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Abstract 

Although active learning results in greater learning gains, professors are still reluctant to change 

their style.  At the same time, universities are investing in innovative spaces on campuses, but 

little data has been collected as to their impact on learning.  The majority of active learning 

studies are focused on STEM (Science, Technology, Engineering, Math) disciplines and include 

changes to pedagogical approaches, along with changes to the configuration of the classroom 

space.  This is a quantitative research study using multiple instruments to determine the impact 

of an innovative learning space on active and higher order learning in a university setting.  This 

study extended beyond STEM disciplines and a common Active Learning Classroom (ALC) to 

examine the connection between the space itself and perceived learning, without intentional 

manipulation to the pedagogical approaches.  Three instruments were employed to determine the 

outcomes: an algorithm evaluating sound waves and online surveys of students’ and professors’ 

perceptions of learning (active and higher order).  The innovative space, the main manipulation 

in this study, is a semi-open, accessible space with walls covered in whiteboard paint, such that 

all walls in the space are writeable, and has seating on ottomans or pillows.  In the innovative 

space, students perceived increased learning, and professors perceived increased student 

engagement and collaboration, along with increases in interactivity in their own teaching style.  

This study suggests that universities should invest in innovative spaces and integrate them into 

the learning environment as a formal classroom space. 

 

Keywords: active learning, active learning classrooms, classroom design, higher 

education master plan, higher order learning, informal learning environments, innovation, 

learning spaces, problem-based learning, student engagement  
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CHAPTER 1: INTRODUCTION 

Background and Problem Statement 

Students have changed, but have teaching methods or classrooms?  Although active 

learning results in greater learning gains (Beichner, 2011; Brooks, 2011; Dori et al., 2003; 

Freeman et al., 2014; Hake, 1998), professors are still reluctant to change their style (Michael, 

2007).  Clarissa Dirks (as cited in Waldrop, 2015), the co-chair of the U.S. National Academies 

Scientific Teaching Alliance, declared in regard to active learning, “At this point it is unethical to 

teach any other way” (p. 273).  Active learning has become so important that the former U.S. 

President, Barack Obama (as cited in Handelsman & Brown, 2016), launched an Active Learning 

Day and issued a call to action.  

 Active learning is based on learning by doing and is often juxtaposed with the traditional 

lecture where students are passive recipients of information from the teacher (Prince, 2004).  

Although modalities of learning have changed, classrooms have not kept pace, as nearly 40% of 

current university space was constructed over 50 years ago, and many lecture-style classrooms 

exist (Sightlines, n.d.).  Teaching methods are often limited by what the classroom space will 

allow (Newhouse, 2014).  Professors have reported that classroom space is perceived as a barrier 

to implementing active learning teaching approaches (Michael, 2007).  Additionally, as 

universities move towards the incorporation of online, blended, and mobile learning, the 

argument is being made for more informal learning environments on campuses (Deed & 

Alterator, 2017). 
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Significance of the Study 

With increasing tuition rates, parents and students are questioning why they should pay 

for university lectures when so many are now available online and free; to counter this, 

university administrators are supporting active learning in response to these concerns (Waldrop, 

2015).  There has been much research on active learning, including a meta-analysis of 225 

studies focused on the Science, Technology, Engineering, and Math (STEM) field (Freeman et 

al., 2014).  At the university level, there exists a lack of evidence on the impact of the space itself 

on learning, as the majority of the studies included changes to pedagogical approaches, along 

with changes to the configuration of the classroom space, such as implementing an Active 

Learning Classroom (ALC).  This study extended beyond STEM disciplines and a common ALC 

and examined the connection between the space itself and perceived learning, without intentional 

manipulation to the pedagogical approaches.   

Purpose Statement 

The purpose of this study was to explore the impact of an innovative space on learning in 

university classes at Centenary University.  

Research Questions 

RQ1.  Is there a significant difference in the percentage of active learning time in the 

innovative space as compared to that of the baseline classroom?  

RQ 2.  Is there a significant difference between learning (active and higher order) in the 

innovative space as compared to that of the baseline classroom as perceived by the student 

participants?  

RQ 3.  Is there a significant difference in professors’ perceptions of students’ learning in the 

innovative space as compared to that of the baseline classroom?  
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Research Plan 

This was a quantitative research study that used a machine-learning algorithm via the 

Decibel Analysis for Research in Teaching (DART) tool (Owens et al., 2017) to gather sound 

recordings of university-level class sessions.  The DART tool was used to determine if 

innovative space supports active learning at a greater percentage than that of the Baseline 

classroom.  One session was held in the Baseline classroom, and two sessions in an innovative 

space: The Innovation Cave.  In addition, quantitative survey data was collected from the student 

participants to determine perceived learning.  The professors participating in the study completed 

a survey as a manipulation check.  

Definitions 

For the purpose of this study, and further elaborated in the following chapter, learning 

was categorized as active learning and higher order learning.  The active learning definition was 

based on Bonwell and Eison (1991), who are credited with being the first to define active 

learning and stated, “given these characteristics and in the context of the college classroom, 

active learning be defined as anything that involves students in doing things and thinking about 

the things they are doing” (p. 5).  Higher order learning employed the components defined in the 

National Survey of Student Engagement (NSSE) (“NSSE Engagement Indicators,” n.d.).  The 

innovative space was defined as the Innovation Cave at Centenary University.  

