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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 graph.  This action 

research-based classroom project utilized the ACT science test as the basis for graph 

literacy.  Data from student pre-and posttest scores are compared after three weeks of 

bellwork, lasting only 5-7 minutes per day.  The small but significant increases in student 

confidence and skills, increased their number of completed questions and overall scores. 
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INTRODUCTION AND BACKGROUND 

Project Background 

I was a sophomore in high school when my geometry teacher told me I was a 

visual learner.  We were discussing why I thought Algebra 1 was such a difficult class, 

but Geometry was so easy.  My best friend felt the opposite was true.  Graphs, triangles, 

and figures all made sense to me.  I could “see it”, and yet my friend could not.  I didn’t 

give it much thought until I received my ACT scores.  I excelled at the test, but most 

noticeably in the science section, which my friends found very difficult.  It was mainly 

graphs to read and analyze.  One didn’t even need to remember much science to read the 

graphs.  I couldn’t understand why everyone found it so hard. 

Advance 20 years and I 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, I sought out to find a way to teach the students 

graphing without reteaching everything they were learning in algebra.  This started my 

use of bellwork to teach graph literacy.  

Problem Statement 

This classroom research project involved evaluating the effectiveness of graph 

and chart related bellwork for student success in the science classroom.  Bellwork was a 

required part of our school curriculum.  It set the tone to start class on time and get 

students working quickly.  Most colleagues used it to review the previous day’s main 

concept.  I have been using this time to teach graph and chart reading.    
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The teaching methods I used are based on the American Modeling Teachers 

Association methods and curriculum.  This involved hands on inquiry, regular laboratory 

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 findings to their classmates 

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 as new information was 

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

equations when applicable.  This method enforced the scientific method of discovery on a 

regular basis, but did not leave much room for standardized test practice.  This led me to 

combine the bellwork section of class, which I did not see as useful, and the need for 

standardized test practice, into one. 

The school’s student population have typically done poorly on the science ACT 

section with an average score on the ACT Science of 14.7 out of 40 in 2013. This poor 

performance negatively impacted their composite score.  I noticed a lack of graph reading 

skills in my freshman physical science class my first-year teaching at this school.  I 

implemented a chart 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.   

This research was to see if the use of the chart and graph bell work had an impact 

on student ability to read charts and graphs.  In my school students took a science course 

based on their grade level.  The freshman took a physical science course divided into two 
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sections, physics semester one and chemistry semester two.  The students utilized graphs, 

in both semesters, from the lab work results.  Sophomores took chemistry where they also 

incorporated basic graphs into their understanding of density and other concepts.  The 

juniors I taught were in biology.  They have already passed both physical science and 

chemistry. 

 If using graph and chart bell work made a 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 science class but give them the tools to do well on the science section of the ACT and 

produce graph literate adults as well.  How does bellwork influence student performance 

and self-efficacy in graph reading and data analysis skills in the biology classroom? 

CONCEPTUAL 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 charts and graphs.  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 adults regarding reading health-

relevant risk information.  His results show that about 15% of Americans were unable to 

read a bar chart or pie chart (Galesic, 2009).  According to the US Census website, the 

American population was about 324 million.  That worked out to around 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 had a high school diploma and about 95 million held a bachelor's 

degree (Census 2016).  Over half of the Americans with a bachelor's degree could not 

read a bar chart or pie chart (assuming there are people who could who do not have a 

bachelor’s degree).  One would expect anyone with a high school diploma to be able to 

read a basic graph or chart.   

Research has been done on teacher’s effectiveness in reading graphs and creating 

graphical material for use in classrooms.  Bowen and Roth (1999) analyzed the ability of 

pre-service science teachers to use data effectively.  They found that few pre-service 

teachers, many with a bachelors or Master of Science, were 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 pre-service teachers could not effectively create a research project of their own that 

collected good data.  They concluded that pre-service teachers are not prepared to teach 

data literacy to students (Bowen & Roth 1999).  Another study by Rule, Hallagan, & 

Shaffer (2009) evaluated graph teaching materials created from 72 pre-service elementary 

teachers.  Thirty-five of these contained errors in vocabulary, over generalizing and 

nonspecific statements (Rule, Hallagan, & Shaffer, 2009).  The ability to read graphs 

needs to be taught to students, but our teachers are underprepared in this area. 

