
Inquiry 
Based 

Learning
Emily Jones, Samantha 

Steward, & Shelby 
Robertson



Introduction

Inquiry-based teaching practices involve students learning through making 

connections outside the classroom by problem solving and experiences. This 

cutting edge idea has piqued teachers interest in the effectiveness of this 

method. As senior biology majors at Western Kentucky University, we 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. 

These classes range from introductory level to upper level biology courses 

each with a different level of inquiry embedded in the curriculum.



Literature Review
● The sustained use of an effective, research-based instructional model can help students learn fundamental concepts in science and other domains. 

Through engagement, exploration, explanation, elaboration, and evaluation, students can maximize their learning experience in the classroom. 
Traditional laboratory experiences seem to be less effective in attaining goals of students in their education. Bybee, R. W., Taylor, J. A., Gardner, 
A., Van Scotter, P., Powell, J. C., Westbrook, A., & Landes, N. (2006). The BSCS 5E instructional model: Origins and effectiveness. Colorado 
Springs, Co: BSCS, 5, 88-98.

● Implementing a 5E Model of classroom instruction, students are forced to utilize critical thinking and problem solving skills to construct an 
understanding of  scientific content. In each aspect of the lesson, students are challenging themselves to think creatively and develop new ideas for 
tasks at hand. This instructional model could facilitate creativity in the classroom. Duran, L. B., & Duran, E. (2004). The 5E Instructional Model: A 
Learning Cycle Approach for Inquiry-Based Science Teaching. Science Education Review, 3(2), 49-58.

● 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 study had strong results that showed favorable outcomes for active learning. An important concept was 
that the course not be teacher-centered, but student-centered. Sadi, O., & Cakiroglu, J. (2010). Effects of 5E learning cycle on students’ human 
circulatory system achievement. Journal of Applied Biological Sciences, 4(3), 63-67.

● The use of Argument Driven Inquiry (ADI) encourages students to use evidence and critical thinking to develop evidence supported claims. Students 
are able to better articulate those claims and create stronger skills in communication. These science-based skills can be applied to other disciplines 
and are quite prevalent in major concepts all throughout society. Walker, J. P., Sampson, V., Grooms, J., Anderson, B., & Zimmerman, C. O. 
(2012). Argument-driven inquiry in undergraduate chemistry labs: The impact on students’ conceptual understanding, argument skills, 
and attitudes toward science. Journal of College Science Teaching, 41(4), 74-81.

● There’s pressure in academic institutions to cover many complex topics as preparation for high-stakes examinations in college that may account for 
persistence of highly efficient, yet dubiously effective “cookbook” laboratory exercises in many science classes. However, students who completed 
the inquiry-based enzyme laboratory protocol showed significant improvement on  a priori objective and subjective assessment questions compared 
with students completing an  existing, standard, laboratory protocol without inquiry-based learning. Rissing, S. W., & Cogan, J. G. (2009). Can an 
inquiry approach improve college student learning in a teaching laboratory?. CBE—Life Sciences Education, 8(1), 55-61.

● In one study, the ADI instructional model (an inquiry-based model)  is compared with a more traditional approach to instruction across 16 laboratory 
sections of introductory college chemistry. Results indicated significant differences between instructional approaches on measures of students' 
abilities to use evidence and reasoning while no significant differences in conceptual understanding were observed. Students in the ADI sections, 
particularly females, had a significantly more positive attitude toward chemistry, according to postcourse measures. This helps prove that student’s 
reasoning skills even outside the classroom can be improved with an inquiry based learning style. Walker, J. P., Sampson, V., Grooms, J., 
Anderson, B., & Zimmerman, C. O. (2012). Argument-driven inquiry in undergraduate chemistry labs: The impact on students’ conceptual 
understanding, argument skills, and attitudes toward science. Journal of College Science Teaching, 41(4), 74-81. 



Methods
- This CURE survey data was a voluntary survey collected from three 

different biology lab courses at Western Kentucky University.

- The responses were given using a scale from 1 to 5.
- 1 = strongly disagree

- 2 = disagree

- 3 = neutral

- 4 = agree

- 5 = strongly agree

- These responses were turned into numerical form (4 = agree was turned 

into 4). These numbers were used to find the average response among 

the three courses and a statistical analysis was conducted on the data.



Levels of Inquiry and Course Description

Bio 123  - Introductory 

laboratory in biology for science 

majors that emphasizes the 

experimental aspects of 

evolutionary patterns and 

processes, diversity of life 

(bacteria, archaea, protists, 

plants, fungi, and animals), 

ecological principles, and 

conservation and management.

Bio 121 - Introductory 

laboratory in biology that 

emphasizes the experimental 

aspects of cellular organization 

and processes, metabolism, 

DNA structure and replication, 

and Mendelian and population 

genetics.

Bio 322 - Laboratory course 

presenting fundamental 

techniques for the isolation and 

characterization of biological 

molecules, with an emphasis on 

proteins and nucleic acids.

Low Inquiry High Inquiry



Comparison 1 - Science is not a part of non-science 
fields such as history, literature, economics, etc. 

F-value = 6.7275

P-value = 0.001289

1 = strongly disagree
5 = strongly agree



Analysis One
Hypothesis: We hypothesized students in BIOL 322 would be more likely to 
see the connection between science and other fields due to increased 

inquiry.