Directional Hypotheses 

H01.  The percent of active learning time in the innovative space will significantly exceed 

the percent of active learning time in the baseline classroom. 

H02.  The students will perceive their learning to be significantly higher in the innovative 

space than in the baseline classroom. 
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H03.  The professors will perceive student learning to be significantly higher in the 

innovative space than in the baseline classroom.  
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CHAPTER 2: REVIEW OF RELATED LITERATURE 

Introduction 

The initial investigation of the literature was focused on space and learning, from which 

active learning emerged, along with higher order learning as a connected topic.  An investigation 

of characteristics of classroom space and its impact on learning was conducted.  Thus, two 

strands of prior research are relevant to this study: active learning and its linkage to higher order 

learning, and the impact of space on learning.  

Theoretical Framework 

Learning Defined 

Active learning is often defined as what it is not: a traditional lecture format where 

students listen passively to information delivered by the instructor; the core elements of active 

learning are student activity and engagement with the learning process, including the instructor, 

other students, and the material itself (Hudson, 2002; Prince, 2004).  Research has established 

that what is transmitted via lecture is simply not retained by students for a significant amount of 

time (Finkel, 2000).  

Stanford Professor and Nobel Laureate Carl Wienman (as cited in Westervelt, 2016) has 

been an advocate for replacing large lectures with active learning techniques.  Rather than just 

listening to a lecture, activities allow students to engage meaningfully with the content.  

Wienman (as cited in Westervelt, 2016) stated on NPR radio “When we measure how little 

people learn from an actual lecture, it’s just really small” (para. 4).  Educational thought leaders 

Wagner and Dintersmith (2015) also concur that most lecture-based courses have minimal 

contribution to real learning.  
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Hints of active learning philosophy are present in the foundational work of John Dewey 

(1924), Democracy and Education, where he noted that learning is "something an individual 

does when he studies.  It is an active, personally conducted affair" (p. 390).  Active learning can 

be captured in the old adage cited in an article by Arauz (2013), “Tell me, I´ll forget; show me, 

I´ll remember; involve me, I´ll understand” (p. 484).  

Active learning involves doing, engaging, and reflecting.  Bonwell and Eison (1991) are 

credited with being the first to define active learning and stated, “given these characteristics and 

in the context of the college classroom, active learning be defined as anything that involves 

students in doing things and thinking about the things they are doing” (p. 5).  Active learning 

engages both the students and the faculty in the learning process in order to obtain a deeper 

understanding of content as compared to that achieved in passive lecture-based learning (Lavoie 

& Rosman, 2007).  Active learning happens when most or all of the students are engaged, such 

that a professor posing a question and one student answering it is not considered active (Miller, 

Pfund, Pribbenow, & Handelsman, 2008).  Active participation is part of active learning, but 

active learning goes beyond participation, as it includes silent moments when a student is 

thinking actively about what he or she is learning.  Active learning involves students in doing 

activities and in reflective thinking about those activities (Hightower, 2014).   

Active learning covers a wide variety of learning strategies aimed at encouraging 

participation and learning-by-doing (Scheyvens, Griffin, Jocoy, Liu, & Bradford, 2008).  Several 

types of classroom activities can be considered active.  Van Amburgh, Devlin, Kirwin, and 

Qualters (2007) provided 22 examples of active learning in their Active Learning Inventory 

Tool, ranging from low complexity activities, such as the one-minute paper and computer-based 

personal response systems, to moderate complexity activities, such as debates and concept maps, 
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to high complexity activities, such as cooperative learning/problem-based learning.  The most 

frequently reported types of active learning used were cases (100%), think/pair/share activities 

(66%), and the use of a computer-based personal response system (33%) (Van Amburgh et al., 

2007).  The tool, which was used in university pharmacy classes, provided a comprehensive 

checklist of what researchers consider to be active, and all of the approaches included elements 

of doing and processing.  Cattaneo (2017), who completed a meta-analysis of 116 articles from 

the ERIC database published between 2007 and 2015, would also agree that Problem-Based 

Learning is a subset of active learning, along with discovery-based, inquiry-based and case-based 

learning.  

Two foundational studies examining the impact of active learning pedagogical changes 

and space redesign were the Technology-Enabled Active Learning (TEAL) Project at 

Massachusetts Institute of Technology and the Student-Centered Active Learning Environment 

for Undergraduate Programs (SCALE-UP) Project at North Carolina State.  The TEAL project 

focused on transforming the way an introductory physics course was taught and utilized an active 

learning environment designed to facilitate student interaction and problem solving, including a 

redesign of both course approaches and the space in which the course was held.  The classroom 

modifications included round student tables, each seating nine students, laptop connections, 

display screens, and marker boards lining the circumference of the room.  The pedagogical 

approaches included problem-solving sessions, computer-based personal response systems, Web 

assignments, and collaborative desktop experiments.  The study reported that learning gains were 

significantly greater than those obtained in the traditional lecture setting (Dori et al., 2003). 

