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ABSTRACT

TEACHING CHEMISTRY CONCEPTS USING DIFFERENTIATED BITRUCTION VIA
TIERED LABS AND ACTIVITY MENUS

By
Betsy C. Collins

Today’s high school classrooms are composed destis with different levels of
knowing and ways of understanding. Differentiating type of work that they are asked to do
to achieve the same objective is one way to medt staident's special circumstances on a
somewhat equal playing field. By doing so, studeme being challenged at their level rather
than just blindly going through the same motiorat they see others around them doing.
Offering students choices to better understandchaegat places the student in the driver seat of
their educational journey. The purpose of thigaesh project was to design and implement
choice activities within the chemistry classroonmtore appropriately teach and assess
chemistry concepts and assess understanding @& toogepts. These choice activities included
tiered-laboratory investigations and activity menus

This project was implemented over the course ofthimoesters in a high school
chemistry classroom. Topics covered included datig and interpreting density and applying
significant figures, calculating and interpretingrgent composition with the mole concept, and
stoichiometry. The effectiveness of the tieredslahd activity menus were evaluated using pre
and post test comparisons, student surveys, aretaen-class observations. Gains in
conceptual understanding and student motivatior\decumented. These findings indicated
that allowing choice and leveling of skills to aeW the same conceptual understanding

promoted student learning and the overall enjoyraadtmotivation for learning.
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INTRODUCTION

Today's classroom teacher is challenged to cesatvironment for learning that is
rigorous, yet where each student has the capacdgtiieve academically. Teachers are faced
with the immense responsibility to not only meet tieeds of so many different learning styles
(visual, auditory, and tactile) but to push studdsgyond their comfort zones to become active,
successful learners. Classrooms today are angythit homogeneous; rather they are mixtures
of students on caseload, advanced students, sémoguiage learners, and individuals with
highly diverse cultural and economic backgroundmglinson, et al., 2003). In addition to
these challenges, requirements for graduatiomareasing. The national science and math high
school course requirement average has increasedi® credits to 2.7 credits (Cavanagh,
2008). Faced with such a daunting task, instradvi@ased on the idea of one-size-fits-all is not
appropriate (VanSciver, 2005). In an attempt exheall learners, differentiated instruction
looks to be a viable and optimistic option for eahiocs at all levels. The basic idea behind
differentiation is to create lesson plans, projdetsoratory activities, assessments, and learning
environments to accommodate the individual readineserests, and learning profile of each
student (George, 2005). In doing so, educatord tetake caution to not lower the learning
objectives, but rather find alternative ways foggenting and teaching the contébiMartino &
Miles, 2005) Differentiated instruction is a way of teachingtthprovides students with a variety
of entry points to access learning that is compatith their way of understanding (Hall,
Strangman, & Meyer, 2003). It is a method tH#&drs options and is a teaching technique that
changes to meet the needs of all while still emgutihat everyone is achieving the same learning
objective. According to Preszler 2006, "[A] fundamtal premise of differentiating instruction is

that certain steps must be taken to guaranteergtidd! learn what they need to learn in order



to meet curriculum guidelines and state standarBsfferentiated instruction takes the stance
that not all students are the same and as a teagliing and assessment methods must change to
avoid "teaching to the middle" (Willis and Mann,G&).

A traditional science classroom where the teachesgmts information in a lecture style
and then provides each student with the same lagrimvestigation is designed for only those
that have good attention spans and are left-brdasders. Unfortunately, only about one-
guarter of the population of students fits thisibagscription (Willis and Mann, 2000). When
the content doesn't stir interest or the matesiéo difficult to understand, students tend to
check out (Anderson, 2007). Failure to recogaize rectify this situation leads to classrooms
filled with wasted potential. Most educators woalgtee that altering the instruction and
modifying the tasks would help improve student sgsdut the challenge is how to translate the
ideas and beliefs of differentiated instructioroiattion (Wehrmann, 2000). This task becomes
increasingly demanding when today's educatorslerady overwhelmed by reduced funding,
pressures of achieving high standardized test scargl diverse student backgrounds (Ashman
& Kraayenoord, 1998). These ever present resgairdvide teachers with little time and money
for flexibility and creativity. The tendency is teen conform by developing lessons and
activities directed to the average learner (Tonolim<2001). One intent of this study is to
demonstrate the ease of utilizing differentiatestrinction by implementing tiered-laboratory
investigations and activity menus without exhaustime pocketbook or extending the time
needed to complete the tasks.

Another obstacle in the way of implementing diffetfated instruction is the belief that it
is a form of tracking. Tracking is a teaching syst that views equal level learners to be more

successful when kept together. Unfortunately, athrs are quick to assume that they can easily



recognize and identify low from high level learnetow level learners are viewed as those that
need very basic information presented to themIglawth lots of repetition. It is also assumed
that high level learners want information fast &otd of independence. This way of thinking
keeps low students low and prevents high levehkarfrom reaching their full capabilities
(Tomlinson, 2006). Based on the group in whiclythee placed , students determine quickly if
they are low, medium , or high. This realizatiends to establish how they perceive their
educational abilities (Ashman & Kraayenoord, 199B)fferentiated instruction is the complete
opposite of grouping or tracking. Itis intendedoe a way to allow access to understanding the
content to all levels of learners. The beautyd#ping differentiated instruction is that there is
no one way to implement differentiated instructidnis a content, process, and assessment
method that is done in response to student reajimgerest level, and learning style
(Tomlinson, 1999). Differentiated instruction isvay of teaching that allows an educator to
challenge the bright students, guide the struggingdent, and raise the middle student up to the
top. Differentiated instruction is a proactive sggch to guide all learners to have the
opportunity to be successful in education. Prangdihoices and giving students a variety of
ways to understand creates an environment wheleleamer is at the center. It is not just a
strategy but rather a way of life (The Connectimgkl.2003). The most important thing to
remember when implementing differentiated instactiechniques is to make all learning
meaningful.

The tiered labs and activity menus were designed tthemistry classroom as chemistry
is a difficult content area for students to grasg & is now a graduation requirement for all
students at Mason High School. The concepts tangity chemistry class are abstract and

difficult to relate to real-world experiences (Yaret al 2003). The more activities and choices



students are provided with in the classroom sethegyreater the chance for success. In the
absence of practical activities "the traditionaleational approach strips out the very essence of
science and leaves behind a confusing bag of tr{ddaron et al 2003). Thus, the alternative
goal of the tiered labs and activities menus wasdwide students with tangible ways to better
understand and apply some of the basic ideas ofishy.

The goal of this study was to implement and asessffectiveness of tiered laboratory
investigations and activity menus. The hypothesis that by incorporating tiered labs and
activity menus into a high school chemistry coustedents would show a statistically
significant gain in their understanding of chenyistontent measured by pre and post test
assessments and to improve motivation in the dassisetting.

This study was conducted during the 2011-2012 dofesr at Mason High School in
Mason, Michigan, a rural area just south of LansMghigan. Mason has a historic, small
town feel with a communal square in the centepafit This small community has a lot of
pride, love, and concern for its members. Thesecbnomic status of the students varies
widely due to the large number of farms and clasximity to Lansing. The school district is
predominantly Caucasian with only 12% of the popoatanon-Caucasian.

This study was conducted in three chemistry A sasttaught during the first trimester,
September 2011-November 2011 and three chemis$gcBons taught during second trimester,
December 2011- March 2012. The content in cheynsincluded scientific methods,
laboratory equipment and safety, measurementsigndicant figures, classification of matter
and the mole concept, atomic structure and elecafigurations, periodicity, and bonding.
The content in chemistry B included chemical reaxdiand balancing, stoichiometry, solutions,

acids and bases, and gases. All chemistry sectvere taught by the author. All sections of



chemistry had an even distribution of juniors aagr®mores with only a handful of seniors. All
students had previously taken a minimum of two ésters of biology. In addition to biology,

the juniors and seniors had taken two trimestegstbér physical science or honors physical
science. The physical science course was phagetf the Mason High School system as of the
fall of 2010. Out of the 79 students enrolleaiemistry A, 46 gave consent (Appendix U) to
participate in the study. In chemistry B, 53 af 0 students enrolled provided consent to

participate.



IMEMENTATION

The differentiated instruction methods utilizedhis study were tiered-laboratory
investigations and activity menus. A tiered-laltorainvestigation is a way to guide student to
the same outcome utilizing different laboratoryliskand techniques. The goal of a tiered task is
to challenge each student to work and think beybea comfort zone to promote learning for
each student (Sylwester, 2003). By providing stusl with choices, students are in charge of
their learning process and tend to take on a hilgivet of responsibility in the task at hand
(Betts, 2004George, 2005)The laboratory investigations in this study weneeled, meaning
each activity was designed with specific learniexgl in mind. The levels are; | - traditional
lab, student must follow basic instructions, madms predictions, Il - minimal instructions, the
tasks are left to the student to determine, ill-problem solving is left to the student to
determine. When utilizing tiered labs, an educatay allow students to choose which option
best suits their interest or the labs may be assdidpased on readiness. In this study the tiered
labs were assigned based on student readinessenBuwere given a pre-test to determine their
level of understand and ask to self evaluate wtirerg felt they were in terms of the concepts
being studied.

An activity menu on the other hand, provides stisigvith a variety of tasks that they
may choose from to achieve the same learning gdbalet amount of time is given and the
students must complete a minimum number of aatiwito demonstrate full understanding. A
dinner menu was designed to make the selection menesting. Students are all required to
complete a basic level task and then are giverogidf other activities that address different

learning styles and have different levels of chrajke



The tiered labs and activity menus were designethglthe summer months of 2011 at
Michigan State University. Much time was spentlegang the effectiveness of the labs,
utilizing input and evaluation from colleagues auyisors. Approval was obtained from both
the high school principal at Mason High School #ralinstitutional Review Board at Michigan
State University as this project involves of hunsabjects in an educational study.

The tiered labs and/or activity menus were implet@e in three different units of the
chemistry curriculum near the completion of eackhefunits as a way to summarize and piece
together each students' understanding of the ctsstplied. The units included laboratory
techniques and measurement, matter and the motegbrand stoichiometry. Unit 1, laboratory
techniqgues and measurement, and Unit 2, mattethe@nchole concept are both a part of the
chemistry A curriculum. Unit 7, stoichiometry,aart of the chemistry B curriculum. These
units were selected due to the ease of develo@ngd/activities that incorporated all learning
styles and abilities. All of the units began watlypical lecture and class discussion of the basic
concepts. The students were then given pretessess their understanding of the concepts.
The pretest was then followed by the implementatibthe activity menu or the tiered
laboratory investigations. The time frame in whibh activities or tiered labs were
implemented is shown in Tables 1, 2, and 3.

