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ABSTRACT  

  Professors are always searching for the best ways to engage students and improve their 

educational experience. Inquiry-based teaching practices involve students learning 

through making connections outside the classroom with problem solving and unique 

methods. This cutting-edge idea has piqued teachers’ interest in the effectiveness of this 

method for student learning. I had the opportunity to analyze the impact inquiry- 

structured curriculum can have on students' view of the importance of science across a 

range of different areas. Methods include using CURE survey data previously collected 

from three different biology lab courses using the data to find the average response and 

conducting statistical analysis on the data. The classes ranged from introductory level to 

upper-level biology courses each with a different level of inquiry embedded in the 

curriculum. 
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INTRODUCTION: What is Inquiry-Based Learning?  

  Inquiry-based learning is an educational strategy in which students follow methods and 

practices similar to those of professional scientists in order to construct knowledge. It 

combines hands-on student learning with discovery. (Smallhorn, 2015) The Inquiry-

based Learning Model gained popularity in the 1960s, during a time when a push for 

discovery learning was occuring. This strategy focuses on active learning, rather than a 

passive-learning style that students are used to. In IBL, (Inquiry-Based Learning) rather 

than a professor only presenting their own knowledge, students are encouraged to use 

critical thinking skills. It can often begin with posing questions, problems, or introducing 

scenarios. An excellent example is giving students case studies to solve in science 

courses, or in a math course allowing students to attempt the problem before showing 

them a “standard” way. Curiosity driven and hands-on, IBL engages students in new and 

innovative ways. It’s important to keep in mind, however, that there is no singular 

definition or picture of what Inquiry-Based Learning looks like. Instructors are able to 

implement a variety of strategies relating to IBL and can formulate the method to what 

best suits them and their students’ needs. The WKU Biology department has begun an 

initiative in the past few years to incorporate more inquiry-based learning to increase 

student engagement and enrich the classroom experience. IBL has now been 

implemented in a variety of biology courses at Western Kentucky University, and the 

purpose of this thesis is to analyze varying student perspectives in those courses. In this 

thesis, we look at three Biology classes at WKU. The first was Biology 120: Cells 

Metabolism and Genetics. This is an introductory biology course that emphasizes cellular 

organization and processes, metabolism, DNA structure and replication, and Mendelian 
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and population genetics. For purposes of the CURE survey and study, this class had a 

median amount of inquiry-based learning. The next class surveyed was Biology 123: 

Evolution Diversity, and Ecology Lab. This course is an introductory lab in biology for 

science majors that emphasizes the experimental aspects of evolutionary patterns and 

processes, diversity of life, ecological principles, and conservation and management. This 

course had the lowest levels of Inquiry-Based Learning out of the courses surveyed. The 

final course is Biology 322: Introduction to Molecular and Cell Laboratory. This is a 

laboratory course that presents fundamental techniques for the isolation and 

characterization of biological molecules, with an emphasis on proteins and nucleic acids. 

Out of the courses surveyed, this had the highest levels of inquiry-based learning. In this 

thesis, five items were selected for analysis. The first was Explaining Science Ideas to 

Others Has Helped Me Understand the Ideas Better. Inquiry-based collaborative learning 

is one branch of the method studied. Research results have shown that inquiry-based 

collaborative learning is more effective on students’ success than other methods. This 

item was chosen to measure how this method has helped students understand ideas. It 

essentially measures one component of how effective IBL may be and is important 

because it can potentially provide important insight into its effectiveness in these courses 

at WKU. The second item was I Wish Science Instructors Would Tell Us What We Need 

to Know so that We Can Learn It. This item was selected because I wanted a variety of 

questions that assessed opposite perspectives on IBL. I wanted an equal distribution of 

questions that higher levels of agreeance would be expected of IBL, as well as lower 

levels of agreeance. This was primarily done to prevent bias as well as to get a wider 

range of perspectives. I also chose this item because an instructor telling a student what 
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they need to know is the opposite of inquiry-based learning. This is known as direct 

instruction learning, where teachers provide instructions, ask leading questions, and 

dictate relevant information to the topic of discussion. One study showed that utilizing 

learning cycle instruction (inquiry-based) versus traditional instruction proved to create 

better understanding of material in one study done when teaching the circulatory system. 

