concept is "integrated” into several observations/experiments and each
experiment "integrates” several concepts. See Tables 1 and 2. This supplement will be flexible
enough to complement any one year introductory chemistry course regardless of the text used.

During the Phase [ research period we will select the chemicals and materials and develop
necessary devices to perform the explorations. Needed chemicals will include oxidants, ion
exchange salts, acids, bases, gases, hydrate salts, metals, polymers, polar/nonpolar liquids, and

stry: Activity Mainx

£
]

Table 1. Activity matrix showing the 23 proposed explorations (numbered) along the horizontal
axis and the subtopics of introductory chemistry along the vertical axis.

(25) LCT Calon metry > > > >
(24) Construction of a Battery > > > x
(23) Dehydration of Hydrate Salts > > > x|
(207 Conductivity Tester ! . -E
(19) Crystallization of Salts > b3 > x I
(18) Crystallography . > K- . | > M‘
(17 Stosciometry/Continuous Variations > > - > o |
(16} lonic and Polar Bonding H. . . B = x‘
(13) Electrochemcial Metal Series . < K. ~< x o x|
(14) Gases and Pressure > b3 . »x » X |
|| 13) Chromatograpt i
|(12) Hot Packs: Heating System > x K. > x X '
(11) Polar and Hydrogen Bonding b4 . > [ - » o X
(10) Polymers . . |

(9) Kinetics }‘. | . N >
(8) Colligative Properties > . > X
(7) Titration of Acids/Bases . . > K. x- ﬁ. > x xll
{6) Acid/Base Indicators . > > . X X X
5) [ce Calorimerry b4 » =

(4) Advanced Measurement > | > M- K- » X o X = j
{3) Simple Measurement . H- ¢ . T -K”x. I | | > Kl
{2} Introduction o Measurement . )('- X. 6 g x. > x. XX X XX X >¢. > xl
(1) Lab Safety X X X X X X X X X X X X X X X

- &
§ 2
= B i =




Table 2. Introductory Physi

emical Science Concepts and their corresponding
Exploration Numbers (21)

Major Theme and Subtopics

I Exploration Numbers ]

Safe/Accurate Laboratory Practices (Experiment # 1):

States of Matter:

Density 2, 3,4

Phase Cha 5 8, 12, 18, 19
Gases 14

Metals 15, 18, 19
Crystals 12,16, 18, 19

Atomic St FUL[IJFI:
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Metals

Chemical Hundm"

Chemical
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A
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Acid/Base Chemistry

Intermolecular Forces:
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cost-effective manner and provide the furnkh Is needed for a comprehensive Labless Lab®
in Chemistry. The Labless Lab® in Ch y will be produced, packaged along with appropriate
written materials and given wide commercial dismbution during Phase I11.
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An example of just such a constructivist chem stry laboratory was presented at both the
1994 and the 1995 Annual National Science Teacher's ; Association (NSTA) meetings in Anaheim,
fornia and Philadelphia, PA, res spectively. The ple'-n_n[.mnm by P Clough and L. Clark. high
I chemistry instructors in Wisconsin, described how students were given a set of starting
chemicals (reactants) and were then asked to determine the outcome or products

Another J:|4u|r\ -based | has been developed by Dr. S.L.. Seager, Professor
of Chemistry at W State U ¥ in Ogden, UT. He has developed a laboratory for first yea
chemistry students :.\.u-:..' n inquiry. His laboratory follows the path of e xplorat
invention/discovery, and a i

Dr. Art Ellis, chemis
chemistry

[‘I\IIL\-'-UI‘ at the University of Wisconsin-Madison has led a team of
and materials \,IL[]LL 'Jrul 255005 10 dey c]vp a system of teaching freshman Llu_'rllh['\
utilizing solid state materials (i.e. familiar objects) in an inquiry-based format (6). The results of
their effonts, Teaching General Chemistry: A Materials Science Companion, is utilized by several
colleges and Lunncmllu including Reed College, Portland, OR and Purdue U niversity, West
Lafayerte, IN (

An innovative series of 26 half-hour s
nobel laureate Dr. Roald Hoffman and noted
Stevens Point), is available on video (16). Dur
unigue le
instructors i

nents entitled "The World of Chemistry” fe aturing
mistry demonstrator, Dr. Donald Showalter (L/'W-
g this series, Hoffman and Showalter create a
environment where chemistry comes alive. Shows like this can help chemistry
student interest in chemistry
PSI already has considerable experience in the Labless La concept. Our Labless Lab®

in Polymers is a successful extensio n of research begun with the aid of an NSF, Phase | SBIR
(January, 1994}, We will uce a prototype of this kit for evaluation at the March 1996 Annual

National Sc ience Teacher's Associati -\nt\s I'A) conference in St. J_.sdu\ \‘-( hope to begin a full

marketing effort of the Labless Lab® in Polymers during this conference. The Labless Lab® in
polvmers focus_es on facilitat he direct experience and uudu\..mdme of many unique concepts

and characteristics of macromolecules and polymeric materials, We are working with the