Techniques for Teaching Graphic Literacy 

Masters’ student research into this topic is not new.  Action research has been 

completed on various methods to teach students 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, used by O’Leary 
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(2015), is a graphing software that was utilized to teach students graphing literacy skills.  

The software teaches skills in a video game type setting.  He saw a 53% increase in 

student’s ability to prove a hypothesis, as well as increases in student motivation and 

vocabulary from using the program (O’Leary 2015).  Vernier’s program Logger Pro 3 

was used in physics classes to assist students in graphing kinematics.  Compared to paper 

question responses, the ability to create a video of the answer increased students’ ability 

to analyze the shape of a graph.  Adam Smith (2013) noticed fewer misconceptions and 

higher student motivation when using the software (Smith, A., 2013). Jennifer Smith’s 

(2014) action research used Socratic seminars to allow students to discuss and defend 

ideas based off graphical data.  Student discussions not only increased student success in 

graphing, but student confidence as well (Smith, J., 2014). 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’s budgets.  Socratic seminars are effective if 

the teacher is properly prepared and the class 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 analyze a graph before they leave high school.  

These everyday reasoning skills should be part of a good well-rounded science and math 

curriculum.  Malamitsa, Kokkotas, and Kasoutas (2008) used a tool entitled “The Test for 

Everyday Reasoning”, developed by Facione, to determine the ability of multiple ages of 

students in Greece to interpret graphs. This test gauges critical thinking skills through a 

series of questions including data and chart reading.  Nine of the questions from the test 

covered graphs and charts.  Both the primary and secondary students scored a median of 
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three out of nine questions, while university students’ median was a seven (Malamitsa, 

Kokkotas, & Kasoutas, 2008).  High school students scoring in the 33% range is not a 

very encouraging result.  More needs to be done to teach students to read graph and chart 

data. 

 The ACT Science test was a set 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 hypotheses.  

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 I am proposing will make use of small amounts of class time daily to 

incorporate graph reading into any curriculum.  By using a graph analysis question as a 

daily bell work activity, students will be exposed to graphs daily in their science classes 

and this may influence their graph literacy.   

METHODOLOGY 

Introduction 

This research project explored the influence of daily bellwork on ACT science 

test scores.  The research question which was addressed was: How does bellwork 

influence student performance and self-efficacy in graph reading and data analysis skills 
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in the biology classroom?  I taught two sections of high school Biology to juniors.  My 

colleague taught the other two sections of Biology and her students were used as the 

control group. 

Participants 

The participants in this experiment included all students in my junior level 

Biology course and all students in my colleague’s junior level Biology course as the 

control.  My colleague and I each taught half the Biology students.  We used the same 

room, same curriculum, and similar teaching styles.  She is 20 years my elder but has 

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 young, and then pursued high school teaching when 

our children were grown.  My colleague taught eighth grade science for six years before 

she joined the high school two years ago.  This was her first year teaching a full year 

Biology course.  I taught ninth grade physical science for five years.  This was my first 

year teaching a full year Biology course.   Most of our students had my colleague as their 

eighth grade science teacher, and myself as their ninth grade science teacher. 

The school I worked at specializes in preparing students for college.  The school, 

a public charter school, served approximately 500 high school students in an inner city 

setting.  The school has a very diverse population with most of their students being first 

or second-generation Americans.  Many students lived in refugee camps for years 

without formal education before attending Horizon.  The US Together refugee 

resettlement group in Columbus states that the average refugee spends nine years in a 

camp before being resettled into a resident city.  Of 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 decade.  The school was a Title 1 school with a 100% free and 

reduced lunch population.  All students completed physical 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 year).  The school provided assistance to 

students through English Language Learner courses and special education services.  The 

college counselors’ office worked with juniors and seniors in courses that prepared them 

for college through application assistance, FAFSA assistance, scholarship assistance, test 

preparation, and essay writing. 