The SCALE-UP Project was an empirical study of over 16,000 students collected over 

five years at North Carolina State University involving space redesign and pedagogical changes.  
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The study reported the following findings: the female failure rate decreased to one-fifth of 

previous levels, the minority failure rate was one-fourth of that reported in traditionally taught 

courses, conceptual learning and problem solving were significantly improved, and there was a 

reduction in at-risk student failure rates (Beichner, 2011).  This study, like the others, was mainly 

focused on STEM courses (Physics, Chemistry, Math, Biology, Astronomy, and Engineering).  

Active learning results in greater learning gains (Beichner, 2011; Brooks, 2011; Dori et 

al., 2003; Freeman et al., 2014; Hake, 1998) and increased student retention rates as compared to 

lecture-only courses (Beichner, 2011; Freeman et al., 2014).  A meta-analysis by Freeman et al. 

(2014) reviewed 225 studies focused on STEM subjects and set out to determine if active 

learning boosts examination scores and lowers failure rates.  It concluded, based on empirical 

outcomes-based evidence, that active learning led to an increase in examination performance by 

an average of half a letter grade; whereas, traditional lecturing reported failure rates increased by 

55% when compared to the rates observed under active learning.  In a study involving 62 

introductory physics courses (N>6000 students), Hake (1998) reported that, compared to 

traditional lecture-based instruction, instructional approaches that promoted interactive 

engagement produced dramatic student gains in conceptual and problem-solving test scores.  

Another study, using the same syllabus for a developmental biology course, revealed that 

students in courses using active learning techniques (such as in-class activities, collaborative 

work in student groups, increased in-class formative assessments, and group discussions) were 

observed to achieve significantly higher learning gains and better conceptual understanding than 

students taught using a traditional lecture format (Knight & Wood, 2005). 

Although there may be resistance by some professors, slight positive movement has been 

made in faculty teaching practices over a 14-year period (1989 to 2014).  The share of faculty 



THE IMPACT OF AN INNOVATIVE SPACE                         17 

using extensive lecturing dropped from 55 percent to 50 percent, and faculty were making 

greater use of more active learning techniques, such as group projects and cooperative learning, 

as reported by the Higher Education Research Institute (“The Rise of Active Learning,” 2014).  

The Active-Learning Inventory Tool report shared insights from instructors as to their perceived 

benefits of active learning, including better student retention of material, and improved 

application and critical thinking (Van Amburgh et al., 2007).  The resistance could be due to 

perceived barriers by faculty, who reported that “active learning requires too much preparation 

time and the classrooms where we teach do not lend themselves to active learning” (Michael, 

2007, p. 43).  

Other studies have reported similar barriers at a more detailed level: lack of time, 

hesitancy to remove lecture content, lack of technology in the classroom, and large class size 

(Van Amburgh et al., 2007).  Instructors believed that any time given to active learning in the 

classroom came at the cost of decreased lecture time and, thus, viewed it as a decrease in lecture 

content.  Seventy-one percent of instructors reported that the use of active learning required more 

preparation time, particularly if the technique was new to them, and noted that a solution to 

overcome that barrier was exposure to a particular active-learning technique, thus leading to its 

more frequent use (Van Amburgh et al., 2007).  Additionally, students have grown accustomed 

to listening and passively receiving information and may not feel comfortable with being more 

engaged and participatory in the classroom (Gooblar, 2015).   

There is a documented connection between active learning and higher order learning.  

Bloom (as cited in Scheyvens et al., 2008), made the connection between active learning and 

higher order learning: “A common goal of the strategies and methods of active learning is the 

facilitation of higher-order thinking skills, not just knowledge and recall of facts, but 



THE IMPACT OF AN INNOVATIVE SPACE                         18 

comprehension, application, analysis, synthesis and evaluation of knowledge” (p. 52).  Active 

learning strategies are useful in enhancing students’ critical thinking as well as engaging critical 

thinking processes (Kim, 2009).  Active learning aids learners to ascend Bloom’s Taxonomy 

from being able to recall to applying and evaluating (Yale University Poorvu Center for 

Teaching and Learning, 2019).  The linkage between active learning and higher-order learning 

was also established by Bonwell and Eison (1991), who stated, “Most important, to be actively 

involved, students must engage in such higher-order thinking tasks as analysis, synthesis, and 

evaluation” (p. 3).  

The linkage between active learning and higher order learning triggered an exploration of 

a common survey used to measure components of higher order learning and overall student 

engagement: The National Survey of Student Engagement (“NSSE Engagement Indicators,” 

n.d.).  In 1998, several experts convened to shift the national conversation from college rankings, 

which are normally based on resources and reputation, to a measure of “authentic evidence of 

student learning and effective educational practice” (Kuh, 2009, p. 7).  The NSSE emerged as the 

prototype from this effort, with support by the Pew Foundation and leadership from Indiana 

University.  Reports by the NSSE demonstrate that a high level of student engagement increases 

learning and retention of material.  

Examining the NSSE Centenary University Institutional Report (2017), the main area 

where the seniors’ average was significantly lower than all three comparative categories -- peers, 

aspirants, and other private universities in New Jersey (of ICFNJ: The Independent College Fund 

of New Jersey) -- was in Higher Order Learning (Appendix A).  Higher Order Learning 

questions on the NSSE include items such as applying facts, theories, or methods to practical 

problems and analyzing ideas and forming new ideas.   
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In summary, this study defined learning as active and higher order learning, employing 

the definition from Bonwell and Eison (1991) “active learning be defined as anything that 

involves students in doing things and thinking about the things they are doing” (p. 5) and its 

linkage to higher order learning.   

