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ABSTRACT

Students leaving high school should possess certain tasks to be successful in the
world. Reading, writing, and basic math skills seem obvious. However, in our ever
changing world where science and technology are advancing at a rapid pace, any adult
consumer needs to be able to read data displayed as a chart or graphctibns
researckbased classrooroject utilized the ACT science test as the basis for graph
literacy. Data from student peand posttest scores are compared #ftereweeks of
bellwork, lasting only 57 minutes per day. Themall but significant increases in student
confidenceand skills, increased their number of completed questions and overall scores
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INTRODUCTION AND BACKGROUND

ProjectBackground

| was a sophomore in high school when my geometry teacher told me | was a
visual learner. We weregtiussing why | thought Algebrawlas such a difficultlass,
but Geometry was so easy. My best friend felt the opposite was true. Grapltedria
and figures all made sense to me. | coul d
give it much thought until | received my ACT scores. | excelled at the test, but most
noticeably in the science section, which my friends found very diffidwas mainly
graphs to read and analyze. One didnodt ev
graphs. |l coul dndt wunderstand why everyon
Advance 20 years and | found myself teaching physical science to high school
freshman.The students were all taking algebra and physical science at the same time;
However, they could barely read a bar graph, which was not even an algebra skill. After
my first year teaching the subject, | sought out to find a way to teach the students
graphing without reteaching everything they were learning in algebngs started my
use of bellwork to teach gragiteracy.

Problem Statement

This classroom research project involvedaluating the effectiveness of graph
and chart related bellwork forugtent success in the scierateassroom Bellwork wasa
required part of our school curriculum. It set the tone to start class on time and get
students working quickly. Most colleaguesdiset t o revi ew t he previ

concept. | have been using this time to teach graph and chart reading.
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The teaching methods | used are based on the American Modeling Teachers
Association methods and curriculum. This involved hands on inqugylaelaboratory
experimentation, and application of mental models. The methods followed a routine
where students addressed a misconception or lack of knowledge with laboratory or

phenomenon based experimentation. Students presented their findingsdiasisenates

in groups using whiteboards and worked toward forming a class consensus on the results.

Students then applied their new model of the phenomenon to a new situation to be sure

the method worked. Reworking of mental models was constant asfeemation was

presented. Students were encouraged to create models with words, drawings, graphs, and

equations when applicabl@his method enforced the scientific method of discovery on a
regular basis, but did not leave much room for standardizepreegice. This led me to
combine the bellwork section of class, which | did not see as useful, and the need for
standardized test practice, into one.

The school 6s student population have
sectionwith an averag score on the ACT Science of 14.7 out of 40 in 20h8 poor
performance negatively impacttheir composite score. | noticed a lack of graph reading
skills in my freshman physical science class my-yesir teaching at this school. |
implemented altart and graph reading bell work method two years ago. Last year,
juniors came to me to tell me that the science ACT was everything they did in my class
for bell work every day.

Thisresearctwasto see if thaise of the chart and graph bell wordd an impact
on studenability to read charts and graphis. my school student®bk a science course

based on their grade levelhefreshmartook a physical scienceoursedivided into two

t
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sectionsphysicssemester onand chemistry semester twdhe studentsitilized graphs,
in both semesters, from the lab work resu§®phomoresook chemistry where they also
incorporaté basic graphs into their understanding of density and other condéps.
juniors| taught were irbiology. Theyhave already passed both physical science and
chemistry.

If using graph and chart bell workadea difference for students in my biology
class, then it should be recommended for all science courses to help students learn to
analyze data. This will not only increase their understanding and conceptual knowledge
in scienceclass bugive them the tools to do well on the science section oA@iE and
produce graph literate aduliswell. How does bellwork influence student performance
and seHefficacy in graph reading and data analysis skills in the biology classroom?

CONCEPTWL FRAMEWORK

The ability to read graphs is more than just a math and science skill. Data literacy
is used in our everyday lives. Commercials on TV, products at the grocery store, and
articles in the news expect their audience to be able to read clthgsaphs. Along
with that, the public needs to be able to recognize good data from skewed data when it
comes to marketing.

The Need for Graph Literacy

Galesic(2009 assessed graphical literacy in adu#igardingeading health
relevant risk information. His results show that about 15% of Ameriwansunable to
read a bar chart or pie chart (Gale&i@09). According to the US Census website, the
American populationvasabout 324 million. That woddout to aound 48.6 million

Americans who cannot read a bar or pie chart. According to the 2016 census about 280
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million Americans hd a high school diploma and about 95 milliogicha bachelor's
degree (Census 2016Qver half of the Americans with a bachelaté&greecouldnot
read a bar chart or pie ch@sssuming there are people wéauldwho do not have a
bachel o). ©®sewalll gxpeetanyone with a high school diploma to be able to
read a basic graph or chart.
Research has beendonetoe ac her 6s effectiveness in r
graphical material for use in classrooms. Bowen and @&99 analyzedhe ability of
pre-service science teachers to use data effectively. They found that feerpiee
teachers, many withlaachelors oMaster of Sciencevere able to utilize data literacy
skills for creating classroom work for students. They made mistakes such as throwing
out outliers in data, not drawing best fit lines, and not organizing data to find patterns.
The presavice teachers could not effectively create a research project of their own that
collected good data. They concluded thatg@erice teachers are not prepared to teach
data literacy to students (Bowen & Roth 1999). Another study by Rule, Hallagan,
Shdfer (2009 evaluatedyraph teaching materials created from 72g@evice elementary
teachers. Thirtyive of these contained errors in vocabulary, over generalizing and
nonspecific statements (Rule, Hallagé&nShaffer 2009). The ability taead graphs
needs to be taught to students, but our teachers are underprepared in this area.

Techniques for Teaching Graphic Literacy

Mastesdstudent research into this topic is not new. Action research has been
completed on various methods to teach estiisi to read and analyze graphs. Video
games, analysis software such as Logger Pro, and Socratic seminars have been evaluated

for their effectiveness in increasing graphing skills. TinkerPlots, us€ldtby e a r vy
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(2015, is a graphing software that wasdiaed to teach students graphing literacy skills.
The software teaches skills in a video game type setting. He saw a 53% increase in
student6és ability to prove a hypothesis, a
vocabulary from using the pragmm ( O6201§ar y Verni er 6s program
was used in physics classes to assist students in graphing kinematics. Compared to paper
guestion responses, the ability to create
to analyze the shape afgraph. Adam Smit2013 noticed fewer misconceptions and
higher student motivation when using the software (Smit 4. 13) . Jenni fer S
(2014 action research used Socratic seminars to allow students to discuss and defend
ideas based off grapal data. Student discussions not only increased student success in
graphing, but student confidence as well (Smiti2Q14). Not every science class has
the access to technology on a regular basis. Subscriptions to software and Vernier probes
are expensive and outside of many district
the teacher is properly prepared angl ¢tass is small enough to allow participation in a
short class period. Technology and discussion formats are showing gains but what about
teachers who do not have the training or budget for these methods?