Control group 

The control group were the students in my colleague’s two biology courses.  The 

demographics for this group are also in Table 1.  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 American, eight Somali, seven West 

African), three Latino, one Asian, two mixed race, 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 semester. 
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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 

                Somali) 

1 0 

     Latino 2 3 

     Asian 0 1 

     Mixed Race 3 2 

     Other 0 1 

English Language Learner 7 0 

IEP 4 0 

   

Note. Control group. (N=37). Experimental Group. (N=33). Data compiled from the 

school database Concept CIS and student self-reporting. 

 

Experimental group 

This group was the two Biology courses that I taught.  The demographics for this 

group are shown in Table 1. The group was comprised of 33 students; 15 males and 18 

females. This included 1 white student, 27 black students (8 African American, 11 

Somali, 7 West African, and 1 East African), 2 Latino (from different Caribbean Islands), 

and 3 multiracial.  Of the 33 students, 7 were English Language Learners in their first 3 

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

(Individuals with Disabilities Education Act) eligible.  Their diagnosis ranged from 
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ADHD to cognitive delays.  Thirty-two students were juniors, and one was a freshman 

that transferred to our school second semester. 

 These two groups were comparable in background education, current teaching 

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 change students’ schedules to even this out, 

so the data was analyzed with all student data presented in Table 1.  Students 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 performing students 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, before the treatment began, the bellwork had focused on Ohio AIR test preparation 

through released questions. 

Data Matrix 

To assess the research question, I used the following three subquestions and data 

collection methods organized in Table 2. 

1. How does bellwork influence student graph reading and data analysis skills?   

2. How does bellwork that uses a step-by-step approach, influence student resiliency 

on problem solving tasks? 

3. How does bellwork influence student confidence regarding their graphing and 

data analysis skills?   

 



11 
 

Table 2 

Data Triangulation Matrix 

 Data Collection Tools 

Question #1 

Data Analysis Skills 

Pre/Post Test 

ACT Science 

Scores 

 Daily Journals 

Student answers 

Class Discussions 

Student answers 

Question #2 

Resiliency on 

Problem Solving 

Pre/Post Test 

Number of 

questions 

answered 

Likert Survey 

Ability and 

attitude category 

Class Discussions 

Student answers 

Question #3 

Confidence in Skills 

Likert Survey 

Confidence 

category 

Class Discussions 

Confidence 

category 

  

 

 The results of these collection tools were run through statistical analysis to test for 

significance in data differences.  The ACT Science Pre and Post test scores were 

compared with a paired t-test.  The survey results for pre and post survey were compared 

with an ANOVA test.  Class discussion answers were also taken into consideration so 

that data could be triangulated for a result. 

Data Collection Method 1 

Experimental Group Procedures  

Research Subquestion:  How does bellwork influence student graph reading and 

data analysis skills? 

This procedure was followed with both biology classes that I taught and all 

students in both classes.  IRB approval (Appendix A) was granted and CITI certification 

(Appendix B) was completed before this experiment began. 

Step 1: Students took a released ACT science test (2014-2015, Form 67C, Appendix C) 

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 survey (Appendix D) immediately following the 

ACT science test from Step 1. 

Step 3:  ACT scores were analyzed to see if there is a certain type of question that the 

students are more successful with or not. 

Step 4:  Experimental group students were given an ACT Prep Bellwork prompt 

(Appendix E) from the released ACT test (2014-2015, Form 67C, Appendix C) they used 

for the pretest.  The teacher helped the students work through the passages in a systematic 

approach during bellwork time, the first five minutes of class. The bellwork and practice 

time was used for 15 days.  The control group did not do the ACT Prep Bellwork. 

Step 5:  Both experimental and control group students were given a different science 

ACT test (2016-2017, Form 72CPRE, Appendix F) to see if their skills transferred to 

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 Test 2016-2017, Form 72CPRE were analyzed to see if any 

questions were more successful than others.  The Test 2016-2017, Form 72CPRE results 

were compared to the Test 2014-2015, Form 67C results to see if the students increased 

their scores.  A paired t-test was used for statistical analysis. 