An Algorithm Discovered 

Tracking of active learning is quite resource intensive, and tools, such as the Active-

Learning Inventory tool described in the previous section, require researchers to track and record 

manually, with two observers collecting data, along with input from the instructor.  The Active-

Learning Inventory Tool report has inter-observer agreement of ≥ 87% and observer-instructor 

agreement of ≥ 68% (Van Amburgh et al., 2007).  The tool is quite useful, but resource intensive 

and classroom invasive; these drawbacks were solved by a machine-based learning algorithm 

using sound recordings to identify the percent of active learning in a classroom. 

Dozens of researchers across institutions worked to create and test a machine-learning 

algorithm, known as Decibel Analysis for Research in Teaching (DART) (Owens et al., 2017).  

DART uses sound recordings to identify teaching styles in university classrooms, thus avoiding 

the need for researchers to track active learning activities in the classroom via a reporting tool.  

DART analyzes the volume and variance of classroom recordings to predict the quantity of time 

spent on single voice (e.g., lecture), multiple voice (e.g., pair discussion), and no voice (e.g., 

computer-based personal response systems) activities.  Applying DART to 1,486 recordings of 

class sessions from 67 courses, a total of 1,720 hours of audio, revealed varied patterns of lecture 

(single voice) and active learning (multiple voices and no voice) (Owens et al., 2017, p. 3085).   

DART was developed by training a machine-learning algorithm to identify sound waves 

that corresponded to human annotations of typical activities occurring in a university classroom 
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(Owens et al., 2017).  The researchers applied methods from the field of audio segmentation to 

classify sound into different categories based on statistical characterization.  DART is a useful 

tool to measure active learning anonymously, with less human resources, and at a higher 

accuracy rate (~90%) than with human observers.  Furthermore, the tool is made available online 

to researchers (DART, n.d.).   

DART applies a strict definition of active learning, mainly group discussions and silence.  

According to the DART algorithm, when the majority of the class time is spent via single voice 

instruction, active learning is not occurring.  Unlike the Active-Learning Inventory Tool 

explained above, it does not consider individual students responding to teacher-posed questions 

as active (Van Amburgh et al., 2007).   

Learning Spaces 

Behavioral research has established that “space exerts situation-related influences on 

human activities and experiences as they are enacted and felt in environmental settings” 

(Amedeo, Golledge, & Stimson, 2009, p. 13).  The brain needs some challenge or environmental 

pressure that generates stress to activate emotions and learning; thus, educators need to create 

learning spaces that support a state of relaxed-alertness such that the atmosphere must be safe 

and low in threat, but high in challenge (Caine & Caine, 1990).  With this modern understanding 

of the influence that space has on human activities and learning, it is unclear why classrooms 

have not changed much in over one hundred years.  In observing a classroom from Purdue 

University in 1907 (Appendix B) as compared to a current university classroom (Appendix C), 

one can observe that there has not been much progress; the basic format with rows of desks and 

chairs facing a designated front of the classroom and projection technology remains the same.  
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Although modalities of learning have changed, classrooms have not kept pace, as nearly 

40% of current university space was constructed over 50 years ago (Sightlines, n.d.).  As 

universities move towards the incorporation of online, blended, and mobile learning, the 

argument is being made for more informal learning environments on campus, and the models for 

measuring the learning impact for this type of space are only in the early stages of being 

developed (Deed & Alterator, 2017).  

Classrooms were built for traditional ‘chalk and talk’ teaching approaches with students 

as passive learners; they were not designed for today’s more active learning approaches (Lange, 

2016).  Drawing upon architectural principles, Lange suggests that learner-driven collaborative 

spaces need to have flexible seating, so that various configurations are allowed, soft seating, so 

that the participants are comfortable, and movable walls, so that educators can create quiet 

instructional breakout areas.  Companies such as Steelcase (2018) have recognized the need for 

new classroom configurations and modern furniture that supports active learning.  

Classrooms are an integral part of learning, yet they are not being measured as such, nor 

are investments being made in them at the rate of other university spaces.  In higher education, 

space is often addressed as part of a campus master planning project as opposed to being viewed 

as an integral part of teaching and learning and thus focuses on maximizing space usage to 

measure success rather than learning outcomes (Temple, 2008).  The fastest growing new spaces 

on campuses are residence halls, student life centers, and research buildings, not space that 

would be considered part of core academics: classroom space (Sightlines, n.d.).  Building age 

and condition may play a role in student achievement and behavior, but it is difficult to isolate 

the effects from these, and most would agree that, regardless of age, spaces need to be 

maintained (Schneider, 2002).  
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Classroom space can limit the teaching and pedagogical approaches available to an 

instructor.  In traditional university classrooms, the first row of chairs forms a boundary between 

the active instructor, who has freedom of movement, and the passive learner, whose position is 

fixed and movement is limited (Whisnant, 1971).  An expert specializing in modern learning 

space design at the secondary school level affirmed, “Teaching methods are limited to what 

space allows them to do” (Newhouse, 2014, p. 2).   

