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Impact of Flexible Classroom Spaces on 
Instructor Pedagogy and Student Behavior 

 
Introduction 
The use of active learning techniques, such as asking students to respond to multiple-choice 
“clicker” questions or to work together with their peers to solve a problem in class, has been 
shown to benefit students by improving their retention of information, conceptual understanding, 
self-esteem, and attitudes about their program of study [1], [2], [3]. However, many barriers still 
remain to the implementation of active learning, including insufficient training for instructors, a 
lack of rewards and incentives, fear of student resistance or negative student evaluations, 
increased preparation time, and constraints of the physical classroom [4], [5], [6], [7], [8]. 
“Studio classrooms,” in which students sit facing each other in small groups rather than in 
front-facing rows, are one solution to the barrier of physical classroom constraints [9], [10], [11], 
[12], [13], [14]. However, fully realizing the benefits of these spaces requires a time- and 
effort-intensive change in the way a course is taught, as they do not easily support lecture. In 
fact, holding lecture-based classes in studio classrooms has been found to have negative effects 
on student learning outcomes [15]. Flexible classrooms, in which the tables and chairs are easily 
movable and can be rearranged into different layouts, support both active and traditional 
classroom preferences. The open-ended design of flexible classrooms means they can be 
arranged into front-facing rows or small groups depending on the instructor’s needs during a 
given activity.  
 
Funded by the National Science Foundation’s Division of Undergraduate Education, we are 
conducting a study on flexible classroom spaces to address three research questions:  

1. How does instructors’ pedagogy, specifically their choice of learning activities and use 
of formative assessment, differ between a traditional lecture hall and a flexible classroom 
space? 

2. How do instructors take advantage of the instructional affordances of a flexible 
classroom to make these changes in pedagogy? 

3. How does the physical classroom space influence the ways students frame (interpret) and 
engage in group learning activities? 
 

Background 
Our three research questions are designed to address the relationships between three actors in any 
given course: the physical classroom space, the instructor, and the students. These two-way 
relationships (modeled in Figure 1) are all influenced by external factors and individual 
characteristics of the instructor and students. 
 



 
Figure 1. Conceptual model of relationships that influence teaching and learning  

between the physical classroom space, the instructor, and the students. 
 
The relationship between the instructor and students is broadly labeled as the pedagogy 
employed in the class. In our research we focus on two specific aspects of an instructor’s 
pedagogy: his/her 1) choice of learning activities and his/her 2) use of formative assessment 
methods. The learning activities employed by the instructor may be instructor-centered (e.g. 
lecture) or student-centered (e.g. active learning) [16], while the formative assessment methods 
may encompass any practice through which the instructor elicits and interprets evidence about 
student thinking and uses this evidence to make real-time changes to instruction [17]. 
 
The instructor’s choice of learning activities and formative assessment methods may be 
influenced by the instructional affordances of the physical classroom space. The physical 
layout and technology of any given classroom suggest certain uses [10], [18]. “Studio 
classrooms” afford active learning more than a traditional tiered lecture hall, and research has 
demonstrated that student learning outcomes improve as students interact more meaningfully 
with their peers [15], [19], [20], [21], [22], [23]. However, studio classrooms do not easily allow 
for lecture-based teaching, which is still practiced by many faculty members [24], [25]. On the 
other hand, flexible classrooms afford both active learning and lecture, as the tables and chairs 
can be rearranged into layouts that support either learning activity.  
 
Just as the affordances of a classroom can influence an instructor’s pedagogy, the instructor can 
change and modify the classroom to fit his/her needs. This is particularly true in a flexible 
classroom, which is designed to be adaptable. However, just because a classroom is flexible does 
not mean that all instructors will use it flexibly. Norman’s theory of perceived affordances [26], 
[27] suggests that external factors (e.g. professional development available to the instructor) and 
instructor characteristics (e.g. prior experience teaching the course or underlying beliefs about 
teaching and learning) influence each instructor’s perception of a classroom’s affordances and 
subsequent use of the space.  



