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ABSTRACT 

 In my study, I investigated what are the observed and reported experiences 

of implementing inquiry-based activities in the high school science classroom for 

On-Level students.  The 20 students that were part of my study were enrolled in 

the course, On- Level Earth and Space Science. 

  I assessed four units of Earth and Space Science by using 17 graded 

inquiry-based activities, including: the Lab Safety Group Activity, Solar Heating 

Lab, Lab Report on Designing a Barometer, and the Group Atmosphere Project.  

Students accomplished these units through group cooperative problem solving 

activities, laboratory activities, and a group project.   Each of these activities was 

classified as being one of three types of inquiry: structured inquiry, guided 

inquiry, or open inquiry.  I formatively assessed group participation for each unit 

with the use of a cooperative group assessment checklist.  In addition, the students 

were given a survey and interview to assess their attitudes on learning science 

using inquiry-based activities versus more teacher-centered instruction.  

 Overall, my findings were supportive of the educational benefits of using 

inquiry-based activities in the classroom for On-Level high school science 

students.  Academically, the class average results included:  problem-solving 

activities—81%, laboratory activities—81%, and group project—82%.  

According to a survey given on student attitudes toward science, all students 

surveyed preferred to be active learners.  The interview that was given also 
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reflected overwhelmingly, students learned science best by being active learners, 

which is an integral part of inquiry-based activities.   
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RESEARCHER STANCE 

 My interest in teaching all students is a personal one.  The beginning for 

me was when I was in second grade.  My family moved from an urban to a 

suburban area.  The suburban school was supposed to be a much better school.  

What I began to experience however, was quite the opposite.  

At this new school, I was placed in the lower ability reading group, not the 

lowest of the four groups, but second to the lowest.  There were no ability groups 

for the other subjects in second grade, but I felt that everything that I was doing, 

even though I was by this time very unmotivated, was counting against me.  This 

lack of motivation was probably a result of me feeling academically inferior.  We 

completed a lot of worksheets, and I would write any answer, just to finish the 

sheets sooner.  I was not scoring well because I was not trying my best.  I did not 

realize that by putting any answer on these sheets, my teacher would grade and 

interpret those results incorrectly.   I felt like an outcast; I did not fit in.  My 

second grade teacher was not supportive and encouraging to me, as my first grade 

teacher had been.   

By third grade, I had two teachers, one for math and the other subjects, 

and one for language arts.  We still completed a lot of worksheets, but not as 

many as in second grade.  I started to become aware that I was being judged on 

my performance.  For example, if I wrote down any answer on worksheets in 

order to get done quicker, my teachers would grade this and think that I was 
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stupid.  I wanted to show my teachers that I was not stupid.  I remember 

consciously trying my best.  In fact, both of my teachers told me that I did not 

belong in these “lower classes.”  I wanted to move up to a more challenging level. 

For the next three years, fourth through sixth grade, I was still in lower 

classes.  I felt lied to; teachers I had hoped would correct this problem did not 

follow through with what they said that they would do.  I did not mention 

anything to my parents; my father was a science teacher at a neighboring district, 

and I was ashamed.  I scored well, receiving very good report cards, so they did 

not suspect any misplacement.   

Similarly in sixth grade, which was considered part of elementary school 

in the 1970s, both of my teachers were saying the same thing I had heard before.  

I was getting angry, especially now, because I was really starting to enjoy school, 

but thought I was going to be lied to again.  However, things took a turn for the 

better.  

 I credit my sixth grade teachers, especially my English teacher, for being 

more proactive than all of the others.  Not only had he verbally told me that I 

should be in higher classes, but he spoke with my parents, and wrote a formal 

letter of recommendation for my placement change.   I remember my father 

meeting with the principal of the middle school to assess my testing records and 

grades.  With much delight, I will always remember my father explaining to me 

that day that everything was finally fixed.  He apologized to me for not being 
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aware, said all of my standardized testing supported that I had the ability 

necessary for Honors classes, and that my English teacher had really been quite 

insistent that these changes be made.   

In seventh grade, I was in all Honors classes.  I continued taking Honors 

and Advanced Placement classes throughout my schooling, and I graduated high 

school with highest honors.  I went on to obtain a Bachelor’s and Master’s 

Degree, graduating Summa Cum Laude each time.   

I have experienced being in an educational system that was often unfair: 

being placed in lower level classes, experiencing the many worksheets and the 

boredom of monotony, focusing on simple tasks, and being unchallenged.   I have 

also experienced the joy of being an active learner, which the Honors and 

Advanced Placement classes provided me.  Here, we did interesting projects; 

often working in groups with other students to achieve a goal, experienced real 

science labs, and thought intelligently because of teacher expectations.  In these 

higher classes, students could do more.  Through active learning, I was personally 

interested in learning, and learning was enjoyable.  In fact, my desire to encourage 

and assist others with their learning led me to become an educator. 

  As an educator who desires the best for all of my students, I want all of 

my students to think intelligently and develop higher order thinking skills, not 

merely memorize facts. Currently, the Honors Science classes and College 

Preparatory Science classes that I teach have a scheduled laboratory period as part 
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of their curriculum, which encourages laboratory and discovery and other types of 

inquiry-type of activities.   The students in the On-Level Science ability groups do 

not have this same experience.  Much research supports inquiry-based activities as 

a means to foster these higher order skills (Zohar & Dori, 2003).  

  In a previous graduate course I conducted a pilot study, which was 

initiated because of my desire to educate all students.   I had already witnessed the 

benefits of including hands-on activities in the curriculum for the Pre-AP, Honors, 

and College-Preparatory classes.  In addition, I was experiencing On-Level 

Science students of mine telling me how much they learned from the “hands-on” 

activities that I was including in their class.  This reinforced my interest in 

pursuing this line of research.   

In my pilot study, I observed the positive effects of hands-on activities, 

where my results provided evidence that 5 out of 6 students studied improved 

their marking period grade average.  In fact, 4 out of 6 improved by a whole letter 

grade.  Despite the positive academic benefits observed, I had not examined how 

these activities would improve higher order thinking skills, and wanted to expand 

my question to include observing the effects of implementing other inquiry-type 

activities.   Consequently, I have since expanded my question to include, in 

addition to hands-on activities, other inquiry-type activities, as they relate to On-

Level students and higher order thinking skills.    
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Therefore, my underlying desire to educate all students optimally, with my 

pilot study as a stepping-stone, has led me ultimately to my research question.  

My research question is: What will be the observed and reported experiences 

when inquiry-based activities are integrated into the high school Science 

curriculum for an On-Level ability class? Therefore, despite not having a 

designated laboratory period, I plan to include curriculum based, inquiry-type 

activities within the assigned class period.  
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LITERATURE REVIEW 

Introduction 

 Inquiry-based education in the science classroom involves the topics, 

higher order thinking skills, and active involvement learning.  The use of active 

involvement learning, of which inquiry-based education is categorized, should 

increase all students’ higher order thinking skills in the science classroom, 

including On-Level students (Zohar & Dori, 2003). 

Higher Order Thinking Skills 

 Essential to every student’s educational learning is being able to utilize 

higher order thinking skills effectively.    Mysliwiec, Dunbar, and Shibley (2005) 

addressed the concept of higher-order thinking skills by offering suggestions that 

could be implemented within the classroom to promote such a level of thinking.  

The focus was to have students take greater charge of their own learning by 

proper preparation with regard to assignments, thus, having the classrooms 

become more student-centered versus teacher-centered. 

 In addition to having greater student ownership for learning, Bloom’s six 

levels of cognitive domain are descriptive regarding the desired progression 

towards reaching the more complex levels (Mysliwiec, Dunbar, & Shibley, 2005).  

The lowest level is the Knowledge, or factual level.  Comprehension is second, 

followed by Application, Analysis, Synthesis, and Evaluation level, respectively, 

where Evaluation is the most cognitively complex level.  According to Bloom, 
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Engelhart, Furst, Hill, and Krathwohl (1956), “Evaluation is placed at this point in 

the taxonomy because it is regarded as being at a relatively late stage in the 

complex process which involves some combination of all the other behaviors of 

Knowledge, Comprehension, Application, Analysis, and Synthesis” (p. 185).  

When there is higher order thinking present, this is a valuable precursor to 

inquiries (Freedman, 1998).  

High School Science 

   Colburn (2004) expressed that for a greater, more in-depth understanding 

of science and various scientific concepts, inquiry-based teaching provides 

students the necessary opportunities to “actively grapple with the content” (p. 64), 

but cautioned the teacher to assist in preparing the students to be developmentally 

ready for the inquiries to be utilized.   

In a study by Bottoms (2002), the importance for increasing higher order 

thinking skills as expressed in Bloom’s Taxonomy of Cognition suggested that for 

the improvement of science achievement of low-performing students, more 

interpreting, inferring, constructing, and evaluating of scientific data and 

procedures needs to be implemented.   

 Similarly, the National Science Education Standards and Benchmarks For 

Science Literacy emphasizes inquiry-oriented activities for incorporation into all 

high school science curriculums (Trowbridge & Bybee, 1996). 
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Ability Groups 

A detailed study presented by Zohar and Dori (2003), a culmination of 

four separate studies involving students from grades 7 through 12, aided in 

answering the following question, “Do low achieving students gain from teaching 

and learning processes that are designed to foster higher order thinking skills?” (p. 

145).  Zohar and Dori (2003) concluded that instruction of higher-order thinking 

skills is appropriate for students with high and low academic achievement alike.   

In addition, the reform of science education in America emphasizes the 

need for all ability levels to perform and communicate scientific inquiry with 

others (Beeth & Huziak, 2001). 

According to the National Science Education Standards, (Trowbridge & 

Bybee, 1996), “the level of understanding science that all students, regardless of 

background, future aspirations, or interest in science, should develop” (p. 58) is 

specified.  The Science Standards “embody the belief that all students can learn 

science” (Trowbridge & Bybee, 1996, p. 58).  In fact, scientific models of inquiry 

and the application of such scientific knowledge to ones’ life are emphasized 

within the context of scientific literacy, a crucial part of the Science Standards.  

Higher order thinking skills are necessary to implement these standards 

adequately for all students. 
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Motivation 

 Student motivation to learn depends on several factors.  One critical factor 

is one’s learning style.  Students have a preferred style of learning, although many 

can learn to adapt using another.  The preferred learning style becomes essential 

when looking at incorporating the various active involvement learning methods as 

previously described.  Various studies (Lee & Fraser, 2001; Roth & Bowen, 1995; 

Wilson, 1996) express consideration for student preference and mention possible 

learning style factors as playing a role in the effectiveness of active involvement 

learning. 

 Another factor influencing student motivation is the incorporation of 

students becoming active learners (Carroll & Leander, 2001), where higher order 

thinking techniques are incorporated into the learning process. This is critical, as 

educational experiences, according to Dewey (1997), will be found either 

agreeable or disagreeable to the student.  Dewey states, “Everything depends 

upon the quality of the experience had” (p. 27).  This means that experiences have 

an influence on later experiences.   Dewey (1997) also states, “Experience does 

not go on simply inside the person.  It does go on therefore, it influences the 

formation of attitudes of desire and purpose” (Dewey, 1997, p. 39).  

 A study presented by Fisher, Gerdes, Logue, Smith, and Zimmerman 

(1998) found an improvement in student’s science grades, and an increase in their 



10 

 

positive attitude towards science when hands-on, inquiry-based activities were 

implemented within the science class. 

Teaching Techniques 

 By being cognizant of different learning styles and preferences, teachers 

can implement a variety to attempt to reach the majority of students.  In addition, 

according to a study presented by Swaak and van Joolingen (2004), an integrated 

program of both expository instruction (teacher-centered instruction) and 

discovery/simulation (student-centered) instruction was beneficial. 

 Similarly, the Learning Cycle, the result of work done by Karplus and the 

Science Curriculum Improvement Study (SCIS), consisting of three phases 

(Trowbridge & Bybee, 1996) incorporates active student learning with areas of 

teacher-guided instruction.  The phases include: Exploration, Invention, and 

Discovery.  The Exploration phase of the Learning Cycle emphasizes active 

student learning.  The Invention phase emphasizes other instructional teaching 

methods, including more teacher-guided methods.  The third and final phase of 

the Learning Cycle is known as the Discovery phase.  Here, students apply 

learned knowledge.  All three phases of the Learning Cycle focus on students’ 

scientific learning, which emphasizes students being active participants in their 

learning where higher order thinking skills are developed. 

 Implementing the Learning Cycle (as presented by Lawson in Trowbridge 

& Bybee, 1996) would include some teacher-centered instruction in order to guide 
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their students’ learning, especially connecting them from their previous level of 

knowledge. Then, students could be actively engaged as they explored and 

applied the concepts learned, utilizing higher order thinking skills.     

