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Abstract  

In this paper we will discuss preliminary results of the role of technology and active 

learning in student success between inverted (flipped) classrooms and traditional lecture 

formats in natural science and statistics classes at Texas Lutheran University. These re-

sults are part of a three-year NSF funded grant titled “Inverted and Active Learning Ped-

agogies (IALP) for Student Success” with participating faculty from biology, chemistry, 

physics, mathematics and statistics. We will present the results utilizing data which in-

cludes approximately four hundred sample points on pre- and post-tests and the survey of 

students and the faculty. Our results will compare the student achievement based on the 

type of instruction, the discipline, the frequency and extent of the use of technology and 

the group and individual activities using technology in and out of classroom 
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Introduction 

Three years ago, Texas Lutheran university was awarded approximately $300,000 from 

the NSF-IUSE program for a project titled “Inverted and active Learning Pedagogies 

(IALP) for Student Success and Retention” to be conducted during the period from Sep-

tember 2016 to August 2019.   The main goal of this project is to determine the optimal 

combination on inverted and active learning practices to maximize student learning in 

STEM disciplines, specifically in several courses in statistics, biology, chemistry and 

physics. In addition to the mode of instruction (traditional or inverted), principal investi-

gator, Reza Abbasian and his colleagues are evaluating the effectiveness of other factors, 

such as technology, type of activities and how the mode of instruction affects the reten-

tion of STEM students. Entering its third year, the IALP project has yielded four semes-

ters of data. In this paper, we will be discussing an important aspect of the study, namely 

how the use of technology affects students’ learning in inverted versus traditional classes. 

mailto:rabbasian@tlu.edu
mailto:jsieben@tlu.edu


 

The authors have been using technology in the mathematics and statistics classes at Texas 

Lutheran University for close to three decades and are true believers in the power of 

Technology, CAS and online resources as investigative tools to help develop students’ 

understanding of mathematics and statistics. The current study gives us an opportunity to 

measure the effectiveness of the use of technology versus traditional modes of instruction 

in inverted vs traditional classrooms.  
   
We will begin our paper with a brief description of the project including the goals, dura-

tion, disciplines, and faculty involved. We will then present the methodology used for our 

study including instruments that were developed to measure the effectiveness of the use 

of technology and active learning in students’ success across multiple sections of the 

same course and across different disciplines. Finally, we will discuss challenges in the 

use of technology in and out of classroom and designing technology-based class activities 

for inverted classrooms. We will then present our results based on three semesters of in-

struction involving approximately four hundred pieces of data from pre and post-test as 

well as student and faculty surveys. Our paper is intended for STEM and statistics educa-

tors with interest in the use of technology and the effectiveness of the inverted instruction  
 

 

Description of the project  

The PI is interested in the development of inverted classrooms while exploring the cogni-

tive level design space in the small liberal arts university setting. The project has three 

goals:1) developing classes implementing IALP to optimize content coverage and max-

imize higher-order student learning, 2) determining the impact of IALP on the success 

and retention of STEM majors and 3) disseminating to the national STEM community the 

project findings and course materials to enable faculty to incorporate IALP techniques 

into their courses and sharing the research design and measurement tools that will allow 

investigators to replicate and further test the efficacy of IALP courses. Faculty will par-

ticipate in IALP course development workshops and document course activities and 

characteristics throughout the semester. The impact of the IALP will be measured in a 

variety of ways such as: pre- and post-test instruments, student scores on assignments, 

quizzes, exams, and projects throughout the semester, end-of-the semester faculty ques-

tionnaire, and student surveys.   The use of course sequences will provide control groups 

and facilitate measurement of IALP impact on later courses. 

 

Students partaking in inverted-classroom pedagogy will learn basic concepts from online 

lectures in the form of short videos leaving the classroom for activities of higher cogni-

tive load. Classroom activities are led by the faculty member who can offer explanations 

of the most challenging concepts and can foster a collaborative environment for learning 

higher order thinking and problem-solving skills.  

 

So far six faculty from mathematics, biology, chemistry and physics participated in this 

project. Three other faculty, who were not initially part of the grant, have also shared 

their data (pre-post test results and student surveys, as well as responding to the faculty 

questionnaire). The following courses are part of the study:  Elementary and Applied Sta-



 

tistics (STAT 374-375),  Biological systems I and II( BIOL 143-144), General Chemistry 

I and II (CHEM 143-144), General College Physics I and II ( PHYS 141-142) 

 

Methodology and data gathering 

Bloom’s taxonomy was used to create questions at multiple cognitive levels. Figure 1 

summarizes the approach to the question generation. Students in all classes were adminis-

tered the same pre and post-exams (post-exam contained one problem to address the 

“creative/application” dimension of Bloom’s taxonomy)  at the beginning and the end of 

each semester. Grades and withdrawals over the course of the semester were also exam-

ined. Faculty completed a questionnaire at the end of each semester on the organization 

of the course (use of technology, in-call activities, number and length of videos, etc.)  