 
Finally, the way in which students interpret learning activities may be influenced by the framing 
affordances of the physical classroom space. We use the word “framing” to refer to students’ 
epistemological framing, which Scherr & Hammer define as the “sense of what is taking place 
with respect to knowledge” (p. 149) [28]. In other words, students make judgments about what 
class experiences are important and how they should engage with these experiences. This 
judgment is based on the physical classroom space [10], [18], as well as external factors and 
student characteristics such as their underlying beliefs about learning, career goals, and 
educational experiences to date [9], [29]. Based on their prior experiences, students may frame a 
room with chairs and front-facing tables as an indication that the class will mostly be lecture, and 
their role will be to listen passively. On the other hand, a studio classroom or flexible classroom 
with tables arranged in small groups may suggest to students that their role will be to actively 
discuss and collaboratively build knowledge with their classmates. 
 
Study Design 
The relationships between the physical classroom space, the instructor, and the students (Figure 
1) in multiple courses will be assessed through three different research methods: 1) interviews 
with the instructors at the beginning and end of the semester, 2) classroom observations using a 
formal protocol, and 3) a student survey. Pedagogy (both learning activities and formative 
assessment) will be assessed from the researchers’ perspectives through classroom observations, 
from the instructors’ perspectives through interviews, and from students’ perspectives through 
the survey. The instructors’ use of the instructional affordances of the classroom will be assessed 
through the observations and interviews. Finally, the influence of the framing affordances of the 
classroom on students will be assessed through classroom observations and the student survey. 
The use of multiple research instruments allows for the triangulation of data from multiple 
perspectives, increasing the validity of the findings [30]. 
 
Our research is being conducted in two flexible classroom spaces currently available at the 
University of Michigan. Classroom A (Figure 2) has a seating capacity of 48 students and is 
equipped with movable whiteboards and wall-mounted monitors located on the periphery of the 
room. These monitors can be connected to the instructor’s computer (both wired or wirelessly), 
students’ laptops, or a desktop computer located beneath each monitor which is connected to the 
College of Engineering computer network. Classroom A is typically arranged into small groups 
of some form, but instructors often rearrange the room into different layouts (Figure 3). 
Classroom B (Figure 4) has a seating capacity of 90 students and is also equipped with moveable 
whiteboards and wall-mounted monitors. Unlike Classroom A, Classroom B does not have 
desktop computers beneath each monitor. Classroom B is typically arranged into front-facing 
rows, but some instructors rearrange the room into small groups. 
 



 
Figure 2. Panoramic photo of Classroom A arranged for a studio class. 

 

  
Figure 3. Classroom A set up for (a) small groups using double tables, (b) small groups using single tables, (c) 

lecture, (d) project demonstrations, and (e) project presentations. Each yellow rectangle represents 1 table that can 
seat 3 students per side. 

 

 
Figure 4. Panoramic photo of Classroom B arranged for lecture.  

 
We are planning to follow five instructors as they teach the same (or a similar) second- or third-
year engineering science course during two consecutive academic years. These instructors will 
be recruited from among those teaching large, introductory engineering courses based on: 1) 
their willingness to learn more about the flexible classroom, 2) their demonstrated use of 
student-centered teaching and regular incorporation of group learning activities, 3) their 
commitment to engage over the duration of the project, and 4) their expected teaching schedule. 
Each instructor will teach their course first in a traditional lecture hall and then, after 
participating in professional development focused on the affordances of the room, in a flexible 



classroom. The professional development will consist of a half-day pre-semester workshop 
during the summer between the two academic years and a monthly faculty learning community 
[31] during the second year. 
 
Instrument Development 
Interview Protocol 
We wil interview each instructor twice during a semester—once at the beginning of the semester 
and once at the end. Each interview follows a semi-structured format, with a base set of 
questions serving as a guide. The questions in the pre-semester interview address six topics: 1) 
the instructor’s background with the course and the evolution of the course, 2) the instructor’s 
goals for his/her students, 3) how the instructor impelements active learning, 4) how the 
instructor engages in formative assessment, 5) the instructor’s participation in professional 
development, and 6) the classroom features that the instructor likes and does not like. The 
questions in the post-semester interview address similar topics, asking instructors if they felt 
students achieved the desired goals and asking for the instructor’s perspective about specific 
instances of active learning and formative assessment that the researchers noticed in the 
classroom observations. The post-semester interview also asks the instructor’s opinion of the 
classroom space and asks how they would use the same space differently in the future. 
 