 Nearly all active learning studies that include modifications to space also involve 

modifications to the pedagogical approaches, which can make it difficult to identify the impact 

of space on its own.  Brooks (2011) focused on isolating the impact of space at the University of 

Minnesota and concluded that, in an Active Learning Classroom (ALC), students who had 

significantly lower ACT scores learned at a higher rate than their traditional classroom 

counterparts.  Further, classroom space affected student and instructor behavior, such that they 

behaved and engaged differently depending on the type of classroom (Brooks, 2012).  

In the 2012 study by Brooks, two sections of the same biology course, occurring at the 

same time slot and class duration (on different days), were taught by the same instructor using 

the same course materials and assignments.  The only variation was the classroom space, with 

one section being taught in a traditional university classroom, and the other being taught in an 

Active Learning Classroom (ALC).  The traditional classroom was defined as having tables and 

chairs configured in rows facing forward with projection technology and a podium and 

whiteboards at the front.  The ALC contained large round tables each seating nine students, 

which could be further subdivided into smaller teams.  Students were able to share information 

digitally on a monitor by their table or the large classroom projection screen.  There were 

whiteboards mounted to the walls allowing for easy student access.  
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The Brooks’ study examined the impact of classroom space on activities, modes of 

content delivery, and instructor and student behaviors.  The findings indicated that less lecturing 

and more classroom discussions occurred in the ALC space.  There was not a significant 

difference between the amount of content delivery by PowerPoint in the traditional classroom as 

compared to the ALC.  Given that both spaces had projection technology, and the instructor was 

prepared to use the same materials, this finding is not surprising.  However, in the ALC, the 

marker boards were used more frequently than in the traditional classroom (Brooks, 2011).   

The most marked impact was on the instructor behavior, as less time was spent at the 

podium and more time spent consulting with students.  In the traditional classroom, the instructor 

was observed to be at the podium 95.1% of the observable intervals as compared to 69.2% at the 

central podium in the ALC (Brooks, 2012).  However, findings occurred that were not expected 

and appear contrary to the current understanding regarding increased attention spans and grade 

performance in ALC environments (Whiteside, Brooks, & Walker, 2010; Brooks, 2012).  The 

students in the traditional class appeared to be on-task for a higher percentage of observable 

intervals, indicating more frequent and consistent engagement with classroom tasks in the 

traditional classroom as compared to the ALC (Brooks, 2012).  

There is clear evidence at the primary level that the physical characteristics of a school 

impact students’ learning progress and the design of the individual classroom is more important 

than whole-school factors (i.e., size, navigation routes, play facilities) (Barrett, Zhang, Davies, & 

Barrett, 2015).  Classrooms with greater circulation areas, natural light, and outside views were 

shown to have a significant effect on student outcomes, as measured by the Iowa Test of Basic 

Skills, specifically significant effects were found for reading (vocabulary and comprehension), 

language arts, mathematics, and science (Jago & Tanner, 1999). 
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Studies on air quality, temperature, lighting, and acoustics have reported that a physically 

comfortable environment affected learning outcomes in K-12 education positively (Schneider, 

2002).  A study involving 27 primary schools and 153 classrooms identified the design principles 

that most impact pupils’ learning:  stimulation (complexity and color) accounting for about 23% 

of the learning impact, individualization (ownership and flexibility) accounting for about 28% of 

the learning impact, and, the largest factor, naturalness (light, temperature and air quality) 

accounting for 49%, nearly half of the learning impact (Barrett et al., 2015).  The study stated 

that it is easy to over-stimulate pupils with vibrant colors and overly busy displays.  Griffin 

(1990) noted that, whereas middle school students may need environments to calm and reduce 

distracted behavior, college students might benefit from a classroom design that is more 

stimulating, thus encouraging students to stay awake.   

At the university level, research has shown that updated classrooms positively increased 

student satisfaction (Hill & Epps, 2009).  Comfortable desks and chairs, tiered seating, and 

lighting are more important to students than computing equipment in classrooms, but they did 

not find that the room features impacted students’ grade performance (as measured by expected 

grade in course), which differed from research findings that have focused on K-12 education 

(Hill & Epps, 2009).   

Common Problems Interpreting the Literature 

The definition of active learning has common principles -- student-centric, interactive, 

the ‘non-lecture’ -- but in its simplicity of terms, it can be misinterpreted, as one may not realize 

that the quiet phases are also active.  The term active learning can be broadly interpreted, as 

there are many subsets to active learning, such as problem-based learning and case-based 
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learning, with vast amounts of published research.  In such a situation, it is important to define 

the focus clearly. 

In reviewing the research, as most active learning studies included pedagogical changes 

along with space reconfigurations, it was difficult to separate out the impact from pedagogical 

changes and those attributable to the space itself, with the exception of the works by Brooks 

(2011; 2012).  There are many variables to control and different approaches to measuring 

outcomes, where, in some cases, it was standardized tests, and in others, perceptions of expected 

grades.  

Gaps in Research 

In 1990, Griffin noted that more research was needed to “address the issue of the physical 

environment of the college classroom and its impact on learning” (Conclusion, para. 2).  Since 

then, classroom space has been studied at the elementary school level but not as 

comprehensively at the university level. 