The next item was I Get Personal Satisfaction When I Solve A Scientific Problem By 

Figuring It Out Myself. This item relates to the previous question as it essentially asks the 

reciprocal of the previous item. It also relates to the first item, but rather than focusing on 

collaborative IBL, it’s more focused on the individual. I wanted to include this item 

because some students may enjoy an aspect of IBL where they solve something on their 

own but may not enjoy explaining to others or collaborative work. The fourth item was 

The Main Job of The Instructor is to Structure the Work So That We Learn It Ourselves. 

This item is related to the second item and would be indicative of IBL and not direct 

instruction learning. It’s an interesting concept, because in prior years the common belief 

was that students should teach every student the same way and in a very direct manner. I 

selected this item to see the perspective from students on what an instructor’s role is, and 

if that perception favors IBL. The final item was the broadest, which was purposeful. 

This item is This Course Was A Good Way of Learning About the Subject. This one was 

included to simply assess student’s feelings about the course overall and whether students 

found higher levels of satisfaction in courses with higher or lower levels of IBL.  
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Five Hypotheses:  

1.  Students in Courses with Higher Levels of Inquiry-Based Learning Will Be More 

Likely to Agree with the Statement that Explaining Science Ideas to Others Has 

Helped Them Understand Ideas Better 

2.   Students in Courses With Higher Levels of Inquiry-Based Learning Will Be 

Less Likely to Agree that They Wish Science Instructors Would Tell Them What 

They Need to Know So They Can Learn It 

3. Students in Courses With Higher Levels of Inquiry-Based Learning Will Be More 

Likely to Agree With the Statement that They Get Personal Satisfaction When 

Solving A Scientific Problem on Their Own  

4. Students In Courses With High Levels of Inquiry-Based Learning Will  Be More 

Likely to Agree That The Main Job of The Instructor is to Structure the Work So 

That They Learn it Themselves  

5. Students in Courses With Higher Levels of Inquiry-Based Learning Will Be More 

Inclined to Agree That The Course was A Good Way of Learning About the 

Subject  
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METHODOLOGY 

  To obtain the survey data, a CURE survey was conducted in prior years that was WKU 

IRB approved. The Classroom Undergraduate Research Experience (CURE) survey grew 

out of a creative collaboration of faculty from Grinnell College, Hope College, Harvey 

Mudd College, and Wellesley College. The CURE may be used as a pretest-posttest or 

posttest-only survey to measure student experiences in “research-like” or other science 

courses. The CURE survey has three components. The first is a pre-course survey to be 

completed by the students in the lab. These include demographic questions, reasons for 

taking the course, level of experience on various course elements, science attitude 

questions, and learning style questions. The second component is a post-course survey to 

be completed by the student in the lab. It’s parallel to the pre-course survey.  The 

questions include estimates of learning gains in the subject, estimates of learning benefits, 

overall evaluation of the subject, and again science attitude questions. The third 

component is a brief survey for the course or lab instructor in which the instructor 

indicates which common activities are emphasized in the course.  

  The CURE survey was used in three different biology labs at WKU, each with varying 

levels of inquiry involved. In general, the WKU student population is made up of 

approximately 18,000 students. WKU is 78.6% White, 8.9% Black/African American, 

and about 13.5% identifying as other races/ethnicities. The campus is approximately 59% 

women and 41% men.  Biology 123 had the lowest level of inquiry, Biology 121 had a 

median level of inquiry, and Biology 322 had the highest level of inquiry. Below are 

attached the course objectives for each of the three courses that help demonstrate the 

level of IBL incorporated into each one.   
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Figure 1: Course Objectives for Bio 123

 

Figure 2: Course Objectives for Bio 121  

 

Figure 3: Course Objectives for Bio 322 

 

In the survey, students were asked pertinent questions that related to high levels of 

Inquiry-Based learning. Students ranked their level of agreement with each statement 

given. The following criteria were used: 1= Strongly Disagree, 2= Disagree, 3= Neither 
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Agree nor Disagree, 4= Agree, 5= Strongly Agree. In this thesis, five of the statements 

have been analyzed using ANOVA testing for statistical significance at a P-value of  

>0.5. I chose these questions due to their applicability to IBL, and also due to them 

having a wide breadth and potentially being able to apply to other disciplines besides 

biology. I include my initial hypothesis for each statement and whether the data supports 

or refutes it. The objective is to assess whether, from a students’ perspective, if higher 

levels of inquiry-based learning produced positive results for them and is a method they 

found satisfactory.  