Students should be able to read and analyzepdh drefore they leave high school.
These everyday reasoning skills should be part of a goodrewgitied science and math
curriculum. Malamitsa, Kokkotas, and Kasoufz280du s ed a t ool entitl ec
Everyday Reasoni ngo,detdrminedhle abpitg af muitiple dges ofi o n e ,
students in Greece to interpret graphss testgauge<ritical thinking skills through a
series of questions including data and chart readiige of the questions from the test

covered graphs and charts. tBthe primary and secondary students scored a median of
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three out of nine questions, wMalhmtsauni ver s

Kokkotas,& Kasoutas2008). High school students scoring in the 33% range is not a
very encouraging resultviore needs to be done to teach students to read graph and chart
data

The ACT Science test wasset of six to seven passages about a scientific
experiment or study followed by six to seven questions pertaining to the passage.
Questions fell into three categories: research summaries, data representation, or
conflicting viewpoints. Research summaries tested knowledge of the scientific method,
proper design, identification of facts, graph literacy and application to new hgpsthe
The data representation passages were followed by questions pertaining to facts, graph
literacy, identifying trends, and calculations. The conflicting viewpoint category
involved identifying similarities and differences between two viewpoints. The
viewpoints are then used to answer questions about which data fits which hypothesis the
best. (Seigal, 2015)

The method | am proposing will make use of small amounts of class time daily to
incorporate graph reading into any curriculum. By using a graplysis question as a
daily bell work activity, students will be exposed to graphs daily in their sceasges
and this may influence their graph literacy

METHODOLOGY
Introduction

This research project explaréhe influence of daily bellwork on ACT science

test scores. The research questubich wasaddressewvas How does bellwork

influence student performance and sffcacy in graph reading and data analysis skills
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in the biology classroom? auaghttwo sections of high scho@iology to juniors. My
colleague @aughtthe other two sections of Biology and her studergseused as the
control group.
Participants

The participants ithis experimenincluded all students in my junior level
Bi ol ogy course and all students in my coll
control. My colleague and | each taught half the Biology students. We used the same
room, same curriculum, and similar teachatgles. She is 20 years ralder buthas
only been teaching two years longer than me. We both pursued science in our undergrad,
with a medical focus (hers in nursing and mine in veterinary medicine). We both taught
preschool while our children were yayrand then pursued high school teaching when
our children were grown. My colleagteughteighth gadesciencefor six years before
she joinedhe high school two years ago. Thiasher first year teaching a full year
Biology course. | taught ninth gdephysical sciencéor five years Thiswasmy first
year teaching a full year Biology course. Most of our stuedead my colleague as their
eighthgrade science teacher, and myself as thiath grade science teacher.

The school | worked at specializes in preparing students for colldgeschoo)
a public charter schoaderved approximately 500 high school studentsimaer city
setting The school has a very diverse population with most of their studentsfipgting
or seconegeneration AmericandMany students lived in refugee camps for years
without formal education before attending Horizon. TU&Together refugee
resettlement group in Columbus states that the average refugee spends nine years in a

camp bebre being resettled into a resident ci®f the one million refugees on Earth,
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only 1% are resettled into a new home country. Columbus Ohio has been accepting
refugees for over a decad€he school was a Title 1 school with a 100% free and
reduced lunks population. All students completphysical science as a freshman,
chemistry as a sophomore, biology as a junior, and physics as a senior (any student who
fails a course would repeat it the following yeafhe school provided assistance to
students trough English Language Learner courses and special education services. The
coll ege counselorso office worked with jun
for college through application assistance, FAFSA assistance, scholarship assistance, test
preparation, and essay writing.
Control group

The contr ol group wer e tlhobgysduges.eTindg s i n
demographics for this group are alsd’ablel. The 37 students in the course included
12 males and 25 females. The classes had a similar diverse breakdown including three
white students, 27 black students (12 African AmerieaghtSomali,sevenwWest
African), three Latino, one Asian, two mixectea and one student reporting as other.
This student group included no English language learners or IDEA eligible students.
Thirty-six students in this course were juniors, and one was a freshman who transferred

to our school at the end of the first seee.



Table 1

Participant Demographic Data

Category

Experimental Group
(number of students)

Control Group
(number of students)

Total number 33 37
Males 15 12
Female 18 25
Ethnicity (student
identified)
White 1 3
Black 27 27
African American 8 12
Somali 11 8
West African 7 7
East African (non 1 0
Somali)
Latino 2 3
Asian 0 1
Mixed Race 3 2
Other 0 1
English Language Learne| 7 0
IEP 4 0

Note.Control group. N=37). Experimental GroupNE33).
school database Concept CIS and studentsptirting

Experimental group

Data compiled from the

This group was the two Biology courses thttught The demographics for this

group are shown imablel. The group was comprised 88 studentsl5 males and 18

females. Thisncludedl white student, 27 black studen&African American, 11

Somali,7 West African, and. East African)2 Latino (from different Caribbean Islands),

and3 multiracial. Of the 33 studentgwereEnglish Language Learners in their figst

years speaking English in the United States. Four of the students are identified as IDEA

(Individuals with Disabilities Edcation Act) eligible. The diagnosigangedfrom
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ADHD to cognitive delays. Thirtywo studentsverejuniors, and on&asa freshman
that transferred to our school second semester.
These two groups were comparable in background education, currdmh¢eac
style, and content covered throughout the school year. It is of note that the experimental
group had a number of English Language Learners (ELL) and students on an Individual
Education Plan (IEP). It was not feasible to chaadeu d scimetdute$teven this out,
so the data was analyzed with all student data presented in Te®tedents who
received credit for the Project Lead the Way Principles of Biomedical Science course did
test out of Biology and therefor removed many of the top perforstudents from the
Biology course.Students in both the control and experimental groups had used bellwork
all year long, so the implementation of bellwork was not new. Bellwork was a
requirement of all courses that the students took over all years of high school. In Biology
class, befar the treatment began, the bellwork had focused on Ohio AIR test preparation
through released questions.
Data Matrix
To assess thresearclguestion, usedthe following three subquestions and data
collectionmethodsorganized inTable2.
1. How does bllwork influence student graph reading and data analysis skills?
2. How does bellwork that uses a stapstep approach, influence student resiliency
on problem solving tasks?
3. How does bellwork influence student confidenegardingtheir graphing and

data analysis skills?
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Table2
Data Triangulation Matrix
Data Collection Tools
Question #1 Pre/Post Test Daily Journals Class Discussions
Data Analysis Skills| ACT Science Student answers | Student answers
Scores
Question #2 Pre/Post Test Likert Survey Class Discussions
Resiliency on Number of Ability and Student answers
Problem Solving guestions attitude category
answered
Question #3 Likert Survey Class Discussions
Confidence in Skills| Confidence Confidence
category category

The results of these collection tools waue through statistical analysis to test for
significance in data differences. The ACT Science Pre and Post test scores were
compared with a pairedtést. The survey results for pre and post survey e@rgared
with an ANOVA test. Class discussion answers were also taken into consideration so
that data could be triangulated foresult

Data Collection Method 1

Experimental Grou@rocedures

Research SubquestioMow does bellwork influence student graph reading and

data analysis skills?