- An anova test was conducted in order to compare the responses from three 

different classes.
- With a p-value of 0.001289, the results of this survey question are statistically 

significant, indicating that there is a statistical difference between the three 
classes. This supports our hypothesis. 

- Reasonable to conclude the level of inquiry in a class can impact a students’ 
perception of science and its role in other fields. In a lower inquiry class, 

students are more likely to believe that science cannot be found in fields 
outside of strictly science. 

Comparison One (Science is not a part of non-

science fields such as history, literature, 

economics, etc.)



Comparison 2 - Creativity does not play a role in 
science.

F-value = 7.28238

P-value = 0.000749

1 = strongly disagree
5 = strongly agree



Analysis Two
Hypothesis: We hypothesized that BIOL 322 would be more likely to see 

that creativity does play a role in science due to increased inquiry.

- An anova test was conducted in order to compare the responses from 

three different classes.

- With a p-value of 0.000749, the results of this survey question are 

statistically significant, indicating that there is a statistical difference 

between the three classes. This also supports our hypothesis.

- Reasonable to conclude the level of inquiry in a class can impact a 

students’ perception of creativity science. With a higher level of inquiry, 

students are more likely to believe that science does involve creativity.

Comparison Two (Creativity does not play a 

role in science.)



Comparison Three- Explaining Science Ideas to Others 
Has Helped Me Understand the Ideas Better
Hypothesis: Students in 322 will agree that explaining science ideas to others has helped them understand the ideas better more than students in 121. 

121 (L)

322 (R)

Paired t-test 
results P-
value: 
0.5432.

Scale: Higher Scores on this item indicate students believe explaining science ideas to others have helped 
them understand the ideas better. 



Analysis Three
● I chose to compare Bio 121 and 322 as those courses have very different 

levels of inquiry based learning. 322 placed more emphasis on inquiry-

based learning techniques like explaining science ideas to others. 

● The p-value was > 0.05.

● In comparing the two courses, however, there wasn’t a significant 

difference in those in 122 who thought explaining ideas to others helped 

them understand ideas better versus the 322 course. I think this could be 

due to a variety of factors, such as some students having different 

learning styles. 



Comparison Four-Students Who Do Not Major/Concentrate 
In Science Should not Have to Take Science Courses
Hypothesis: Students who are in 121 will be more likely to agree with the statement that students who do not 
major/concentrate in science should not have to take science courses

121 (L)

322 (R)

Paired t-
test p-
value: 
<0.0001

Scale: Higher Scores in this area indicate the student agrees students who do not major/concentrate in science should not have to take 
science courses. 



Analysis Four
● I chose to compare Bio 122 and Bio 322 on student’s perception of if 

students who do not major/concentrate in science should not have to 

take science courses.

● Interestingly, these yielded very significant results with a p value of less 

than 0.0001.

● Far more students in the 122 course didn’t believe science courses should 

be required if not studying science versus 322. With 322 being a more 

inquiry-based learning course, it could be reasonable to conclude 

students see an inquiry-based learning course as highly valuable even for 

those outside of the scope of studying science. 



Comparison five - Even if I forget the facts, I’ll still be able 
to use thinking skills learned in science.
Hypothesis: Students in courses with higher levels of inquiry will be more likely to agree that even if they forget the facts, they’ll still 
be able to use thinking skills learned in science. 

F-Ratio Value: 4.481

P-Value: 0.011693

Scale: The higher the score, the more students agree with that even if they forget the facts, they’ll still be able to use thinking skills 
learned in science. 



Analysis Five
● An anova test was used to compare three different classes results 

regarding their belief of gaining thinking skills. 

● There is a statistically significant difference in the results between the 

courses 123, 121, 322 because the p-value of 0.011693 is less than 0.5. 

● As there is an increase in the level of inquiry in the classroom, students 

responded that they are more likely to agree that they have gained 

thinking skills that can be used outside of class. 



Comparison six - I wish science instructors would just tell 
us what we need to know so we can learn it.
Hypothesis: Students in classes with lower-levels of inquiry will be more likely to wish that science instructors would just tell them 
what they need to know so they can learn it.

F-Ratio Value: 12.12018

P-Value: < .00001

Scale: The higher the score, the more students wish instructors would just tell them what they 
need to know so they can learn it. 



Analysis Six
● An anova test was used to compare the three different classes to indicate 

a student’s want for a simple explanation as the inquiry level increased. 

● The p-value is less than .0001. Therefore, the results indicate that there is 

a statistically significant difference between the classes. 

● However, a pairwise comparison was also completed because the 

averages for 121 and 123 were very similar. 

● The pairwise comparison indicates that there is a significant difference 

between the pairs 121, 322 and 123, 322. There is not a difference 

between 121 and 123. 



Changes and future research
● For future research, I would propose including Bio 114. I think you could 

get a more accurate picture of what people who are not studying science 

at all perceive. Most 121 students are studying a science of some kind, 

while in 114 barely, if any, are. I think that could yield very interesting 

results. 

● Another change would be to have more survey data for 212. This could be 

helpful with analyzing data and having a more accurate picture of student 

perceptions. 