Observation Protocol 
Our observation protocol has two distinct components to measure how the two aspects of 
pedagogy in which we are interested (the learning activities and formative assessment methods) 
differ between a traditional lecture hall and a flexible classroom. The first component, which is a 
modified version of the Teaching Dimensions Observation Protocol [32], documents the 
instructor’s pedagogy in two-minute increments. The observer records the behaviors of the 
instructor and students and the technology used by each.  
 
The second component of the observation protocol captures the details of each instance of 
formative assessment. Specifically, the observer records information about the instructor’s 
initiation of formative assessment, the student’s response to the assessment, and the instructor’s 
response to students. Because student and instructor behaviors are specific to the type of 
formative assessment, the observation protocol incorporates different coding schemes for each 
type of assessment. More details about the observation protocol can be found in our companion 
paper [33]. 
 
Student Survey 
To investigate students’ perspectives of courses taught in flexible classrooms, we designed a 
survey to measure students’ views of the instructor, their thoughts about the flexible classroom, 
and their personal role in learning activities. Many of the questions were taken from the Student 
Responses to Instructional Practices (StRIP) Survey [34] and the University of Minnesota Office 



of Information Technology’s Student Survey for active learning classrooms (UMN OIT) [35]. 
We modified or added questions based on the classroom observations made during our initial 
work. The survey is designed to be administered twice during a semester, once near the 
beginning of the semester and once at the end. The beginning-of-semester survey only includes 
one set of questions, and the end-of-semester survey repeats those questions and includes four 
more sections. Table 1 lists each survey section and the relationships within the conceptual 
model (Figure 1) that are explored by that particular section. The table also outlines the source of 
the questions in each section. 
 

Table 1. Survey sections capture students’ individual characteristics and perception of different relationships within 
the conceptual model. 

 

Survey Section Relationships Explored Source of Questions 

Types of Instruction 
Student perception of pedagogy  

StRIP1 
Individual characteristics of student 

Instructor Strategies  
for Using In-Class Activities 

Student perception of pedagogy 
StRIP + 

Added questions 

Student Responses  
to Instruction 

Student response to pedagogy StRIP + 
Added questions Inferring student’s framing 

Student Thoughts about  
the Classroom 

Inferring student’s framing 
UMN OIT2 – 

Removed questions 

Course Evaluation Individual characteristics of student StRIP 

 
Types of Instruction consists of 16 questions. While the questions are the same in the beginning- 
and end-of-semester surveys, the context differs. At the beginning of the semester students are 
asked how often they expected to experience each of the type of instruction before the start of the 
semester, and how much they currently expect to experience each type. At the end of the 
semester, students are asked how much of each type of instruction they experienced throughout 
the course, and how often they would like to experience each type in their ideal course. 
Collecting students’ reports of the extent to which they experienced certain learning activities 
will allow us to triangulate with the classroom observations and instructor interviews. 
Understanding students’ ideal course will provide information about their individual 

                                                
1 The Student Responses to Instructional Practices (StRIP) Survey [34] 
2 The University of Minnesota Office of Information Technology’s Student Survey for active learning classrooms 
(UMN OIT) [35] 



characteristics, which are important variables that influence students’ responses to instruction 
and framing of learning activities. 
 
Instructor Strategies for Using In-Class Activities consists of 14 questions about how the 
instructor facilitated and recapped in-class activities. We added additional questions to the StRIP 
survey [34] to explore the relationship between the instructor and student in more depth and 
capture one-on-one interactions, which we have found to occur more frequently in flexible 
classrooms. As with Types of Instruction, students’ responses on this section will triangulate 
classroom observations and instructor interviews. An example of an added question is: 

In this course, when the instructor asked you to do an in-class activity (e.g., solve problems 
in a group during class or discuss concepts with classmates), how often did the instructor 
answer questions one-on-one with individual students during the activities? 