This procedurevasfollowed with both biology classes thatalughtand all
students in both classeBRB approval (Appendix A) was granted and CITI certification
(Appendix B) wa completed before this experiment began.

Step 1: Student®ok a released ACT science te20142015, Form 67CAppendix G

to get baseline pretest scores. The test is timed at 35 minutes for 40 questions.
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Step 2: Students were given a Likert sur@g@gpendix D) immediately following the
ACT science test from Step 1.
Step 3 ACT scoresvereanalyzed to see if there is a certain type of question that the
students are more successful with or not.
Step4: Experimental grougtudentsweregiven an ACT PRepBellwork prompt
(Appendix B from the released ACT te2q142015, Form 67CAppendix G they used
for the pretest The teachehnelpedthe students work through thagsages a systematic
approach during bellwork time, the fifste minutes of clas.The bellwork and practice
time was used for 15 days. The control group did not do the ACT Prep Bellwork.
Step5: Both experimental and control group studemésegiven a different science
ACT test 0162017, Form 72CPREAppendix F to see if theiskills transferredo
another test.
Step 6: Both experimental and control groups were given the same Likert Survey
(Appendix D) immediately following the ACT Science test from Step 5.
Step 7 The results of Tes20162017, Form 72CPRvereanalyzed to see if any
guestions were more successful than others. The20&62017, Form 72CPREesults
werecompared to the Te20142015, Form 67Cesults to see if the students increased
their scores A paired ttest was used for statistical aysk.
Step8: Student science journalgerecollected so that student bellwork can be read.

The control grougompletedhe pretest and posttest on the same dayhe
experimental group. The control groapsweredhe Likert survey{Appendix D)on the

same day as well. The rest of the treatnveamsapplied to the experimental group only.
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The ACT tests given were from released ACT science. fEB&sACT Science
practice test from 2012015, Form 67@Appendix Q, was used as a pretest and the
ACT Sciencepractice test from 2018017, Form 72CPREAppendix F) was used as a
posttest. The answer sheet for the test was printed from the GradeCam website. This
allowed for the quick grading of the test through the GradecamGo! Applic@hen.
GradeCam softwarallowed for the data to be downloaded for analysis in three wimys
class, by individual, or by question.

Data Collection Method 2

Likert survey

Research Subquestiofow does bellwork that uses a stepstep approach,

influence student resilien@n problem solving tasks? How does bellwork influence
student confidenceegardingtheir graphing and data analysis skills?

A Likert survey(Appendix D)wasdeveloped to address student opinions on
resiliency and confidence in their ability to take &@T science test. This survesas
given to students at the end of the-prel postest immediately after finishing the test.
Again, the answers to the surwegrecollected through a GradeCam answer sheet for
easy grading and data collectiodsing theGradeCam answer breakdown allowed
identificationof s t u d answters Bheseresultswerealsodownloaded to an Excel
spreadsheet and the answer choieesequantified. A comparisorwasmade ofthe pre
and postsurvey results to see if individual students had a positive or negative response to
the ACT test prep bellwork.

This datavascompiled by the three types listed in TaBlend an average score

wasdetermned for each categaryrhe surey includel a scale of strongly agree, agree,
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no opinion, disagree and strongly disagree. Points will be assigned to the scale from +2,
+1, 0,-1, and-2 points respectively. Questionereworded so that a positive or
negative change in sconasquantfied for each question asked from the beginning to

the end of the treatmeperiod

Table3
Likert Survey Coding
Assigned Letter on Answe| Score Given to Answered
Answer Choice Sheet response
Strongly Agree A +2
Agree B +1
No Opinion C 0
Disagree D -1
Strongly Disagree E -2

The data collected was analyzed for statistical differences by an ANOVA test.
The pre and posttest results for each question were ran with an ANOVA for all 10
guestions on the survey. These questions addressédad ent 6 s abi l ity to
test on time, and the studentds confidence

Data Collection Method 3

StudentDiscussions

Research Subguestiotow does bellwork influence student confidence

regardingtheir graphing and datmnalysis skills?
As studentattemptedheir bellwork assignments thepuldwork in table groups

to answer the questions to a passage. The teachsd assist and prompt students
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through questioning to help them learn to read the graph data. Stesjgmises during
thesessionsvererecorded on paper by the teacher.

Methods Summary

Thesemethodsallowedcollection ofdata from many students easily. The-pre
and posttests and student surveys were administered to all students in both experimental
and control classes. Daily journals of bellwork and class discussions$ramarthe
experimental groupnly.
DATA AND ANALYSIS

Data Collection

The researchuestionsand collection methods previously descrilyeglded a
significant amount of datd.he Data Triangulation Matrix in Tabfwasthe basis for all
datacollection andsubsequerdnalysis After the pretestite studergwereorganized by
increasing test scorgsn the pretestindassigned unique IDumbers accordinglyThe
number of correct answeasid number of questions attemptedboththe pretest and
posttest are listed iAppendixG and Tablet andTable 5 along with thepercenichange
in scores.Students who were not present to take the pretest or the posttest were not used

in the data set.
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ACT Science Pretest and Posttest Scores in a Paifedtt

ControlGroup

ExperimentalGroup

t-Test: Paired Two Sample for Mean

t-Test: Paired Two Sample for Meat

C Pre | C Post E Pre | E Post
Mean 11.62| 13.24| Mean 9.18 13.06
Variance 20.13| 16.69| Variance 12.53| 43.18
Observations 37.00| 37.00| Observations 33.00f 33.00

Pearson

Pearson Correlatior  0.44 Correlation 0.30
Hypothesized Meat Hypothesized
Difference 0.00 Mean Difference 0.00
df 36.00 Df 32.00
t Stat -2.16 t Stat -3.46
P(T<=t) onetall 0.02 P(T<=t) onetall 0.00
t Critical onetail 1.69 t Critical onetail 1.69
P(T<=t) two-tail 0.04 P(T<=t) twotail 0.00
t Critical two-tall 2.03 t Critical two-tall 2.04

Note Control group(N=37). Experimental groupN=33).

Table5

ACT Science Pretest and Posttest by Passage Type

Control Group Experimental Group
o o 2 o
o o o o
O (&) O O
0| wn D) 0| o )] )
+— () N () (o) P () N Q (o)
st () O o (@] — [¢5] @] (5] o
Category o z|2: Z|g o z|e Z|s
Research Summary Totd 41% 37% -10% | 31% 32% 3%
Data Representation 19% 22% 16% | 18% 28% 56%
Total
Conflicting Viewpoints 1| 26% 26% 0% 13% 43% 231%
Total Test Scores 29% 33% 14% | 23% 33% 43%

Note Control group.=37). Experimental groupNE33).
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Analysis of Pretest and Posttest Data

The mean scores for the experimental and control groups were compared with a
paired Ttestas shown in Tablé. Thet-testrunon the pre and post test scores for the
control rejected the null hypothesis that there is no difference between the pretest and
post test scores for the control. The p(T<=t) value was 0.04, less than thee@¢esl to
accept the hypothesighet-testrunon t he experi mental groupos
scores had the same conclusion of rejecting the null hypothesis that there is no difference
with a P(T<=t) value of 0.0.