Most active learning studies included changes to the pedagogical approach, along with 

changes to configuration of the space often in the form of an ALC.  Brooks stated that “despite 

the richness and breadth of these treatments of the subject, most of these are bereft of empirical 

evidence that demonstrates what, if any, measurable impact formal learning spaces have on 

educational processes and outcomes” (2012, p. 2).  Additionally, the scope of the majority of the 

active learning studies was based on STEM courses, thus a gap exists on its impact on other 

disciplines. 

Summary 

Active learning results in greater learning gains (Hake 1998; Dori et al., 2003; Beichner 

2011; Brooks, 2011; Freeman et al., 2014) and increased student retention rates as compared to 
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lecture-only courses (Beichner, 2011; Freeman et al., 2014).  An algorithm was developed to 

assist instructors in measuring the amount of active learning in their university classrooms and 

was employed in this study (Owens et al., 2017).  At the university level, research has shown that 

updated classrooms positively increased student satisfaction (Hill & Epps, 2009) and classroom 

space impacted student and instructor behavior, such that they behaved and engaged differently 

depending on the type of classroom (Brooks, 2012).  There has been much research on active 

learning and its positive impact on learning, and some research on the impact of classroom 

space, but limited research on the role of the space itself on learning.    
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CHAPTER 3: METHODOLOGY 

Research Design 

This is a quantitative research study using multiple instruments to determine the impact 

of an innovative learning space on active and higher order learning in a university setting.  The 

independent variable is the classroom, and the dependent variables are percentage of active 

learning time and perceptions of active and higher order learning.  Data was collected during the 

spring semester of 2018 at Centenary University using three instruments: DART, Student 

Survey, and Professor Survey.  Each of the 10 groups had one session in their Baseline 

classroom and then two sessions in the Innovation Cave.  Each class session was recorded in 

order for the sound waves to be analyzed using the DART algorithm.  A student survey was 

administered at the end of each session.  The participating professors were surveyed to provide 

insights into the manipulation and its effect.  Note that this was not designed with a control 

group, nor a standard Baseline classroom, nor to measure differences across disciplines; rather, it 

was designed to obtain a sample that represents a university with its broad disciplines and to 

determine if the participants experienced a significant variation in learning.  

Participants 

Sample size for participation was determined using Lipsey’s (1990) power analysis table.  

At an alpha = .05, with a power criterion of .80 and an effect size of .50, the table indicated that 

65 participants were needed (Lipsey, 1990).  Professors and undergraduate university students 

were the population for this study.  A convenience sample was employed, allowing professors 

from a variety of disciplines to indicate that they were willing to participate in the study.  Total 

student participants ranged by session from 97 to 105, thus exceeding 65 participants and in 

alignment with a moderate effect size, as .5 is considered medium and .2 small (Cohen, 1969).  
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Table 1  

Number of Student Participants 

Baseline Classroom Cave Session 1 Cave Session 2 

105 97 100 

 

The maximum number of students able to participate in the study based on the class 

roster is 127; this varies from the actual number of participants in Table 1, due to absences.  The 

research design was structured to combat this known factor of absences such that, in addition to 

identifying the group at the class session level, a subset of students (n = 38) were tracked with a 

four-character unique identifier in order to validate results at an individual level with consistent 

participation. 

Table 2  

Number of Uniquely Identifiable Student Participants 

Baseline Classroom Cave Session 1 Cave Session 2 

38 38 38 

 

Setting 

There was one session in the Baseline classroom, and then two sessions in the Innovation 

Cave.  All of the courses were at the undergraduate level across varying disciplines.  The 

Baseline classroom for each course and its description is included in Table 3.   
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Table 3  

Courses and Baseline Classroom Description 

Course Discipline Level Baseline Classroom Description 

Accounting  2000 Standard desks in rows 

Biology 4000 Standard desks in rows 

Business 2000 Standard desks in rows 

Business 4000 Tables and chairs with wheels, 
allowing for flexible configuration 

Communications 2000 TV Studio with flexible arrangements 

Communications 3000 Tables and chairs in rows  

Education 4000 Tables and chairs in rows 

Math 1000 Standard desks in rows 

Psychology 4000 Tables and chairs in rows 

Theater 2000 Tables and chairs in rows 

 

The manipulation in this study is a newly designed space called the Innovation Cave at 

Centenary University.  It seats 19 and is a semi-open, accessible space with walls covered in 

whiteboard paint, such that all walls in the space are writeable, which translates to 500 square 

feet of writeable surface.  The Innovation Cave, with its individual seating and low technology 

environment, is not a typical Active Learning Classroom (ALC).  There is no apparent front to 
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the Innovation Cave.  It seats 14 on ottoman-style seating, along with four pillows and one 

modern doughnut style chair (Appendix D).  All seating can be moved easily.  

The Innovation Cave’s design, with its inviting modern furniture and pillows, creates a 

soft-space feel with a spark of interest.  There are no movable walls, but it does open up onto a 

lobby area with seating, thus allowing educators flexibility for group and private instruction, if 

necessary.  It has the capability for slide presentations with a projector located in a cabinet, but 

the technology is not fixed in the room.  To adhere to fire regulations, the Innovation Cave has a 

wide opening onto the second-floor lobby area, which had a positive byproduct of natural light 

coming in from the large windows of the lobby and a connection to nature with the view of the 

mountains through the lobby windows.   