 

Figure 4: Biology Labs with varying Levels of IBL  

        

 

* The above is a helpful graphic that depicts the level of inquiry for the sake of this 

thesis. In order, level of inquiry goes Bio 123, Bio 121, and Bio 322.  

*Inquiry-Based Learning throughout this piece may be referred to as IB
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ANALYSES 

 

 

ANALYSIS OF SURVEY STATEMENT 1: Explaining Science Ideas to Others Has 

Helped Me Understand the Ideas Better 

 

Hypothesis: Students in Courses with Higher Levels of Inquiry-Based Learning Will Be 

More Likely to Agree with the Statement that Explaining Science Ideas to Others Has 

Helped Them Understand Ideas Better 

 

Table 1: Summary of Data for Analysis 1: Explaining Science Ideas to Others Has 

Helped Me Understand the Ideas Better 

Summary of 

Data for 

Analysis 1 

    

Treatments 1 2 3 Total 

N 290 193 137 620 

Σx 1117 731 539 2387 

Mean 3.8517 3.7876 3.9343 3.85 

Σx2 4517 2905 2229 9651 

Std.dev. 0.8618 0.8425 0.8928 0.863 
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Graph 1: Mean agreement scores across all three courses with standard error for Analysis 

1:  Explaining Science Ideas to Others Has Helped Me Understand the Ideas Better 

 

  

Note:  

*Biol 121: Median Levels of IBL 

* Biol 123: Lowest Levels of IBL 

* Biol 322: Highest Levels of IBL 

 

 The question posed here asked students whether they agreed with the statement 

“Explaining Science Ideas to Others Has Helped Me Understand Science Ideas Better.” A 

higher score indicates that students are more likely to agree with this statement. 

Treatment 1 shows the data for Bio 121, Treatment 2 for 123, and Treatment 3 for 322. 

The ANOVA test found the f-ratio value to be 1.15989 and the p-value to be .314204, 

which is not significant. The mean response for Bio 121 was 3.8517, the mean for Bio 
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123 3.7816, and the mean for Bio 322 3.9343. The standard deviation was 0.8618, 

0.8425, and 0.8928 respectively.  I hypothesized that students would be more likely to 

agree with this statement if they were in courses with high levels of IBL (Bio 322)I did so 

because a common strategy in high IBL courses is to work collaboratively and share 

ideas with others. I hypothesized the more students were in such an environment, the 

better they would be able to understand the ideas for themselves.  It is worthy to note that 

the mean response for this statement was highest in courses with the highest levels of 

Inquiry-Based Learning, and lowest in the courses with the lowest level of inquiry-based 

learning. I did find some support for my hypothesis but overall reject it.  
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ANALYSIS OF SURVEY STATEMENT 2: I Wish Science Instructors Would Tell Us 

What We Need to Know So We Can Learn It  

 

Hypothesis:   Students in Courses With Higher Levels of Inquiry-Based Learning Will Be 

Less Likely to Agree that They Wish Science Instructors Would Tell Them What They 

Need to Know So They Can Learn It 

 

Table 2: Summary of Data for Analysis 2:  I Wish Science Instructors Would Tell Us 

What We Need to Know So We Can Learn It  

Summary of 

Data for 

Analysis 2 

    

Treatments 1 2 3 Total 

N 290 193 145 628 

Σx 944 611 396 1951 

Mean 3.2552 3.1658 2.7310 3.107 

Σx2 3420 2183 1254 6857 

Std.dev. 1.0959 1.1381 1.0945 1.1266 
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Graph 2: Mean agreement scores across all three courses with standard error for Analysis 

2:  I Wish Science Instructors Would Tell Us What We Need to Know So We Can Learn 

It  

 

 

Note:  

*Biol 121: Median Levels of IBL 

* Biol 123: Lowest Levels of IBL 

* Biol 322: Highest Levels of IBL 

 

The question posed here asked students whether they agreed with the statement “I Wish 

Science Instructors Would Tell Us What We Need to Know So We Can Learn It.’’ A 

higher score indicates that students are more likely to agree with this statement. 