The raw data downloaded in a coloded Excel spreadsheet (Appendix H). The
correct answers, in white, were changed to a number 1 to calculate the number of correct
answers. The pink boxes showed incorrect answers. The blank, or unanswered boxes,
were filled in with red. When the data svarinted and layed out on a desk to view, the
number of unanswered questions was a glaring piece that was not considered in the setup
of this experiment. The control group answered more questions in the post test than the
pretest. The experimental groapswered more questions in the post test than the pretest
as well. It would have been inaccurate to use the total score data without taking into
account the number of questions attempted.

The ACT science tests were analyzed by passage Typeresults of the three

types ofpassages are shown in Tab)& able6, Figure 1 and Figure. 2
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Table6
ACT Science Pretest and Posttest by Passage Type of Questions Attempted
Control Group Experimental Group
o g g g
o o o (@)
(&) O [&) O
| wn o (72 2 0wl o
4+ o +— (@)
g 2/¢ %15 |8 &2 &%
O — n — < ) — (%2} — <
Categor g =& 2|3 g 2|8 2|8
gory e < | X < < | =
Research Summary Totd 44% 43% -2% | 34% 37% 9%
Data Representation 30% 29% -3% | 31% 35% 13%
Total
Conflicting Viewpoints 1| 40% 44% 10% |21% 44% 110%
Total Test Scores 39% 40% 3% 37% 39% 5%
% Questions answered | 78% 78% 0% 73% 81% 11%

Note Control group.=37). Experimental groupNE33).

50
45
40 +—
O\O
5 35
Q30 +— Control Pretest
o
325 m Control Posttest
720 - Experimental Pretest
15 — .
10 m Experimental Posttesi
5 -
0
Research Data Conflicting Total Test
Summary RepresentationViewpoints Scores

Figure 1. ACT science pretest and ptesit scores in percentage correct by passage type
(N=70).
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90
80
70
N 60
0 Control Pretest
g 50
5] m Control Posttest
b 40 -
3 Experimental
= 30 Pretest
m Experimental
20 Posttest
10 -
0 a
D
&8\\%
&

Figure 2. ACT sciencepretest angbosttestscores in percentage of questiaosrect out
of number of gestionsaattemptedy passage typ€N=70).

It is important to note that there were minor differences in the number of
guestions for each section between the pretest and posttest. The Research Summary
passages had 18 questions in the pretest and 20 questions in the posttest. The Data
Representatiopassages had 15 questions in the pretest and 13 in the post. The
Conflicting Viewpointspassagebadsevenquestions in the pretest asevenn the
post. The percentageesults shown in Tablgand Table are based on the number of

correct answers feeach of these question types.
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The students in the experimental group increased in their ability to answer all
guestion types, and the overall score showed a percent change of 43% compared to the
control groupso® gsashownamlabléclhtal mmplgsisothe datd %
showedhat students in the experimental group completed more questions in the posttest
than the pretestTheadjusted scorevas calculated using tirimber of questions
completed, instead of the totalgsible this datavascompiledin Table6. Again, an
increase was showmhe students not only completed more questions, but also had more
correct answers.

The experimental group showed a percent chan{jeeopercentotal correct,
compared to t he c othreepertedtidowgverthe experimeatAlange o
group answered 11% more questions on the posttest, while the control answered the same
amount on both the pretest nanbatof pgnevered e st .
guestions did increase the studentds over a

Analysis of Treatment on Special Groups

A large population, about 75%, of HSA students did not speak English at home.
Many students were in ELL, English Language Learner, course &iniddled at the high
school. These students received education on speaking, reading, and writing in English.
Also, around five percent of the students were enrolled in special education services for
cognitive delays, attention deficit, or other learniigpbilities that required an IEP,
individualized education plan. The ACT is written in college level language that could

i mpact a studentodés ability to read the tes
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The data was broken down to compareithgact of this treatment to ELL or IEP
students. All students who were ELL or IEP where in the experimental group. Their

results are compared to the rest of the students in the course in Figure 3.

50%
45%

g 40%
= 35%
S8 30%
= 25%
8 20%
o 15%
o 10%
5%
0% .
ELL IEP Experimental Control
Average Scores Pre Test 21% 25% 23% 30%
Average Scores Post Test 18% 33% 37% 30%
Average Score of Attempted Pre 350 2504 39% 39%
Test
Average Score of Attempted Post 25% 33% 24% 38%

Test

Figure 3 Average test scores for ELN£7), IEP (N=3), the rest of the experimental
group (N=23), and the control groupl€37).

Students who are ELL decreased their scores after the treatment. Even when the
data considered the questions they attempted, and not unanswered questions, their scores
still decreasedIEP students showed similar increases to the rest of the experimental

group.

Analysis of Likert Survey Data

The Likert Survewassplit into three categories for analysis. Questions
pertaining to the ability to complete the tégiestions and 2) confidence in answering
guestions on the te@juestions 3 through ;7and attitudes toward taking the test
(question 10jTable7). The Likert Survey asked students to answer Strongly Agree,

Agree, No opinion, Disagreer Strongly Disagree to a series of statements. The options
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were scored as 2, 1,1, and-2 respectively in the spreadsheet. The mode of each
guestion was then found and reported in Taded Figuret. All responsesor the
control and experimental gupsarerecorded in Figur® and Figures.

Table7
Likert SurveyModeScores by Category

Control Group N=37) | Experimental GroupN=33)
> Py > >
Category g > e >
3 () U:) Q 2 [} (?) (<&}
N5 Hh O N5 h O
o o O 5 o o
o= a = o= a =
Ability to complete the test
Question 1 -1 2 -1 2
Question 2 0 1 1 1
Confidence in answering
guestions on the test
Question 3 -1 -1 0 1
Question 4 1 0.5 1 1
Question 5 1 1 1 2
Question 6 1 1 1 1
Question 7 1 1 1 2
Attitudes towardaking the
test
Question 10 0 0 0 1

Note.2=Strongly Agree, 1=Agree, 0=No Opinicfi=Disagree,-2=Strongly Disagree
(N=70).
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()
©
o
=
2
o
[&]
n
o}
=
-
Control Pre-Survey -1 0 -1 1 1 1 1 0
m Control Post-Survey 2 1 -1 0.5 1 1 1 0
Experimental Pre-Survey -1 1 0 1 1 1 1 0
m Experimental Post-Survey 2 1 1 1 2 1 2 1

Figure4. Likertsurvey mode scores by categolre angost survey modes are shown
for the control an@xperimental groups for each of the ten questigys70).