Step 8:  Student science journals were collected so that student bellwork can be read.

 The control group completed the pretest and posttest on the same days as the 

experimental group. The control group answered the Likert survey (Appendix D) on the 

same day as well.  The rest of the treatment was applied to the experimental group only. 
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The ACT tests given were from released ACT science tests. The ACT Science 

practice test from 2014-2015, Form 67C (Appendix C), was used as a pretest and the 

ACT Science practice test from 2016-2017, Form 72CPRE (Appendix 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! Application. The 

GradeCam software allowed for the data to be downloaded for analysis in three ways - by 

class, by individual, or by question.   

Data Collection Method 2 

Likert survey 

Research Subquestion:  How does bellwork that uses a step-by-step approach, 

influence student resiliency on problem solving tasks?  How does bellwork influence 

student confidence regarding their graphing and data analysis skills? 

A Likert survey (Appendix D) was developed to address student opinions on 

resiliency and confidence in their ability to take the ACT science test.  This survey was 

given to students at the end of the pre-and post-test immediately after finishing the test.  

Again, the answers to the survey were collected through a GradeCam answer sheet for 

easy grading and data collection.  Using the GradeCam answer breakdown allowed 

identification of students’ answers.  These results were also downloaded to an Excel 

spreadsheet and the answer choices were quantified.  A comparison was made of the pre-

and post-survey results to see if individual students had a positive or negative response to 

the ACT test prep bellwork.   

This data was compiled by the three types listed in Table 3 and an average score 

was determined for each category.  The survey included 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.  Questions were worded so that a positive or 

negative change in score was quantified for each question asked from the beginning to 

the end of the treatment period.  

Table 3 

Likert Survey Coding 

 

Answer Choice 

Assigned Letter on Answer 

Sheet 

Score Given to Answered 

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 

questions on the survey.  These questions addressed a student’s ability to complete the 

test on time, and the student’s confidence in finding the correct answer. 

Data Collection Method 3 

Student Discussions 

Research Subquestion:  How does bellwork influence student confidence 

regarding their graphing and data analysis skills? 

As students attempted their bellwork assignments they could work in table groups 

to answer the questions to a passage.  The teacher would assist and prompt students 
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through questioning to help them learn to read the graph data.  Student responses during 

the sessions were recorded on paper by the teacher. 

Methods Summary 

These methods allowed collection of data 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 were from the 

experimental group only.   

DATA AND ANALYSIS 

Data Collection 

The research questions and collection methods previously described yielded a 

significant amount of data. The Data Triangulation Matrix in Table 2 was the basis for all 

data collection and subsequent analysis. After the pretest the students were organized by 

increasing test scores, on the pretest, and assigned unique ID numbers accordingly.  The 

number of correct answers and number of questions attempted for both the pretest and 

posttest are listed in Appendix G and Table 4 and Table 5 along with the percent change 

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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Table 4 

ACT Science Pretest and Posttest Scores in a Paired t-Test 

Control Group Experimental Group 

t-Test: Paired Two Sample for Means t-Test: Paired Two Sample for Means 

  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 33.00 33.00 

Pearson Correlation 0.44  

Pearson 

Correlation 0.30  
Hypothesized Mean 

Difference 0.00  

Hypothesized 

Mean Difference 0.00  
df 36.00  Df 32.00  
t Stat -2.16  t Stat -3.46  
P(T<=t) one-tail 0.02  P(T<=t) one-tail 0.00  
t Critical one-tail 1.69  t Critical one-tail 1.69  
P(T<=t) two-tail 0.04  P(T<=t) two-tail 0.00  
t Critical two-tail 2.03   t Critical two-tail 2.04   

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

 

Table 5 

ACT Science Pretest and Posttest by Passage Type 
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Research Summary Total 41% 37% -10% 31% 32% 3% 

Data Representation 

Total 

19% 22% 16% 18% 28% 56% 

Conflicting Viewpoints 1 26% 26% 0% 13% 43% 231% 

Total Test Scores 29% 33% 14% 23% 33% 43% 

Note. Control group. (N=37).  Experimental group. (N=33). 
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Analysis of Pretest and Posttest Data 