 
Student Responses to Instruction consists of 31 questions that ask students about different ways 
they responded to in-class activities. This section addresses the relationship between the 
instructor and student by showing students’ responses to the instructor’s pedagogy. As such, it 
also triangulates classroom observations and instructor interviews. Questions from the StRIP 
survey focus on four factors: value, positivity, participation, and distraction. We added questions 
that focus specifically on students’ framing of in-class activities and interaction with each other. 
An example of an added question, which allows us to understand more about students’ framing 
of in-class activites, is: 

In this course, when the instructor asked you to do in-class, non-lecture activities, how often 
did you react by wanting to understand “why” instead of just getting the right answer?  

 
Student Thoughts about the Classroom consists of 14 questions that aim to capture how the 
students perceived the classroom setting and explore the impact of the flexible classroom’s 
affordances on how they frame the learning activities. The questions were selected from the 
University of Minnesota Office of Information Technology’s Student Survey for active learning 
classrooms [35]. Because this survey was designed for a broad spectrum of courses, we removed 
questions that asked how the classroom influenced behaviors that were not expected to occur in 
undergraduate engineering science courses (such as developing confidence in writing). 
 
Course Evaluation is a short four-question section. The questions are posed to capture students’ 
opinion of the course overall. Students are asked to respond to questions based on a scale of 
agreement. This information helps to further understand individual characteristics of students. 
 
Our observation protocol has two distinct components to measure how the two aspects of 
pedagogy in which we are interested (the learning activities and formative assessment methods) 
differ between a traditional lecture hall and a flexible classroom. The first component, which is a 
modified version of the Teaching Dimensions Observation Protocol [32], documents the 



instructor’s pedagogy in two-minute increments. The observer records the behaviors of the 
instructor and students and the technology used by each.  
 
The second component of the observation protocol captures the details of each instance of 
formative assessment. Specifically, the observer records information about the instructor’s 
initiation of formative assessment, the student’s response to the assessment, and the instructor’s 
response to students. Because student and instructor behaviors are specific to the type of 
formative assessment, the observation protocol incorporates different coding schemes for each 
type of assessment. More details about the observation protocol can be found in our companion 
paper [33]. 
 
Future Work 
We are continuing to develop the observation protocol by testing both components in the 
classroom. In Winter 2017 we used a modified version of the Teaching Dimensions Observation 
Protocol [32] to observe seven courses in Classroom A (Figure 2) during the winter 2017 
semeter. In Winter 2018 we used an initial version of the second component of the observation 
protocol to record instances of formative assessment in two engineering science courses in 
traditional classrooms. We are continuing to develop the classroom survey by conducting 
cognitive interviews with small focus groups of students. The focus groups will work though 
each section of the survey and discuss their interpretation of the questions with a pair of 
researchers. This will allow us to ensure that students are thinking about the questions in the way 
that we intended, and it will give us the opportunity to revise any questions that students 
commonly misinterpret. 
 
The results of our study will provide evidence-based recommendations for classroom design, 
specifically focused on the instructional and framing affordances of a classroom that positively 
influence teaching and learning. These recommendations will allow faculty, classroom designers, 
researchers, and college administrators to advocate for and design flexible classroom spaces at 
their own universities.  
 
We will also develop guidelines for professional development focused on flexible classrooms. 
Our initial work has shown that professional development is critical for helping faculty to fully 
take advantage of the affordances of a flexible classroom. Many instructors implemented new 
activities in the classroom but only after spending a few weeks in the room and getting a feel for 
its affordances. Furthermore, relatively few instructors rearranged the room into a layout that 
best suited the activities they had planned; instead, most just taught in the layout left from the 
previous class. To help overcome these challenges, we have held professional development 
meetings in which instructors who will be teaching in a flexible classroom share their pedagogy, 
hear advice on what worked for other instructors, and discuss possible learning activities and 
classroom layouts. As the project continues, we will hold more formal professional development 



with instructors through a half-day summer workshop and a monthly faculty learning 
community. From these experiences we will develop evidence-based professional development 
guidelines to support faculty and staff at other universities who also create flexible classrooms. 
 