Students in both the control and experimental groups increased fiom a
(disagree), to a 2 (strongly agree) for the first question about time to finish the test.
Looking at individual student sponsesthere is ashift toward strongly agreeThis
shows that more studerntsthe control groupvere able to complete the test with 14
responding agree or strongly agree in thequmrey, and 18 responding the same in the
postsurvey. However, theontrol group answered the same average number of
guestions on both the pretest as the positasirding to Table.6The experimental
grouphad asimilar increase from 12 pigurvey to 18 possurvey choosingp agreeor
strongly agree for having enough time to complete the test, however, the experimental
group did increase in the number of questions the students were able to answer by 11%
according to Table 6. So, students in both groups felt like they had moreuiimg the

posttest, but only the experimenitatreasedn questions answered.
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10. Post - worked harcm | |
10. Pre - worked hardm | .
9. Post - college for scienc I |
9. Pre - college for scienc ] .
8. Post - | like science I |
8. Pre - | like science. """ I I
7. Post - strategies from clasill ] |
7. Pre - strategies from clasi I I
6. Post - passages were difficulill ] . m Strongly Disagree
6. Pre - passages were difficull ] .
Disagree

5. Post - use info to answell I - m No Opinion

5. Pre - use info to answer" I .
Agree
4. Post - good at graph readini= " HE—— I ® Strongly Agree

4. Pre- good at graph readin = I I
3. Post - prepared to succecm I
3. Pre - prepared to succecllllllllllii |
2. Post - found all the answellllll ] .
2. Pre - found all the answerill I |
1. Post - plenty of time Il [ ]
1. Pre - plenty of time I m

0 5 10 15 20 25 30 35 40
Number of Students

Figure5. Pre and postusvey responses for the control group by the number of
responses for each questi@N=37).
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10. Post - worked hardll I [
10. Pre - worked hardil I I
9. Post - college for sciencdilililill I |
9. Pre - college for sciencdililililill I
8. Post - | like science i | |
8. Pre - | like science. lll" I [
7. Post - strategies from clasill |
7. Pre - strategies from clasll ] |
6. Post - passages were difficult I [ _
6. Pre - passages were difficull I [ m Strongly Disagree
Disagree
5. Post - use info to answer Il | m No Opinion
5. Pre - use info to answer " Il I
Agree
4. Post - good at graph readingill [ m Strongly Agree
4. Pre- good at graph reading™ Il [
3. Post - prepared to succeed I [

3. Pre - prepared to succediilll |

2. Post - found all the answer I |
2. Pre - found all the answers I ]
1. Post - plenty of time N | |
1. Pre - plenty of time Il | I

0 5 10 15 20 25 30 35
Number of Students

Figure 6. Pre and postusvey responses for tlexperimental group showing increased

confidence in questions 3,6 and 7 (N=30).

Student responses to the ability to answer all the questionslgtiewhange

Thi s is consistent with the studentds

increased byive percemfor the experimental, arttiree percenfor the control. In both

groups the studentsdé confi dencengda imhet he

control group survey data showed little change for all questions ésignle5). The

S

cor

abi
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experimental group had | arge increases in
(question 4where no students disagreed in the post suiivigyure6). They also
reported more favorably at feeling prepared to succeed on ti{guestion 3) Students
reported on the post test that they used the strafeigissnted irclassto answer the
guestiongquestion 7)

An ANOVA test wasunfor all ten questions comparing the control pre and post
survey data and the experimental pre and post survey Qatstions 1,3,4,5,7, and 10
all had a p value under 0.5 indicating they are statistically significant. These questions
focus on time managnent, preparation for success, graph reading confidence, reading
graphs, classroom strategies, and working hard on the test to increase their chance of
gettingintocollegeA si gni fi cant increase in the stud
management anability to read the graphs using the classroom strategies all go together.
Their confidence in taking the test went up because they felt prepared to be more
successful on the test. | was surprised, but excited, to see that the responses to question
10 went up indicating they were taking the test seriously and working hard on the test.

The questions which were not statistically significant, 2, 6, 8 and 9 were the
ability to find all the answers, the reading passages were difficult, liking science, and
planning to attend college for sciencEhis just means that there were minor changes to
the studentodos ability to improve on findin
on the difficulty of the passages. By changing the pretest and posttestutidrappen
with each new ACT test they try. More data from more ACT Science tests would be
necessary to explore this more. It did not surprise me that the changes in the students

liking of science and choosing a science major was minimally impactedain



27
significant. | did not expect learning to pass the ACT in science to spark an interest in
science.
Studentdiscussiordatawascompared qualitatively by response topige
topicshave beemollectedin Tabldaccor ding to the questions
survey. These responses were representative of the many responses recorded as |

guestioned students to help them with their daily bellwork and using the strategies.

Table8

Student Interview Results by ToResponses

Question SampleResponse

1 The questions ask too much

2 | di dndt even i moaedoughltirhe. t he qu«
3 When you donodot read the passa/

graphs now.

4 | can read the graphs easiesrth can read the passages.

5

6 | dondt even know what this pi
7 Yesi Not reading passages | answered more questions.

8

9

Mostoft he student déds responses were similar

the two classes. The overwhelming theme was that the test was too long for the time
given, and that the reading passages included too many words the students did not know.
After teacling the students to skip the passages and focus on the questions and graphs,
students felt more confident to answer more questions correctly.
INTERPRETATION AND CONCLUSION
Thedatacollectedwas used to answer the research questions asked in this study.
The use of bell work, just 5 minutes a day,

and resiliency on the ACT Science test. The experimental group showed gains in all
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three passageftgs on the posttest. They also answered 11% more questions on the
posttest than the pretest. The experimental groups survey responses were consistent with
their results showing students who were more confident to move through the material,
answer more gstions, andead the graphs.

Evidence of Results

Research Questioktow does bellwork influence student performance andes@tiacy

in graph reading and data analysis skills in the biology classroom?

Subquestion :IHow does bellwork influence studegriaph reading and data
analysis skills?

The data shown in the study indicates that the bellwork time was effective in
increasing the studentds graph reading and
by five percenin the experimental groupcomp ed t o t h ethreegpartcento!l gr o
increase when you look at the questions they attemptee.students work in class
showed their understanding as they practiced problems and worked them out in their
groups. A big increase in their ability wasmdhe language of the graphs then the math
invol ved. Studentdos did not know what AFi
graph titles to guide them to the graph of interest instead of the graph the question told
them to look at. Thissimpleexph at i on br ought many fiOoohhhh
students. They were spending more time finding which graph to read then needed. By
learning thdanguagethe test used the students could find the correct graph and use their
existing skills to read thgraph.

Subquestion 2 How does bellwork that uses a stgpstep approach, influence

student resiliency on problem solving tasks?
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Resiliency was shown by the number of questions the students answhkesd.
average number of questions answered for the control group did not change. However,
the experimental group increased by 11%. The students were able to answer more
guestions and complete more of the test. This showed up in their surveys as they
indicated they felt prepared to succeed, were good at graph readingpeahithe
information to answer the test questions. As the students worked on problems in class
they became faster at finding answers and reading the graphs, and therefore were
completng more questions during the bellwork time as the weeks went on. The strategy
of teaching the students to skip the passages and go straight to the questions and graphs
l ed to student resiliency. One stilessent st
confusing. |l &m just reading graphs nowo.
correct answers.

Subgquestion 3How does bellwork influence student confidence regarding their
graphing and data analysikills?