 White and Frederiksen (1998) emphasized the need for scaffolding the 

curricula to foster student’s inquiry development.  They expressed the importance 

of scaffolding to promote learning for all students, especially the lower ability 

achievers and younger students.  They believed that this was a “crucial part of the 

conscious expertise about learning that they lack” (White, & Frederiksen, 1998, p. 

6). 

 To insure higher order thinking, teacher lessons should not focus on mere 

description of events, which is low on Bloom’s Taxonomy of Cognition.  Instead, 

the students should be challenged to analyze the data, encouraging alternative 

solutions and explanations to questions.   Gupta (2005) supports progressive 

questioning as a means to develop students’ critical-thinking, logic, and problem-

solving skills, all of which involve higher order thinking.  Educators should 

therefore include questions in their inquiry activities, which will foster student’s 

cognitive development.   

 “Good inquiry-oriented teachers listen well and ask appropriate questions, 

assisting individuals in organizing their thoughts and gaining insights.  Inquiry-

oriented teachers seldom tell but often question” (Trowbridge & Bybee, 1996, p. 

156). 
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Polman (2004) concluded in his study that it is important for the teacher to 

scaffold students through questioning.  Teaching techniques should include 

purposefully designed activities, which scaffold and foster students’ higher order 

thinking skills.  

Active  Involvement Learning 

 There are various forms of active involvement learning.  These include: 

inquiry-based learning, lab-based learning, hands-on learning, project-based 

learning, constructivist learning, discovery learning, and student-centered 

learning.  Basically, all the forms implement active versus passive student 

involvement with regard to the learning process. 

 The study done by Wilson (1996) showed that many students have a 

definite preference for active learning, based on the results from the Learning 

Styles Inventory.  The highest percentage, 43.4% (n=72) were categorized as 

active learners in this study.  Their preferences for learning involved: auditory 

language, kinesthetic learning, and oral expression.  In addition, the category from 

this study entitled, “the social butterflies,” which comprised 35.0% (n=58), 

preferred group learning.  Therefore, if these two typically active learning groups 

were combined, where the student is actively engaged as a participant, this would 

represent 78.4%, or the majority of the student population.   

 However, the third group in the study, comprising 21.1% (n=35), 

preferred learning by visual language, individually, or involving written 
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expression.  Interestingly, this group was comprised mostly of higher achieving 

honors classes versus the lower achievers in regular classes (Wilson, 1995).  

 In a study by Burbach, Matkin, and Fritz (2004), where active learning 

techniques were utilized in the classroom, improvement of critical thinking, or 

higher-order thinking resulted. 

Inquiry-Based Learning 

One specific form of active learning is inquiry-based learning.  Haranda 

and Yoshima (2004), inquiry-focused learning is described as a process that 

provokes deeper thinking, investigation, and a greater student motivation to learn.  

They expressed the importance of engaging students in higher-order problem 

solving and hands-on activities, where learning involves social interaction.  This 

was optimal learning where students would be more enthusiastic and learn more 

than merely memorizing. 

With this approach to learning, there are three different kinds: structured 

inquiry, guided inquiry, and open inquiry.  The major difference between all three 

types of inquiry is who makes the majority of decisions, the student or the teacher.   

Structured inquiry is similar to the verification approach, lab cookbook type of 

learning, but the students have some input.  For example, with structured inquiry, 

the students decide which observations are most valuable, and they must interpret 

their data (Colburn, 2004).  With guided inquiry, students select the data to record 

and interpret, and then design the actual procedure to answer the questions.  
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Lastly, open inquiry provides students almost complete ownership of their 

learning, in that students make the majority of decisions.  Here, the teacher will 

instruct the students as to the general topic area to be investigated, then, the 

students basically complete the scientific method on their own. 

According to Harwood (2004), “the activity model for the process of 

scientific inquiry involves ten activities to develop and carry out inquiry: ask 

questions, define the problem, form the question, investigate the known, articulate 

an expectation, carry out the study, examine the results, reflect on the findings, 

communicate with others, and make observations” (p. 30-31).  He emphasizes that 

scientists move around these ten areas, repeating some of the activities, as they 

deem necessary.  He encourages this inquiry-based model for use within the 

science class.  

Regardless of which type of inquiry-based learning, Colburn (2004) 

mentions several challenges.  The challenge of greatest importance was that it be 

important for the teacher and students to feel comfortable with the activities.  

Then it would be possible to shift from a more guided, or structured inquiry to a 

less guided, open inquiry methodology.  In addition, the importance of formative 

assessment to aid in the transition was discussed.  Overall, the use of inquiry-

based teaching is to assist students to become better problem solvers, and to think 

more independently, therefore improving student’s higher order thinking skills. 
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Lab-Based Learning 

 Another example of active learning is using laboratory investigations, 

which actively engage students with regard to problem solving.  Here, students 

work in groups to hypothesize about a problem, design an experiment and 

procedure, and follow though with data collection.  Then, they analyze and make 

conclusions.  In the study by Roth and Bowen (1995), it was expressed that 

experiments and investigations for students not become merely exercises in data 

collection.  Student dialogue on the results and interpretation of data obtained is 

critical.  Analyzing and making conclusions involves higher order thinking skills. 

 According to Polacek and Keeling (2005), questioning, both pre-lab and 

post-lab, assists the student to both focus and reflect on the laboratory experiment.  

Experiments may include smaller, less time consuming ones or independent, more 

comprehensive experiments.  Both can be beneficial to the student,  (Polacek & 

Keeling, 2005).  Higher order questioning that reflects the scientific process is the 

crucial element in both. 

Hands-On Learning 

 This form of active learning also engages students actively in the learning 

process.   According to a study by Shapiro (1999), students were immersed into 

true-to-life science using a Moon Base America simulation, which provided for 

the hands-on activities and required higher-order thinking and participant 

collaboration in order to problem solve. 
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 Hands-on learning involves the use of manipulatives or models.  As a 

form of kinesthetic type of learning, it is an integral part of science where students 

learn by doing.  In fact, hands-on activities were given the highest ratings in a 

study by Bollinger (2004).  The problem solving capacity of hands-on activities 

supports higher order thinking skill development. 

Project-Based Learning 

 Another type of active learning is project-based learning.  Science projects 

can come in various forms.  Often in science there are three forms of inquiry, 

ranging from the discovery approach, which often consists of open-ended 

exploratory activities, to the verification approach, where the final result or 

expected outcome is communicated to the students (Colburn, 2004).  Here, they 

collect data and verify the results.  The other form of inquiry, the inquiry-based 

approach, can represent a range of inquiry (Colburn, 2004).  According to Harada 

and Yoshima (2004), projects that involved the inquiry-based learning provided 

for a greater level of thinking and student motivation.  The inquiry-based models 

for projects and learning engage students in higher questioning, further 

investigation, and generation of new questions.  This form of investigation is 

essential for students to learn science. 

 According to a study by Grant and Branch (2005), the project-based 

investigation of middle school students presented a means for different ability 

students, as determined by a Multiple Intelligence Inventory, to be represented 
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through a project. This activity was learner-centered, which used scaffolding and 

computer resources and tools to assist the learners in a cooperative setting. 

 An important aspect of project-based learning is cooperation; cooperative 

learning is a part of this project endeavor.  Cooperative learning, which is an 

educational strategy, has students working actively in small groups to understand 

the material. 

 Therefore, since project-based learning engages students with the 

generation of questions and making connections with regard to topic, higher order 

thinking is involved.  Students, who work in cooperative groups, apply higher 

order thinking skills to process information (Freedman, 1998).  They do so by 

creating a team assessment in the form of a project, active performances and 

presentations.  These are all forms of active learning. 

 In addition, as criteria for classroom student presentation, various forms of 

media can be utilized.  According to Beeth and Huziak (2001), students utilized a 

journal format as a means to share their scientific inquiry of their projects with 

their classmates. 

Constructivist Learning 

  Constructivism is an educational theory whereby the learner 

constructs his/her own knowledge through an active learning process, rather than 

passively listening and memorizing from a teacher-centered type of instruction. 

By nature, constructivism is more student-centered, therefore requiring students to 
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problem solve, characteristic of higher order thinking skills.  The research study 

by Bollinger (2004) focused on student perception of the constructivist approach 

to learning.  The constructivist approach involves students who create solutions to 

questions or problems and then interpret and reflect.  However, as expressed in 

Bollinger’s study, “student-centered activities such as: discussions or group work 

take more time than lectures” (Bollinger, 2004, p. 119). 

 Survey responses in Bollinger’s study (2004) were supportive of a 

constructivist approach for many individuals, but not all students.  As a result, the 

issue of learning styles and individual differences was mentioned.  Similarly, in a 

study by Lee and Fraser (2001), the least favorable scores on the Constructivist 

Learning Environment Survey (CLES) was apparent with the humanities students 

versus the science oriented or science independent groups of students.  Again, the 

issue of learning styles could be a factor. 

 By nature, constructivism is more student-centered, therefore requiring 

students to problem solve, characteristic of higher order thinking. 

Discovery Learning 

 Discovery learning, which is described by Colburn (2004) as consisting of 

open-ended exploratory lab activities guided only by a handful of questions and 

some materials from the teachers, has some support and some critics.   However, 

the inquiry-based approach has been described by Colburn as, “the middle ground 
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between the cookbook approach, known as verification science, and discovery 

learning” (p. 65).   

According to Trowbridge and Bybee (1996), “Discovery is the mental 

process of assimilating concepts and principles.  Discovery processes include: 

observing, classifying, measuring, predicting, describing and inferring” (p. 176).   

The focus is on the student, as an individual, discovering a scientific concept.   

According to a study by Lee and Fraser (2001), science educators are concerned 

about their students’ understanding concepts.  Because discovery is a crucial part 

of discovery learning, this would involve higher-order thinking. 

Student-Centered Learning 

 Here, as with the other types of learning previously reviewed, the student 

is an active participant in the learning process.  The teacher’s role is one of being 

a facilitator in the learning process.  In other words, the students have greater 

ownership over their own learning.  If the teacher is the facilitator, not the center 

of instruction, more onus is on the students to think, thus fostering a higher level 

of thinking.  

 Jones-Wilson (2005) emphasizes the importance of pre-class notes or 

outlines as a means to assure a prepared mind before class.  Her study concluded 

positive results in both academic performance and course evaluations by her 

stronger and weaker academic students.  She attributed this to greater student 

ownership resulting from better student preparation.  Facilitating students to 
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become actively engaged in their learning is the focal point of student-centered 

learning.   “In these inquiry situations, students learn, not only concepts and 

principles, but self-direction, responsibility, and social communication” 

(Trowbridge & Bybee, 1996, p. 177). 

Summary 

 Higher order thinking skills involve students utilizing the higher levels on 

Bloom’s taxonomy, where students are able to satisfactorily demonstrate the 

application, analysis, synthesis, and evaluation of material versus mere retention 

of knowledge and comprehension of material.  Through active involvement 

learning, students should have the means provided by the teacher to stimulate, and 

demonstrate the use of higher order thinking skills.  These forms of active 

learning: inquiry-based, hands-on, project-based, discovery, and student-centered 

learning are collectively more student-centered rather than teacher-centered, and 

therefore place more responsibility on the students to be active in the learning 

process.  By being active in the learning process there is a greater emphasis on 

student questioning and problem solving, which are critical to further develop 

higher-order thinking skills.  
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METHODOLOGY 

Introduction 

 In my study I investigated what are the observed and reported experiences 

of implementing inquiry-based activities in the high school science classroom for 

On-Level students.  Within the science classroom higher-order thinking skills are 

a critical aspect of learning science.  Science by definition involves problem 

solving, and utilizing the scientific method where students need to be able to 

design, test and evaluate their work.  Inquiry-based activities have the potential to 

develop students’ higher-order thinking skills (Mysliwiec et al., 2005).   

The types of inquiry-based activities that my study included were: 

problem-solving activities, laboratory activities, including a laboratory report, and 

a group project.  Each of these activities represented structured inquiry, guided 

inquiry or open inquiry.  The problem-solving activities that I chose for my 

students typified structured inquiry.  The laboratory activities were mostly guided 

inquiry, and eventually the students progressed to a lab report, which was mostly 

open inquiry.  The group project was also mostly open inquiry.  