Acknowledgements  
This material is based upon work supported by the National Science Foundation under Grant No. 
DUE-1711533. Any opinions, findings, and conclusions or recommendations expressed in this 
material are those of the author(s) and do not necessarily reflect the views of the National 
Science Foundation. 
 
 
 
 
References 
[1] Paulson, D. R., & Faust, J. L. (1988). Active and Cooperative Learning. Los Angeles: California 

State University, Los Angeles. Retrieved from 
http://www.calstatela.edu/dept/chem/chem2/Active/index.htm  

[2] Prince, M. (2004). Does active learning work? A review of the research. Journal of Engineering 
Education, 93(3), 223-231.  

[3] Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., & Wenderoth, M. 
P. (2014). Active learning increases student performance in science, engineering, and mathematics. 
Proceedings of the National Academy of Sciences, 111(23), 8410-8415.   

[4] Bonwell, C. C., & Sutherland, T. E.(1996). The active learning continuum: Choosing activities to 
engage students in the classroom. New Directions for Teaching and Learning, 1996(67), 3-16. 

[5] Brownell, S. E., & Tanner, K. D. (2012). Barriers to faculty pedagogical change: Lack of training, 
time, incentives, and… tensions with professional identity? CBE-Life Sciences Education, 11(4), 
339-346. 

[6] Borrego, M., Cutler, S., Prince, M., Henderson, C., & Froyd, J. E. (2013). Fidelity of 
Implementation of Research – Based Instructional Strategies (RBIS) in Engineering Science 
Courses. Journal of Engineering Education, 102(3), 394-425. 

[7] Froyd, J., Borrego, M., Cutler, S., Henderson, C., & Prince, M. (2013). Estimates of use of research-
based instructional-strategies in core electrical or computer engineering courses, IEEE Transactions 
on Education, 56(4), 393-399.  

[8] Finelli, C. J., Daly, S. R., & Richardson, K. M. (2014). Bridging the researchto-practice gap: 
Designing an institutional change plan using local evidence. Journal of Engineering Education, 
103(2), 331-361.  

[9] Jamieson, P. (2003). Designing more effective on-campus teaching and learning spaces: a role for 
academic developers. International Journal for Academic Development, 8(1-2), 119-133.  

[10] Oblinger, D. G. (2006). In D. G. Oblinger (Ed.), Learning Spaces (1.1-1.4). Retrieved from 
http://www.educause.edu/learningspaces 



[11] Chism, N. V. N. (2006). In D. G. Oblinger (Ed.), Learning Spaces (2.1-2.12). Retrieved from 
http://www.educause.edu/learningspaces 

[12] Montgomery, T. (2008). Space matters Experiences of managing static formal learning spaces. 
Active Learning in Higher Education, 9(2), 122-138.  

[13] Baepler, P., Walker, J. D., Brooks, D. C., Saichaie, K., & Petersen, C. L. (2016). A Guide to 
Teaching in the Active Learning Classroom: History, Research, and Practice. Sterling, VA: Stylus 
Publishing. 

[14] Knaub, A. V., Foote, K. T., Henderson, C., Dancy, M., & Beichner, R. J. (2016). Get a room: the 
role of classroom space in sustained implementation of studio style instruction. International 
Journal of STEM Education, 3(1), 1-22. 

[15] Lasry, N., Charles, E., & Whittaker, C. (2014). When teacher-centered instructors are assigned to 
student-centered classrooms. Physical Review Special Topics—Physics Education Research, 10(1), 
010116. 

[16] Catalano, G. D., & Catalano, K. (1999). Transformation: from teacher-centered to student-centered 
engineering education. Journal of Engineering Education, 88(1), 59-64. 

[17] Black, P., & Wiliam, D. (2009). Developing the theory of formative assessment. Educational 
Assessment,  Evaluation and Accountability, 21(1), 5-31.   