Students completed surveys at the end of each semester to examine their attitude and in-

terest in the mode of instruction. The average class size was 24. Approximately 130 stu-

dents per semester participated per semester. Mixed MANOVA and ANOVA tests were 

conducted examining pre and post-test results. Factors were the mode of instruction (in-

verted or traditional), discipline (statistics, biology, chemistry and physics) and the course 

term (fall or spring semester).  Dependent variables were total test scores, compartmental 

knowledge scores (factual, conceptual and procedural knowledge) and cognitive dimen-

sions (remembering, understanding, application and analyzing and evaluating).  

 

 
Figure 1 
 

 

 

Representative Findings: Fall 2017 through Fall 2018 

Following is a sample of our results from the analysis of three semester of data. The 

complete report on the findings of our study will be published later this year.  



 

As expected, students performed better in post-test compared to the pre-test. Students in 

statistics had more gain than other disciplines (see figure 2). Students in traditional clas-

ses performed better on procedural knowledge (see figure 3). Overall, however, there was 

no significant difference in the final grades between inverted and traditional classes (see 

figure 4) in fall 2017. Students in inverted classes performed slightly better in spring 

2018 (see figure 5). 

 

 
Figure 2 
 

 

Figure 3 



 

 
Figure 4 
 

 
Figure 5 
 

 

 

The percentage of withdraws in inverted classes were significantly smaller than tradition-

al classrooms (see figure 6) 

 



 

 
Figure 6 
 

The technology effects 

Videos for inverted classrooms are a given and are not considered as technology. We de-

cided to consider use of software, online homework and instructional tools such as Ka-

hoot and clickers as technology.   Since all statistics classes used the same software and 

almost all biology classes did not utilize any software, we will consider the use of tech-

nology in chemistry classes where we noticed a more pronounced and diverse use of 

technology.  As table 1 shows there is not a clear difference between chemistry classes 

which used technology versus those who did not. 

 
Table 1 
 

Let’s look at the three sections of one introductory chemistry class where Kahoot was 

used by some and not used by others.  Figure 7 clearly shows a significant difference be-

tween the improvement (difference between pre-test, blue line, and post-test, green line). 

 



 

 
Figure 7 
 

In a related observation, we noticed an effect we call the ”video saturation.” Preliminary 

analysis of the data shows that higher video saturation classes compared to low video sat-

uration classes were associated with increased post-test performance on Facts but not 

beneficial on Content and Procedure. 

 

The importance of “high stake” post-test, an unpleasant surprise 

In our preliminary analysis, we looked at the percentage of students who performed 

worse in post-test than the pre-test. We expected that number to be small. However, we 

noticed an unusually high percentage among chemistry students. A cross tabulation (con-

tingency table) analysis showed that indeed the chemistry students had a higher than ex-

pected drop in scores from pre to post-test as shown in Table 2. Investigation revealed 

that, unlike statistics classes, in chemistry classes the post-test either was: not part of the 

final exam or accounted for a very small portion of the students’ grade and the exam was 

given in a lab period prior to the final exams. This result shows the importance of “high 

stake” post-test.  

 



 

 
Table 2 
  

Conclusions 

We did not find a significant difference between the performance of students in inverted 

and traditional classes.  One benefit of inverted classes appears to be decreased with-

drawals from inverted/hybrid classes which warrants further attention. Higher grades in 

Spring 2018 for inverted/hybrid classes also warrant further study. In terms of the use of 

technology, we found no significant difference between overall class performance with or 

without technology. We believe the type of technology and its application will prove to 

be significant but further study is needed We cannot rule out potential impact of professor 

(although some of the findings collapse across professors, and across disciplines) 

The degree to which the class was hybrid or inverted could influence the results. It be-

came obvious to us that for meaningful results post-test must be high stakes. 

 

 

 

Future work 

i. Examine transfer of learning in sequential classes (e.g., STAT 374 – STAT 375) 

ii. Further examination of faculty surveys on the number, type, and length of  the  

instructional videos 

iii. Examine content that is inverted vs. traditional in the same classes (to control for  

potential effects of professor) 

iv. Further examine the role of technology 

v. Examine the student survey for influence of attitudes 

vi. Look at other factors, i.e. classroom activities, number and type of group  

projects, percent of class time spent on lecture in inverted models, etc. 
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