 For the purposes of my study, structured inquiry was defined as being a 

procedural process.  For guided inquiry, the students had more leeway with their 

investigations; there were more aspects that they filled in on their own with regard 

to the scientific method of problem-solving.  For open inquiry, the students were 

given a topic with more freedom as how to complete the investigation. 
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Setting 

 My study took place in an urban high school located in eastern 

Pennsylvania that includes diverse groups with regard to ethnicity, academics, and 

socio-economic status.  The original building is approximately 47 years old, and 

has had three added wings over the past eight years due to the growing student 

population within the district.  There are approximately 3,000 students who attend 

this school, and the grades that it encompasses are 9th through 12th, with 9th grade 

being the largest class of about 850 students. 

 My classroom has a total of six lab stations, which are numbered one 

through six, comprising a U-shaped perimeter of the room.  Each station has a 

sink and a gas hook-up, which is centrally located on each of the large, dark-

colored tables.  Each lab table has 4 lab stools where the students sit to complete 

their inquiry-based work.  The teacher desk and teacher demonstration table are 

located at the front of the room.   Student desks are located in the middle of the 

classroom.   

Participants 

 The students that were part of my study were enrolled in the course, On- 

Level Earth and Space Science.  The Earth and Space Science course is offered at 

these levels: Pre-AP, Honors, College-Preparatory, and On-Level.  On-Level 

classes are typically comprised of students with average ability who are non-

college bound.  They meet six times in a six-day cycle versus eight times for the 
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Pre-AP and Honors classes, and seven times for the college-Preparatory classes. 

The class that I studied was comprised of 20 students: 19 students in the ninth 

grade, and one tenth grader.  The number of males and females were ten for each.   

Two of the 20 students were retained from the previous grade for academic 

failure, and one of the 20 students has an individualized education program (IEP). 

Procedures 

 I began my study with an explanation to the entire class of the purpose and 

methods of my project, including the importance of informed consent (see 

Appendix A).   This occurred within the first week of my study.   Throughout my 

study I assessed each of the four units by using a total of 17 total graded inquiry-

based activities.  The activities were designed to scaffold the students through 

structured inquiry, guided inquiry, and eventually open inquiry.  I planned to 

scaffold them with regard to learning the skills necessary to problem solve, learn 

and practice all aspects of the scientific method, and then progress to actually 

designing a lab report and a group project.  

 I assessed group participation for each unit with the use of a cooperative 

group assessment checklist (see Appendix B).  In addition, the students were 

given a survey (see Appendix C) and interview (see Appendix D) to assess their 

feelings on learning science using inquiry-based activities versus more teacher-

centered instruction.  The survey was given mid-study, and the interview toward 
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the end of my study.  In this study, the students completed four units of Earth and 

Space Science.   

Unit 1--Introductory Unit 

The first unit covered introductory material and topics such as:  science 

and what is involved, including specifically what comprises the study of earth and 

space science, using units of metric measurement, applying the scientific method, 

using and understanding scientific tools, and implementing laboratory safety (see 

Appendixes E through H).  

The students worked in cooperative groups for all inquiry activities.  All 

cooperative grouping was teacher selected, with cooperative warm-up activities 

completed prior to any classroom inquiry activities being initiated.   Cooperative 

group effectiveness was formatively assessed for the effectiveness of the group.  

This provided the necessary feedback to support group member changes as 

determined by the teacher.  The following are the inquiry activities implemented 

in this unit: 

1. Activity- Introduction to Earth and Space Science 

• Structured Inquiry 

2. Activity- Scientific Method 

• Guided Inquiry    

3.  Activity- Lab Safety 

• Structured Inquiry 
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4. Lab- Measurement 

• Guided Inquiry 

Unit 2--The Atmosphere 

 In the second unit, the topic was the atmosphere.  Students studied the 

different atmospheric layers, causes for wind, effects of solar heating, the various 

types of winds, and the hydrologic cycle.  Graphing was included as a means to 

represent data obtained (see Appendixes I through K and Resources).  The 

following is the list of inquiry activities included in this unit: 

1. Activity- Structure of the Atmosphere  

• Structured Inquiry 

2. Activity- Layers of the Atmosphere  

• Guided Inquiry 

3. Lab- Measurement and Graphing 

• Guided Inquiry 

4. Group Project- The Atmosphere 

• Open Inquiry 

5. Lab- Solar Heating 

• Guided Inquiry 

Unit 3--Meteorology 

 The first two units served as a foundation for the third unit, meteorology.  

In the meteorology unit, students investigated weather by making observations 
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utilizing several meteorological tools and the school’s electronic weather station.   

They compared data to several on-line weather sites.  They interpreted and 

predicted weather forces and occurrences, and designed and assessed weather data 

collected from their own barometers (see Appendixes L through N and 

Resources).  There were several inquiry-based activities for this unit: 

1. Lab- Relative Humidity  

• Guided Inquiry 

2. Lab-Weather Observations 

• Guided Inquiry 

3. Activity- Interpreting Weather Maps  

• Guided Inquiry 

4. Laboratory Report -Designing a Barometer 

• Open Inquiry 

Unit 4--Climatology 

Climatology is an extension from the previous units.  Climate zones and 

their characteristics, as well as other related scientific concepts about the 

differences in the heating and cooling of different states of matter, the effect of 

altitude, wind direction, varying of solar radiation angles, and the effect of the 

amount of heat energy on our planet were included (see Appendix O and 

Resources).  The following is a list of those activities incorporated in this unit: 

1. Activity- Factors That Influence Climate 
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• Structured Inquiry 

2. Activity- Climate Zones 

• Structured Inquiry 

3. Lab- Cooling and Heating Rates of Land Compared to Water 

Surfaces 

• Guided Inquiry 

4.  Lab- Why is it Hotter at the Equator than at the Poles? 

• Guided Inquiry 

Data Sources 

I used a survey, field log, interview, inquiry-based graded activities, rubric 

for cooperative group assessments, and a rubric for the atmosphere project-based 

inquiry activity. 

 The survey had ten questions with a number rating scale from 1 to 5 where 

students circled the response about how they feel they learn science best.  The 

responses on the rating scale ranged from: 1-little, or do not agree, 2-somewhat 

agree, 3-agree, 4-mostly agree, and 5- agree strongly (see Appendix C). 

 In my log, I recorded participant observations, utilizing the two-column 

format.  The two-column format allowed me to carefully document observations 

on the one side, and then reflections on the other side. 
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 Inquiry-based activities were graded for each unit.  The atmosphere 

project, which involved a formal project presentation, was graded using a project-

based rubric (see Appendix P).    

 Cooperative group activities were assessed formatively to measure the 

effectiveness of the cooperation of the group (see Appendix B). 

 Lastly, I interviewed each student towards the end of my study, regarding 

how they felt that they learned science best (see Appendix D).  This interview 

gave me feedback as to their perception of the use of inquiry-based activities and 

their learning of science. 

Teacher Observations 

Within the inquiry classroom, the role of the teacher as facilitator is 

crucial as these students often lack the self-confidence and experience to think 

with higher-order thinking skills.  Advancing the students’ level of inquiry from 

structured inquiry to guided inquiry, and eventually open inquiry was necessary in 

order to scaffold the students to successfully make the transition from problem-

solving activities to completing laboratory assignments, to a laboratory report and 

a group project.   

When students were working in their respective groups, the teacher 

circulated within the classroom.  The circulation that I conducted was sometimes 

passive, where I made myself logistically available for student directed questions 

and concerns.  I also was actively circulating to the groups as well.  This meant 
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that I would stop at each group and I would ask questions to the students in an 

attempt to assess their level of understanding.  Often I would ask them to explain 

or demonstrate science techniques.  This questioning afforded me the opportunity 

to re-teach as needed, and also emphasized to the students my sincere interest in 

their progress. 

Summary 

 In this study, On-Level ability students in a high school Earth and Space 

Science classroom completed four units of Earth and Space Science.  I utilized 

three forms of inquiry-based learning, which included: structured inquiry, guided 

inquiry, and open inquiry.  I documented the observed and reported experiences 

of each activity.  The role of the educator was one of a facilitator, and was vital to 

scaffolding the students through the three types of inquiry that my study involved. 
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RESEARCHER TRUSTWORTHINESS 

 To assure researcher trustworthiness in my action research study there 

were several points that I had to consider.  The following are the areas that I 

considered to assure researcher trustworthiness. 

  I obtained the appropriate permission to perform this action research 

study from my building Principal (see Appendix Q).  I also received the 

appropriate approval of Moravian College’s Human Subjects Internal Review 

Board (see Appendix R).  Then, I explained the study to my students, reminding 

them that they could withdraw from the study at anytime without any penalty. An 

informed consent was obtained on all student participants prior to me beginning 

my investigation.  The informed consent was signed by their respective parent or 

guardian allowing me to utilize the data obtained for my study (MacLean & 

Mohr, 1999).  These consents, and the inclusion of making the children partners 

in my study, fostered a relationship of trust throughout my study (MacLean & 

Mohr, 1999). 

 For my research study I collected data from the end of August through 

mid-December.  I used a log, as explained in MacLean and Mohr (1999), to 

record my data.  When I recorded in my log, I ensured anonymity of all students; I 

did this by using pseudonyms and excluding student names from the study.  In 

addition, I kept all research materials locked up in a secure location when not 
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being used, to assure confidentiality.  All data were destroyed at the conclusion of 

my study. 

  I triangulated the data, as expressed in Holly, Arhar, and Kasten (2005).  

This meant that I used at least three different kinds of data to support my 

conclusion. This included observations in my two-column field log, a formal and 

informal student interview, a survey, and student work. 

 I was self-reflective as to the data that I obtained (Holly, Arhar, & Kasten, 

2005).  In addition, I shared these data with my teacher inquiry group and we 

assessed my interpretation of these data (MacLean & Mohr, 1999).  We also 

discussed possible biases related to my study.  My biases include: my strong 

belief that inquiry-based activities will motivate all students to learn, including 

On-Level students, and that inquiry-based activities will facilitate learning and 

develop higher order thinking skills. 

 I also made my students active participants in this study.  I explained the 

study to the students, reminding them that they could withdraw from the study at 

anytime without any penalty.  

 These were the guidelines that I followed to ensure trustworthiness in my 

study.  
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MY STORY 

My story begins on August 23rd, 2006.  This was the first day of school 

for the new school year, and I met the students that I would be responsible for 

educating this year.  The first day of school has always been exciting for me.  I 

view the beginning of the new school year as a new beginning, even after 18 years 

of teaching.  I was finally able to see for the first time the faces that went with the 

names that I had received on a roster during the previous days of in-service.  New 

beginnings, I have often felt were important, building from the old, but always 

building, improving, and making things better.  I have always had a desire to 

educate all students.  

Introductions 

 Three school days after the first day of school, I explained to my students 

the purpose of my study.   I distributed the parental consent form to my students, 

and reminded them that I needed parental permission to include their data results. 

I assured the students that I would not be using their name, but a pseudonym.   I 

encouraged questions, and there were none.  They appeared to be listening; they 

were making good eye contact, but they were quiet.   

Cooperative Lab Group Warm-Up 

 After the introduction to my study, I continued my lesson.  I was going to 

have the students meet their cooperative lab group.   I had the students count off 

by sixes until every lab group station had 3-4 students. After the groups were 
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formed, I had the students complete a warm-up activity where they interviewed 

and then introduced a lab group member to the class.  I provided the groups with 

three good interview questions that they could use, and encouraged them to think 

of others.  The students really seemed to enjoy and appreciate the activity, as it 

gave the students a chance to get to know each other before we started any 

science-inquiry activities, and most not only used the three lead questions that I 

provided, but also came up with others.   The groups and their members included: 

• Lab Group 1- Kurt, Kim, Matt, and Alex 

• Lab Group 2- Jackie, Amy and Lisa 

• Lab Group 3- Harry, Jenna, Will, and Ralph 

• Lab Group 4- Rick, Stacey and Jill 

• Lab Group 5- Katie, Sara, and Tim 

• Lab Group 6- Alice, Sam, and Keith 

First Inquiry-Based Activity--Gaining Their Trust 

 The groups had been established, and had a chance to get to know one 

another; it was now time for the first inquiry-based activity, which was entitled, 

Introduction to Earth and Space Science Activity.  This inquiry activity was a 

structured inquiry activity.  We previewed the directions together; students were 

to pretend that they were Earth Scientists and they had the job of teaching others 

about Earth and Space Science.  They were to brainstorm and record a description 

of the major areas that Earth and Space Science encompasses.  Each member had 
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to design a mini-poster to depict their individual ideas, which would then be taped 

together within the group to make one large group poster.  They also had to share 

their ideas with the class.  I circulated and stopped at each lab station, setting my 

routine for observing.  A few questions arose regarding them having to speak to 

the class. 

Rick: I don’t know if I can do that.  I don’t like to talk in front of other 

  people. 