The mean scores for the experimental and control groups were compared with a 

paired T test as shown in Table 4.  The t-test run on 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 that 0.5 needed to 

accept the hypothesis.  The t-test run on the experimental group’s pretest and posttest 

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 color coded 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 was printed 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 group answered 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 type.  The results of the three 

types of passages are shown in Table 5, Table 6, Figure 1 and Figure 2.  
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Table 6 

ACT Science Pretest and Posttest by Passage Type of Questions Attempted 
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Research Summary Total 44% 43% -2% 34% 37% 9% 

Data Representation 

Total 

30% 29% -3% 31% 35% 13% 

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. (N=37).  Experimental group. (N=33). 

 

 

Figure 1.  ACT science pretest and posttest scores in percentage correct by passage type, 

(N=70). 
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Figure 2.  ACT science pretest and posttest scores in percentage of questions correct out 

of number of questions attempted by passage type, (N=70). 
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The students in the experimental group increased in their ability to answer all 

question types, and the overall score showed a percent change of 43% compared to the 

control groups’ percent change of 14% as shown in Table 5.  Initial analysis of the data 

showed that students in the experimental group completed more questions in the posttest 

than the pretest.  The adjusted score was calculated using the number of questions 

completed, instead of the total possible, this data was compiled in Table 6.  Again, an 

increase was shown. The students not only completed more questions, but also had more 

correct answers.  

 The experimental group showed a percent change of five percent total correct, 

compared to the control’s percent change of three percent.  However, the experimental 

group answered 11% more questions on the posttest, while the control answered the same 

amount on both the pretest and posttest.  Increasing the student’s number of answered 

questions did increase the student’s overall score. 

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 while enrolled 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 learning disabilities that required an IEP, 

individualized education plan. The ACT is written in college level language that could 

impact a student’s ability to read the test, and therefore answer the questions correctly.   
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 The data was broken down to compare the impact 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. 

 

Figure 3.  Average test scores for ELL (N=7), IEP (N=3), the rest of the experimental 

group (N=23), and the control group (N=37). 
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group.   

Analysis of Likert Survey Data 

The Likert Survey was split into three categories for analysis.  Questions 

pertaining to the ability to complete the test (questions 1 and 2), confidence in answering 

questions on the test (questions 3 through 7), and attitudes toward taking the test 

(question 10) (Table 7).  The Likert Survey asked students to answer Strongly Agree, 

Agree, No opinion, Disagree, or Strongly Disagree to a series of statements.  The options 
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were scored as 2, 1, 0, -1, and -2 respectively in the spreadsheet.  The mode of each 

question was then found and reported in Table 7 and Figure 4. All responses for the 

control and experimental groups are recorded in Figure 5 and Figure 6. 

Table 7 

Likert Survey Mode Scores by Category 

Note. 2=Strongly Agree, 1=Agree, 0=No Opinion, -1=Disagree, -2=Strongly Disagree. 

(N=70). 
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Ability to complete the test      

     Question 1 -1 2 -1 2 

     Question 2 0 1 1 1 

Confidence in answering 

questions 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 toward taking the 

test 

     

     Question 10 0 0 0 1 
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Figure 4.  Likert survey mode scores by category.  Pre and post survey modes are shown 

for the control and experimental groups for each of the ten questions, (N=70). 
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(disagree), to a 2 (strongly agree) for the first question about time to finish the test.  
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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 more time during the 

posttest, but only the experimental increased in questions answered. 
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Figure 5.  Pre and post survey responses for the control group by the number of 

responses for each question, (N=37). 
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Figure 6.  Pre and post survey responses for the experimental group showing increased 

confidence in questions 3, 4, 6 and 7, (N=30). 
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experimental group had large increases in the students’ confidence at graph reading 

(question 4) where no students disagreed in the post survey (Figure 6).  They also 

reported more favorably at feeling prepared to succeed on the test (question 3). Students 

reported on the post test that they used the strategies presented in class to answer the 

questions (question 7). 