University of Utah's Center Inte grated Science Education (C ISHm the development of a Labless

Lab® in Science through An I\Lln\‘ designed for a general education telecourse on science for non-

science majors (taught by Joe Andr:

J. KEY PERSONNEL AND BIBLIOGRAPHY

Dr. Robert Scheer, Principle Investigator, received his Ph.D. in Materials Science and
eering in 1993 Ek served as the pnmlph investigator of PSI's Labless Lab® in Polvmer
Materials, a completed SBIR Phase [ from the National Science Foundation. This pro
making '1p|d progress and will result in a Phase [T submission about September 15, 1994. Dr
‘1.. heer has considerable experience in the teaching of college ,'L\LI -hemistry, and is a pan-time
adjunct chemistry instructor at Salt Lake (_nmmunm. College . Scheer's abbreviated CV

icluded as the next page

Dr. Joe Andrade is founder and Chief Scientific Officer of PSI. alt hough he is not listed as a

€nior personnel participant, he does spend about 25% of his full time activities with Prote

S lutions, Inc. and will be working closely with Dr. Scheer on this project. Dr. Ands
Professor of \Ine':.lI-. S

2

i

de is
ence and of Bmmurmrmv at the University of Utah and has taught at the
and graduate levels for the past 25 years. He also had some experience
school chemistry and biology many years ago, directs the University's Center for
Integrated Science Education and is heav ily involved with Jr. high and high school teachers locally

He is also involved in the development and conduction of inservice courses for local teachers and in
the revision of the state core science curriculum.

Bibliography

Please see the list of references at the end of this proposal.
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T DESCRIPTION |

H. PHASE 1 PROJI

le objectives of this phase [ research project are to advance the usefulness of
several chemistry explorations from |Ihuu-|ne nological results 1o quantitative results utilizing several
novel meast ent devices. These include m 1ss measurement (#3), specific gravity and density
measure 2try (#5), pH (#'s 6 and 7), Kinetics (#8). pressure (#14) and others o
e II portion of b.
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An important area of research exists in the area of distance learning/TV-base %9 £ s
For example, the University of Maine offers a unique course in biology (8) which incorporates a 23 g 2
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>d much over the past 40 to 50 years. The ability of a student to reproduce known values is = & -4 £33 %
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K. EQUIPMENT, INSTRUMENTATION, COMPUTERS, AND FACILITIES

PSI's laboratories and office are located in the University Research Park at 391 Chipeta
Way. The labs are adjacent to the University of Utah’s Center for Integrated Science E ion
(CISE) with whom PSI has a synergistic relationship. Coopers between CISE and PSI has
produced workshops and science exhibits. PSI's facilities include about 150 square feet of office
space and oratory and production space. Research and development
equipment 1eters, ovens, measuring electronics, Macintosh and IBM
computers with appropriate sensor and monitoring interfaces, optical microscopes, and other
general routine laboratory equipment

PSI is a member of the Center for Biopolymers at Interfaces at the L niversity of Utah, a
University/Industry/State consortium. As a member, PSI has priority access to equipt
laboratories, and technical personnel in the Center, including specialized analyti
specialized material testing facilities, and materials production and fabrication equipment

L. CONSULTANTS AND SUBCONTRACTS

Associates will serve as a consultant for evaluation of these

An agreed upon fee for services is shown in the budget.
The Center for Integ science Education will serve as a consultant for evaluation

explorations at a local and state level. An agreed upon fee for services is shown in the budget
Mo subcontracts are included with this proposal.

INVERNESS Resea

explorations at a national leve

M.  SIMILAR GRANT APPLICATIONS, PROPOSALS, OR AWARDS

An NSF Phase 1 SBIR entitled, “A Quantitative, Modular Exploration Syste
Chemistry” was submitted in June of 1995. Dr. Scheer's role as the principle investigator for
proposal would be approximately 3 months. (Our proposal was submitted on June 1995, Its
15 not known. If funded, its tentative effective dates are from 3/96-9/96.) This proposal
ted under topic “Education and Human Resources, Topic s

The proposal to NSF emphasizes development of a chemi
=nts, while this DOE proposal emphasizes development of a
students. We estimate approximately 60% funding overlap.

N. BUDGET

lor Personpel: Dr. Robert . Scheer, Principle Investigator. Dr. Joe Andrade, a
. his experience and expertise will be invaluable to us (Dr. Andrade will donat
ect.) Mr. Roshen Koshy, an experienced lab technician worki g at Protein Solutior
[ravel, room and board, and registration for the 1997 NSTA annual conventio
LA. Here we will disseminate information ¢ -erning our findings.
grials and Supplies: Chemicals, labware, and disposable supplies.

ublication, Documentation, Dissemination: Printing costs for evaluation copies of lab
instructions

Consultant Serviees: Dawn Huntwork of INVERNESS Research Associates will direct the
national evaluation. Mary McDonald of the Center for Integrated Science Education will direct the
local and state ¢ ation.

Other: Miscellaneous fees for chemical testing and toxicity studies at local private testing
laboratories. -
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February 5, 1996

Raobert 1. Scheer, Ph.D,

Project Director

Protein Solutions, Inc.