The st ude n tindheir abiltywlas sdogvmic tee Likert Survey. Again,
their reporting of feeling prepared to succeed, good at reading graphs and being able to
find the answers created confidence in the students which led to resiliency. In class,
students needed lesslh finding answers, and just reassurance that their answers were
correct. Studentstatedfl can read the graphs easier the
Learning to read the graphs was an easier skill then deciphering what the passages were
about. Studets developethe confidence to work independently and find answers on

their own.
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Overall, the combination of using bellwork to teach graph reading led to
confidence which led to resiliency. Thell work, justthree to fiveminutes a day,
increasedthetsudent s6 abilities in three short we.
regular Biology class or interfere with the standard curriculum for the cowhen |
use this again in the future, | will increase the weeks spent on the ACT preparation to
inctmse studentsdé time spent with the test.
one passage type per week, so the students have more time to work out questions in class.
Most science ACT tests have six to seven passages, so | would expand thisitreatme
six to seven weeks long to see if the increase in scores would improve.

This method did not benefit the ELL student population. The ACT science test is
above their reading level which made the test very difficult for these students. From
speaking with students in class, they did increase their ability to read and inteapret. g
However,the ACT science test was not a good indication of their abilities. The language
used in the questions were difficult for the students to figure out what was being asked.
The passages were almost unreadable to the ELL students.

VALUE

Giving students the tools to tackle the test paid off in both test scores, and student
confidence. Jusivemi nut es at the beginning of <cl ass
ability. My administration has required bellwork as a portion of our ledsmmever, |
did not see the value in this exercise and sought out ways to make it worthwhile. This
project has shown me that thdserenot beenwasted minutes butaveimpacedstudent
learning. | will continue to use bellwork as a teaching time to isgs&ills that are not

specific to my curriculum, but stil] i ncr e
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data This method should be expanded to other courses in the department to see if a large
scal e change can b dtytoweatl ehartsangraphse st udent s o

Teaching students to read charts and graphs is a skill any person will use in their
adult life. From determining calories in their fast food hamburger, to reading pamphlets
at the doctorodos office, data is wuddasad as ev
accurately is important for understanding.

This experience has brought my teaching to a new level. | have always enjoyed
working with data to see growth (or lack thereof) in my students work. Running a large
scale project such as this taught mégdogether what | wanted to test with the
proceduresneed toruns t at i st i c al anal ysi s. Il tds one
and another to prove that it does have significant impact. Going forward | would like to
see the changes in studerdygh literacy when a whole year bellwork initiative is

implemented.
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E-Mail Address: jmedoup@gmail.com
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SCIENCE TEST
35 Minutes—40 Questions

DIRECTIONS: There are several passages in this test.
Each passage is followed by several questions. After
reading a passage, choose the best answer to each
question and fill in the corresponding oval on your
answer document. You may refer to the passages as

often as necessary.

You are NOT permitted to use a calculator on this test.

Passage |

Finch beak depth (see Figure 1) is an inheritable trait
(it can be passed from parents to offspring).

beak depth

Figure 1

Researchers studied the beak depth of 2 species of
finches, Geospiza fortis and Geospiza fuliginosa. Both
species live on Island A. G. fortis alone lives on Island B,
and G. fuliginosa alone lives on Island C. For both species,
the primary food is seeds. Birds with shallower beaks can
efficiently crush and eat only small seeds. Birds with
deeper beaks can crush and eat both large and small seeds,
but they prefer small seeds.

Study 1

Researchers captured 100 G. fortis finches and
100 G. fuliginosa finches on Island A. They tagged each
bird, measured its beak depth, and released it. Then they
calculated the percent of birds having each of the beak
depths that had been measured. The researchers followed
the same procedures with 100 G. fortis finches from
Island B and 100 G. fuliginosa finches from Island C. The
results of this study are shown in Figure 2.
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Figure 2
Study 2

After completing Study |, the researchers returned to
Island B cach of the next 10 years, from 1976 to 1985.
During each visit, the researchers captured at least
50 G. fortis finches and measured their beak depths. Then

GO ON TO THE NEXT PAGE.
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3. Study | differed from Study 2 in which of the follow-

they calculated the average G. fortis beak depth for each of
the 10 years. The researchers noted that, during the 10-year
period, 3 years were exceptionally dry, and 1 year was very
wet (see Figure 3). Small seeds are abundant during wet
years. During dry years, all seeds are less abundant, and
the average size of the available seeds is larger.
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Figure 3

Figures adapted from Neil A. Campbell, Jane B. Reece, and
Lawrence G. Mitchell, Biology, 5th ed. ©1999 by Benjamin/
Cummings.

1. Based on the results of Study 1, the highest percent of
finches on Island B and Island C had a beak depth of:

Island B Island C

A. 8mm 8 mm
B. 9mm 12 mm
C. 10mm 8 mm

D. 10 mm 10 mm

2. During which of the following years were small seeds
likely most abundant on Island B ?
F. 1977
G. 1980
H. 1982
J. 1984

ACT-67C-PRACTICE
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ing ways?

A. G. fortis finches were captured during Study 1 but
not during Study 2.

B. G. fuliginosa finches were captured during Study 1
but not during Study 2.

C. The beak depth of captured birds was measured
during Study 1 but not during Study 2.

D. The beak depth of captured birds was measured
during Study 2 but not during Study 1.

. It is most likely that the researchers tagged the birds

that they captured during Study 1 to:

F. determine how beak depth was affected by rainfall
on Island A.

G. detcrmine the average age of each finch population.

H. ensure that the beak depth of each finch was mea-
sured multiple times during Study 1.

J. ensure that the beak depth of each finch was mea-
sured only once during Study 1.

. Based on the results of Study 2, would a finch with a

beak depth of 9.4 mm or a finch with a beak depth of

9.9 mm more likely have had a greater chance of sur-

vival during 1977 ?

A. A finch with a beak depth of 9.4 mm, because, on
average, the size of available seeds is larger during
dry years.

B. A finch with a beak depth of 9.4 mm, because, on
average, the size of available seeds is smaller
during dry years.

C. A finch with a beak depth of 9.9 mm, because, on
average, the size of available seeds is larger during
dry years.

D. A finch with a beak depth of 9.9 mm, because, on
average, the size of available seeds is smaller
during dry years.

. A researcher hypothesized that there would be more

variation in the beak depths measured for the G. fortis

finches when they were forced to compete with

another finch species for seeds. Do the results of

Study 1 support this hypothesis?

F. Yes; the range of beak depths measured for
G. fortis finches was greater on Island A than on
Island B.

G. Yes: the range of beak depths measured for
G. fortis finches was greater on Island B than on
Island A.

H. No: the range of beak depths measured for
G. fortis finches was greater on Island A than on
Island B.

J. No: the range of beak depths measured for
G. fortis tinches was greater on Island B than on
Island A.

GO ON TO THE NEXT PAGE.
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Passage Il

Substances in the atmosphere, such as Cu®*, Zn**, CI',
and SO, ions, are carried down to Earth’s surface by
precipitation. This process is known as wer deposition.
Cu®* and Zn*" ions are put into the atmosphere by high-
temperature combustion processes. The presence of CI”
and SO, ions in the atmosphere can be attributed to road-
salt dust and electrical power generation, respectively.