   Alice: (with some apprehension noted in her voice) We have to talk? 

 I reassured them that the talking was informal; that they would be able to 

do what was required provided they completed the work.  I observed students 

nodding their heads, demonstrating signs of approval, and a greater level of 

comfort.  Each group was able to report their findings, as I provided each group 

with a lead question from their inquiry-based activity, and they all completed the 

activity satisfactorily.  For several, their success with this activity seemed to rely 

on the reassurances I provided them.  This reassurance in turn helped build their 

trust in the classroom. 

Scientific Method Group Activity 

 I assigned the group inquiry activity on the Scientific Method.  This 

activity was a guided inquiry activity, but still required a considerable amount of 

teacher prompting, as it was their second inquiry activity.  I wanted them to be 
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exposed to a progression of inquiry thinking, but remain motivated and not 

become overwhelmed.    

 Similar to the Introductory Earth and Space Science Activity, the students 

had been prompted to pretend that they were scientists.  Thinking like scientists as 

a cooperative group, they had to logically problem-solve, utilizing the scientific 

method to solve a related earth science problem related to erosional forces.  They 

were being asked to formulate the hypothetical pieces of the scientific method for 

a specifically assigned problem.   

I circulated among the groups and helped each group to decide on how to 

form a question or problem, based on the situation given.  The groups collectively 

did well; they seemed to benefit from the guidance I was able to provide the 

group upon circulating.   

Jenna: I don’t know what you want for the problem. (The other group 

members were also collectively nodding their heads or replying in agreement with 

Jenna their lack of understanding as well). 

Teacher: (Directing the question to Jenna, but also looking at the other 

group members as I responded) Well, let’s look at the description of the situation 

given.  (I read it through slowly to them, and I was about to ask, how can we 

phrase that as a question, or something we want to solve, when another group 

member contributed almost immediately). 

Will: Do you mean saying something like, how can erosion be lessened? 
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Teacher: What do the rest of you think? Does Will pose a question that 

relates to the situation? 

Ralph: Yeah, that sounds like what you mean. 

Jenna: Yeah, but we should say something about it being a hillside, right? 

Teacher: Try it.  Like? 

Will: How about, how can erosion on a hillside be lessened? 

Teacher: Boy, you guys are really thinking like a scientist.  Now, what’s 

the next step? 

Ralph: It’s the hypothesis. 

Teacher: Right, now remember, a hypothesis is your answer to the 

problem.  Try it, keep going!   

At this point they had been guided and felt some confidence with the 

progress that they had made.  I moved to another group with the same purposeful 

desire to facilitate the group’s understanding.  However, before moving onto 

another group, I knew that this group was motivated to take the next step on their 

own.  Similar experiences with the other groups were prevalent.     

Sara: Does this look like a good problem? (She asked me when I got to 

her lab station, as she was pointing to her sheet.) 

Teacher: (Looking at Sara, but also the rest of the group members, as it 

was obvious they all had the same question, I responded).   Does your problem 

focus on the situation given, and put it into a question? 



37 

 

Sara: Yeah it does.  (The others also nodded their heads in agreement). 

Teacher: You guys are doing great, did you think of a hypothesis? 

Tim: Yes, look what we came up with. (He was excited, you could tell by 

his voice inflection). 

Teacher: Looks great! You guys are thinking; nice job, keep going. 

Active Participants 

 Wow! It is only a few days after distributing the consent forms, and many 

of the students have already turned them in.  They remembered, and they seemed 

excited; they were going to be an active part of my study, and the class as well.   

After reviewing the class agenda as I normally do at the beginning of each 

class period by reviewing the class goals, homework assignments, and any other 

announcements, I instructed the students to return their lab groups and continue 

with their Scientific Method Group Activity.  The students seemed to be really 

interested in the activity, taking it seriously.  I circulated to all groups, to initiate 

where needed, or be available for their specific questions.   

Group 6 was talking about trees helping the soil.   

Group 1 was discussing mudslides.  They were on topic.   

Groups 1, 2, 4, and 5 needed re-phrasing of definitions.  For example, for 

the definition of hypothesis, many of the students at some time in their schooling 

have memorized the definition as being an educated guess.  However, if asked to 

explain what that means, they were not certain; they just give a blank stare.  I told 
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many of the groups, a hypothesis is a suggested answer to a problem.  When re-

phrased like that, they were able to understand that prompt, and could then figure 

out the question, or problem that they needed to ask, and then responded with 

their suggested answer, their hypothesis.  In fact, I witnessed that the re-phrasing 

seemed to help them to help themselves.  They were being connected to their 

comfort level of understanding; educational philosophers would consider this 

scaffolding.   

Kurt: Oh, I get it! 

  Jill: Thanks for helping me.  

Jackie: That’ s easy. 

  Katie: That makes sense.  

Lab Safety Group Activity 

 I assigned a group activity on lab safety.  This required the students to 

construct a mini-poster and verbally share with the class the ideas of each member 

of the group.  This activity was set up similarly to the Introduction to Earth and 

Space Science activity, and was a structured inquiry activity.  Basic skills were 

therefore reinforced in anticipation for more advanced forms of inquiry that 

would come later.  Prior to beginning this activity, there was a brief discussion on 

the importance of laboratory safety.  The students seemed attentive to the 

introduction as they would soon be scientists and complete laboratory 

experiments.  To assist the students in this endeavor, the students were provided 
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with several safety review handouts, a sheet describing my expectations for the 

activity, and a brief review of the activity with regard to the materials, including 

helpful textbook reference pages and other supplies that would be needed, such 

as: colored pencils, paper and tape.  The students seemed to enjoy this activity. 
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Student Work Sample 

 

 

Figure 1. Lab Safety Group Activity 
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I believe this activity provided a means for students to express themselves 

creatively.  Providing the students with the scaffolding of information and specific 

tools necessary to complete the activity seemed to foster their understanding.  

There was less apprehension and fewer basic questions, as compared to the first 

inquiry activity.  The transfer of knowledge and a greater self-confidence was 

apparent.   

Lab Measurement 

 I assigned a group laboratory activity, which required the students to make 

several metric measurements and conversions of length and mass.  In addition, the 

students were to analyze and draw conclusions on the meaning of the data 

obtained. This activity was a guided inquiry activity.  Prior to beginning this lab 

activity, I reviewed with the students the basic definitions, importance, and 

understanding of making mathematical conversions for the units.  The students 

were paying attention; there were no distractions, eye contact was good, and 

several students answered questions.  After reviewing the location and how to use 

the tools necessary for this lab, I instructed the students to report to their lab 

groups and begin working. 

 I circulated to each lab station/group, having students demonstrate for me 

how to use the balance and ruler.  This personal attention seemed to comfort 

them, reassuring them that I am approachable, and want them to do well.  Their 

questions were very basic. 
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Alex: How do you read this? (He was pointing at the balance). 

Teacher: Well Alex, what do we want to do? 

Alex: We need to put the item in balance, so then doesn’t the needle need 

to be pointing to zero, in the middle? 

Teacher: Yes, you are right.  So show me how to turn the knob, and then 

read it. 

Alex: How’s that? (He turned the knob, and the needle was pointing to 

zero). 

Teacher: Very good Alex, now how do you think you read it? Show me. 

Alex: Well, is it two and a half? 

Teacher: Well, what do you guys think? (I looked at the other members of 

Alex’s group). 

Kurt: I don’t know. 

Kim: I’m not sure either. 

Matt: Yeah, how would that be read? 

Teacher: How about reading it the other way, in other words, if it lines up 

at beyond four, and it is six lines beyond four, how do you think we would read 

that? 

Kim: How about 4.6? 

Teacher: Good job! What units are you going to use? 
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Kurt: I know, it would be grams! (He said this with such excitement in 

his voice). 

Teacher: Excellent!  Now, what if I turn the knob like…how would you 

read it now? (I turned the knob so it was on 8.2 grams). 

Matt: Oh I get it, would that be 8.2 grams? 

Teacher: Excellent!  Now you got it! 

This group had been satisfactorily able to work through their questions 

with my facilitation.   I was then able to progress to other groups who had similar 

questions.   

Teacher: Amy, hi, how are you making out with that ruler? 

Amy: I’m okay. 

Teacher: Good.  How are you reading that? 

Amy: Well, (a long pause).  I’m really not sure. 

Teacher: Okay.  Well, tell me, we are thinking like a scientist so, what 

kind of units do they use, English or metric?  

Amy: Metric? 

Teacher: You are right! Scientists use metric units.  Now, show me how 

you would read this. (I had her measure the length of her pencil). 

Amy: Is it fourteen? 

Teacher: Well, you are close.  But, if you look closely it extends beyond 

the fourteen.  Count how many lines beyond the fourteen that it goes. 
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Amy: It looks like three. 

Teacher: Lisa, what do you think? (Lisa, a lab group member was looking 

intensely). 

Lisa: It looks like three lines to me too.  So, how would you read that? 

Teacher: Well, what do you think? 

Jackie: Would it be fourteen point three? 

Teacher: Amy, Lisa, what do you think? 

Amy: I think that sounds right. 

Lisa: Yeah, it should be fourteen point three, and it is in centimeters, 

right? 

Teacher: Good job girls, you did it! 

This purposeful assessment, involving probing questions, and the 

demonstration of their skills, was critical for them to be prepared for more 

involved inquiry lab work that I had planned for them to accomplish later.   

The students initially seemed frustrated and were functioning with lower 

level thinking, just desiring to learn how to use the balance, not concerned yet 

with what the results meant.  They collectively seemed to gain confidence with 

mastering the basics first.  I focused on having the students make calculations 

correctly, using the appropriate tools.  They would need more time to work.  The 

higher-order thinking, the analysis and conclusions of the data, would have to 

come after mastering the basics.   
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Students Gaining Confidence 

 The Measurement Lab was concluded the next day.  This day went 

smoother than the first day when the students first began.  Most students were 

more confident with the balances and rulers this time, but some asked to be shown 

again.  The students who needed reinforcement from the day before were all able 

to demonstrate understanding satisfactorily after I reviewed and demonstrated 

again.  Today, after completing the beginning sections of the lab, they were able 

to advance to address the analysis and conclusion questions.   The students had 

gained confidence through first grappling with the lab, and knowing that I would 

be available to help them master the basics before moving on to the more 

complicated tasks of the lab activity. 

Structure of the Atmosphere Group Activity 

 I assigned a group activity on the structure of the atmosphere.  This 

structured inquiry activity required the students to act like scientists by collecting 

background research on the structure of our atmosphere.  The background 

research was then to be incorporated into a labeled sketch, including common 

items located at each layer and a written explanation of each layer.  Similar to the 

other activities completed previously, the students were responsible to share their 

findings with each other and then as a group to the entire class.   

Prior to beginning, I discussed with my students the basic concept of 

layers each with a specific function existing to collectively comprise what is 
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known as our atmosphere.  Students were attentive.  I asked the students to report 

to their groups, and I circulated.  Questions arose: 

Rick: Do I write down heights?  (I reviewed the directions with him and 

his group, Group 4, and they followed through correctly).   

Jenna: Do we need to use color? (Jenna asked the question, but the others 

in her group, Group 3 were attentive to my response). 

Jenna: Okay, we thought so, but we just wanted to check. 

  The students seemed comforted knowing that I would be there if they had 

questions.  They were being assured by my actions that I would circulate while 

they worked, thus providing them the reassurance to help build their confidence in 

me, and hopefully themselves. 

Layers of the Atmosphere Group Activity 

I assigned a group inquiry activity on the layers of the atmosphere.  This 

activity was a guided inquiry activity, which required the students to graph 

specific data as related to the layers of the atmosphere.  In addition, they had to 

analyze and draw conclusions on the data that was included in their graph.  Each 

student was to submit a completed graph and answers to the questions.  However, 

like the other activities, they were to discuss with each other any progress made or 

questions as they arose.  This guided inquiry activity was designed to 

purposefully have them focus on certain aspects of the scientific method; analysis 

of graphed data, and drawing conclusions on that data. 
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Prior to beginning this inquiry activity, I emphasized that the purpose of 

this graphing activity was to assist them in making connections between 

temperature and altitude changes. I reviewed the importance of using pencil with 

graphs, and reviewed the basics with the class regarding the x- and y-axis and 

plotting points. I reminded the class that I would be around to each lab group to 

help them if they had specific questions.  As I circulated these questions were 

asked.   

Jackie, from group 2, asked a question regarding how to plot the points.  

I showed her one, and then had her show me how to do the next two.  She was 

successful.   