Table 1: Laboratory Techniques and Measuremeny Bgenda and Activities

Activity Description

Introduction Introduction to chemistry class, bdalz safety demonstrations

Laboratory Basic laboratory equipment was discussed as a vgnolg (teacher-lead),

equipment students were then given an opportunity to mateletjuipment in their lab
draws with the functions provided.




Table 1 (cont'd)

—

Significant Basic lecture on significant figures and their wegeplied the idea of significan
figures and figures to various types of measurements in a &milemistry lab.
measurements| Students conducted stations where they made measote and practiced
applying significant figures

Significant Student worked on a traditional lab measuring wexiobjects and applying

figures lab significant figures to measurements and calculation

Density Basic lecture on the idea of density and how tosueaand calculate density.
Students toolere Test

Density Students were given the activity menu designecetp them better understand

Activity Menu | measurements and significant figures in a typibahaistry laboratory setting
(Differentiated | They were given 2 full class days to select andpieta these activities.
Instruction
Technique)

Assessment Students were givenBlost Tes andSurvey

*bold denotes activities related to this study

Density is a property that is invaluable in chdmgiss it allows for the identification of
an unknown substance and can predict physical laghical properties of that substance.
Students have a tendency to struggle making anlginagghe measurements necessary to better
understand this property as it combines laborat&ifis, significant figures, and mathematical
skills. The activity menu (Appendix A) requiredhthall students practice the skill of
determining the density of both an irregularly-sidgolid, utilizing the technique of volume
displacement and determining the density of an anknliquid, incorporating the proper use of
an electronic scale (Appendix B). The remainddhefactivities (Appendices C, D, and E)
ranged from basic problem solving to an open-enalesito determine the thickness of
aluminum foil or the density of an egg.

After completing the required appetizer activesgch student had to select one entree
activity to complete. The entree activities inadddetermining the linear density of a wire or
determining the density of an egg. If a studeldcied the linear density of a wire activity, they

had to measure the length and mass of severatatitfpieces of wire. The measurements were



used to plot a graph. The graph was then usedterdine the linear density. On the other
hand, a student could have selected to use areatdechnique to determine the density of an
egg. No instructions were provided, rather théaiw had to utilize their understanding of the
property of density and basic laboratory techniguenathematically determine the density of an
egg.

Each student had to complete a minimum of two didle activities or they could by-pass
the side dishes and complete the more advanceérti@stivity. The first side dish entitled
"Does Size Matter?"required that a student meagheechass of six different volumes of a
liquid. The volumes and masses were graphed ansttident had to interpret the relationship
between mass and volume. The second side dishtyaetntitled "Neutral Buoyancy" required a
student to create an object that has neutral bugylaut the student was limited to using the
materials provided. The third side dish activiensity Problem Set", was a collection of
seven density-related mathematical problems. ®bgh side dish activity, "What is the
Liquid?", required a student to use their undeditamof the property of density to determine the
identity of an unknown liquid. The final side diabtivity, "Test Tube Challenge" demanded
that a student make a test tube with four diffefayeérs of liquids, each with a different density.
The liquids had to be made using sugar, waterf@odi coloring so that the layers could be
distinguished from one another. The optional deserivity required a high level of
understanding. If a student selected this actihigy had to figure out how to make
measurements and use the known density of alumiowdatermine the thickness of the
aluminum foil.

All of the activities involved calculations, neaements, and critical thinking. Students

could select the activities that fit their interkstel. They were permitted to work either



independently or with a partner, as seen in Figur&he teacher was available to provide

direction, instruction, and recommendations thraughhe three-day period.

Figure 1. Students working to determine the dgrfian egg

For interpretation of the references to colothiis tind all other figures the reader is

referred to the electronic version of this thesis.

Table 2: Matter and the Mole Concept Daily Ageadd Activities

Activity Description

Introduction Introduction to phases of matter andrgy changes. Students worked at
various stations to apply the kinetic moleculaotlye

More with More lecture/discussion about phases of matteeaedyy changes. Students

Matter worked on calculations involving q

Types of Students worked in groups to develop a matter qunoap

Matter

The mole Teacher led discussion about the mole concepttaneliationship to matter.

concept Students worked on practice problems involvingrtiode

Mole Lab Students worked on a traditional lab measuring tities and doing basic
mole conversions

Percent Teacher led discussion on percent composition gnelationship to the mole.

composition Students took pre test

Percent Students were given the activity menu designecetp them better understand

composition how to measure and apply percent composition ypiaal chemistry

activity menu | laboratory setting. They were given 2 full clasgsito select and complete

(Differentiated | these activities.

Instruction

Technique)

Assessment Students were givenBlost Tes andSurvey

*bold denotes activities related to this study

10



Percent by mass is a concept that students loetteeptualize when able to do activities
that make the concept more real. This concepiught when discussing types of matter such as
elements, compounds, and mixtures. Percent by cad@dations tends to be more challenging
as the calculations incorporate the mole conceptecture and discussion on percent by mass
was conducted prior to handing out the activity méhppendix ). As with the density activity
menu, all the students were required to complateséiie basic lab activity. This was the
"appetizer" for the percent by mass menu and irealwvriting and explaining the formula for
determining percent by mass. The remainder o&thieities were based on student choice,
interest, and understanding. Each student hadnplete one entree activity; drawing a picture
to explain percent composition, providing exammepercent composition from the real world,
or creating a concept map to explain how percempasition fits into the matter unit. In
addition to completing the appetizer and one engeglents had the option to complete two side
dish activities or completing one dessert actithigt required a higher level of understanding
(Appendix K). One side dish activity was an opab-{no instructions provided) to determine
the percent by mass of water in a popcorn kerBeltermining the percent by mass of sugar in
bubble gum was another side dish activity that alas an open-lab (no instructions provided).

A third side dish activity involved calculating tpercent by mass of calcium in a piece of chalk
and in a sample of G&POy)o. The last side dish option required a studebiitd a model to

explain percent composition. The optional desaetivity was an advanced, open-lab that asked
the student to determine the percent by mass @rsngoda. The students had the option to

complete these activities on their own or with amper (Figure 2 ).
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Table 3: Stoichiometry Daily Agenda and Activities

Activity

Description

Introduction

Reuvisiting the idea of the mole cortgcspudents worked on activities to
reinforce basic mole conversions previously learned

Stoichiometry

Introductory lecture/discussion abstoichiometry. Students tookpee test

Stoichiometry

Students worked in groups to develop a better wtaleding of stoichiometry

activities using s'mores and BLT sandwiches

Stoichiometry | Based on pre test scores and student self evaligastudents were assigned
Tiered Lab lab to complete involving stoichiometry. This reagd TWO days.

Limiting and Teacher led discussion about limiting and excesgeamets, demonstrations
Excess were conducted. Students worked on practice pnudle

Reagents

Limiting and Based on pre test scores and student self evalgastudents were assigned
Excess lab to complete involving limiting and excess reage This required TWO
Reagents days.

Tiered Labs

Assessment Students were givenBlost Tes andSurvey

*bold denotes activities related to this study

Stoichiometry, which is the application of quaestof reactants and products in a

a

a

chemical reaction, is a keystone concept in chieyig he labs that were developed for this unit

of study focused on meeting each student at theél lof understanding and then demanding that

they take raise that level of understanding. Cirteree labs were assigned to each of the

students based on the students' evaluation of¢haient understanding of stoichiometry as well

the author's evaluation of the student's understigndrhe level I/ll lab was a traditional lab that

had in previous years been conducted by all stsd@pendix O). This lab had clear, step by

step instructions with the intent to have the stddbetter understand how two different

substances in a balanced chemical reaction reldte.level II/1ll lab lacked clear step by step

instructions (Appendix P). This lab involved ttearee reaction as the level I/1l lab but required

the student to advance their understanding of lstmicetry to fill a baggie (each student was

given a different size bag to avoid copying) tocqdee "plumpness”, (Figure 3).

12



Figure 2: Students work to determine the amousbdium bicarbonate needed to completely

The level Il lab (Appendix Q) took the same ideasl concepts further by requiring the student
to use two different reactions to fill two diffetdmaggies to the same "plumpness"”. All of the
labs involved the reaction between 1.0M hydrocklagid and solid sodium bicarbonate to
produce carbon dioxide gas, water, and sodium icldorStudents were given the freedom to
collaborate with each other. After these labsensmmpleted, time was spent discussing the
concept of limiting and excess reagents. A denmatish was performed to allow students to see
what happens when there is more than enough @anoaigh reactant. Students were assigned a
problem set and a hands on activity involving ausdo better grasp the concept of limiting and
excess reagents. Students were asked to ratetmefort level with this concept. This
evaluation, combined with the author's assessnféhectudent's abilities, was the basis for
assigning an appropriate level lab. The levelliiting lab involved measuring different

amount of solid aluminum and copper(ll) chlorifi@ihed into a solution), setting up the

reactions, and allowing them to sit over night.e Tiext day, the students were able to observe

13



whether the copper chloride or the aluminum hachlweenpletely converted utilizing both
qualitative and quantitative observations (Figure 4
Figure 3: Image of several reactions involvingmap(ll) chloride and aluminum to better

understand limiting and excess reagents

The level Il lab required that the students perfa single replacement reaction involving
aluminum and copper (Il) sulfate to collect a minmof 1.00g of solid copper. Assigning
students a lab based on readiness was utilizeetéordine if the success rate varied depending

on teacher assigned versus student selected @divit

14



REST&. AND DATA

A pretest and posttest were given for each of thpnareas explored in this study;
density, percent by mass, and stoichiometry (App&sd-, H, and T). Each consisted of a
variety of short answer and problem solving questioAll of the pretests were given to the
students at the beginning of the topic area exgldree posttest was administered after
completion of the activity menus or tiered labdieBtudents were assessed using a standards
based grading scale as shown in table 4 and JeBtwnderstanding of each content standard
was evaluated according to this scale for all assests.

Table 4: Grading scale description of scoring far ¢ontent standards for density, percent by
mass, and stoichiometry.

Scale | Description

Student can demonstrate a complete understanding of simple and complex topics introduced in
4.0 class. Student can also apply knowledge to situations not explicitly mentioned in

class
3.0 Student can demonstrate a complete understanding of simple and complex topics introduced in
' class.
2.0 Student can demonstrate a complete understanding of simple topics, but is prone to

conceptual errors or omissions on more complex topics.
1.0 Student can only demonstrate understanding of simple topics with assistance.

0.0 No attempt is made to demonstrate understanding.

Table 5: Translation of score to traditional petege score.

Standard Score Percentage Letter Gragle
4.0 100 A
3.75 97 A
3.50 95 A
3.25 93 A
3.0 90 A-
2.75 88 B+
2.50 84 B
2.25 80 B-
2.00 76 C
1.75 70 C-
1.50 67 D+
1.25 64 D
1.00 60 D-
0 50 E
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Table 6: Unit Content Standards

UNIT

CONTENT STANDARD

Density

Student can determine, compare, and urathetshe chemical importanc
of densities of various substances.