Treatment 1 shows the data for Bio 121, Treatment 2 for 123, and Treatment 3 for 322. 

The ANOVA test found the f-ratio value to be 11.1973 and the p-value to be .000017, 
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which is significant. The mean response for Bio 121 was 3.2552, the mean for Bio 123 

3.1658, and the mean for Bio 322 2.731. The standard deviation was 1.0959, 1.1381, and 

1.0945 respectively.  I hypothesized that students would be less likely to agree with this 

statement if they were in courses with high levels of IBL (Bio 322) Inquiry-based 

learning emphasizes not just simply telling students exactly what they need to know. I 

hypothesized that students in classes such as 322 (highest level of IBL) would greatly 

benefit from the style of the course and it would alter their way of thinking. Interestingly, 

123 (lowest level of IBL) had lower levels of agreement than 121 (median level of IBL) 

However, 322 (highest level of IBL) was significantly lower in agreement than either 

121(median level of IBL) or 123 (lowest level of IBL). Overall, I find support for my 

hypothesis and fail to reject my null hypothesis.  
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ANALYSIS OF SURVEY STATEMENT 3: I Get Personal Satisfaction When I Solve A 

Scientific Problem By Figuring It Out Myself 

 

Hypothesis:  Students in Courses With Higher Levels of Inquiry-Based Learning Will Be 

More Likely to Agree With the Statement that They Get Personal Satisfaction When 

Solving A Scientific Problem on Their Own  

 

Table 3: Summary of Data for Analysis 3:  I Get Personal Satisfaction When I Solve A 

Scientific Problem By Figuring It Out Myself 

 

 

Summary of 

Data for 

Analysis 3 

    

Treatments 1 2 3 Total 

N 290 193 138 621 

Σx 1186 776 574 2536 

Mean 4.0897 4.0207 4.1594 4.084 

Σx2 5044 3240 2488 10772 

Std.dev. 0.8186 0.7903 0.8565 0.8188 
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Graph 3: Mean agreement scores across all three courses with standard error for Analysis 

3:  I Get Personal Satisfaction When I Solve A Scientific Problem By Figuring It Out 

Myself 

 

 

Note:  

*Biol 121: Median Levels of IBL 

* Biol 123: Lowest Levels of IBL 

* Biol 322: Highest Levels of IBL 

 

The question posed here asked students whether they agreed with the statement “I Get 

Personal Satisfaction When I Solve A Scientific Problem By Figuring It Out Myself.” A 

higher score indicates that students are more likely to agree with this statement. 

Treatment 1 shows the data for Bio 121, Treatment 2 for 123, and Treatment 3 for 322. 

The ANOVA test found the f-ratio value to be 1.16929 and the p-value to be .31275, 
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which is not significant. The mean response for Bio 121 (median levels of IBL) was 

4.0897, the mean for Bio 123 (lowest levels of IBL) 4.0207 and the mean for Bio 322 

(highest levels of IBL) 4.1594. The standard deviation was 0.8186, 0.7903, and 0.8565 

respectively.  I hypothesized that students would be more likely to agree with this 

statement if they were in courses with high levels of IBL. IBL emphasizes coming to 

one’s own conclusions and solving problems as an individual first, so I hypothesized 

students in these environments would get greater satisfaction when they were able to 

accomplish this on their own. Like Analysis 1, while we did see the highest mean in 322 

(highest levels of IBL), it was not statistically significant. There was support for my 

hypothesis but overall, I reject due to the lack of statistical significance.  
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ANALYSIS OF SURVEY STATEMENT 4: The Main Job of The Instructor is to 

Structure the Work So That We Learn It Ourselves 

 

Hypothesis:    Students In Courses With High Levels of Inquiry-Based Learning Will  Be 

More Likely to Agree That The Main Job of The Instructor is to Structure the Work So 

That They Learn it Themselves  

 

 

Table 4: Summary of Data for Analysis 4: The Main Job of The Instructor is to Structure 

the Work So That We Learn It Ourselves 

Summary of 

Data for 

Analysis 4 

    

Treatments 1 2 3 Total 

N 290 192 137 619 

Σx 1013 606 370 1989 

Mean 3.4931 3.1563 2.7007 3.213 

Σx2 3793 2158 1158 7109 

Std.dev. 0.9384 1.1333 1.0803 1.0778 
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Graph 4: Mean agreement scores across all three courses with standard error for Analysis 

4: The Main Job of The Instructor is to Structure the Work So That We Learn It 

Ourselves 

 

 

Note:  

*Biol 121: Median Levels of IBL 

* Biol 123: Lowest Levels of IBL 

* Biol 322: Highest Levels of IBL 

 

  

The question posed here asked students whether they agreed with the statement “’The 

Main Job of The Instructor is to Structure the Work So That We Learn It Ourselves.” A 

higher score indicates that students are more likely to agree with this statement. 