Instrumentation 

There were three instruments used, as summarized below: 

● DART algorithm, which analyzes sound recordings of university-level class sessions, 

using an iPad and an application known as the Voice Recorder Pro by Dayan Networks 

Ltd, with a 4.7 rating out of 5 by over 1,200 reviewers.  

● Survey data of the student participants based on NSSE questions (plus a question on 

active learning), including 

○ applying facts, theories, or methods to practical problems or new situations; 

○ analyzing an idea, experience, or line of reasoning in depth by examining its 

parts; 

○ evaluating a point of view, decision, or information source; 

○ forming a new idea or understanding from various pieces of information; and 

○ active learning by doing things rather than receiving information passively. 
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● Survey data of the professors’ reaction to the manipulation, i.e., the Innovation Cave.  

DART Tool  

The Decibel Analysis for Research in Teaching (DART) instrument is a new tool made 

available in 2017 based on comprehensive data collected from 1,486 class session recordings 

from 67 colleges and universities and is stated to be 90 percent accurate (Flaherty, 2017).  As the 

DART tool eliminates the need for research assistants to collect data, it also removes observer 

bias and its impact on professors’ behaviors.  For the DART tool, the unit of analysis was the 

class session, and data was collected and stored in an anonymous fashion.  An example of the 

DART output from this study is presented in Figure 1. 

 

Figure 1.  Example DART Output. 
 

The DART tool classifies classroom activities based on sound waves, via half-second 

audio samples, and categorizes multiple voice and no voice as active learning and single voice as 
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non-active.  According to this algorithm, lectures and question-and-answer sessions would be 

recorded as non-active by DART; whereas, group discussions or when the class is engaged in a 

silent writing activity would be considered active (Flaherty, 2017).   

Student Survey  

The student survey was administered online, and the unit of analysis was the students.   

Ten questions, some with multiple parts, were included in the survey.  The questions were based 

on valid NSSE questions, along with the addition of one question on active learning, and used a 

four-point response scale.  The highest value in the range was 4, corresponding with ‘Very 

much’.  The demographic questions were positioned after question 4.  A subset is shown below; 

refer to Appendix E for the complete student survey.  

     

During today’s class session, how much has this space encouraged the following? 

   1. Applying facts, theories, or methods to practical problems or new situations 

          Very much    Quite a bit    Some        Very little   

   2. Analyzing an idea, experience, or line of reasoning in depth by examining its parts 

          Very much    Quite a bit    Some        Very little   

   3. Evaluating a point of view, decision or information source 

          Very much    Quite a bit    Some        Very little   

   4. Forming a new idea or understanding from various pieces of information 

          Very much   Quite a bit    Some        Very little   

   5. Participating in active learning (= learning by doing things rather than passively receiving             

x     information) 

          Very much    Quite a bit    Some        Very little   
 

Figure 2.  Student Survey  
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Professor Survey 

The online professor survey consisted of eight questions, some with multiple parts, as 

included in Appendix F.  The questions addressed the professors’ perceptions of students’ active 

learning, along with other factors, such as student collaboration, engagement, and changes in 

teaching style.  The highest value in the range was 4, corresponding with ‘Very much’.  Question 

6 addressed the Baseline classroom, whereas Question 7 addressed the Innovation Cave.  

This survey was structured as a manipulation check, which is utilized and still prevalent 

in social psychology studies (Hauser, Ellsworth, & Gonzalez, 2018).  A manipulation check is 

encouraged in an experimental design to determine if the participants perceived, as anticipated, 

the portion of interest within the independent variable (Hoewe, 2017).  In this study, the 

professors’ perception of eight elements before and after the manipulation was of interest.  

Data Collection Procedures 

This study is compliant with the U.S. Department of Health and Human Services Code of 

Federal Regulations, 45 CFR § 46.102 (2009) and has been approved by the Institutional Review 

Board at Centenary University.  The study is deemed one of minimal risk to participants, and the 

probability and magnitude of harm or discomfort anticipated in the research was not greater than 

any ordinarily encountered in daily life.  

 Researchers who created the DART algorithm were consulted on best practices for 

collection via a phone conference (K. D. Tanner, personal communication, January 24, 2018).  

Several recording devices were tested, and an iPad with the Voice Recorder Pro application was 

chosen.  As the sound files were large, much attention was given to the ease of file transfer so as 

not to burden the participating professors.  Four iPads were used, and each was set to upload the 

files to a password-protected Google Drive that was created specifically for this experiment with 
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the purpose to store the audio files.  The application had timestamping built into each audio file, 

which assisted in tracking of each file against the scheduled class sessions.  The application had 

an embedded feature to facilitate the upload of the files to Google Drive.   

 To ensure treatment fidelity, a protocol was created to ensure that the methodology was 

consistent with the preparation and implementation of each class session.  The experiment 

protocol (Appendix G) was provided to each professor, and an in-person meeting was conducted 

to review the protocol with each of the participating professors individually before the initial 

class session.  The professors were asked to visit the Innovation Cave prior to the initial class.  