D

Percent by Mass

Student can use the mole conceptéomine the percent by mass of
each element in a compound.

Stoichiometry

1. Student can explain of how théena@ncept relates to a balanced
chemical reaction.
2. Student can to convert from the quantity of salestance to a quantit
of another substance using information provided balanced chemical
reaction.
3. Student can determine the amount of produticdrabe formed given
two different starting amounts (limiting vs. excesagents).
4. Student can use a balanced chemical reactidetesmine percent

yield and interpret what the percent means.

Means were determined for each pre and posttegiairgd t-test was completed for each set of

data (pre vs. posttest) and a p-value was detedh{ireble 7 and 8). All posttest scores when

compared to pretest scores were considered statigtsignificant utilizing a p<0.0001 criterion.

The results for the density and percent compostiets are shown in Table 7.

Table 7: Average pretest and posttest scores fosiBeand Percent by Mass Units, n=46

Density | Density Percent Percent
Pretest | Posttest | Composition| Composition
Pretest Posttest
Average | 1.853 3.256 1.967 3.375
score
P-Value <0.0001 <0.0001

The stoichiometry test was assessed based onifenedt standards (Table 6). The average

scores for the following standards on both pre @ogttests are presented (Table 8).
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Table 8: Average pretest and posttest scorestfictometry Unit, n=53

Standard Standard Standard Standard Standard Standard Standard Standard
1 1 2 2 3 3 4 4
Pretest | Posttest| Pretest | Posttest| Pretest| Posttest| Pretest | Posttest
Average 2.230 2.991 1.450 2.764 0.884 2.967 0.502 2.486
Score
P-Value 0.001 <0.0001 <0.0001 <0.0001

Students completed surveys (Appendices H, N, anat Y¥fje termination of each unit to

gain feedback about the activities. Results apgvahin Table 9,10 and 11. In all of the areas

students found the activities to be physically gmgg, mentally engaging, interesting, and at a

relatively high level of learning. The lowest sesifor all the activities were recorded for the

required appetizer activities for both the denaitg percent by mass. The highest scores were

recorded in the optional areas for density andeygrby mass and also in the level Ill tiered labs

for stoichiometry.

Table 9: Results of Student Survey on the Demfsityvities, n=46
Activity Percent Physically | Mentally Interesting | Learning
Participation Engaging | Engaging | (5 high, 1 | (5 high, 1
(5 high, 1 | (5 high, 1 low) low)
low) low)
Appetizer Activity
(Required by all) 100% 3.78 3.44 2.78 3.44
Entree Activity
Wired Wired - 33.3% 4.22 4.22 3.89 3.78
OR Egg - 67.7%
Eggsperiment

17



Table 9 (cont'd)

Side Dish Neutral
Activities buoyancy -
(everyone 33.3%
selected 2) Density 3.67 4.22 3.17 3.72
problems -
77.8%
Unknown
liquid-
55.6%
4Layers -
44.4%
Dessert
Activity 66.7% 3.83 4.33 3.5 3.67
Optional
Table 10: Results of Student Survey on PerceM&ss Activities, n=46
Activity (only some Percent Physically | Mentally | Interesting | Learning
participated) Participation Engaging | Engaging | (5 high,1 | (5 high, 1
(5 high, 1 | (5 high, 1 low) low)
low) low)
Appetizer Activity
(Required by all) 100% 3.78 411 2.89 4.33
Entree Activity Drawing a
(Everyone selected | picture - 55.6%
ONE) Real world
examples - 3.78 4.56 3.11 411
33.3%
Concept map -
11.1%
Side Dish Activity Water in
(Everyone selected Popcorn -
TWO) 55.6%
Sugar in gum -
88.9% 4.56 4.56 4.33 4.22
Determining
mass of Ca -
33.3%
Creating a
model -
0%
Dessert Activity Percent mass
(Optional) Sugar in Soda- 4.77 5.00 411 5.00
11.1%
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Table 11: Results of Student Survey on StoichioyrEBiered Lab Activities, n=53

Activity

Percent
Participation

Physically

Engaging

(5 high, 1
low)

Mentally

Engaging

(5 high, 1
low)

Interesting
(5 high, 1
low)

Learning
(5 high, 1
low)

Basic Stoichiometry
Tiered Lab

What's the
ratio?
(Level I/1) -
13.1%

Fill it up!
(Level 11/111) -
70.2%

Make it Equal
(Level III) -
16.7%

411

4.67

4.56

411

Limiting/Excess
Reactant Tiered Lab

Collecting a
Known Mass of
Copper
(Level III) -
17.4%

What is
Limiting this
Reaction?
(Level I/1I)-

82.6%

411

4.22

3.89

411
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DISCUSSION

This project was conducted to improve student aefmgnsion and motivation for various
chemistry concepts by utilizing differentiated nustion methods including tiered labs and
activity menus. By allowing variation, student a& combined with improved student and
teacher assessment of readiness, it can be coddiuhe the data presented in Table 7 and
Table 8 that the hypothesis that student motivadiosh understanding will improve with the use
of tiered labs and activity menus can be supporidtere was a huge increase when comparing
pretest to posttest scores in each of the thrae &mpas explored. In th&ensityunit, the
average initial score was a 1.853 (equivalent #2.4% on a traditional 100 point scale) to a
posttest score of 3.266 ( equivalent to a 93.5% traditional 100 point scale). Thisis a
dramatic 21.1% increase. Looking at Bercent by Masanit data, there was a increase from
1.967 to 3.375. On a traditional scale this isnaprovement from 74.8% to 93.7%. This is an
18.9% increase in the score from pretest to pdstisth theDensityandPercent by Masanits
involved the completion of activities that wereeséd by the student without teacher
involvement. Similar improvement was recordechi@3toichiometryunit. Students had an
average score of 1.267 (64.3% on a traditionak$aal the pretest compared to an average score
of 2.802 (88.5% on a traditional scale). Thia 34.2% gain from pre to posttest assessment.
The Stoichiometryunit involved teacher-assigned labs that were desidor various levels of
student readiness. It can be concluded that mtitvitg menus and tiered laboratory activities
are effective classroom tools for improving studssthprehension.

Determining whether it is better to have studesglect the activities based on interest or
to have the teacher assign the activity based ahimess was another intent of this study. Upon

initial observation of the data it can be conclutieat there was a greater increase in

20



improvement in the unit that had students workindaboratory investigations that were
assigned by the author based solely on studeninessd  This type of assigning was done in
the Stoichiometryunit where there was an average 24.2% gain frotegtréo posttest. Both the
DensityandPercent by Massanit involved only student selection without teacmvolvement.
TheDensityandPercent by Masanit has increases of 21.1% and 18.9% respectivEhese
value are only slightly lower than tiStoichiometrydata but overall thBensityandPercent by
Massunits had higher overall average scores of 93.58d0&n7% respectively compared to the
Stoichiometryunit which had an average high score of 88.5%.

There are several factors that could have contto the slight variation in
improvement in the three different units. Firbg Densityunit is taught at the very beginning of
the school year. Students tend to have a highel t& engagement as most are determined to
stay on task and do better than the year prioadthtion, density is not a foreign topic to the
students. They are familiar with mass and voluffiee topics that are unfamiliar to the students
tend to be significant figures, basic laboratorfiskand equipment, and working through an
open-ended laboratory investigation. These arbasagrtainty seemed to be alleviated by
allowing each student to select the activity that their interest. It has been shown that test
scores and student understanding greatly incteasegh intrinsic motivation (Patrick 2007).
They were also allowed to work with another perand change their mind and pursue another
activity if they were really struggling. This albolds true for th&ercent by Masanit.

Students have good background knowledge of hoveterchine a percentage from their math
classes. Their areas of weakness on this topigda@ssociating percents with chemistry
concepts and implementation of laboratory techrscared equipment necessary to complete the

tasks. Once again, in this unit, any deficientied the student may have had they were able to
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select activities that worked for them. Also, €t enjoy any activity that involves
consumption of food. In the percent by mass agtivienu they were able to chew gum and
make popcorn. These types of activities tend qoi@interest.

Due to solid background knowledge the pretestescatere higher in thBensityand
Percent by Masanit, 72.4% and 74.8% respectively. Whereas&Stioichiometryunit, the
average pretest score was a 64.3%. Stoichionmgeayconcept that is relatively new to most
students in an introductory high school chemistags. The students have already had an
introduction to the mole concept and balancing abahneactions but have yet to understand
how to piece these two ideas together. With a fqwetest score, students had a greater chance
for improvement. Thus, it cannot be determindtiéf greater percent of improvement from pre
to posttest in the stoichiometry unit comparechlensityandPercent by Massanit can
actually be contributed to the teacher-assignadies or if it is due to lower prior knowledge
about the topic.

It can be concluded that differentiating the atég that students are asked to complete
in a chemistry classroom drastically increasedlesttimotivation and performance level as
indicated by feedback from the students. Feedbhatkined from student surveys (Tables 9. 10,
11) indicated that the enjoyment level was highkemvthere were a variety of activities going
on in the room. Comments included but were noitéichto:

"l liked it because we had options to chooseavun activities "

"It was great because if there was something dlabely did not want to do, | didn't

choose it."

"It gave me a better understanding and it wastgmesectice for the test."

"l liked being able to do something that interdstee."
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"These activities allowed me to focus on areaslteauggled with."

The student surveys clearly indicated that vanatithin the classroom has a positive effect on
both learning and motivation. When learning isreegted to interests, there will be an increase
in productivity, achievement, and understandingnglieson et al., 2003) . This kind of
environment helps improve teaching. When evergesitiis engaged in a different activity or
type of learning it encourages the teacher to beenmvolved and aware of what students are
actually doing. It reduces the need to watch épying and idleness. Students have to become
involved because they are being held responsilbladbonly completing activities but choosing
the activity.

During the activities, it was observed that studevere taking more ownership in their
learning process. They were more collaborativeusisions than normal. Typically in a
laboratory environment, there are students tha t& lead and others that passively follow. In
this situation, no one could be a passive followRy.allowing students the opportunity to
choose or by assigning a task based on readirtedenss were more willing to be active
participants. Students also enjoyed the factttieyt didn't have to do everything. Students
were engaged in more meaningful conversationsegsttad to do more than just ask their
neighbor for the answer. They had to have disonssabout what they were attempting to solve
and how to initiate, develop, or complete the pssceTheir final laboratory write-ups indicated
a higher level of understanding then if they hachpleted the same investigation as everyone
else. Student motivation is directly correlatethwetention and success (Vacca, 2006).