Treatment 1 shows the data for Bio 121, Treatment 2 for 123, and Treatment 3 for 322. 
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The ANOVA test found the f-ratio value to be 27.7458 and the p-value to be <.00001, 

which is significant. The mean response for Bio 121 (median level IBL) was 3.4931, the 

mean for Bio 123 (lowest level of IBL) 3.1563, and the mean for Bio 322 (highest level 

of IBL) 2.7007. The standard deviation was 0.9384, 1.1333, and 1.0803 respectively.  I 

hypothesized that students would be less likely to agree with this statement if they were 

in courses with high levels of IBL. In Inquiry-Based Learning environments, instructors 

will often structure the course to highlight independent learning. With that, I 

hypothesized that students in courses like 322 (highest levels of IBL) would be more 

likely to agree that the statement applied. Surprisingly, 322 had the lowest levels of 

agreement, and 121 (median levels of IBL) had the highest. The results with 322 were 

unexpected but could be attributed to a variety of different factors. My hypothesis is 

rejected but is statistically significant.  
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ANALYSIS OF SURVEY STATEMENT 5: This Course Was A Good Way of Learning 

About the Subject  

 

Hypothesis: Students in Courses With Higher Levels of Inquiry-Based Learning Will Be 

More Inclined to Agree That The Course was A Good Way of Learning About the 

Subject  

 

Table 5: Summary of Data for Analysis 5:  This Course Was A Good Way of Learning 

About the Subject  

Summary of 

Data for 

Analysis 5 

    

Treatments 1 2 3 Total 

N 290 192 145 627 

Σx 1207 736 610 2553 

Mean 4.1621 3.8333 4.2069 4.072 

Σx2 5215 2996 2682 10893 

Std.dev. 0.8138 0.9563 0.8967 0.8917 

 

: 
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         Graph 5: Mean agreement scores across all three courses with standard error for 

Analysis 5: This Course Was A Good Way of Learning About the Subject       

 

Note:  

*Biol 121: Median Levels of IBL 

* Biol 123: Lowest Levels of IBL 

* Biol 322: Highest Levels of IBL 

 

The question posed here asked students whether they agreed with the statement “This 

Course Was A Good Way of Learning About the Subject.” A higher score indicates that 

students are more likely to agree with this statement. Treatment 1 shows the data for Bio 

121 (median level of IBL), Treatment 2 for 123 (lowest level of IBL), and Treatment 3 

for 322 (highest level of IBL.) The ANOVA test found the f-ratio value to be 10.31349 

and the p-value to be .000039, which is significant. The mean response for Bio 121 was 

4.1621, the mean for Bio 123 3.8333, and the mean for Bio 322 4.2069. The standard 
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deviation was 0.8138, 0.9563, and 0.8967 respectively.  I hypothesized that students 

would be less likely to agree with this statement if they were in courses with high levels 

of IBL (such as Biol 322.) This question was selected to assess if students overall enjoyed 

being in classes with high levels of IBL and to assess student’s overall satisfaction.  I 

accepted my hypothesis, and the results were statistically significant that students in 

courses with higher amounts of Inquiry-Based Learning found the course to be an overall 

good way of learning about the subject. 
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CONCLUSIONS 

● Analysis 1: Students in Courses with Higher Levels of Inquiry-Based Learning 

Will Be More Likely to Agree with the Statement that Explaining Science Ideas 

to Others Has Helped Them Understand Ideas Better 

- The means were consistently higher in courses with high levels of IBL 

(Biol 322 & 123), but not statistically significant.  