P.O. Box 58093

Salt Lake City, Utah 84158-0093

Dear Dr. Scheer,

The Center for Integrated Science Education (CISE) a1 the University of Utah is pleased
to collaborate with Protein Solutions’ "A Novel Chemistry Exploration System” project.
CISE is committed to provide junior and high school students enhanced science leaming
opportunities, particularly in the physical and chemical sciences.

CISE will work closely with Protein Solutions by establishing a content review
committee of scientists from the region, and by coordinating test sites with local school
districts and the State Office of Education. CISE will assure that the key concepis will be
aligned with the Nanonal Science Standards and Benchmarks for Science Literacy

CISE's partnership with Protein Solutions provides an innovative opportunity to better
prepare our students with the scientific knowledge necessary to make informed public
decisions in their future. Thank you for this opportunity.

Sincerely,

Mary L. McDonald, Program Coordinator
Center for Integrated Science Education®

Department of Bloengineering

2480 M Engineering B




Post Office Box 313
Inverness CA

FAX 415 669-7186

Protein Solutions
P.O. Box 38093

Salt Lake City, UT 84158-0093

Dear Mr. Scheer,

1 1 F e i~ : A Lr\
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Robert J. Scheer

P.O. Box 80 3

Salt Lake City, UT 8415
(801)583-9301

e-mail <rob.scheer@m.cc.utah.edu>
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Exploration #12:

Measuring "The Heat Solution™" using Coffee C p Calo try
The Heat Solution™ hand warmer device utilizes a chemical “activity” to generaie a tempe increase
You are to ¢ nature of this chemical "activity”

Matenals su
Hear Soluti
) 0z. styr
0Z. styTol
mometer

100 ml olumetne measu
Thermodynamic Chart (

Dther required materials:

Vessel with boi Timepiece

e longs.

You now have all of the data required to answer the following que

" exothermic or endothermic?

) of the “activity”? (To answer, do the following four stems
e lemper

f the packet. This is the total ma
the total mass by the chan
al heat generated

ated by the mass of the packet This is
the inft e specific heat and
x chemicals and activity are involved in the temperature increase?

he specific heat generated.

THERMODYNAMIC CHART

mass balance (the one you've made)

Procedure
L wr safet
2 k Ur vess
I 1e Heat Soit g waler using 1ongs
4 munutes, remove the he heat source and gently remove the packet from the hot

5) ket 1o cool for at least 30 minutes or until it reaches room temperature (cool to touch
f) nd record its mass.

ate (turn white and feel solid), repeat steps 2 through 5

%) mil of cool water to the 12 oz. styrofoam cup.

gy 20 oz. cup

10 ) ml of water

In 1 1 g . 1 serature of the water in the cup.

12y ntil it does not change between readings
13) al disk

14) plastic lids.

15 ery two minutes until it reaches a maximum (3 readings in a ro
16 e and record 115 mass.

of the water just before activation and the plateau
ure (AT) by the specific heat of water (4.184 J/g»'C

temperature to determine which one o1

Heat of S Heat of Fusion

WARNING: THIS SET CONTAINS CHEMICALS THAT MAY BE HARMFUL IF MISUSED. READ
CAUTIONS ON INDIVIDUAL CONTAINERS CAREFULLY. NOT TO BE USED BY CHILDREN
EXCEFPT UNDER ADULT SUPERVISIC

Important safety issues.

idult partner or supervisor. Never work alone
ermucal laboratone

are required to wear spl
Learn the follow
Call 911 in case of eme
If vou feel dizzy or

top what you are doing and leave the room.

3. Wear app ate clothing (no shorts, short skirts, or sleeve shirts or tank tops) and shoes (no open
toed sandals); confine long hair

4, Do not eat, drink or smoke in your lab area

n mixing or heating chemicals, point the container away from individuals

6. Clean up all spills immediately by covering the spill with the appropriate clean-up matenals listed below:

Paper Towel, Che alable plastic bags

.L.Jt\u.. in each e\glﬂ.i'alj-ﬁn

1n this instruction manu uld be used.

2 mixed o r\I\ in the proportions and by the methods prescribed in the instructions

usor..

v those experim
9. Chemicals should b

Please sig
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n this sheet and in the lat
is my responsibility to obey

| have read carefully and understand all of th 3
manual or laboratory hand ourse. | recognized that it

fanthfully

| realized that all chemicals are potentially da Lngerous, therefore [ will exercise care in handling them. If
| am unsure of the p zards of any ch al, T will discuss this with my instrictor prior to using the
chemical in I__,LIC.\[[\.'H

[ understand that I am xquu\u O wear approves d chermical splash goggles ALL TIMES while [ am

in the laboratory. [ also understand t
lab, If I elect to wear contact |
wearing them in the lab

I furthe erstand that [ am permitted 1o work on these explorations only when accomp
partner or Supervisor.

1 lenses in the chermucal
or damages caused by

jangers involved in wearing
es in the laboratory, I will assume all responsibility

ed by a lab
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