Harry, from group 3, was not engaged on topic.  I went to his lab group 

and asked him to show me how he would locate the points.  He was not certain.  I 

circled what each axis was labeled, altitude (y-axis), and temperature (x-axis).  He 

had some confusion with regard to the altitude at 0 level.  I showed him how to 

correctly figure this elevation, but then had him demonstrate how to graph the 

second set.  He demonstrated these correctly.   

Groups 4 and 5 needed to be shown one example and then they were fine 

doing the rest themselves correctly. 

 Students, with some scaffolding, were able to correctly graph and label the 

layers of the atmosphere in this activity. However, they seemed to hesitate with 
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regard to the analysis questions.  Perhaps they needed more scaffolding 

concerning this area.  

Measurement and Graphing Lab 

 Knowing that the students required more scaffolding in analyzing the data 

from a graph, I assigned an activity specifically on measurement and graphing.  In 

addition to obtaining more graphing practice, they would also have to analyze and 

make conclusions on the data obtained.   In addition, this guided inquiry lab 

activity would help reinforce their measurement skills of using a ruler and balance 

correctly and then make accurate conversions within the metric system.  These 

were all skills that they needed to master before advancing on to other lab 

activities requiring a greater synthesis of information.   

 Prior to beginning this activity, I reminded the students of the importance 

of thinking like a scientist regarding the maintenance of good data collection, 

graphing carefully, and then analyzing and drawing conclusions on this data.   I 

reminded the students that they would be doing many more of these types of 

scientific activities.  I reminded my students that I would be around to each group, 

or to come to me if I did not see their hand.  I circulated.   

Rick: I need some help with how to read this. He was pointing to the 

balance.   

Teacher: Read it and tell me.  (He read it correctly, and I praised him.  He 

smiled). 
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 Rick: Thanks.   

This motivational praise seemed to give him more self-confidence.   

Harry: I need help too.  (He was pointing towards the balance).   

Teacher: Show me. 

He tried and read the dial incorrectly, so I explained it and he was then 

able to correctly demonstrate how to use the balance.  Having the students 

demonstrate, not just explain, really makes them accountable.   

Lisa: Are we reading the ruler correctly? (I reviewed it with her).  

Lisa: Thanks, I just wasn’t sure. 

  Tim and Katie: We’re not sure if we read the balance correctly; could 

you check what we wrote? (They were correct; they just lacked the self-

confidence, and needed reinforcement).  

 Teacher: Great job! You did it!  

The students seemed to enjoy being asked to think like a scientist.  I 

believe it fosters a greater self-worth; they feel that they are important because 

they are asked and expected to do real science.  The students needed more 

reinforcement than I anticipated for this activity, but were able to advance to the 

higher order questions of analysis and conclusions for their data; the added 

reinforcement was essential to their progress. 
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The Group Atmosphere Project 

I assigned a group project on topics related to the atmosphere.  This 

required the students as a group to research an assigned topic and then organize an 

oral presentation utilizing various visuals.   Each group would be required to teach 

the class in about five to ten minutes the topic they were responsible for.  The 

topic possibilities included: Daily Winds, Seasonal Winds, Global winds, High 

Altitude Winds, Synopsis of the Layers of the Atmosphere, and the Hydrologic 

Cycle.  Since this activity was more open-ended, I classified it as an open inquiry 

activity. 

Prior to beginning this project, I explained to the students that I would 

begin each class period for the next few weeks discussing each of the assigned 

topics.  I informed them that I would be providing them with some introductory 

notes, but that it was their job to research more, and present what they learned in 

an understandable manner to their classmates.  I reminded the students that after 

each presentation, the class should ask questions about the material to assure their 

understanding.   

The next two weeks proved interesting.  After teaching the basics on each 

topic everyday, I would remind the class daily what they should get 

accomplished.   These prompts, in addition to a few minor behavioral prompts, 

seemed to keep the class focused and on task.  Thus, the students were largely 

productive regarding the construction of their Group Project.  I observed that as I 
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would discuss each topic daily, prior to the students having group time to work on 

their project, the students were attentive; they had a vested interest in learning 

about their topic, and the other topics that other students would be teaching the 

entire class soon.  Their interest was sparked.  Finally, at the conclusion of the 

two-week time frame, the students presented their findings.  The class required 

two days to enable all groups to present.  All projects were assessed using the 

Rubric for Group Presentations (see Appendix P).  Overall, the students 

performed well, and it was a positive educational experience.   

Solar Heating Lab 

Thus far, my students have completed several group activities, structured 

labs, and a large group project, but this lab activity was going to be a leap.  

Hopefully, I had scaffolded them enough to succeed, because this inquiry activity 

was going to build on all of the previous activities; it was a more involved lab, but 

still required the students to complete certain unfinished parts, thus a guided 

inquiry activity.   Even though the lab had an established structure, the students 

had to address all aspects of the scientific method.  I would still be circulating to 

guide them as needed.  Prior to beginning, I handed out all of the pages of the lab, 

and instructed the students to read the pre-lab by themselves and answer the 

questions associated with that part.  I reviewed with the students the problem that 

they would be investigating, and prompted them with, “What comes after the 

problem in the scientific method?   I was pleased there were many hands were up.  
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  Keith: The hypothesis. 

Teacher: Good, and what is the hypothesis? 

  Alice: It’s an educated guess. 

Teacher: Good, that’s correct, so after reading the information in the pre-

lab, and from what we have learned so far, you are a bit more educated.  Now, 

you can formulate a hypothesis, a suggested answer to the problem, which is 

educated.  You are now scientists, you must think like they do.   

This reminder for them to think like a scientist, as seen with previous 

activities, seemed to help them focus, and perhaps motivated them because they 

felt like a real scientist.  I directed the students to report to their lab groups. 

I asked the students to read over the lab procedure and materials list when 

they were done with the pre-lab.  I circulated, when it looked as if all were done 

with page 1, and were beginning to look at page 2, I instructed them to find their 

observation data chart.  I reviewed the importance of accurate measurement, and 

following the experimental procedure carefully.  The students maintained good 

eye contact; they were listening, and interested.  They were following along, so I 

pushed onward and asked, “Does this lab tell us what the constants are?”  A few 

hands went up.  

  Kurt: How about the light wattage? 

Teacher: Yes, good job.  

Teacher: How about another? 
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Jill: How about where our lab station is located? 

  Katie: Oh yeah, that’s true. 

Teacher: Good, keep going.  

There was a long pause, so I said, “How about the distance from the light 

source to the containers?”  I heard several students, almost collectively say, 

“True”, “ That’s a good one”, or some similar comment.  They had made the 

correct connections thus far; they were underway.  I directed them to continue 

onward together.  Remarkably, they engaged the task with only minor difficulties.  

Most of these were with regard to assuring the constants in the experiment were 

accurately maintained and documented.  I had scaffolded them to undertake such 

an endeavor, and do it successfully.   
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Student Work 

 

Figure 2. Sample Solar Heating Lab 
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Mid-Study Cooperative Group Progress 

All of the inquiry activities completed for units 1 and 2 involved students working 

cooperatively within assigned laboratory groups.  As the students would work in 

their groups I would assess them formatively regarding four specific areas.  These 

areas of assessment included: Work Habits, Persistence, Study Habits, and Social 

Skills.  The three levels used on the rubric to represent student progress include: 

Frequently, Sometimes, and Not Yet.  For each activity I assessed the progress of 

two groups.  Therefore, at this point all of the groups have been observed a 

minimum of three times.  The following table represents each group’s overall 

progress for the duration of Units 1 and 2. The labels: Frequently, Sometimes, and 

Not Yet are rubric labels used to represent student performance at the time of the 

formative assessment. 
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Table 1 

Cooperative Group Assessment for Units 1 and 2 

Group 1 

Kurt                          Not Yet                                          Sometimes                                                     Sometimes 

Kim                          Frequently                                      Frequently                                                      Frequently 

Matt                         Sometimes                                      Sometimes                                                      Frequently 

Alex                          Sometimes                                       Sometimes                                                      Sometimes 

Group 2 

Jackie                         Not Yet                                         Sometimes                                                      Sometimes 

Amy                            Sometimes                                   Sometimes                                                      Sometimes 

Lisa                            Sometimes                                    Sometimes                                                      Frequently 

Group 3 

Harry                           Not Yet                                        Not Yet                                                         Sometimes 

Jenna                           Sometimes                                   Sometimes                                                    Sometimes 

Will                              Not Yet                                       Sometimes                                                      Sometimes 

Ralph                           Sometimes                                    Frequently                                                    Frequently 

Group 4 

Rick                                Not Yet                                      Not Yet                                                         Not Yet 

Stacey                              Frequently                                 Sometimes                                                    Frequently 

Jill                                   Sometimes                                 Sometimes                                                    Sometimes 

Group 5 

Katie                               Frequently                                Sometiems                                                     Frequently 

Sara                                Sometimes                                Sometiems                                                     Frequently 

Tim                                 Sometimes                                 Sometimes                                                    Sometimes 

Group 6 

Alice                                Sometimes                                Sometimes                                                    Sometimes 

Sam                                  Not Yet                                    Sometimes                                                   Sometimes 

Keith                                Sometimes                                Sometimes                                                   Sometimes 
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Certain group changes were implemented as related to the formative 

assessments performed and behavioral concerns regarding certain students, 

therefore attempting to improve overall group performance.  Through careful 

monitoring, both Rick and Harry were told to work by themselves until behavioral 

changes were improved.  Within one activity they both had improved.  In fact, 

both requested to return to a group setting.  They were returned and the group 

performance was not compromised.  The following is a list of the new Groups: 

• Lab Group 1- Kurt, Kim, Jill, and Alex 

• Lab Group 2- Jackie, Amy, and Lisa 

• Lab Group 3- Harry, Will, and Ralph  

• Lab Group 4- Rick, Stacey, and Matt 

• Lab Group 5- Katie, Sara, and Tim 

• Lab Group 6- Alice, Sam, Keith, and Jenna 

Notice that there were no changes made to groups 2 and 4.  They were considered 

strong groups according to the rubric checklist, and there were no noted 

behavioral problems or switches made utilizing these two groups.  In fact, I felt 

that any change to these two groups would jeopardize the quality the group had 

achieved. 
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Relative Humidity Lab 

The students have completed two units of Earth and Space Science, and 

are ready to progress to the third unit, Meteorology.  I assigned a laboratory 

activity on Relative Humidity.  This was a guided inquiry activity, which required 

that the students use the scientific method to formulate a problem, hypothesis, 

variables, and a materials and procedure list.  In addition, they had to make 

calculations as specified in the data chart provided.  Then they had to analyze and 

draw conclusions on the data.   

Prior to beginning this laboratory activity, I had a discussion with the class 

on what comprised the study of weather, of which relative humidity is 

instrumental.  The students seemed interested in the topic of weather; there was a 

lot of participation.  After distributing the lab sheet, I previewed the directions 

and the Pre-Lab section with the class.  Similar to previous activities, they were 

directed within this activity and reminded by me verbally to “think like a 

scientist.” They were instructed to report to their lab groups, and I circulated. 
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Student Sample Lab  

 

Figure 3. Lab Relative Humidity 
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This Lab, similar to the Solar Heating Lab, placed more responsibility on 

the students to utilize higher-order thinking skills and find solutions to the 

problems posed.  In other words, there was more for them to do and to think of, 

more than mere data collection.  Although data collection practice is important, 

with some teacher guidance, they have progressed to being able to intelligently 

problem solve utilizing the scientific method.  Thus, with this Lab, they were able 

to complete more advance inquiry activities; ones that involved more higher order 

thinking skills. 

  Rick: There is a lot of thinking involved with solving for the problem. 

Teacher: Yes, Rick, step, by step one needs to think like how a scientist 

would.  

Jill: I know what the problem is that we are looking at, but I’m not sure 

how to word it.  Can you help me? 

Teacher: Well, what experimental problem are we investigating?  

Jill: What are the effects of air temperature on the evaporation rate?  

Teacher: You do know, good job! 

Harry: What about the hypothesis? 

Teacher: Harry, try it.  Remember, it is your proposed answer to the 

question. 

Harry: How about the warmer the air temperature, the faster it will 

evaporate? 
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 I praised his initial intelligent attempt, and we worked on wording the 

hypothesis into an, “if then” statement to include colder air temperature as well.  

He successfully completed this on his own. 

After these initial questions, the students had few questions, and made 

good use of the time given. Most of the students worked well, but a few had to be 

re-focused with a behavioral prompt.   