[18] Monahan, T. (2002). Flexible space & built pedagogy: Emerging IT embodiments. Inventio, 4(1), 1-
19.  

[19] Beichner, R., Bernold, L., Burniston, E., Dail, P., Felder, R., Gastineau, J., ... & Risley, J. (1999). 
Case study of the physics component of an integrated curriculum. American Journal of Physics, 
67(S1), S16-S24.  

[20] Dori, Y. J., & Belcher, J. (2005). How does technology-enabled active learning affect undergraduate 
students' understanding of electromagnetism concepts? The Journal of the Learning Sciences, 14(2), 
243-279.  

[21] Taylor, S. S. (2009). Effects of studio space on teaching and learning: Preliminary findings from two 
case studies. Innovative Higher Education, 33(4), 217-228.  

[22] Cotner, S., Loper, J., Walker, J. D., & Brooks, D. C. (2013). "It's Not You, It's the Room"² Are the 
High-Tech, Active Learning Classrooms Worth It? Journal of College Science Teaching, 42(6), 82-
88.  

[23] Baepler, P., Walker, J. D., Brooks, D. C., Saichaie, K., & Petersen, C. L. (2016). A Guide to 
Teaching in the Active Learning Classroom: History, Research, and Practice. Sterling, VA: Stylus 
Publishing.  

[24] Finelli, C. J., & Daly, S. R. (2011, Oct). Teaching practices of engineering faculty: Self-reported 
behavior and actual practice. Proceedings of the 2011 International Research in Engineering 
Education Symposium, Madrid, Spain.  

[25] Hora, M. T., Ferrare, J., & Oleson, A. (2012). Findings from classroom observations of 58 math and 
science faculty. Madison, WI: University of Wisconsin-Madison, Wisconsin Center for Education 
Research.  

[26] Norman, D. A. (2013). The design of Everyday Things: Revised and Expanded Edition. New York, 
NY: Basic Books.  



[27] Bouwma-Gearhart, J., Sitomer, A., Fisher, K. Q., Smith, C., & Koretsky, M. (2016, June). Studying 
Organizational Change: Rigorous Attention to Complex Systems Via a Multitheoretical Research 
Model. In Proceedings of the 2016 ASEE Annual Conference & Exposition.  

[28] Scherr, R. E., & Hammer, D. (2009). Student behavior and epistemological framing: Examples from 
collaborative active-learning activities in physics. Cognition and Instruction, 27(2), 147-174.  

[29] Lattuca, L. R., & Litzinger, T. A. (2016). Studying teaching and learning in undergraduate 
engineering programs. In A. Johri & B. M. Olds (Eds.), Cambridge Handbook of Engineering 
Education Research (477-496). New York, NY: Cambridge University Press.  

[30] Moskal, B. M., Reed, T., & Strong, S. A. (2016) Quantitative and mixed methods research: 
Approaches and limitations. In A. Johri & B. M. Olds (Eds.), Cambridge Handbook of Engineering 
Education Research (519-533). New York, NY: Cambridge University Press. 

[31] Cox, M. D. (2004). Introduction to faculty learning communities. New Directions for Teaching and 
Learning, 2004(97), 5-23. 

[32] Hora, M. T. (2015). Toward a descriptive science of teaching: How the TDOP illuminates the 
multidimensional nature of active learning in postsecondary classrooms. Science  

[33] Blackburn, M. W., Johnson, A. W., & Finelli, C. J. (2018). Developing an Observation Protocol to 
Categorize Formative Assessment in Engineering Courses. In Proceedings of the 2018 ASEE Annual 
Conference & Exposition. 

[34] DeMonbrun, M., Finelli, C. J., Prince, M., Borrego, M., Shekhar, P., Henderson, C., & Waters, C. 
(2017). Creating an instrument to measure student response to instructional practices. Journal of 
Engineering Education, 106(2), 273-298. 

[35] STSS Research Project: Student Survey. (2012, March 9). University of Minnesota Office of 
Information Technology. Retrieved from 
https://drive.google.com/file/d/0B1CiRxiBPvw0T3RHVl9VLUg2am8/view  

 