 An ANOVA test was run for all ten questions comparing the control pre and post 

survey data and the experimental pre and post survey data.  Questions 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 management, preparation for success, graph reading confidence, reading 

graphs, classroom strategies, and working hard on the test to increase their chance of 

getting into college.  A significant increase in the students’ responses regarding time 

management and ability 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.  I 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 science.  This just means that there were minor changes to 

the student’s ability to improve on finding the answers.  They also had minimal changes 

on the difficulty of the passages.  By changing the pretest and posttest this could happen 

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 impacted and not 
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significant.  I did not expect learning to pass the ACT in science to spark an interest in 

science.   

 Student discussion data was compared qualitatively by response topics.  The 

topics have been collected in Table 8 according to the questions found in Appendix B’s 

survey.  These responses were representative of the many responses recorded as I 

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

Table 8 

Student Interview Results by Topic Responses 

Question Sample Response 

1 The questions ask too much. 

2 I didn’t even read all the questions – not enough time. 

3 When you don’t read the passage, it is less confusing.  I’m just reading 

graphs now. 

4 I can read the graphs easier than I can read the passages. 

5  

6 I don’t even know what this passage is about. 

7 Yes – Not reading passages I answered more questions. 

8  

9  

 

 Most of the student’s responses were similar from group to group, and between 

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 teaching 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 

 The data collected was used to answer the research questions asked in this study.  

The use of bellwork, just 5 minutes a day, did increase the students’ success, confidence, 

and resiliency on the ACT Science test.  The experimental group showed gains in all 
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three passage types 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 questions, and read the graphs.   

Evidence of Results 

Research Question: How does bellwork influence student performance and self-efficacy 

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

Subquestion 1: How does bellwork influence student graph reading and data 

analysis skills? 

The data shown in the study indicates that the bellwork time was effective in 

increasing the student’s graph reading and data analysis skills.  The test scores increased 

by five percent in the experimental group compared to the control group’s three percent 

increase when you look at the questions they attempted.  The students work in class 

showed their understanding as they practiced problems and worked them out in their 

groups.  A big increase in their ability was more the language of the graphs then the math 

involved.  Student’s did not know what “Figure 1” meant, so they were often looking at 

graph titles to guide them to the graph of interest instead of the graph the question told 

them to look at.  This simple explanation brought many “Ooohhhhh” reactions from the 

students.  They were spending more time finding which graph to read then needed.  By 

learning the language, the test used the students could find the correct graph and use their 

existing skills to read the graph.   

Subquestion 2:  How does bellwork that uses a step-by-step approach, influence 

student resiliency on problem solving tasks? 
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 Resiliency was shown by the number of questions the students answered.  The 

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 

questions and complete more of the test.   This showed up in their surveys as they 

indicated they felt prepared to succeed, were good at graph reading, and used the 

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 

completing 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 

led to student resiliency.  One student stated, “When you don’t read the passage, it is less 

confusing.  I’m just reading graphs now”.  This allowed students more time to find more 

correct answers. 

Subquestion 3:  How does bellwork influence student confidence regarding their 

graphing and data analysis skills? 

The student’s confidence in their ability was shown in the 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 less help finding answers, and just reassurance that their answers were 

correct.  Students stated, “I can read the graphs easier then I can read the passages.”  

Learning to read the graphs was an easier skill then deciphering what the passages were 

about.  Students developed the 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.  The bell work, just three to five minutes a day, 

increased the students’ abilities in three short weeks. This did not take time out of the 

regular Biology class or interfere with the standard curriculum for the course.  When I 

use this again in the future, I will increase the weeks spent on the ACT preparation to 

increase students’ time spent with the test.  I would use one passage a week, instead of 

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 I would expand this treatment to 

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 interpret graphs.  

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.  Just five minutes at the beginning of class made a difference in the student’s 

ability.  My administration has required bellwork as a portion of our lesson, however, I 

did not see the value in this exercise and sought out ways to make it worthwhile.  This 

project has shown me that these have not been wasted minutes but have impacted student 

learning. I will continue to use bellwork as a teaching time to impress skills that are not 

specific to my curriculum, but still increase the student’s skillset to better read scientific 
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data. This method should be expanded to other courses in the department to see if a large-

scale change can be made in the students’ ability to read charts and graphs. 