 Weather Observations Lab 

I assigned a lab on weather observations, which was a guided inquiry 

activity.  This required the students to monitor the weather for several days.  They 

were to monitor the weather through the use of handheld instruments while 

outside, and construct a data chart representing the data they collected.  In 

addition, using specified online sources, and using the electronic weather station 

data at the high school, the students were to record, and later use the data for 

further analysis.  The students were also responsible for completing a weather 

map daily and answering analysis and conclusion questions on the results of the 

data obtained. 

Prior to beginning, I instructed them regarding the division of work within 

each group.  One person would be the recorder, one person would measure the 

outside air temperature and record the amount of precipitation located in the rain 

gauge, one person using a cloud chart would determine the type of clouds present, 

and amount of cloud cover, and one person would measure the wind speed, wind 
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direction, and humidity of the air using the digital equipment.  I explained that if a 

group had less than four members, that each day, a different person would need to 

double-up with the data collection jobs.  Students seemed to understand.  There 

were no questions. 

When students heard that we were going outside, even though I reminded 

them prior to this period, I heard all kinds of comments. 

Pastiche of Student Comments  

 

“It’s gonna be cold.” 

 

“I’m gonna put my Hoodie up, then I’ll be warm.” 

 

“Oh good! We’re going outside, yeeees!”   

“I’m going to freeze.” 

“It’s going to be sooooooo cold.”  

  “Going outside is cool!” 

Figure 4. Classroom Comments Related to Weather Observation Lab 

 

 I reminded the students that each person had a job to do, and some had 

two jobs, but it should not take more than a few minutes and then we would come 
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back inside.  Once inside, the recorder for the day went to the end of the hallway 

to collect the weather data from the school’s electronic weather station.  

Meanwhile, I reminded the students that the other group members should be 

looking up data from the on-line sites as specified on the lab sheets.  Then, before 

leaving class that day, all group information should be shared.  The students 

appeared to understand.   

 Katie: Tim, I think that because of the low pressure, that’s why there was 

rain. 

 Tim: Katie, yeah you’re right, that whole pressure thing, I think it has to 

do with the air evaporating, right?  (I was near this group, passively listening to 

the science talk occurring.  But, now there was some assertiveness, where Tim 

was confident enough to ask a question.  He was looking at me, and waiting for a 

response). 

 Teacher: Tim, if the pressure were high, would the air sink, or rise? 

 Tim: There it would sink. 

 Teacher: Right! And if it sinks, do we have clouds formed? 

 Tim: No, and with no clouds, no rain, right? 

 Teacher: Makes sense, right? 

 Tim: Yeah.  So that means I was right, if air has a lower pressure, it does 

evaporate, and we can get clouds, and rain.  I am right! 

 Teacher: You thought it through logically, it makes sense right? 
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Tim: It does, thanks! 

Teacher: Katie your point makes sense, do you understand what Tim was 

saying? 

Katie: Yeah, there are clouds that form when we have a low pressure 

system, and then we get some type of precipitation. 

Hometown Connections 

 Overall, all went well with the Weather Observation Lab.  A few students, 

Rick, Harry, and Lisa, needed reminding to be quiet when passing through the 

hallway to go outside. Also, when outside, students needed to be reminded to 

spread out and collect their piece of the data.  The students seemed to like feeling 

like a scientist; this lab inquiry activity also had connections to their city.  After 

all, they were gathering data from their city, not someplace else.  I had to remind 

students also that they needed to complete a weather map for the day, which was 

on a sheet in their lab packet.  I told them if they needed a library pass to finish 

this up during study hall they should see me.  I had three students ask for a library 

pass that day.  

Interpreting Weather Maps Activity 

 I assigned a group activity where students were to read information on 

weather maps and answer analysis and conclusion questions on the interpretation 

of them.  This activity, similar to the Lab on Weather Observations, was a guided 

inquiry activity, where students were getting practice with the analysis and 
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conclusion aspects of problem solving.  Prior to beginning this activity, I 

instructed the students to spend approximately five minutes reading on their own 

before reporting to their lab groups to analyze and conclude on the information.   

The students were compliant.  Once in their groups, they worked well and 

had few questions.  They seemed to transfer the knowledge learned from the 

previous Lab, the Weather Observations Lab.  They appeared confident.  As I 

circulated the students were on task and I overheard a lot of science talk at the 

groups. 

Designing a Barometer Lab Report 

 The students progressed successfully from inquiry problem solving 

activities, which were mostly structured inquiry activities, to laboratory 

experiments, which were mostly guided inquiry.  They successfully completed a 

group project, which was mostly open inquiry, and this would be another 

milestone; they would be completing a lab report, which was an open inquiry 

activity, placing the majority of its focus on the scientific method of problem 

solving and requiring more higher order thinking skills.  This required the 

students to research and find a method of constructing a barometer.  Each group 

was then responsible for bringing in the necessary materials and assembling the 

device.  The design of the device had to function, as students would be asked to 

later construct a data table and eventually a graph of the data that their barometer 

read.  To aid as the control in testing their design, each day data were obtained 
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they would take a barometric reading from the barometer in the classroom.  In 

addition, they would be analyzing and drawing conclusions on the data that they 

obtained. Prior to the students beginning this lengthy journey, they had 

studied the definition of weather and how to interpret weather maps; they had a 

fairly good understanding of relationships that influenced weather.  I reminded 

them that they were to think like a scientist and work as a team.  I reminded them 

of the importance of brainstorming ideas, researching the topic, and utilizing the 

scientific method to test their ideas.  The students were excited.  I could see it on 

their faces.  They were going to actually design and test something that they 

made.   

Students are Motivated 

Over the next few days, the excitement grew.  I saw a lot of excitement 

when the groups remembered to bring in all the needed materials and actually 

assembled the device.  The excitement grew even more when, for the first time, 

they took measurements from the barometers that they had made.  Some of the 

students even devised a method to represent incremental changes in air pressure, 

rather than merely recording whether the device showed an increase or decrease.   

They also recorded the actual air pressure of the room daily by reading the 

classroom barometer.   

 Each day the students entered the classroom and expressed eagerness to 

collect the data.  The plan was that after a few days of data collection the students 
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would begin to analyze the results by comparing the two barometers, and the 

weather conditions. Also, by comparing the data that they obtained with an actual 

barometer, it confirmed that their devices, although a simpler representation, 

could measure an increase or decrease daily in the air pressure accurately. 

 Most of the students were able to deductively reason weather differences 

associated with low pressure systems versus high pressure systems.   

Amy: Wow, when the number goes down that means it’s a low pressure. 

Lisa: Yeah, so that’s why the weather’s not as nice out. 

Jill: We got the same results; that’s really neat! 

Stacey: And when it’s nice outside, the pressure goes up, that’s why our 

number goes up. 

Ralph: That is so neat, our barometer actually works! 

A few others needed some additional prompting, but were able to then 

reason appropriately.  They were analyzing and making scientific conclusions on 

the data that they had obtained.  Each of the lab groups then took all of their 

working draft papers and typed up a lab report. 

Overall, the students maintained good group organization; all of their 

group paperwork remained in a group folder, which they returned to the class 

storage box each day.  Within each of the groups, all of the members participated, 

and helped each other out; they had a common goal and were motivated. 
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Student Sample Lab Report Work  

 

Figure 5. Designing A Barometer Lab Report 
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Factors that Influence Climate Activity 

The students were ready to advance to the next and last major unit of Earth 

Science involved in this study, and that was Climatology.  I assigned a structured 

inquiry activity on the factors which influence climate to begin this new topic 

area.  This required the students to problem solve related to a given geographic 

situation as to the effect on climate.   

Prior to beginning, I taught the students how climate is related to weather, 

and how it is different.  I emphasized the importance of studying climate patterns 

to assist in solving several global problems.  I reminded the students to think like 

a scientist, and instructed them to report to their lab groups.  I circulated.  I heard 

lots of science talk. 

Jill: You have to look at the arrows, they represent the winds. 

Kurt: Well, yes you are right but, don’t forget the arrows switch direction, 

don’t forget that. 

Alice: Those are mountains, and the winds blow over the water first, so it 

will be more humid there, near the water. 

Keith: Yeah, you are right. 

Lisa: If the location of that site is in the middle of the island, there is 

going to be more climate change than near the water; the water acts as a buffer. 

Will: But why, I’m not sure? 
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Lisa was able to correctly explain to Will the dynamics involved, and he 

verbalized and nodded his head that he understood. 

The students seemed to like the activity; they were problem solving 

together.  They were on task and feeling comfortable to ask each other relevant 

questions.  They all completed the activity and were able to turn it in by the end of 

the period.   

Climate Zones Activity 

This activity, a structured inquiry activity, was similar to the previous 

climate activity, but this required some additional tools.  This activity required the 

students to use colored pencils, two textbooks as reference, and a ruler to label the 

areas properly.   

Prior to beginning, I reviewed with the class the definition of climate and 

the main points they were to have learned from yesterday’s inquiry activity on 

factors that influence climate.  I instructed them on the focus of this assignment 

and the tools that they would need.  Then I instructed them to report to their 

groups.  I circulated.  The students worked well.  Some common questions arose 

regarding the shading and aligning of latitudinal coordinates, but no major areas 

of confusion or panic were evident.  The activity went smoothly. 

Cooling and Heating Rates of Land Compared to Water Surfaces Lab 

I assigned this laboratory activity, a guided inquiry activity, on comparing 

the differences in the heating and cooling rates of solids compared to liquids.  
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They were required to gather the necessary supplies, which I had reviewed: 

beakers, thermometers, light source, ring stand, timer, soil and water.  They were 

to follow the established procedure carefully and document the results, identify 

the parameters of the experiment, analyze, and conclude.  

Prior to beginning this lab experiment, we had discussed differences in the 

states of matter as related to heating and cooling, but not the specifics.  They were 

to test for these in this lab experiment.  I instructed the students to report to their 

lab groups.  I circulated.   

Questions arose with regard to the parameters of the experiment, 

particularly identifying all of the constants of the experiment.  As with the other 

previous lab experiments, students were able to identify approximately two 

constants, but beyond that they needed some teacher-directed questions to help 

guide their understanding.   

Sam: Mrs. S, we have the amount of soil and water as a constant, but what 

else could we come up with? 

Teacher: Think Sam, what else are you keeping the same, that which you 

are not testing for?  

Sam: How about the type of thermometer that we are using? 

Teacher: Sam, you are keeping that the same, you are using the digital 

thermometer, good.  How about the rest of you, can you help Sam out? (I was 

looking at the other lab group members: Alice, Keith, and Jenna). 
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Alice: Well, I’m thinking about the lab station that we are at. 

Teacher: Good!  (The students from this group were smiling.   By 

affirming their responses, they seemed more self-confident). 

The experimental set-up was more involved than most; there was more 

group conversing to determine what was the best set-up, especially in considering 

the constants.  Many groups needed my assistance in this area.  They would need 

more scaffolding to identify more experimental constants. 

Lab-Why is it Hotter at the Equator than at the Poles? 

I assigned a laboratory experiment, a guided inquiry activity, on 

comparing differences in angles on the heating of a surface.  This required the 

students to read two pages, one on background information, and one on the 

proposed procedural set-up.  They also had to identify the constants in this 

experiment, record and graph data from their experiment, and answer analysis and 

conclusion questions. 

Prior to beginning, I reviewed with the class the major parameters of the 

experiment, and the importance of identifying and maintaining the constants of an 

experiment.  In addition, I instructed them to properly document these constants 

in the lab.  The tools unique to this experiment were reviewed, and then I 

instructed them to report to their lab groups.  I circulated. 

There were few questions on the constants for this experiment.  I observed 

the lab groups recording several constants correctly, and measuring to assure that 
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they would be maintained.  Students within the group were reinforcing each other 

with regard to technique and procedure.  All aspects of this lab experiment 

seemed to flow more smoothly compared to the previous Lab on Cooling and 

Heating Rates.  They had been properly scaffolded for this Lab.  There was 

greater self-confidence, and less confusion.  They were prepared and motivated to 

succeed. 