Study 1

A rain gauge, placed on the roof of a I-story building,
at a specific urban site was used to collect precipitation
over a 12-month period. At the same time each evening,
the amount of precipitation in the rain gauge was recorded,
after which the collected precipitation was emptied from
the gauge and stored. (Assume no measurable evaporation
occurred during any day.) Figure | shows the measured
monthly precipitation in centimeters.
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At the end of each month, all the samples collected
during that month were mixed, and some of this combined
sample was analyzed for the concentrations of Cu™ and
Zn™* jons. Using these data, the monthly wet deposition of
each substance, in micrograms (jg) per meter”, was calcu-
lated (see Figure 2).
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Study 2

Another portion of the combined sample for each
month was analyzed for the concentrations of CI” and
SO,> ions. Using these data, the monthly wet depgsition
of each substance, in milliequivalents (meq) per m”, was
calculated (see Figure 3).
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Figure 3

Study 3

The annual wet deposition of Cu** and of Zn®* for the
12-month period, in ug/m®, was calculated for the urban
site (the source of the Cu** and Zn") and also for Rural
Sites 1 and 2, located 50 km and 100 km cast, respectively,
of the urban site (see Figure 4).
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annual wet deposition (pg/m?)
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ion

Figure 4

Figures adapted from Kathryn Conko et al., “Atmospheric Wet
Deposition of Trace Elements to a Suburban Environment, Reston,
Virginia, USA.” ©2004 by Elsevier, Ltd.
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7. According to Figure 1, over the 12-month period, the
monthly precipitation at the urban site was maximum
in February and minimum in July. According to
Figures 2 and 3, the wet deposition of which ion was
also maximum in February and minimum in July?

A. Cu*

B. Zn™*

C. CI'

D. SO

8. Based on the results of Study 1, the average monthly
wet deposition for Cu’* over the |2-month period was:
F. less than 50 pg/m’.

G. between 50 |.Lg/m2 and 75 pug/m®.

H. between 75 ptglm2 and 100 pg/m’.

J. greater than 100 pg/m”.

9, Is the statement “The values for CI” wet deposition
were greater during the winter and early spring when
road salt is typically applied” supported by the results
of Study 2 7
A. Yes, because CI” wet deposition values were, on

average, greater from November to April than they
were from May to October.

B. Yes, because CI” wet deposition values were, on
average, less from November to April than they
were from May to October.

C. No, because CI” wet deposition values were, on
average, greater from November to April than they
were from May to October.

D. No, because CI” wet deposition values were, on
average, less from November to April than they
were from May to October.
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10. Suppose there had been no precipitation during

11

12,

1 entire month of the 12-month period. Based on the
information provided, during that month there would
have been:

F. significant wet deposition of all 4 substances.
significant wet deposition of Cu”* and Zn?, but no
wet deposition of CI” and SO,*~.

no wet deposition of any of the 4 substances.

no wet deposition of Cu** and Zn™, but significant
wet deposition of CI” and SO, ™.

G.
H.
J.

According to Study 3, as distance from the urban site
increased, the annual wet deposition:

A. increased for both Cu®" and Zn®*.

B. increased for Cu’* but decreased for Zn?*.

C. decreased for both Cu®' and Zn*".

D. remained the same for both Cu>* and Zn*'.

Which of the following variables was kept constant in
Study 2 ?

F. Site

G. Monthly rainfall

H. Wet deposition of Zn>

J.  Wet deposition of CI”

GO ON TO THE NEXT PAGE.
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Passage lll

Cloud cover is the pereent of Earth’s surface covered
by clouds. Cloud cover may increase because of an
increase in the cosmic ray flux (number of high-energy par-
ticles from space reaching Earth per m? per hour). Table 1
shows how Earth’s cover of low clouds (0 km to 3.2 km
altitude) varies with the cosmic ray flux. Figures 1-3 show
the relative cosmic ray flux, RCRF (the percent below the
flux measured on October 1, 1965), and the monthly aver-
age cover of high clouds (6.0 km to 16.0 km altitude),
middle clouds (3.2 km to 6.0 km altitude), and low clouds,
respectively, from January 1980 to January 1995.

Table 1
Cosmic ray flux | Cover of low clouds
(particles/m?/hr) (%)
340,000 27.8
360,000 28.1
380,000 284
400,000 28.7
420,000 29.0

Table 1 adapted from E. Palle Bagé and C. J. Butler, “The Influence
of Cosmic Rays on Terrestrial Clouds and Global Warming.” ©2000
by Institute of Physics Publications, Ltd.
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Figures adapted from Nigel Marsh and Henrik Svensmark, “Low
Cloud Properties Influenced by Cosmic Rays.” ©2000 by The
American Physical Society.
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13. The percent of Earth’s surface covered by high clouds
in Janvary 1987 was closest to which of the following?

13.0%
13.5%
14.0%
14.5%

14, Based on Table 1, a cosmic ray flux of 440,000 parti-
cles/m*/hr would correspond to a cover of low clouds
that is closest to which of the following?

F.

28.7%

G. 29.0%
H.
J.

29.3%
29.6%

15. Is the statement “The monthly average cover of low
clouds is more directly correlated with cosmic ray flux
than is the monthly average cover of high clouds” con-
sistent with Figures 1 and 3 7

A.

B.

Yes, because the plot for the monthly average
cover of low clouds more closely parallels the plot
for RCRF.

Yes, because the plot for the monthly average
cover of high clouds more closely parallels the
plot for RCRF.

No, because the plot for the monthly average cover
of low clouds more closely parallels the plot for
RCRFE.

No, because the plot for the monthly average cover
of high clouds more closely parailels the plot for
RCRF.
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16. Which of the following figures best represents the
monthly average cover of high, middle, and low clouds
in January 1992 ?
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17. High clouds are composed primarily of ice crystals,
whereas low clouds are composed primarily of water
droplets. This difference is most likely because the
average air temperature at altitudes from:

A.

B.

C.

0 km to 3.2 km is at or below 0°C, whereas the
average air temperature at altitudes from 3.2 km to
6.0 km is above 0°C.

0 km to 3.2 km is at or below 0°C, whereas the
average air temperature at aliitudes from 6.0 km to
16.0 km is above 0°C.

0 km to 3.2 km is above 0°C, whercas the average
air temperature at altitudes from 3.2 km to 6.0 km
is at or below 0°C.

0 km to 3.2 km is above 0°C, whereas the average
air temperature at altitudes from 6.0 km to 16.0 km
is at or below 0°C.

GO ON TO THE NEXT PAGE.
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Passage IV

Acid-base titration is a technique in which precise
volumes of a titrant (an acid or base solution) are added
incrementally to a known volume of a sample solution (a
base or acid solution, respectively). This process can be
monitored by adding an acid-base indicator (a substance
that changes color over a certain pH range) to the sample
solution or by measuring the sample solution's conductiv-
ity. Conductivity (measured in kilosiemens per centimeter,
kS/cm) is a measurc of a substance’s ability to conduct
electricity.