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 doctor’s office, data is used as evidence of discovery.  Knowing how to read data 

accurately is important for understanding. 

This experience has brought my teaching to a new level.  I 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 me to tie together what I wanted to test with the 

procedures needed to run statistical analysis.  It’s one thing to think a method is working, 

and another to prove that it does have significant impact.  Going forward I would like to 

see the changes in student graph literacy when a whole year bellwork initiative is 

implemented. 
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Pre-and Post-Test Survey  

Participation in this research is voluntary and participation or non-participation 

will not affect a student’s grades or class standing in any way. 
Please answer the following questions regarding the ACT science test you just 

completed. 

For each question mark the letter of the answer chosen on your answer document. 

A – Strongly Agree   B - Agree   C – No Opinion   D – Disagree   E – Strongly Disagree 

1.    I had plenty of time to finish the test 

2.   I was able to find the answer to all of the questions. 

3.   I felt prepared to succeed on this test. 

4.   I am good at reading graphs. 

5.   I was able to read the graphs and use that information to answer the questions. 

6.   The reading passages were difficult to read. 

7.   I used the strategies from class on the test. 

8.   I like science. 

9.   I plan to go to college for a science related field. 

10.            I worked hard on this test to help me get into college. 

For the following questions use the answers provided 

11.   Who was your physical science teacher?  

A. Ms Doup B. Ms.  A  C. Mr P  

D. I did not take physical science at this school. 

12.   Who was your chemistry teacher?   

A. Ms H  B. Mr Y  C. I did not take chemistry at this school. 

13.   Who was/is your biology teacher?  

A., I am in Ms. Doup’s class now  B. Mrs. D  C. Mrs. C 
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ACT Science Pretest and Posttest Scores Control (N=37). 

Student Number Pretest Score Post Test Score % change    
42 6 10 67% 

43 6 15 150% 

44 6 10 67% 

45 7 16 129% 

46 7 9 29% 

47 7 14 100% 

48 8 11 38% 

49 8 17 113% 

50 8 9 13% 

51 8 6 -25% 

52 8 8 0% 

53 9 16 78% 

54 9 12 33% 

55 10 16 60% 

56 10 10 0% 

57 10 10 0% 

58 11 15 36% 

59 12 8 -33% 

60 12 12 0% 

61 12 8 -33% 

62 12 8 -33% 

63 12 15 25% 

64 13 18 38% 

65 13 16 23% 

66 13 19 46% 

67 14 10 -29% 

68 14 13 -7% 

69 15 12 -20% 

70 15 17 13% 

71 16 12 -25% 

72 16 9 -44% 

73 16 14 -13% 

74 17 19 12% 

75 20 23 15% 

76 22 17 -23% 

77 23 20 -13% 

Average 11.80556 13.16667 22% 
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ACT Science Pretest and Posttest Scores Experimental Group (N=33). 

Student 

Number 

Pretest 

Score 

PostTest 

Score % change 

1 2 10 400% 

2 3 9 200% 

3 4 15 275% 

4 4 18 350% 

5 4 7 75% 

6 5 10 100% 

7 5 11 120% 

8 7 7 0% 

9 7 7 0% 

10 7 5 -29% 

11 8 12 50% 

12 8 14 75% 

13 8 7 -13% 

14 9 12 33% 

15 9 16 78% 

16 9 28 211% 

17 9 13 44% 

18 10 20 100% 

19 10 20 100% 

20 11 10 -9% 

21 11 10 -9% 

22 11 13 18% 

23 11 8 -27% 

24 12 11 -8% 

25 12 16 33% 

26 12 13 8% 

27 13 9 -31% 

28 13 19 46% 

29 13 5 -62% 

30 13 5 -62% 

31 14 19 36% 

32 14 17 21% 

33 15 35 133% 

Average 9.18 13.06 68% 
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Control Pre Test Data 

 
 

 

Control Post Test Data 
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Experimental Pre Test Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental Post Test Data 