 

● Analysis 2: Students in Courses With Higher Levels of Inquiry-Based Learning 

Will Be Less Likely to Agree that They Wish Science Instructors Would Tell 

Them What They Need to Know So They Can Learn It 

- Students in the course with the highest level of IBL (Biol 322) agreed 

significantly less with this statement, but there was higher levels of 

agreement in 121 (median levels of IBL) than 123 (lowest levels of IBL), 

which was not expected.  

 

 

● Analysis 3:  Students in Courses With Higher Levels of Inquiry-Based Learning 

Will Be More Likely to Agree With the Statement that They Get Personal 

Satisfaction When Solving A Scientific Problem on Their Own  

- Students in courses with higher levels of IBL (Biol 121 & 322) did have 

the highest mean of agreement, but the results were not statistically 

significant.  
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● Analysis 4: Students In Courses With High Levels of Inquiry-Based Learning 

Will  Be More Likely to Agree That The Main Job of The Instructor is to 

Structure the Work So That They Learn it Themselves  

- Students in the highest level of IBL (Biol 322) disagreed, but more 

students in 121 (median levels of IBL) agreed than in 123 (lowest levels of 

IBL). The results were statistically significant.  

 

● Analysis 5: Students in Courses With Higher Levels of Inquiry-Based Learning 

Will Be More Inclined to Agree That The Course was A Good Way of Learning 

About the Subject  

- The results were statistically significant that students in courses with 

higher amounts of Inquiry-Based Learning (Biol 121 & Biol 322)  found 

the course to be an overall good way of learning about the subject. 

 

Overall, I would argue IBL does make a difference, with a few limitations to consider.  
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CONSIDERATIONS & IMPLICATIONS FOR ANALYSES 

  When analyzing this research, there are many factors to take into consideration. One 

consideration is that students have varying learning styles. With that, they will be more 

likely to have varying levels of agreement with the statements. Student performance also 

may not necessarily be indicative of their learning. A student may be inclined to say they 

will pick a method seen as “easiest” or where they achieve the letter score they desire. 

With that, higher levels of IBL create more independence. Students who require a more 

rigid learning style may not perform well in an IBL environment, and with that negative 

connotation to this method.  Another consideration is varying levels of age/maturity level 

among students. Often, students in introductory courses like 121 or 123 may be younger 

and not quite be adept at navigating college habits or learning environments. This may 

have an impact on their experience in a course and could be why we see some results that 

we do. Additionally, differing perceptions of roles of instructors/professors in learning 

could be at play. One student may be likely to have the perception that an instructor 

should have more of an oversight/facilitative role while another may believe a professor 

should be very hands on. If a student perceives an instructor as not fitting that role, their 

experience and satisfaction with the class may change. Another factor is that student 

interest in course material varies. A student who loves science may be more likely to 

enjoy any environment that they are in that has that subject matter. Another student could 

be taking the course simply to fulfill a major/minor requirement, and not feel positively 

to the course in general, regardless of the teaching method used. A final consideration is 

that Teaching Assistants (Tas) may vary across sections in the labs. TA’s often have the 
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freedom and flexibility to facilitate a course in a variety of ways. Depending on their 

style, student perceptions can vary heavily and could be positive or negative.  

  There are a lot of implications involved with this research and future work that may be 

done. With the results here, it is evident that the student perspective on IBL varies, but 

also seems to be a positive experience for many students. It’d be beneficial to conduct 

this research in non-science courses here at WKU. This could provide a better picture on 

IBL in non-science fields. Additionally, surveys could be conducted in institutions that 

are both larger and smaller than WKU. Small, private colleges could have drastically 

different results than larger institutions and it would be interesting to see the comparison. 

With this research and beyond, instructors can tailor their courses to what works best for 

that group of pupils. Specifically, with the COVID-19 pandemic, engagement in the 

classroom has been a major issue across all age-levels. Seeing what works best and 

reigniting a love for learning in the classroom is vital to the future of education. It’s 

worthwhile to put forth time, money, and resources to such research and could change the 

world of learning as we know it.  

 

 

 

 

 

 

 

 



 

 

 

20 

LIMITATIONS 

  With this research, there are a few limitations to take into consideration. Bio 212 was 

one course that was surveyed, but lack of response data made it underrepresented and not 

used in this research. It would have had levels of inquiry in between Bio 121 and 322. 

Another limitation is that these were all conducted in lab courses, and therefore only a 

small sample of the overall WKU population.  
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