Two titration experiments were donc at 25°C using a
0.10 M sodium hydroxide (NaOH) solution and either a
0.0010 M hydrochloric acid (HCI) solution or a 0.0010 M
acetic acid solution (where M is moles of acid or base per
liter of solution). All solutions were aqueous. An acid-base
indicator solution of nitrazine yellow was also used.
Nitrazine yellow is yellow if the pH is less than 6.0 or blue
if the pH is greater than 7.0.

Experiment 1

A drop of nitrazine yellow solution was added to a
flask containing 100.0 mi. of the HCI solution. A probe
that measures conductivity was placed in the solution. The
NaOH solution was slowly added to the HCI solution in
small increments. After each addition, the HCI solution
was stirred and then the solution’s color and conductivity
were recorded (see Figure 1).
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Experiment 2

Experiment 1 was repeated, except that the acetic acid
solution was used instead of the HCI solution (see Figure 2).
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Figures adapted from J. West Loveland, “Conductance and Oscil-
lometry,” in Gary D. Christian and James E. O'Reilly, eds., /nstru-
mental Analysis, 2nd ed. ©1986 by Allyn and Bacon, Inc.

18. In Experiment 1, the sample solution was yellow at
which of the following values for the volume of titrant
added?

F. 0.80 mL
G. 1.20mL

19. In Experiment 2, the sample solution was neutral at
which of the following values for the volume of titrant

added?
A. 0.50 mL

cow
10—
g8
BER
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20. In Experiment 1, if 2.30 mL of titrant had been added
to the sample solution, the conductivity would most

likely have been:

F. less than 0.80 kS/cm.

G. between 0.80 kS/cm and 2.30 kS/cm.
H. between 2.30 kS/cm and 3.80 kS/cm.

J. greater than 3.80 kS/cm.

21. In Experiment 2, which solution was the titrant and
which solation was the sample solution?

titrant sample solution
A. acetic acid NaOH
B. HCl NaOH
C. NaOH acetic acid
D. NaOH HCI1
ACT-67C-PRACTICE
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22. In Experiments 1 and 2, the probe that was placed in
the sample solution most likely did which of the
following?

= mom

Cooled the solution to its freezing point

Heated the solution to its boiling point

Detected the concentration of nitrazine yellow in
the solution

Passed an electrical current through a portion of
the solution

23. A chemist claimed that in Experiment 2, the pH of the
sample solution was greater at a value of 0.2 mL of
titrant added than at a value of 1.8 mL of titrant added.
Do the results of Experiment 2 support this claim?

A.

No; at a value of 0.2 mL of titrant added, the
sample solution was yellow, and at a value of
1.8 mL of titrant added, the sample solution was
blue.

No: at a value of 0.2 mL of titrant added, the
sample solution was blue, and at a value of 1.8 mL
of titrant added, the sample solution was yellow.
Yes; at a value of 0.2 mL of titrant added, the
sample solution was yellow, and at a value of
1.8 mL of titrant added, the sample solution was
blue.

Yes; at a value of 0.2 mL of titrant added, the
sample solution was blue, and at a value of 1.8 mL
of titrant added, the sample solution was yellow.

GO ON TO THE NEXT PAGE.
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Passage V

An astronomy class is given the following facts about
stellar evolution.

1. A star’s evolution can be divided into 3 stages: pre-
main sequence (pre-MS), main sequence (MS), and
post-main sequence (post-MS).

2. Gravity causes part of a cloud of gas and dust to
collapse and heat up, creating a pre-MS star. The
star's hot dust and gas emit its energy.

3. A pre-MS star becomes an MS star when the star
produces the majority of its energy by fusing
hydrogen nuclei (protons) at its center to make
helinm nuclei.

4. An MS star becomes a post-MS star when the star
expands in volume and produces the majority of its
energy by fusing hydrogen to make helium in a
shell surrounding its center.

5. The more massive a star, the more rapidly the star
passes through each of the 3 stages of its evolution.

Two students discuss the evolution of the Algol
system—Algol A, a 3.6-solar-mass MS star; Algol B, a
0.8-solar-mass post-MS star; and Algol C, a 1.7-solar-mass
MS star. (One solar mass = the Sun's mass.) The 3 stars
orbit a mutual center of mass, with Algol A and Algol B
much closer to each other and to the center of mass than to
Algol C.

Student 1

The 3 stars of the Algol system formed at the same
time from the same cloud of gas and dust. Algol B, origi-
nally the most massive of the 3 stars, became a post-MS
star and expanded in volume while Algol A remained an
MS star. Because the matter in the outer parts of Algol B
was more strongly attracted to Algol A than to the matter
in the inner parts of Algol B, this matter flowed from
Algol B to Algol A, and, over time, Algol A became more
massive than Algol B.

Student 2

Algol B was not part of the original Algol system
(Algol A and Algol C). Algol B and the original Algol
system formed in different clouds of gas and dust at differ-
ent times and moved in 2 different but intersecting orbits
around the center of the galaxy. During a particular orbit,
Algol B encountered the original Algol system at the inter-
section of the 2 orbits and became part of the Algol system.

Algol B became a post-MS star while Algol A and

Algol C remained MS stars. Algel B never lost mass to
Algol A. Algol B was always less massive than Algol A.
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24. Based on Student 2’s discussion, Algol B is part of the
present Algol system because of which of the follow-
ing forces exerted on Algol B by the original Algol
system?

F. Electric force
G. Magnetic force
H. Gravitational force
J. Nuclear force

25, Based on Student 1’s discussion and Fact 4, while
matter flowed between Algol A and Algol B, Algol B

produced the majority of its energy by fusing:

A. hydrogen nuclei to make helium nuclei at its
center.

hydrogen nuclei to make helium nuclei in a shell
surrounding its center.

helium nuclei to make hydrogen nuclei at its
center.

helium nuclei to make hydrogen nuclei in a shell
surrounding its center.

B.
C.
D.

26. Suppose that chemical composition is uniform among
stars formed from the same cloud of gas and dust, but
that chemical composition varies among stars formed
from different clouds of gas and dust. Student 2 would
most likely agree with which of the following state-
ments comparing the chemical compositions of the
stars in the present-day Algol system at the time they
formed?

F. Algol A and Algol B had the most similar
compositions.
Algol A and Algol C had the most similar
compositions.
Algol B and Algol C had the most similar
compositions.
Algol A, Algol B, and Algol C had the same
composition.

G.
H.
J.

27. If the mass of the Sun is 2.0 x 10°® kg, what is the mass

of Algol C 7

A, 1.6x10"%kg
B. 2.0x10" kg
C. 34x10"%kg
D. 7.2x10"kg

28. Which of the following statements best explains why
the reaction described in Fact 3 requires a high temper-

ature and pressure?

F. All protons are positively charged, and like
charges attract each other.

G. All protons are positively charged, and like
charges repel each other.

H. All electrons are negatively charged, and like
charges attract each other.

J. All electrons are negatively charged, and like

charges repel each other.
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