There were a few issues that did develop througtheustudy. The time period within a
unit to incorporate these activities is always uestion. Activities tend to take up more time

than lecturing on a topic. Even though everyons warking on different things at different
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times, because they were either working on anestarea or something that was at their
learning level, time to complete the tasks seerndxktappropriate. There were fewer than
normal students that had to complete the taskgdeioafter school compared to when everyone
is asked to complete the same task. Progressgeamsnbade on developing and implementing
more activity menus and tiered labs in every uhgtody but it is difficult to insert them into an
already exhausted time line.

Another issue, although minor, involved set-uphef¥ the entire class is asked to
complete the same laboratory activity it is eagigirepare for the lab. In this situation, the
amount of materials was not a known. There weuasons where materials ran out due to high
demand and other materials were in excess. Ifuthee this problem could be alleviated by
having the student indicate which activities th&gnpo participate in rather than going into the
activities blind.

In the end, incorporation of tiered labs and atgtimenus into a high school chemistry
curriculum has been greatly supported by this stullyere are immense gains in allowing
variation and student choice within the classrod@opying is reduced, learning is enhanced,
motivation is increased, and student creativityspired. From the teacher perspective, it can be
concluded that the learning environment is muchenmateresting. It is enjoyable to see
everyone actively involved. It requires that evergmber of the classroom maintains a high
level of engagement. Activity menus and tierectabory investigations will continue to be
teaching and learning tools within the author'sslaom.

Teachers need to be willing to adapt their classi®to meet the needs of each and every
one of the learners. Opportunities need to be rfatgpermit students to move at a pace that is

suitable for them in attempt to reduce either boredr overload . Each type of learner needs to
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be given the opportunity to quality levels of wadk that they can be challenged (Morelock &
Morrison, 1999). Tiered laboratory investigati@msl activity menus are two types of
differentiated instruction that can provide diffieréearners with the opportunities that they need
to be successful. These are proactive approadueaibe they account for varied abilities rather
than just teaching to the middle group (Tomlins2001). By implementing techniques such as
tiered laboratory investigations and activities ogrclassroom predictability is reduced and
student engagement is enhanced (Crump, 1995).

Differentiated instruction is a way of teaching #ambraces and celebrates all learning
styles and learning levels (Tomlinson, 2006). 8hid are encouraged to learn at their own pace
and select activities that are appropriate for tihesed on readiness and interest. Each student
has a Zone of Proximal Development (ZPD), thisoisstdered to be the comfort zone for each
student in terms of learning (Morelock & Morrisdr§99). The intent of differentiated
instruction is to provide content, learning actest and assessments that work within this
comfort zone. If activities are created with oahe learning style in mind then the vast majority
of students are asked to work outside of their Z&1al true success is not achieved. By
implementing activity menus and tiered laboratomesstigations students are given choices and
opportunities to work within their ZPD. Choicescenrage all students to become engaged and
take responsibility in the classroom (Baglieri &dfd, 2004).

Student motivation is also enhanced when studastgiven choices. Learners have a
tendency, which was evident in this study, to itnvesre into a learning activity if there is
interest. Increased motivation tends to lead ghiédri levels of success. Providing students with
the opportunity to choose an activity developsmaproved level of student learning and allows

students the opportunity to work on skills wherd artnen needed (Hughes, 1999). Tiered
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activities allow students the opportunity to mémet same learning objective but with choices
(Mawhinney, 2000). Evidence of understandindghentevaluated by giving each student the
same final assessment. The emphasis is stikég@lan the same learning goal but differentiated
instruction provides each student with the oppotyuo select the path that they want to take to
get to the learning objective.

Differentiated instruction, when implemented cotlg is a viable option for meeting the
needs of some many different learning styles aacdhiag abilities in today's classrooms.
Differentiated instruction is a lot of work, bulhet successes out-weigh the negatives. Educators
need to embrace differences within the classroatdnbanwilling to allow for variation in hopes

that it will lead to a higher level of student nwatiion and success.
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Appendix A: Density Activity Menu
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COLLINS' CHEMISTRY CUISINE — Today’s Specialty: DEN SITY

Appetizer (Everyone)

e Perform the lab to determine the density of twedgular shaped objects and two liquids.

Entrée (Select One)

e Determine the linear density of a wire by measutirgglength and mass of three different
wires and then plotting the data on a graph.

o Determine the density of an egg using variousssaittions.

Side Dishes (Select Two or Skip and have Dessert)

e Create an apparatus that has neutral buoyancytar wg§ou must use quantitative data to
solve this problem.

e Density Problem Set.

e Given a list of known densities, collect data aetednine the identity of the unknown
liquid on the front counter.

e Prepare a test tube with three distinct layersqoiidl using any equipment from your lab
drawer, tap water, sugar, and salt (food coloriray tme used to identify the different layers).
One written paragraph is required explaining how gompleted the challenge and why it
worked. The finished test tube must be displayed.

Dessert (Optional)

e Use density to determine the thickness of alumifmim
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Appendix B: Density Appetizer Activity
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Chemistry A Name

Appetizer Density Lab

Background:

Different materials pack together differently. $heads to differences in densities. We can use
the known densities of materials to determine deaiity of an unknown object. For now,
however, we’ll settle for just determining the diéies of solids and liquids experimentally.

Materials
Balance Graduated cylinder Assorted liquiddgast 2)
2 solid objects Weigh boat Beaker

Objective

Determine the density of two liquids and two salgjects.

Procedure I: Determining the density of an irreguér shaped object
1. Determine the solid’s mass using a weigh boat #&xtrenic balance. Record the mass
in the data table.
2. Partially fill a graduated cylinder with water, od the volume of water.
3. Gently place the object into the water in the geddd cylinder, if any water splashes out
you must start over. The object must be completebmerged. Record the new volume
of the water.

4. Determine the volume of the object be subtractiregtivo volumes.
5. Gently pour out the water, dry off the object.
6. Repeat steps 1-5 for each object and then getenager mass and average volume.
7. Repeat steps 1-5 with one other solid object.
Data
Mass (g) | Average | Initial Final Volume of | Average | Density
mass (g) | Volume | Volume | object Volume
(mL) (mL) (mL)
Object _
Trial 1
Object _
Trial 2
Object _
Trial 1
Object _
Trial 2

Show your work below for determining density:
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Procedure II: Determining the Density of 2 Liquids

1. Place an empty, dry graduated cylinder on the mpict balance and record the mass.
2. Mass the cylinder with the liquid and record thesma
3. Record the volume of the liquid
4. Pour out the liquid and repeat steps 1-3.
5. Obtain a new liquid and repeat.
Data
Mass of | Mass of | Mass of | Average | Volume | Average | Density
graduated| graduated| liquid (g) | mass of | (mL) volume
cylinder | cylinder liquid () (mL)
(9) and liquid
(9)
Liquid __
Trial 1
Liquid __
Trial 2
Liquid __
Trial 1
Liquid __
Trial 2

Show your work below for determining density:
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Questions:
1. Does the size of a sample have any affect on géndixplain your reasoning by
incorporating evidence from the lab.

2. Briefly explain how density can used.

3. Use the information at the right to answer theoiwlhg questions:

Color Density
Ethanol Clear 0.789 g/mL
Kerosene Clear 0.81 g/mL
Corn Ol Yellow 0.923 g/mL
Water Clear 0.998 g/mL
Sulfur Dichloride Red 1.261 g/mL

a. a liquid has a volume of 15.75 mL. Its mageuind to be 12.758 g. What is the identify
of the liquid?

b. A red liquid has a volume of 0.923 mL. Whaitssmass?
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Appendix C: Density Side Dish Activity Options
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Chemistry A Name

DENSITY — Does Size Matter?
A Side Dish Activity
Liquid samples: Using an appropriate graduated cylinder, measwentsses of 6 different
volumes of liquid.

VOLUME (mL) MASS (9)

Solid samples: Use water displacement to determine the volumeaesykctive masses for
different size samples of the same substance.
VOLUME (mL) MASS ()
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From your data tables, graph and analyze the oalstiip between mass and volume for the
liquid and solids below.

LIQUID SAMPLES

SOLID SAMPLES

Determine the slope of each line and discuss winsstope means.

Given accepted values for the density of variaquads and solids, identify each and calculate
percent error.
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Chemistry A Name

NEUTRAL BUOYANCY
A Density Side Dish Activity

Objective: To create an object that will be neutrally buoyianvater.

Introduction: An object is considered to be neutrally buoyantwite density is equal to the
density of the surrounding fluid. You will be pided with a couple of plastic cups and a water
tank. Your task is to use materials to make thesiti of the plastic cups equal to the density of
water. You may NOT fill the cups with water. Yowst fill with any of the materials available
in the box labeled “neutral buoyancy activity matis’.

Materials:
Plastic cups Paper clips Miscellaneous Items
Water tank (2-Liter bottle with the top cut off) éa
You must complete the following:
e Brief description of how you were able to make youps neutrally buoyant (include
guantitative data)
e Drawing of your apparatus
e Verification that your apparatus is neutrally buatya
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Chemistry A Name

Density Problem Set
A Density Side Dish Activity

1. Determine the mass of a 2.5 L sample of air. As h density of 1.3x1309/cm3.

2. Find the volume occupied by 1600 g of iron (denseftyre = 7.87 g/mL).

3. A brick used in the construction of pottery kilisslil.0 cm wide, 6.0cm tall, and 22.7 cm
long. The brick has a mass of 2.95 kg. Whatésdnsity of the brick in g/ci#

4. Mercury is a liquid at room temperature, and it hakensity of 13.6 g/c?n Would a bar
of aluminum sink or float in mercury? What abauni? What about gold? Explain
your answer.

5. The density of chlorine gas is 3.16 g/L. Whatis volume of a 16 g sample of chlorine?

6. Object A has a mass of 500g and a density of 5]@39/©bject B has a mass of 650g and

a density of 6.5 g/cﬁn
a. Which object would displace the most liquid? Expla

b. Could the two objects be made of the same subs2aBe&PLAIN.

7. Iron is sold in sheets that are 2.0 cm thick an@l@2m wide. You want to buy a sheet of
iron with a mass of 50,000.0 g. What must be thgtle of the sheet of iron?
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Chemistry A Name
What is that Liquid?
A Density Side Dish Activity
Objective: To use density to determine the identity of a ¢lealorless liquid.

Below is a list of possible liquids the unknown ktbhe. Your task is to use this information and
your knowledge of how to determine density to révka identity of the unknown assigned to
you.

Water 1.000g/mL

Isopropyl Alcohol  0.786g/mL

Hydrogen Peroxide 1.015g/mL

Salt Water 1.100g/mL

Baby Oil 0.840g/mL

Describe the steps you took to solve this problem:

Data:

Conclusion (Identify the liquid and provide support
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Chemistry A Name

TEST TUBE CHALLENGE

A Density Side Dish Activity
Your challenge is to prepare a test tube with tlisenct layers of liquid. You may use any
equipment in your lab basket, tap water, sugat, @atl food coloring. (A complete layer of
food coloring is not permitted use just a dropveo to color the layers).