End Study Cooperative Group Progress 

Similar to the first half of this study, I monitored each group for a total of 

three times during the last two units of Earth and Space Science, Meteorology, 

and Climatology.  Changes were made based on the formative assessments from 

the Cooperative Group Checklist, and behavioral situations warranting a change 

in the group structure.  The following table represents the Group Cooperative 

Assessments for units 3 and 4, which is the conclusion of this study. 
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Table 2 

Cooperative Group Assessment for Units 3 and 4 

Group 1 

Kurt                         Sometimes                                  Sometimes                                            Sometimes 

Kim                          Frequently                                   Frequently                                             Frequently 

Jill *                         Frequently                                   Frequently                                             Frequently 

Alex                         Sometimes                                    Sometimes                                            Frequently 

Group 2 

Jackie                       Sometimes                                   Sometimes                                              Sometimes 

Amy                          Sometimes                                  Sometimes                                              Frequently 

Lisa                           Frequently                                  Frequently                                               Frequently 

Group 3 

Harry                        Sometimes                                    Sometimes                                           Frequently 

Will                          Sometimes                                     Sometimes                                           Sometimes 

Ralph                        Frequently                                     Frequently                                            Frequently 

Group 4 

Rick                           Not Yet                                          Sometimes                                          Not Yet 

Stacey                        Frequently                                     Frequently                                           Frequently 

Matt *                       Frequently                                     Frequently                                           Frequently 

Group 5 

Katie                            Frequently                                 Sometimes                                            Frequently 

Sara                             Sometimes                                  Frequently                                            Frequently 

Tim                              Sometimes                                  Sometimes                                           Sometimes 

Group 6 

Alice                              Sometimes                                Sometimes                                            Sometimes 

Sam                                Sometimes                                Sometimes                                           Sometimes 

Keith                              Frequently                                 Frequently                                          Frequently 

Jenna *                          Frequently                                  Sometimes                                          Frequently 

Note. * Indicates student has changed groups. 
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Unlike Harry, who has shown improvement, Rick has demonstrated more 

attention seeking behaviors: silly and disruptive behavior within the group, which 

has warranted that he work with only one other person.  The other person that 

Rick has been assigned to work with is a strong individual who is cooperative, but 

dedicated to his work.  The other group change at this point is Stacey, who was 

relocated to a well-established group, Group 5, away from Rick.  

Within any given classroom it is inevitable that some distractions are 

going to occur and how they are handled, by the teacher can make all the 

difference.  Because of all the inquiry-based activities, where I frequently 

circulate within the classroom and talk with the students, I feel that I have really 

gotten to know my students well.  Knowing them well has made a big difference 

in knowing how to best handle situations involving them. 

Overall, the groups through careful monitoring and guidance have finally 

learned how to work well with each other, and the two new groups will, in 

anticipation, be equally or more productive.   

Science Survey 

I reminded the students of my study, and instructed them to complete a 

Science Survey to provide me with more information.  I reminded them to answer 

each question honestly, insisting that by answering the questions honestly that 

would provide more benefit.  My survey consisted of 10 questions, which asked 

the students about their attitude toward learning science with regard to method of 
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instruction.  The rating system that was utilized involved a scale of one through 

five, where the range went from a rating of one, where they agreed little or did not 

agree, to a rating of five, which represented that they agreed strongly.   
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Table 3 

Attitude Rating for Science Survey 

Question                                                         Overall Average Attitude Rating 

1. Do you enjoy learning Science?                                                                                                3 

2. Do you think that by doing labs; they help you learn science better?                                       4 

3. Do you think that learning science through receiving notes, and lecture and discussion, helps 

you learn science better?                                                                                                                2 

4. Do you think that bookwork, meaning: you reading, taking your own notes, and completing 

review worksheets helps you learn science better?                                                                        2 

5. Do you think that completing projects helps you learn science?                                               3                                               

6. Do you feel that some notes and discussion before a lab, activity or project helps you 

understand the topic better?                                                                                                           4 

7. Do you think that working by yourself for labs, activities, and projects helps you learn science 

better?                                                                                                                                            2 

8. Do you feel that working with other students (where the teacher picks the groups) for labs, 

activities, and projects, helps you learn science better?                                                                3 

9. Do you think that working with other students (where you can pick your own groups) for labs, 

activities, and projects, helps you learn science better?                                                                4 

10. Do you learn science better by “doing” (being active), rather than by “watching” (sitting and 

watching the teacher show you)?                                                                                                   4 

Note. 18 students responded to the survey. 

 This survey indicated that students overwhelmingly preferred to be active 

learners.  However, even though they felt that they learned more by being active 
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learners, they indicated the importance of guided inquiry: having some teacher-

led notes and discussion before completing the inquiry-based activity.  This was 

supported with regard to what I observed in my field note observations and 

reflections.  The need for direction, for scaffolding by the teacher, 

encouragement, and circulation of the teacher to the various groups was essential 

for the students to remain on-task, motivated, and performing academically well. 

End of Study Interview 

From this study I have learned many things, aside from the academic and 

attitudinal value of implementing active, inquiry-based learning within the science 

high-school classroom for On-Level students.  I have learned that inquiry-based 

learning supports a classroom environment where communication between 

teacher and students, and students and students is critical.  Communication helps 

to foster a cooperative environment in order to develop higher-order thinking 

skills.  My end-of-study interview allowed me the valuable opportunity to gain 

additional feedback from my students.  Communication is essential for true 

learning.  I interviewed each student individually.  I sat at my desk and provided a 

seat for each of my students to sit as they explained to me the answers to my 

questions.  I completed this interviewing process over a series of days in mid-

December, while my students were engaged in normal classroom activities.  I 

completed however many I could each day without jeopardizing the quality of 

instruction for the day.  
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Table 4.  

Science Interview Questions. 

Questions- Science Education Interview 

1. Explain how you feel that you learn science best. 

2. Do you feel that you enjoy science more when you do activities/projects/labs? 

3. Other? - 

 

I interviewed 19 students, taking notes on what they verbalized.  

Afterwards, I analyzed all comments.  Overwhelmingly, there were 44 positive 

comments that were categorized as student-centered, compared to 12 comments 

that were categorized as teacher-centered.  In addition, I tallied 16 positive 

responses for the types of inquiry-based activities. 

Table 5 

Number of Student Responses Related to Inquiry-Activities  

Type of Inquiry-Based Activity Positively Mentioned                       Number 

1. Labs                                                                                                    16 

2. Projects                                                                                               13 

3. Activities (problem-solving)                                                              12 

4. Group                                                                                                  10 

5. Hands-On                                                                                            4 
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 There were no negative comments regarding the use of inquiry-based 

activities, but rather comments directed more as to personal preference as related 

to individual science learning. 
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DATA ANALYSIS 

 Throughout my action research study, I remained focused on my research 

question.  My research question was: What are the observed and reported 

experiences when inquiry-based activities are integrated into the high school 

science curriculum for an On-Level class? 

Analysis During Data Collection 

 During data collection I managed my field log daily as explained in 

MacLean and Mohr (1999).  I recorded notes, which were my observations.  Later 

that day, utilizing a two-column numbered format, I typed my observations from 

the notes that I had taken that day.  I was self-reflective as to the data that I 

obtained (Holly, Arhar, & Kasten, 2005).    

 I used a field log, formal survey, individual group interview, and student 

work, such as: inquiry-based graded activities, including a rubric for a project-

based inquiry activity. In addition, I formatively assessed my students’ 

cooperative group growth by utilizing a rubric for Cooperative Group Activities. 

 As I collected data, I noticed a focus with regard to my research question.  

Through this focus and examining other Methodological Memos completed 

during my research, other sub-questions arose.  Three of these sub-questions 

included:  
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1.What are the observed and reported experiences with regard to 

frequency of circulation in order to progress check within the groups? 

2. What are the observed and reported experiences pertaining to student’s 

behaviors and reactions to group work? 

3. What are the observed and reported experiences with regard to the type 

of inquiry-based activity: guided inquiry, group activities, lab-based activities, 

and group project-based activities used in the classroom? 

Writing these research sub-questions was useful in contributing to my 

further analysis of the data that I collected.  The data that I collected provided a 

means for my analysis and interpretation of my research question and sub-

questions.  Through the coding of my field log, the use of a graphic organizer, and 

writing theme statements I was able to make more detailed connections regarding 

my study.  

Analysis Through Educational Theorists 

Throughout this research investigation several educational researchers 

were instrumental in assisting me in my understanding of the analysis of the data I 

had obtained.   

According to Dewey (1997), “Everything depends upon the quality of the 

experience which is had” (p. 27). In my research study, I examined the effects of 

choosing experiences, which are inquiry-based positive educational experiences, 

to facilitate my students’ development of higher order thinking.  My desire is for 
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all students to learn, including the group that my study addresses, On-Level Earth 

and Space Science students.  The experiences I chose were meaningful, in an 

attempt to foster positive future experiences in science, and perhaps other areas as 

well.   I designed experiences, which I believe, scaffolded the students from their 

cognitive level to a higher level of thinking.   

Throughout my study, I carefully documented my observations to further 

assess the quality of the experience designed for my students.  In addition, 

through assessing students’ quality of work, survey, and interview, I obtained 

additional feedback regarding the quality of the experience. 

Freire (2003) contributed understanding to the analysis of my study by 

emphasizing the importance of inquiry. “For apart from inquiry, apart from the 

praxis, individuals cannot be truly human” (Freire, 2003, p. 72).   Therefore, using 

inquiry-based activities in the classroom is substantiated according to Freire as a 

means for individuals to truly learn.  Freire emphasized the importance of 

students being active learners, or participants in the learning process.  For to be 

human, “truly human,” (Freire, 2003, p. 72), one must experience to learn.   In 

fact, Freire describes inquiry further, in terms of “invention and re-invention” 

(Freire, 2003, p. 72).  In my study, I had my students do many science, inquiry-

based activities: laboratory activities and experiments, cooperative group 

activities, and projects, which in essence involves as Freire emphasizes, 
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“invention and re-invention” (Freire, 2003, p. 72).  All of this was used to 

triangulate my data, as expressed in Holly, Arhar, and Kasten (2005). 

In relation to utilizing inquiry-based activities where the students were 

involved in groups, Delpit (2002) had made valuable suggestions, which I 

benefited from knowing. “Furthermore, by not listening, teachers cannot know 

what students are concerned about, what interests them, or what is happening in 

their lives.  Without that knowledge it is difficult to connect the curriculum to 

anything students find meaningful” (Delpit, 2002, p. 43).  

In my study, where inquiry-based activities were implemented, listening 

was vital.  In fact, within my classroom I needed to be an active and passive 

listener.  Active listening occurred when I was with a group or an individual and 

was listening and actively engaged in their concerns, questions, and related 

comments.  As a passive listener, when I was listening, but not an active 

participant in the conversation, I was able to assess and document group concerns 

and dynamics.  In addition, I had the responsibility to foster a classroom 

environment where the students within their groups and the class as a whole were 

respectful and listened to each other.  All of these considerations as expressed in 

Delpit (2002), aided in my analysis of the data. 

Vygotsky (1978) was important regarding his explanation of the 

difference between rote skills and the development of higher-order thinking skills, 

which is something I desired for my students. “This situation recalls the 
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development of a technical skill such as piano-playing: the pupil develops finger 

dexterity and learns to strike the keys while reading music, but he is in no way 

involved in the essence of the music itself” (Vygotsky, 1978, p. 105-106). 

My students participated in cooperative lab groups to complete inquiry-

based activities, where the emphasis was on developing their higher-order 

thinking skills.  By developing these skills, students should develop a more 

positive “essence” of science.  I attempted to meet my students at their zone of 

proximal development, which could be at a lower level on Bloom’s taxonomy of 

cognitive development. My goal was to expand to the next level, ultimately 

fostering their development of the “essence” of science.  

Analysis After Data Collection 

After the collection of data was complete, I organized the data through 

writing codes for what I documented in my log.  I then organized my codes into 

bins.  My bins were then used to construct my theme statements.  

I reviewed again my field log notes: both observations and reflections, 

student work samples, survey results, and interview results, and maintained the 

importance of triangulating the data, as expressed in Holly, Arhar, and Kasten 

(2005). When I recorded in my log, I ensured anonymity of all students; I did this 

by using pseudonyms and excluding student names from the study.  In addition, I 

kept all research materials locked up in a secure location when not being used to 

assure confidentiality.  All data was destroyed at the conclusion of my study. 
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Theme Statements 

 Inquiry-Based Methods- When inquiry-based methods, including: labs, 

cooperative group activities, and group projects are implemented, further 

investigation can be done to determine which yields the best results. 

 Positive Teacher Actions- Positive teacher actions during inquiry-based 

activities improves student attitudes and performance within the class, and 

are necessary to re-direct those students with negative attitudinal 

behaviors.  These include circulating, group changing, think-like-a-

scientist prompting, focus prompting, behavioral prompting, discussing, 

ability level adjusting, encouraging, conferencing and reviewing. 

 Positive Student Attitudinal Behaviors- Inquiry-based methods can 

produce positive student attitudinal behaviors such as: being confident, 

interested, and exhibiting cooperative behaviors. 

 Improved Scientific Thinking Performance- When positive attitudinal 

behaviors exist in the inquiry-based classroom, overall performance 

improves.  These include: being on-task, participating, exhibiting student 

science talking, higher-order thinking, and quality of work improving. 