Brief description of how you completed this chatjen

Show your test tube to Mrs. Collins for verificatio
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Appendix D: Density Entree Activity Options
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Chemistry A Name
WIRED on DENSITY
A Density Entrée Activity
Objective: To determine the linear density of wire
Procedure:

1. Measure the length of a piece of wire in meters
2. Measure the mass of a piece of wire in grams
3. Repeat with 2 other pieces of wire.
4. Calculate the ratio of mass to length of each Winear density)
5. Graph mass vs. length
Data
MASS (g) LENGTH (m) LINEAR DENSITY
(9/m)
WIRE 1
WIRE 2
WIRE 3

Look at the densities of each piece of wire. &é¢ha relationship between the densities?

Find the slope of your graph. What does this numégpresent?

If another lab group had the same gauge wire matlteesame metal, would your graph work

for them? Why or why not?
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Mass the spools of wire available at the fronteéaldased on the mass, determine the length of
wire left on the spool.

SPOOL A SPOOL B SPOOL C

Mass

Predicted Length of
wire

Briefly describe how you made your predictions.
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Chemistry A Name

DENSITY EGGSPERIMENT
An Entree Activity

Objective: Indirectly determine the density of an egg byhgsalt solutions.

An egg will sink when placed in water due to itsisigy. Your task is to create different salt
solutions in an attempt to make an egg float.nlegg becomes neutrally buoyant (floats in the
middle) then its density will be equivalent to thensity of the solution.

Materials:
Beaker Tap water Table Salt Spoon or scoopula
Electronic balance graduated cylinder Raw egg

Data/Calculations:
(record data and calculations to determine theitjeokan egg in the space below)

Conclusions:
Briefly describe the steps you took to solve thesity of the egg. Explain your reasoning.
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Appendix E: Density Dessert Activity
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Chemistry A Name

DON'T GET FOILED!
A Density Dessert Activity

Objective: To use the density of aluminum to determine kigkhess of the aluminum foil.

Materials:
Piece of Al foil metric ruler Electronic balance

Known density of Al = 2.699 g/c?n

Data:

Conclusions: Briefly describe how you determined the thicknesthe foil.
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Appendix F: Density Pre/Post Test
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Chemistry A Name
Measurement and Density Pre/Post Test

1. What is density?

2. Density is dependent on the amount of matter ptesefrue or False

Provide an example to support your answer.

3. Everyday experiences can often be explained usiegtic ideas about the way
particles are arranged in solids, liquids and gdsabe boxes below, show how the
particles are arranged in a typical solid, liqundi @as (in each case, use the symbol X to
represent each particle).

solid liquid gas

4. Based on the arrangement of particles, which pbasetter would have the following
characteristics:

a. The highest density

b. the lowest density

5. Gases, unlike solids, may be easily compressedibeca
A. gas molecules are softer than those in solids
B. gas molecules are smaller than those in solids
C. gas molecules can move but those in solids cannot
D. gas molecules are far apart but those in solidsoaighing

6. The density of ethanol (ethyl alcohol) is 0.789 Q/i@alculate the mass of 10.0 mL
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. What is the mass of 2.0 mL of air, d = 1.2 g/L?

. The density of paper is 1.20 g/%mWhat is the mass of the paper in a notebookishat
76 mm thick, 215.9 mm wide, and 279.4mm long?

. The density of an unknown substance in the liqtatesat 8c is 0.9999 g/mL, and the

density of the unknown substance at the solid StBEEC is 0.9168 g/mL.
A. based on the data above, does this substance e@paaodtract when it goes from
a liquid to a solid state?

B. Suppose you have a 250 mL container filled witks gubstance in the solid state,
what volume would be present if it went from a ddb liquid state?

C. Based on your answer in b, would liquid spill oufzo how much? If not, how
much more liquid could be added to the container?
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10. Below shows the densities of some metals.

Lithium 0.53 g/mL
Sodium 0.97g/mL
Potassium 0.86 g/mL
Rubidium 1.53 g/mL

a. Which metal sinks in benzene (density of quuid.%&)g/cma) but floats in nitrobenzene
(density of liquid = 1.2 g/cref)’?

b. Which metal(s) would float in water (density of waif .00 g/cngl)?

11.You are given a sample of the one of the metaisdis the chart below but you do not

know which metal it is. Briefly describe how yowwd determine the identity of the
metal given the following materials: the metal radyated cylinder, an electronic scale,
and water.

Magneiusm  1.738 g/mL

Aluminum  2.698 g/mL

Silicon 2.329g/mL

Titanium 4.540 g/mL
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Appendix G: Density Pre/Post Test Answer Key
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Chemistry A Name
Measurement and Density Pre/Post Test Answer Key

1. What is densityAnswers will vary
Mass per unit volume, a measurement that is indepelent amount
2. Density is dependent on the amount of matesgmt. True or False
Provide an example to support your answenswers will vary
Ex. Density of water is 1.00g/mL no matter the ammt of water present
3. Everyday experiences can often be explainetyusiientific ideas about the way particles

are arranged in solids, liquids and gases. In tixe® below, show how the patrticles are

arranged in a typical solid, liquid and gas (infeease, use the symbol X to represent each
particle).

XXXXXXXXX
XX XXXX X X

solid

liquid gas

4. Based on the arrangement of particles, whiaselof matter would have the following
characteristics:

a. The highest density SOLID

b. the lowest density GAS

5. Gases, unlike solids, may be easily comprelsseduse

A. gas molecules are softer than those in solids

B. gas molecules are smaller than those in solids

C. gas molecules can move but those in solids cannot

D. gas molecules are far apart but those in solids ateuching
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6. The density of ethanol (ethyl alcohol) is 0. ¢®L. Calculate the mass of 10.0 mL
(0.789g/mL)(10.0mL) = 7.899g
7. What is the mass of 2.0 mL of air, d = 1.2 g/L?

2.0mL = .0020L (.0020L)(1.2g/L) = .0024g air

8. The density of paper is 1.20 gl%:rrWhat Is the mass of the paper in a notebookishéa
mm thick, 215.9 mm wide, and 279.4mm long?

(7.6cm)(21.59cm)(27.94cm) = 4584.56m4600c
(1.209/cm3)(46000m3) = 55209 = 55009 *apply significant figures

9. The density of an unknown substance in thadigtate at 8c is 0.9999 g/mL, and the
density of the unknown substance at the solid SBEEC is 0.9168 g/mL.

A. based on the data above, does this substapem@or contract when it goes from
a liquid to a solid state?

It expands when it goes from a liquid to a solid.This can be concluded
because the density of the substance decreases friogpid to solid.

B. Suppose you have a 250.0 mL container filleithwhis substance in the solid
state, what volume would be present if it went frasolid to liquid state?

(250.0mL)(0.9168 g/mL) = 229.2g
(229.2g)/0.9999g/mL = 229.2 mL

C. Based on your answer in b, would liquid spiit® If so how much? If not, how
much more liquid could be added to the container?

No, the liquid would not spill out. 20.8mL of liqud could be added.

250mL - 229.2 mL = 20.8mL
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10. The list below shows the densities of someaet

A. Lithium 0.53 g/mL
B. Sodium 0.97g/mL
C. Potassium 0.86 g/mL
D. Rubidium 1.53 g/mL

a. Which metal sinks in benzene (density of ligeid.88 g/crref) but floats in nitrobenzene
(density of liquid = 1.2 g/cref)’?

B. sodium It has a density greater than 0.88 buéss than 1.2g/mL.

b. Which metal(s) would float in water (densifywater 1.00 g/cr%)’?

A. lithium, B. sodium, and C. potassium
They all have densities less than 1.00g/mL

11. You are given a sample of the one of the mdisted in the chart below but you do not
know which metal it is. Briefly describe how yowwd determine the identity of the metal
given the following materials: the metal, a gra@datylinder, an electronic scale, and water.

Magneiusm  1.738 g/mL

Aluminum  2.698 g/mL

Silicon 2.329g/mL

Titanium 4.540 g/mL

The density of the metal must be measured. Firshé mass of the metal could be recorded
by using an electronic scale. Then the volume dfi¢ metal should be measured using the
volume displacement technique. This technique inWes the use of a graduated cylinder,
some water, and the piece of metal. A small amouof water is put in the cylinder. The
volume of the water must be recorded. The metal ihen carefully placed in the graduated
cylinder (be careful not to spill any water). Thevolume of the water and metal are
recorded. The two volumes are subtracted to determe the volume of the metal. The mass
of the metal is divided by the volume of the metalThis is the density. The density is
compared to the list of known densities. The closedensity would be the identity of the
metal.
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Chemistry A Name Period

Collins’ Chemistry Cuisine Density Dinner Menu Student Survey

Directions: This survey will be kept completely anonymous. Namwill be cut off once study
participants have been identified. Please andweefdlowing questions as honestly as possible.
The more truthful and complete you are in your oeses, the more helpful it will be.

Part 1. General Feedback.Answer the following questions, including specdiamples or
details.

1. Did you find the Collins’ Chemistry Cuisine ActiyiMenu on Density helpful? If so,
what was helpful? If not, what could be done tpiave it?

2. Do you feel you have a better understanding ofitkeas a result of doing the activities
in the menu? Why or why not?

3. Was it a benefit to have choices of activities @ dWhy or why not?

4. Is there anything that you still feel uncertain atbion terms of density? If yes, please
explain.
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Part 2: Activity Rating: In the spaces below, rate each of the activitigkigiunit on a scale of
1-5 (1= low, 5=high) according to the followingtemia.

Column 1 — _Physically Engagingdow physically engaging was this activity? Wgoe
actively participating throughout this activity?

Column 2 - _Mentally Engagingdow mentally engaging was this activity? Did yiod
yourself really thinking through the process as getformed the activity?

Column 3 - _Interestingdow interesting did you find this activity? Diady enjoy the
activity?

Column 4 - _Learningdow much did you learn from this activity? Didwéeel that it helped
model the topic for you in a way that helped ycarh®

Table 12: Student rating of density menu actisitie

Activity Physically | Mentally | Interesting| Learning
Engaging | Engaging

Determining the density of two irregular
shaped objects and two liquids

Circle the one you selected:
Wired on Density OR Density Eggsperiment

Circle the one of the two you selected:
¢ Neutral buoyancy apparatus
e Density problem
e Unknown liquid
e Test tube with 4 layers

Circle the one of the two you selected:
¢ Neutral buoyancy apparatus
e Density problem
e Unknown liquid
e Test tube with 4 layers

Determining the thickness of aluminum foi
(optional)

Part 3: Additional Comments. Feel free to make any additional comments abmCollins’
Chemistry Cuisine Activity Menu for Density below.
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COLLINS' CHEMISTRY CUISINE— Today’'s Special: Percen t by Mass

Appetizer (Everyone)

e Write and explain the general formula for determgnihe percent by mass of an element in a
compound

Entrée (Select One)

e Draw a picture to represent the concept of percemposition
e Select and explain a few examples of how percemiposition is used in the real world.
e Create a concept map to demonstrate how percergastion fits into the matter unit

Side Dishes (Select Two OR Skip and Select Dessert )

e Conduct a lab to determine the percent composttfamater in one popcorn kernel.
e Perform an investigation to determine the percentmosition of sugar in gum.
e Solve the following problem: Determine which hagreater mass of calcium

a. 25g of chalk, CaC§) b. 18gof Ca(OH) c. 26g of CgPCy)2
e Create a model to represent percent composition.

Dessert

e Perform an open-ended lab to deternimepercent by mass of sugar in soda by compav
known sugar solutions.
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Chemistry A

PERCENT BY MASS

Name

Appetizer

Entrée

Side Dishes OR Dessert
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Appendix K: Percent by Mass Activity Sheets
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Chemistry A Name

WHAT A SWEETIE!
Percent by Mass Laboratory Investigation

Objective: To determine the percent by mass of sugar in soda.

Introduction: Non-diet soft drinks are primarily sugar, watergd aarbon dioxide. Your task is
to figure out a way to determine the percent bysmdsugar in a sample of 7-UP. The soda
has been sitting out and has been warmed to reaibthe carbon dioxide bubbles. You will be

making the assumption that the remaining ingrediang table sugar, sucrosq $§8,,011) and
water. In order to determine the percent by mé#iseosugar in the 7-UP sample you will be
provided with some sucrose and distilled wateru Wall need to make up various sugar-water
solutions, measure the % mass sugar of the sofytit@iermine the density, and then make a
graph to plot % mass vs. density of these knowrpsesn You can then use to the graph and
then use the density of the 7-UP sample to deterthi@ mass of the sugar in the sample.

Materials:
7-up Table sugar Distilled water Graduated cydnsd
Syringes Beakers Stirring rod Ruler ElectronataBice

You will be responsible for turning in the follovgn
o0 A brief description of the process you used
o Data table
o Calculations
o Graph of mass vs. density
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Chemistry A Name

Determining Percent Water in Popcorn

Objective: To determine the percent by mass of water in apeq@n kernel.

Introduction: Popcorn pops because of the natural moisture irside kernel. When the

internal water is heated above £@0 the liquid water boils and changes to a gas,tdkies up
much more space than the liquid, so the kernelredgaapidly and eventually pops. Your task
is to devise a method to determine the percent &gsmof water in one popcorn kernel.

Materials:

Small aluminum container
Popcorn kernels

Qil

Hot plate

Tongs

Electronic Balance

You are responsible for the following:
o Brief description of your method
o Data and calculations to determine the percent &gsnof water in one popcorn kernel
o Summary of any problems or errors

*You may eat your popcorn after you have complstaar data collection and calculations.
More than one trial may be necessary.
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Chemistry A Name

Determining the Percent by Mass Sugar in Bubble Gum

Objective: To determine the percent by mass of sugar in oeeepf bubble gum.

Introduction: All commercial food producers must list all ingredtis found in their food
products on the retail packaging for the foodseskhingredients must be listed in order of
decreasing concentration by mass but they do nat trelist the actual quantities.

Bubble gum is composed of mostly sugar. The masvenient way to remove sugar from gum
is to chew it. During chewing the sugar is disedlby saliva and is swallowed, leaving an
insoluble rubber in the mouth. This laboratoryreis will establish the percent by mass sugar
in bubble gum.

Materials:

1 piece of bubble gum
Electronic balance
Weighing boats

You are responsible for turning in the following:
o Basic procedure
o Data and calculations to determine the percent &gsmof sugar in bubble gum
o Summary of any problems or errors

*Make sure that you chew the gum for a reasonatleusat of time, allow the gum adequate
time to dry (you do not want to mass your saliaag remember to not let your gum come into
contact with any surfaces that may have chemicathem. Happy chewing!!!!
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Chemistry A Name
Percent Composition Pre/Post Test

1. Briefly describe how to determine the percent ahsthing.

2. Determine the molar mass of each of the following

A. CaCQy B. KCI

3. Using the molar mass of Cag@om question number 2, determine the percent &agsm
of each element in the compound

% Ca

%C

%0

4. Determine the percent composition of oxygen in g&itan chlorate, KCIQ

5. Determine the actual mass of oxygen in a 50.0g kaofglass, SiQ.
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6. Nicotine, the additive drug in cigarettes, contaid0% carbon, 8.6% hydrogen, and
17.3% nitrogen. What mass of each element caedmered from a 55.0 g sample of
nicotine?

7. The percent of oxygen in a colorless liquid is deieed to be 94.1%. Is this liquid
water or hydrogen peroxide $85)?

8. Which of the following would have a greater mas€af (Show your work to receive
full credit)

A. 45.00g Ca(POy)2 B. 8.25g Ca
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Chemistry A Name
Percent Composition Pre/Post Test Answer Key

1. Briefly describe how to determine the percent ahsthing.
Answers will vary
-Part of a whole
-Determine the part, divide by the total amount ad then multiply by 100

2. Determine the molar mass of each of the following

A. CaCQy B. KCI
Ca = 40.08g K = 39.10g
C =12.01g Cl = 35.45¢
O = (16.00g)3 = 48.00g Total = 74.46g

Total = 100.099

3. Using the molar mass of CaG@om question number 2, determine the percent &gsm
of each element in the compound

% Ca ¢:0.089/100.09g)x100 = 40.04%
%C (12.01g/100.09g)x100 = 12.00%
%0 (16.00g/100.09g)x100 = 15.99%

4. Determine the percent composition of oxygen in ggitan chlorate, KCIg

K=39.10g O =(48.009/122.550g)x100 = 39.17%
Cl = 35.45¢g

O = (16.009)3 = 48.00g

Total = 122.55g

5. Determine the actual mass of oxygen in a 50.0g kaofglass, SiQ.

Si =28.09¢g % O = 32.009/60.09g = .5325
0O =(16.009)2 = 32.00g Mass O = (50.09)(.5325) =636 O
Total = 60.09¢g
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6. Nicotine, the additive drug in cigarettes, contaid0% carbon, 8.6% hydrogen, and
17.3% nitrogen. What mass of each element caedmered from a 55.0 g sample of
nicotine?

C =(55.00)(.740) =40.7g C
H = (55.09)(.086) =4.7gq H
N =(55.00)(.173) =9.52g N

7. The percent of oxygen in a colorless liquid is deieed to be 94.1%. Is this liquid
water or hydrogen peroxide $85)?

Water Hydrogen Peroxide
H=(1.01g) 2 = 2.02g H =(1.01g)2 = 2.02¢g
O =(16.009)1 = 16.00g O =(16.00g)2 = 32.00g
Total = 18.02g Total = 34.02g

% O = (16.00g/18.02g) x100 = 88.79% %0 = (32.00g/34.02g)x100 = 94.06%

ANSWER: Hydrogen peroxide

8. Which of the following would have a greater mas€af (Show your work to receive
full credit)

A. 45.00g Ca(POy)2 B. 8.25g Ca

Ca = (40.08g)3 = 120.249
P =(30.979)2 = 61.949g

O =(16.009)8 = 128.00g
Total = 310.18g

%Ca = (120.249/310.18g) = .3876
Mass of Ca = (.3876)(45.00g) = 17.44g Ca

ANSWER: 45.00g Ca(POy),
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Chemistry A Name Period

Collins’ Chemistry Cuisine Percent by Mass Dinner Mnu Student Survey

Directions: This survey will be kept completely anonymous. Namwill be cut off once study
participants have been identified. Please andweefdlowing questions as honestly as possible.
The more truthful and complete you are in your oeses, the more helpful it will be.

Part 1. General Feedback.Answer the following questions, including specdixamples or
details.

5. Did you find the Collins’ Chemistry Cuisine ActiyiMenu on Percent by Mass helpful?
If so, what was helpful? If not, what could be dda improve it?

6. Do you feel you have a better understanding ofgerby mass as a result of doing the
activities in the menu? Why or why not?

7. Was it a benefit to have choices of activities ®@ dWhy or why not?

8. Is there anything that you still feel uncertain aiio terms of percent by mass? If yes,
please explain.
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Part 2: Activity Rating: In the spaces below, rate each of the activitigkigiunit on a scale of
1-5 (1= low, 5=high) according to the followingtemia.

Column 1 — _Physically Engaginddow physically engaging was this activity? Wgoel
actively participating throughout this activity?
Column 2 - _Mentally Engagingdow mentally engaging was this activity? Did yod
yourself really thinking through the process as getformed the activity?
Column 3 - _Interestingdow interesting did you find this activity? Didy enjoy the
activity?
Column 4 - _Learningdow much did you learn from this activity? Didwteel that it helped
model the topic for you in a way that helped yaarie
Table 13: Student rating of percent by mass metivitges
Activity Physically | Mentally | Interesting| Learning
Engaging | Engaging
Writing and explaining the general formula
for percent by mass
Circle the one you selected:
e Drawing a picture to represent
percent by mass
e Explaining a few real world
examples of percent by mass
e Percent by mass concept map
Circle the one of the two you selected:
e Determining the percent water in a
popcorn kernel
e Determining the percent sugar in
bubble gum
e Determining the greatest mass of
calcium
e Creating a model to represent
percent composition
e Determining the percent by mass
sugar in soda pop
Circle the one of the two you selected:
e Determining the percent water in a
popcorn kernel
e Determining the percent sugar in
bubble gum
e Determining the greatest mass of
calcium
e Creating a model to represent
percent composition
e Determining the percent by mass
sugar in soda pop
Part 3: Additional Comments. Feel free to make any additional comments abiwut t
Collins’ Chemistry Cuisine Activity Menu for Perddny Mass below.
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Chemistry B Name

Level I-11
WHAT’'S THE RATIO?
Introduction to Stoichiometry Lab

Objective: To react solid sodium carbonate with a solutiohyafrochloric acid, HCI, to
determine the mole to mole relationship using bathdata and stoichiometry. In other words,
you are going to verify the coefficients in thedraded chemical reaction using lab data.

WRITE THE BALANCED CHEMICAL EQUATION (including sta te symbols)

Solid sodium carbonate reacts with a solution afrbghloric acid, HCI, to produce water, carbpon
dioxide gas, and sodium chloride.