 Negative Student Attitudinal Behaviors- Inquiry-based methods can 

result in negative student attitudinal behaviors such as: being distracted, 

frustrated, and lacking confidence. 
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 Regression of Scientific Thinking Performance- When negative 

attitudinal behaviors exist in the inquiry-based classroom there can be a 

regression of scientific thinking performance.  These include: being off-

task, exhibiting lower-level thinking, and quality of work decreasing. 
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Themes and Bins 

 
Figure 6. Themes and Bins 
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FINDINGS 

My study began with the following question, “What will be the observed 

and reported experiences when inquiry-based activities are integrated into the 

high school science curriculum for an On-Level class?”  Specifically, I wanted to 

see if by using inquiry-based activities students would perform better 

academically, and if there was improvement of higher-order thinking skills.  

Further, I wanted to see if student’s attitudes toward science were affected by the 

use of inquiry-based activities.   

Inquiry-Based Methods 

When inquiry-based methods, including: labs, cooperative problem-

solving group activities, and group projects were implemented, further 

investigation can be done to determine which idea yielded the best results with 

regard to academic performance and student preference toward learning science.  

Science, by definition, involves problem solving and utilizing the scientific 

method, where students need to be able to design, test, and evaluate their work.  

Inquiry-based activities have the potential to develop students’ higher-order 

thinking skills (Mysliwiec et al., 2005).  Some of the activities, particularly those 

that I scaffolded for the students, were more advanced with regard to the level of 

higher order thinking. 
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 I classified and recorded the class average for each type of inquiry-based 

activity. The first inquiry type was cooperative problem-solving activities.  These 

were largely structured inquiry activities.  Within this category there were a total 

of eight activities completed.   

Table 6 

Class Average for Problem-Solving Activities 

Cooperative Problem-Solving Activities                                        Class Average 

1. Introduction to Earth and Space Science Activity                               81% 

2. Scientific Method Activity                                                                  90% 

3. Lab Safety Activity                                                                              87% 

4. Structure of the Atmosphere Activity                                                  87% 

5. Layers of the Atmosphere Activity                                                      73% 

6. Interpreting Weather Map Activity                                                     76% 

7. Factors Affecting Climate Activity                                                     89% 

8. Climate Zones Activity                                                                        66% 

 Class Average Score                                                                             81% 
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The second inquiry type called laboratory opportunities included seven 

teacher-guided labs and one lab report.  The vast majority of these lab 

activities were guided inquiry, and the lab report was open inquiry. 

Table 7 

Class Average for Laboratory Activites 

Laboratory Opportunities                                                              Class Average 

1. Lab--Measurement                                                                                  83% 

2. Lab—Measurement and Graphing                                                          80% 

3. Lab—Solar Heating                                                                                74% 

4. Lab—Relative Humidity                                                                         97% 

5. Lab—Weather Observations                                                                   70% 

6. Lab—Cooling and Heating Rates of Land vs. Water Surfaces               76% 

7. Lab—Why is it Hotter at the Equator than at the Poles?                        90% 

8. Designing a Barometer Lab Report                                                        75% 

 Class Average Score                                                                                 81% 

 

The third category involved a Group Project on the Atmosphere, which 

was largely open inquiry. The overall average of the class was 82%.   In analyzing 

the three types of inquiry-based activities academically for the class, the students 

consistently scored a B average in all. 
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Regarding the affective domain and student attitudes toward the use of 

inquiry activities, I examined data from my survey and interview.  According to 

my survey, all students surveyed preferred to be active learners. Various studies 

(Lee & Fraser, 2001; Roth & Bowen, 1995; Wilson, 1996) express consideration 

for student preference and mention possible learning style factors as playing a role 

in the effectiveness of active involvement learning. 

However, even though they felt that they learned more by being active 

learners, they indicated the importance of guided, or more structured inquiry.  

This was supported with regard to what I observed in my field log observations, 

reflections, and literary research. White and Frederiksen (1998) emphasized the 

need for scaffolding the curricula to foster student’s inquiry development.  They 

expressed the importance of scaffolding to promote learning for all students, 

especially the lower ability achievers and younger students. 

I interviewed 19 students, taking notes on what they verbalized.  

Afterwards I analyzed all comments.  There were 44 positive comments that were 

categorized as student-centered, compared to 12 comments that were categorized 

as teacher-centered.  The 12 teacher-centered comments were with regard to 

students verbalizing a preference for some pre-lab or pre-activity or teacher-led 

discussion, with helpful notes.  In the interview, the students were communicating 

their preference toward learning science.  Overwhelmingly, they believed that 

they learned science best by being an active learner, which is an integral part of 
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inquiry-based activities.  Many positive comments were made with regard to 

specific types of inquiry-based activities (see Table 8).   

Table 8 

Inquiry-Based Activities Mentioned in Interview 

Type of Inquiry-Based Activity Positively Mentioned                       Number 

1. Labs                                                                                                    16 

2. Projects                                                                                               13 

3. Activities (problem-solving)                                                              12 

4. Group                                                                                                  10 

5. Hands-On                                                                                            4 

  

Overall, students expressed a preference for student-centered instruction 

and had commented highest with regard to Labs, which were largely guided 

inquiry activities.  They also commented mostly equally high with regard to 

Projects and Activities.  The use of the term Hands-On also was used, which 

implies doing, or being an active learner.  This could be included with any of the 

first three items.  In addition, the use of the term Group was used in a favorable 

manner.   

Positive Teacher Actions 

Positive teacher actions during the inquiry-based activities improved 

student attitudes and performance within the class, and were necessary to re-direct 
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those students with negative attitudinal behaviors.  These include: circulating, 

group changing, think-like-a-scientist prompting, focus prompting, behavioral 

prompting, discussing, ability level adjusting, encouraging, conferencing, and 

reviewing.  Colburn (2004) expressed that for a greater, more in-depth 

understanding of science and various scientific concepts, inquiry-based teaching 

provides students the necessary opportunities to “actively grapple with the 

content” (p. 64), but cautioned the teacher to assist in preparing the students to be 

developmentally ready for the inquiries to be utilized.  Therefore, as the teacher 

and researcher, I needed to prepare my students and develop a positive classroom 

environment to foster optimal student progress. 

As documented in my field log, I circulated to the various groups and 

made myself available for questions and assistance with activities.  I especially 

observed a higher frequency of requests for assistance with the first few Activities 

and Labs.  In addition, upon starting the Group Project, there were a lot of 

questions.  My being available for the students seemed to foster their confidence 

level.  Initially, students especially seemed to lack confidence.  They would often 

apologize for asking a question, or ask me to check something that they did before 

progressing onward.  Once I established a trust with the students, which took the 

first three activities and first two labs, their confidence had developed.   

The use of various prompts: behavioral prompts, think-like-a-scientist 

prompts, and focus prompting, as documented in my field log, provided a 
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reminder for the students to perform to the level of expectation that was clearly 

expected. According to Polacek and Keeling (2005), questioning, both pre-lab and 

post-lab, assists the student to both focus and reflect on the laboratory experiment.  

Experiments may be smaller and less time consuming or independent and more 

comprehensive.  Both can be beneficial to the student (Polacek & Keeling, 2005).  

Higher order questioning that reflects the scientific processes is the crucial 

element in both.  Prompting was often in the form of questioning or re-phrasing to 

guide the students’ progress.   

Group changes were also a positive teacher action, which assured my pro-

active dealing with the class group dynamics as necessary.  Formative 

assessments done through the use of a Cooperative Group Checklist, was a 

helpful monitoring tool. 

Positive Student Attitudinal Behaviors 

  Inquiry-based methods can produce positive student attitudinal behaviors 

such as: being confident, being interested, and exhibiting cooperative behaviors.  

  I observed cooperative behaviors, as documented in my field notes and in 

the Cooperative Group Checklist.  Student confidence increased as they 

completed more activities.  

“Experience does not go on simply inside a person.  It does go on there, 

for it influences the formation of attitudes of desire and purpose”  (Dewey, 1997, 

p. 39).  With this quote, Dewey addresses the depth of an experience, meaning 
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that an experience is not a simple event or occurrence, but rather has links to 

future educational and social development of the student.  It does not begin and 

then abruptly end. Beyond every experience there is an evolving of personal 

attitudes, hopefully positive attitudes.  Attitudes of desire and purpose in one’s 

life are just that, one’s life.  Therefore, an educational experience lives on long 

afterwards, shaping and molding opinions and attitudes towards the future.  

Regardless of which type of inquiry-based learning, Colburn (2004) 

mentions several challenges.  The challenge of greatest importance was that it be 

important for the teacher and students to feel comfortable with the activities.  The 

more activities the students completed, the greater their comfort level, as reflected 

in their increased level of self-confidence. 

Negative Student Attitudinal Behaviors 

Inquiry-based methods can result in negative student attitudinal behaviors 

such as: being distracted, being frustrated, and lacking confidence.  These all were 

monitored through the use of collecting data for my field log, and monitoring 

group progress through the use of the Cooperative Group Checklist.  Group 

changes and student conferences were implemented to help improve student 

performance and quality of work.  

Improved Scientific Thinking Performance 

When positive attitudinal behaviors existed in the inquiry-based 

classroom, overall performance improved.  These included: being on-task, 
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participating, exhibiting student science talking, using higher-order thinking, and 

improving quality of work.  The students were motivated overall with regard to 

being active learners.  They progressed from the use of problem-solving activities 

to Inquiry-guided labs of increasing difficulty in higher level of thinking, to 

completing a lab report. In addition to having greater student ownership for 

learning, Bloom’s six levels of cognitive domain are descriptive regarding the 

desired progression towards reaching the more complex levels (Mysliwiec, 

Dunbar, & Shibley, 2005).  In addition, the students were advanced along to be 

able to complete and present a group project. In a study by Burbach, Matkin, and 

Fritz (2004), where active learning techniques were utilized in the classroom, 

improvement of critical thinking, or higher-order thinking resulted. 

Regression of Scientific Thinking Performance 

When negative attitudinal behaviors exist in the inquiry-based classroom, 

there can be a regression of scientific thinking performance.  These include: being 

off-task, exhibiting lower-level thinking, and decreasing quality of work.  “It is 

then the business of the educator to see in what direction an experience is 

heading” (Dewey, 1997, p. 38).  This quote means that the educator, who is more 

experienced, should have the insight to evaluate and design experiences for the 

benefit of the less experienced youth.  Therefore, the educator would provide the 

necessary direction and necessary conditions for optimal learning experiences for 

their students.   
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When students would regress, I needed to utilize behavioral prompts, as 

documented in my field log.  These were effective in re-focusing the student to 

being on task.  On a few incidences, mere focus prompts were not enough and 

group changes were made with regard to the grouping of students. 
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NEXT STEPS 

 After completing my study, I was left with certain questions that I wanted 

to learn more about.  Each of these follow-up questions focused on the three sub 

questions which arose during my original research question, what are the 

observed and reported experiences of implementing inquiry-based activities in the 

high school science classroom for On-Level students. 

The first question was: What are the observed and reported experiences 

with regard to frequency of circulation in order to check progress within the 

groups?  This question arose as I reflected on my daily observations and 

reflections that I had recorded in my field log.  I noticed that when I, the teacher 

and researcher, was circulating within the classroom to the various groups there 

was a positive effect on my students.  The students seemed comforted knowing 

that I was there for them, and each time that I was able to be there for them to 

scaffold them, to reinforce, to assist them in the learning process, this seemed to 

increase their self-confidence. 

Another question, which arose from my study was: What are the observed 

and reported experiences pertaining to student’s behaviors and reactions to group 

work?  As documented in my field log, and in the formative assessments recorded 

on the rubric for Cooperative Group Assessment, student behavioral progress was 

monitored, and there were obvious connections between group experiences and 

student behavior.  To monitor their reactions to group work, and their progress 
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with regard to positive and negative behaviors, would provide more information 

regarding group dynamics. 

The third question that was formulated from my original study was: What 

are the observed and reported experiences with regard to the type of inquiry-based 

activity: guided inquiry, group activities, lab-based activities, and group project-

based activities used in the classroom?  In my original study, I was able to 

examine the students’ academic understanding of the inquiry activities through 

examining the grades they earned.  In addition, through the survey and interview I 

issued, I was able to gain more specific information regarding student preferences 

for learning. Specifically, information was gained as to individual student 

preference to the specific inquiry-based activities that I issued.  However, greater 

detail and differences regarding the various types of inquiry-based activities could 

provide greater insight as to student learning preference. 

Therefore, from my original study three related questions arose which 

could provide the basis for further research in the field of education as related to 

inquiry-based education. 
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