Materials:
50 mL beaker sodium carbonate 1.0 M HCI Gradleydinder
Electronic Scale Scoopula Hot plate

Procedure:

1. Puton lab safety goggles

2. Mass a clean, dry 50mL beaker. Mass of beaker =

3. Carefully place a small sample of sodium carboirdtethe beaker using a scoopula
4. Mass the beaker and sodium carbonate. Mass oébaakl sodium

carbonate=

Determine the mass of sodium carbonate—

Use stoichiometry to convert the mass of sodiurba@ate into the mass of sodium
chloride that should be produced (show your wolk\§

oo

7. Obtain 2-5 mL of 1.0 M HCI solution using a cleaaduated cylinder.

8. Add the HCI to the sodium carbonate. Gently sthiel beaker to allow the reaction to
proceed. It should bubble as carbon dioxide gasésof the products.

9. When the reaction is completed, place the beakerlwotplate and gently heat the beaker
to evaporate the water.
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10.0Once all the water is evaporated, the only prothett should remain is sodium chloride.

Mass the beaker and with the sodium chloride=

11.Determine the mass of just the sodium chloride:

Mass of sodium chloride collected in the lab =

12.Clean the beaker, return all supplies, and make ther hot plate is unplugged.

Conclusions:

1.

Look at the overall balanced chemical equation.atWé1the mole to mole relationship
between sodium carbonate and sodium chloride? k(abthe coefficients to determine
this)

. Convert the mass of sodium carbonate you usedmnotes of sodium carbonate.

Convert the mass of sodium chloride you producémnmoles of sodium chloride.

Do the number of moles you calculated in proble@s#d #3 above match the balanced
chemical equation? If the moles do not, providaesoeasons for your error.

How much sodium chloride should you have produc@d®k at your calculation from
#6 in the procedure section).

How much sodium chloride did you produce? (lobkaur data in #11 of the procedure
section).

How do the masses in #5 and #6 compare? Providg@anation.
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Chemistry B Name

Level 11/l
FILL IT UP!
Introductory Stoichiometry Lab

Objective: Solid sodium bicarbonate reacts with a solutiohyafrochloric acid (HCI) to

produce water, carbon dioxide gas, and a soluti@o@dium chloride. Your task is to use this
reaction to generate enough carbon dioxide ga#l togdlastic storage baggie. The ideal result
will be to fill the bag to the appropriate plumpsagsot to overinflate or under-inflate the baggie.
This will be checked with a poke test. The bag mlap contain unreacted chemicals and/or
other products of the reaction. You will be respble for writing down the procedure you usee
to fill the baggie.

Materials Available: (These are available to you but you do NOT neags®each one)
e Baggie (put your name on your baggie)
Snack Sandwich Quart
Graduated cylinder
Sodium bicarbonate
1.0 M HCI (1 mole per liter)
Weigh boat
Scoopula
Electronic Balance
Beakers

Amounts of Hydrochloric acid that you should ussedzhon baggie size!
Snack size baggie = 28.0 mL
Sandwich baggie = 65.0 mL
Quart size baggie = 115.0 mL

You must come up with a way to determine the follomg:
1. volume of the baggie (this will be equivalent te timount of carbon dioxide you need to
produce)
2. figure out a way to have both the acid and thetsndiarbonate in the baggie at the same
time without making contact until you want the réac to proceed.
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DATA/PROCEDURES:

Volume of baggie = (this isatim@unt of carbon dioxide gas
you need to  produce)

Briefly explain how you determined the volume lo¢ tbaggie.

Balanced chemical reaction (with state symbols)
Solid sodium bicarbonate reacts with a solutibhyalrochloric acid (HCI) to
produce water, carbon dioxide gas, and a soluti@odium chloride.

Calculations for determining the mass of sodiunathhionate needed:

Briefly explain how you were able to place both #odium bicarbonate and the
hydrochloric acid into the baggie and seal it withthe substances reacting.

Plumpness rating (performed by Mrs. Collins - youst have calculations performed
above before plumpness will be check&BLUE = 25% of lab grade

0 1 2 3 4
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Chemistry B Name

Level IlI

MAKE IT EQUAL
Introduction to Stoichiometry Lab

Objective: To determine the amount of SODIUM BICARBONAHEAd the amount of
SODIUM CARBONATE needed to react with 1.0 M HCIfiib 2 plastic baggies to the same
size. When either solid is placed in a solutiommydrochloric acid, HCI, the products are water,
carbon dioxide gas, and a solution of sodium ctitari

You will need to calculate the correct mass of ea@éded to fill plastic baggies to completion
when reacting with HCI.

Materials Available (you do not need to use all the materials listed)

Sodium bicarbonate

Sodium carbonate

1.0M HCI

Weighing boats

Electronic Scale

Assigned Baggies (write your name on the baggies)
Snack Sandwich Quart

Graduated cylinder

Beakers

Scoopula

You will be responsible for turning in the follovgn

Written procedure used to solve the problem

Balanced chemical reactions with state symbolsided.

Calculations

Sealed baggies (identify which is which and therde@f plumpness will be part of your
score)
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WHAT IS LIMITING THIS REACTION?
Chemistry B- Stoichiometry Lab

OBJECTIVES
1. To identify the limiting and excess reagentsriie reaction between aluminum metal and

CuClb solution.
2. To demonstrate and apply stoichiometric calcuhat

PROBLEM / TASK
How is the amount of product formed determinedHgyamount of reactant that is used?

You will conducting the same reaction 4 differantds, each time using a different amount of
reactants. Your job will be to determine the raatthat is limiting (runs out first) and the
reactant that is in excess (extra or left oveiswill be done qualitatively (what you see) and
guantitatively (mathematically). The reaction via# a single replacement between Al metal and

CuCb solution.

PRIOR KNOWLEDGE
Review this list to help refresh your memory ontgdemistry concepts that might help you in
this endeavor.

1. Identifying types of reactions

2. Writing and balancing chemical reactions witlagds of matter identified
3. Predicting possible products of a reaction

4. Stoichiometry

5. Lab safety

6. Basic lab procedures

SAFETY
Copper (Il) chloride (CuG) solution is slightly toxic by ingestion and has ador. Contact the

teacher immediately if skin contact occurs.

MATERIALS

CuCb powder, water, 4 cups, stirring rod, aluminum,faild 100 ml graduated cylinder

Mass of Aluminum Mass of Cugl Volume of Water
1.00g 4.00g 100 mL
0.50g 3.00g 100 mL
0.25¢g 2.25¢ 100 mL
2.00g 5.00g 100 mL

e Use each cup at a weigh boat to mass the CycCthen add 100mL of water to make a
solution of CuCly
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DATA & OBSERVATIONS
Fill in the necessary information on the data tdbtanitial and final observations, actual
masses, and volumes.

RESULTS / ANALYSIS / CONCLUSIONS
This is where your calculations to determine lingtend excess reactant will be located. You
will discuss the rationale behind your observations

CHECKPOINTS
1. Write the balanced chemical equation for yoacten including phases of matter.

2. ldentification of what will be observed if alimam is in excess or limiting AND if (?J is
in excess or limiting.

4. Calculate how much Cu metal each reactant casupge. Be sure to show ALL labeled math
work.
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Chemistry B Name

Lab Partner

Purpose of the Lab Activity:

Overall Balanced Equation with State Symbols:

Data & Observations:
Reaction Trials: (record below the ACTUAL amouritattyou measure and use)

Trial | Mass of Al (9) | Mass of CuG} (g) | Volume of Water (mL)

Observe the reactants on day 1 and record belowtvby look like. Observe products for each
reaction on day 2. Record qualitative observationgach of the 4 reactions

Reactants (day 1) Products (day 2)

Trial 1:

Trial 2;

Trial 3:

Trial 4:

What should the products look like aluminum is liheting reactant?

What should the products look like if copper (Ilaride is the limiting reactant?
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Results/Analysis/Conclusions:

CALCULATIONS:

Trial

Mathematically determine the amount of Cu(s) thaisd be produced. Based on you
calculations CIRCLE the reactant that is limitingddBOX in the reactant that is in
excess.
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CONCLUSIONS: (briefly explain using complete sentences in geaph form how you were
able to determine the limiting and excess reagesitsy bothqualitative and quantitative data -
in other words do your qualitative observationsahatour quantitative observations. For
example if you calculated that aluminum is limitingd you observe that all the aluminum was
used up and that the solution was still blue?77®t| provide some reasons for your error!)
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COLLECTING a KNOWN MASS of SOLID COPPER

OBJECTIVES

1. To identify the correct type of reaction in artieisolate copper metal from Cug§&blution.
2. To write a procedure in order to extract 1.G8f gopper metal
3. To demonstrate and apply stoichiometric calcuhat

PROBLEM / TASK
How do chemists perform reactions to make a seuataf product?

You will be starting with a solution that is 200r of 0.100 M CuSQ(aq). You job will be to
react the CuS©Osolution with a substance to produce and collé@d of pure copper metal.

You will need to determine what you will need tactthe copper sulfate solution with, write up
a procedure that will produce only1.00 g of purppmr metal, collect the metal and analyze your
results. You will have graded check points alorg\lay to insure safety and progress. After the
procedure is accepted you will carry out your ekpent and calculate the percent yield to the
nearest 0.01%. The higher the percent yield thiebet

PRIOR KNOWLEDGE
Review this list to help refresh your memory ontgdemistry concepts that might help you in
this endeavor.

1. Identifying types of reactions (what could yeact CuSQ@ solution with to isolate out the
Cu)

. Writing and balancing chemical reactions witlagés of matter identified

3. Predicting possible products of a reaction
4. Stoichiometry

5. Lab safety
7
8

N

. Basic lab procedures
. Percent yield calculations

SAFETY

Copper (ll) sulfate (CuSg) solution is slightly toxic by ingestion and has edor. Contact the
teacher immediately if skin contact occurs.

MATERIALS
Develop a detailed materials list to submit to ymmacher.

DATA & OBSERVATIONS
Be sure to create a quality data table for evemgtlyou measure. Include your detailed
observations in a separate table or section.
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RESULTS / ANALYSIS
This is where your calculations for the percentdyieill be located. Include reasoning to justify
if and why your procedures were (or were not) sssfte.

A grading rubric will be applied to the checkpoints

CHECKPOINTS

After each checkpoint has been discussed with fupartner and agreed upon, have the
teacher sign off.

1. What type of reaction is needed?

Consider these questions to help you address\ithat are the types of reactions have
we learned? Is there one in which a metal was medithrough electron transfer?

2. Explain your reasoning for question #1. Whatasr evidence that this is correct?

3. Write the balanced chemical equation for yoactien including phases of matter.

4. Calculate how much of each reactant you wans& Be sure to show ALL labeled math
work. You do not want to just add unknown amouriteactants together to see what
happens. Be sure to consider the concept of arlignieactant.

5. Write up a step by step procedure for this arpant. You'll need to be thorough and
detailed enough so that someone else could follmw gteps and get the same outcome.
Include any safety concerns. Note that possiblenasds are available at the back table. If you
think you need different equipment, ask the teattreassistance.

6. Perform the experiment. Record data, observgtiaamd calculations to be turned in to
the teacher. Be sure to clean up your lab areadéfaving.
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Chemistry B Name
Stoichiometry Pre/Post Test

1. Perform the following mole conversions:

a. Determine the number of moles in 18.5g P{NO

b. Determine the mass of 3.25 L, Nas.

c. Determine the number of particles in 100.508 Fe

2. Which of the following is a correct interpretatiohthis balanced equation?
2Al(s) + 3Pb(N@)2(aq) = 2AI(NOg)z(ag) + 3Pb(s)

a. 2 grams Al + 3 grams Pb(NJ2 = 2 grams AI(N@)3 + 3 grams Pb
b. 2 atoms Al + 3 units Pb(N» > 2 units AIINGQy)3 + 3 atoms Pb

c. 2 moles Al + 3 moles Pb(ND—> 2 moles AI(N@)3 + 3 moles Pb
d. both b and c

3. Use the following balanced reaction to answer testjons below:
6HCI + FeO3 > 2FeC§ + 3 HO

A. If 3 moles of HCI are used, how many moles of & produced?

B. If 6 moles of Fe must be produced then how many moles afdzemust be
reacted?

C. What mass of bO can be produced from 2 moles of HCI and exces®4®

D. What mass of F@3 is needed to produce 2.35)%fmolecules of HO?

93



4. True or False. All reactants are used up inearsbal reaction to form the product.
Provide support for your selection:

5. True or False. Adding more reactant will alwaysutein more product being formed in
a chemical reaction.

Provide support for your selection:

6. Given the following reaction:
__PHt+__ O—_ PO10+t_HO

A. Balance the reaction.

B. Determine the mass of{©1q that can be formed if 68.00g ob@eact with 68.00g
PHs.

C. ldentify the limiting reactant:

D. Identify the excess reactant:

7. Read the following laboratory scenario:
A student is asked to react copper metal, Cu, 86tmL of a 1.5M solution of AgCl in
an attempt to collect 0.75g of solid Ag. The stutd#etermined the volume of silver
chloride solution contains 4.30g of AgCIl. The stntthen determined the mass of solid
copper needed to produce the amount of solid silesired. The product was dried and
massed. The student collected 0.66g of solid silve
A. Write the balanced chemical reaction includstgtes of matter symbols.

B. Briefly discuss how the student was able to deteentihe mass of copper metal
needed to produce 0.75g of solid silver.

C. Determine the percent yield.
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Chemistry B Name

Stoichiometry Pre/Post Test

8. Perform the following mole conversions:

a. Determine the number of moles in 18.5g PO
18.5g Pb(NQ)2 (1 mole Pb(NGz)9) = 0.0559 moles Pb(Ng)»
331.22gPb(NO3)»
b. Determine the mass of 3.25 L, has.
3.25L N (1 mol Np) (28.029 ¥) = 4.070 I}

(22.4L)  (ImolN)
c. Determine the number of particles in 100.508 Fe

100.5gFeS_(1mol FeS) _ (6.02XTarticles FeS) = 6.8813x10°particles FeS
(87.92gFeS) (1 mol FeS)

9. Which of the following is a correct interpretatiohthis balanced equation?
2Al(s) + 3Pb(N@)2(aq) = 2AI(NOg)z(ag) + 3Pb(s)

a. 2 grams Al + 3 grams Pb(NJ2 - 2 grams AI(N@)3 + 3 grams Pb
b. 2 atoms Al + 3 units Pb(Ng» = 2 units AI(NG;)3 + 3 atoms Pb

c. 2 moles Al + 3 moles Pb(N3 2> 2 moles AI(N@)3 .3 moles Pb

d. both b and ¢
ANSWER: letter d

10. Use the following balanced reaction to answer tlnestjons below:
6HClI + FeO3 > 2FeC{ + 3 HO

A. If 3 moles of HCI are used, how many moles of &t produced?
1 mole FeC}

B. If 6 moles of FeCd must be produced then how many moles gfdzenust be
reacted?

3 moles FeO3

C. What mass of b0 can be produced from 2 moles of HCI and exces®4®
2 moles HCI_(3 moles HO) (18.02g HO) = 18.02g HO
(6 moles HCI) (1 mole HO)
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D. What mass of F@3 is needed to produce 2.35)%fmolecules of HO?
2.35x1(?4molecules HO (1 mol HyO) (1 mol Fe03) (159.79 FeO3) = 2089 FeO3

6.02x16%) (3 mole HO) (1 mol FeOx)
11.True orEFalse All reactants are used up in a chemical readt form the product.

Provide support for your selectiodnswers will vary!

12.True orEalse. Adding more reactant will always result in moredguct being formed in
a chemical reaction.

Provide support for your selectiolnswers will vary! (need to add the reactant that
is needed)

13. Given the following reaction:
4 PH+ 8 O—_1 RO1g+_6_HO
D. Balance the reaction.

E. Determine the mass 0f®;o that can be formed if 68.00g of @act with 68.00g
PHs.
68.00g G(1 mol Oy) (1 mol P4O10) (283.880R010 = 67.039 RO1¢
(32.00g Q) (8mol Op) (1 mol RO10)
68.00gPH; (1 mol PHg) (1mol P4O1q) (283.889 BO1q) == 141.99
(34.00d°H3) (4 mol PHg) ( 1mol P4O10)

F. Identify the limiting reactant: O-

D. Identify the excess reactant: PH3

14.Read the following laboratory scenario:
A student is asked to react copper metal, Cu, 86tmL of a 1.5M solution of AgCl in
an attempt to collect 0.75g of solid Ag. The sttd#etermined the volume of silver
chloride solution contains 4.30g of AgCIl. The stntthen determined the mass of solid
copper needed to produce the amount of solid silesired. The product was dried and
massed. The student collected 0.66g of solidsilve

Write the balanced chemical reaction includteges of matter symbols.

Cus) + 2AgCliag) —> 2Ags) + CuCb(aq)
Briefly discuss how the student was able to deteentihe mass of copper metal
needed to produce 0.75g of solid silver.

Answers will vary
Determine the percent yield.

(0.66g Ag/ 0.75g Ag) x100 = 88%
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Chemistry B Name Period

Stoichiometry Post Unit Student Survey

Directions: This survey will be kept completely anonymous. Namwill be cut off once study
participants have been identified. Please andweefdlowing questions as honestly as possible.
The more truthful and complete you are in your oeses, the more helpful it will be.

Part 1. General Feedback.Answer the following questions, including specdixamples or
details.

1. Did you find the lab activities for stoichiomgthelpful? If so, what was helpful? If not,
what could be done to improve them?

2. Do you feel you have a better understandingg@thiometry a result of doing the lab
activities? Why or why not?

3. Was it a benefit to be assigned a differentédber than doing the same lab as everyone
in the class? Why or why not?

4. Is there anything that you still feel uncertabout in terms of stoichiometry? If yes,
please explain.

99



Part 2: Activity Rating: In the table below, rate each of the activitiethis unit on a scale of
1-5 (1= low, 5=high) according to the followingtemia.

Column 1 — _Physically Engaginddow physically engaging was this activity? Wgoel
actively participating throughout this activity?

Column 2 - _Mentally Engagingdow mentally engaging was this activity? Did yod
yourself really thinking through the process as getformed the activity?

Column 3 - _Interestingdow interesting did you find this activity? Didy enjoy the
activity?

Column 4 - _Learningdow much did you learn from this activity? Didwteel that it helped
model the topic for you in a way that helped yaarie

Table 14: Student rating of stochiometry tieretivitees

Laboratory Activity Physically Mentally | Interesting| Learning
Engaging | Engaging

Circle the one you completed:
e What's the ratio?
e Fillitup!
e Make it Equal

Circle the one you completed:
e Collecting a Known Mass of Copper
e What is Limiting this Reaction?

Part 3: Additional Comments. Feel free to make any additional comments albwut t
Collins’ Chemistry Cuisine Activity Menu for Perddny Mass below.
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PARENT CONSENT and STUDENT ASSENT FORM

Analysis of the Effectiveness of Tiered Laboratorynvestigations and Activities in
Improving Student Comprehension in Chemistry

| am currently enrolled as a graduate student ahMan State University in the Department of
Science and Mathematics Education. For my thesisarch, | have developed a couple of units
that incorporate the use of tiered labs and am#it This means that all students will be asked to
learn and meet the same objective but the meansiloph they meet this objective will vary.
Each student is different and brings to a classrowhvidual ways of learning and knowing
about the world. These activities are designed this in mind in the hopes of making better
thinkers and learners by meeting students at kbaining level.

Data for this research study will be collected frpra and post tests, lab activities, and student
opinion surveys, all of which is normal class wotlkam asking for your permission to include
your child’s data in my thesis. Their identity Wole protected to the maximum extend by law.
During this study, I will collect and copy studembrk. | will not know the identity of those
participating in the study until after grades hheen posted and report cards have been sent.
Participating will have absolutely no affect on ystudent’s grade. Names will be removed
from materials prior to use in the study and wéldiored in a locked cabinet until my thesis is
finished, after which all will be shredded at thate. In addition, your child’s identity will not
be attached to any data in my thesis paper orraageés used in the thesis presentation.

Participation in this study is completely voluntargtudents who do not participate will not be
penalized in any way. They will still be performgithe same work, their scores and opinions
will not be used in my thesis project. You mayuest that your child’s information not be
included in this study at any time and your requabtbe honored. Participation in this study
may contribute to determining better methods obrporating inquiry into chemistry laboratory
activities for high school students.

If you are willing to allow your child to participain this study for Chemistry A, please
complete and sign the attached form and retumMrs. Betsy Collins by September 10, 2011.
Please seal it in the provided envelope with ydiidts name on the outside of the envelope.
The envelopes will be stored in a locked cabinet@wened after the trimester is completed and
grades have been assigned.

If you have any questions about the study, pleastact me by email at
bcollins@mason.k12.mi.us by phone (517)676-9055 ext. 262. Questionsiathe study may
also be directed to Dr. Merle Heidemann at the Dtepent of Geological Science by email at
heidema2@msu.edby phone at (517)432-2152, or by mail at 118 N&t&dzie, East Lansing,
Michigan 48824.

Thank you,
Mrs. Betsy Collins

Chemistry Teacher
Mason High School
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| voluntarily agree to allow to participate in this study.
(Print Student Name)

Please check all that apply.

I give Mrs. Collins permission to use dggaerated from my child’s work in
Chemistry A to be used in the thesis projeéainderstand that all data from my child
will remain confidential.

| do not wish to have my child’ work usedhis thesis project. | acknowledge that
my child’s work will be graded in the samermar regardless of participation in the
study.

| give Mrs. Collins permission to useuymies of my child during work on this thesis
project. My child will not be identified imése pictures.

I do not wish to have my child’s pictusssd at any time during this thesis project.

(Parent/Guardian Signature) (Date)
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