They were not given any guidance on pedagogical approaches, nor appropriate active learning 

teaching methods, nor hints on how to teach effectively in the Innovation Cave.  They were not 

given any guidance on expected seating configuration.  The only teaching guidance given was to 

start the class with a positive control exercise, one of the recommendations from the conference 

call with the researchers, as the algorithm was designed in this way:  

… so that the dominant class activity (single voice) was detected first, and less-frequent 

class activities follow (multiple voice, no voice, and other, in that order).  This ordering 

emphasized the importance of predicting the common activities correctly while allowing 

some prediction flexibility for the less-frequent activities.  (Owens et al., 2017, p. 1)  

The survey questions were administered online; they also had a timestamp function built 

in as part of Google Forms.  Student names were not collected.  For both the student and the 

professor surveys, a consent paragraph was provided at the beginning of the online survey; no 

consent was needed for recording (New Jersey is a one-party consent state).  The student survey 

was administered at the conclusion of each session, thus, three times.  The professor survey was 

administered once at the conclusion of the study as a manipulation check.   
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Data Analysis Procedures 

The data for each of the three instruments (DART tool, Student Survey, Professor 

Survey) were structured into a format for input into the Statistical Package for the Social 

Sciences (SPSS) software.  Each of the 30 DART output charts were examined (samples shown 

in Appendix H), and results are consolidated in a table in Appendix I.  For the student survey, the 

scale was translated into numerals as follows: 4 = Very much, 3 = Quite a bit, 2 = Some, 1 = 

Very little, with the exception of one question regarding contextual setting, where students 

responded to “How much do you like the classroom setting?” on a scale of 1 to 10 (with 1 = “Not 

at all” and 10 = “Very much”). 

The DART analysis was performed on each of the 10 class sessions across the three 

conditions (Baseline, Cave 1, Cave 2), and the test of a one-way Analysis of Variance (ANOVA) 

was applied.  Based on 105 student responses for the Baseline classroom, 97 responses for the 

Cave 1 session, and 100 responses for the Cave 2 session, a between-subjects univariate 

ANOVA test was performed to examine both higher order learning and active learning based on 

student perceptions retrieved via the student survey.  Additionally, a subset of students, who used 

unique anonymous identifiers, allowed an additional measure of a within-subjects ANOVA to 

examine results at the individual level and compare with the population-level results obtained in 

the between-subjects ANOVA.  For the professor survey, based on 10 professors who 

participated in the study, a t-test was performed to compare perceptions before and after the 

manipulation.  An alpha level = .05 was used for all statistical tests. 
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CHAPTER 4: RESULTS 

Data was collected over the course of a semester to analyze the impact of an innovative 

learning space, the Innovation Cave at Centenary University, on higher order and active learning 

as measured by sound, using an algorithm known as DART, along with student and professor 

perceptions as captured via surveys, across different disciplines.  This chapter begins with the 

description of the sample set used for each of the three instruments.  The remainder of the 

chapter is structured around the three research questions and the results for each one.  

Description of Sample 

Decibel samples were taken for a total of 30 class sessions and analyzed using the DART 

algorithm.  All of the student participants and courses were at the undergraduate level.  The 

demographics of the student sample set were 55% female and 45% male; 94% were between the 

ages of 18 to 24, 5% between the ages of 25 to 34, and 1% between the ages of 35 to 44.  In 

regards to class level, 54% were seniors, 22% juniors, 11% sophomores, 13% freshmen.  Student 

participants came from over 15 different disciplines, with Business and Biology majors 

representing the majority, as shown in Figure 3.  

Ten instructors participated in the professor survey, nine full-time professors, and one 

adjunct professor.  The demographics of the professor sample set were 60% male and 40% 

female; 20% were between the ages of 25 to 34, 20% between the ages of 35 to 44, 40% between 

the ages of 45 to 54, and 20% between the ages of 55 to 64. 
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Figure 3.  Student Response by Major  

 The data were analyzed according to the tests to investigate each of the research 

questions.  Reporting the outcomes for each research question will serve as the organizational 

structure for the remainder of this chapter.  

Outcome 1: Active Learning Percentage 

 Research Question 1: Is there a significant difference in the percentage of active learning 

time in the innovative space as compared to that of the baseline classroom?  This test utilized the 

measurement of sound waves at the class session level using the DART algorithm for analysis.  

H01.  The percent of active learning time in the innovative space will significantly exceed 

the percent of active learning time in the baseline classroom.  

As defined by the researchers who created the DART algorithm, active learning time is 

calculated based on minutes of ‘multiple voice’ and ‘no voice’ added together to equal the total 

active learning time and represented as a percentage of the total class time (Owens et al., 2017).  

When a single voice is detected, the algorithm does not classify that as active.  The DART 
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analysis was performed on each of the 10 class sessions across the three conditions (Baseline, 

Cave 1, Cave 2).  Below is a sample output from one of the groups, with the active learning 

percentage of 1.8%, 3.5%, and 3.2%, respectively. 

 

Figure 4a.  DART Tool Output (Baseline) 
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Figure 4b.  DART Tool Output (Cave 1) 
 

 

Figure 4c.  DART Tool Output (Cave 2) 
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Appendix I is the summary table of the active learning percentage for each session, where S = 

Single Voice %, M = Multiple Voice %, and N = No Voice %.  In addition, Appendix H includes 

additional samples of the DART sound recording output reports. 

A one-way ANOVA was conducted on the DART output from the collected recordings.  

Mauchly’s (1940) test of sphericity was violated at p =.001; thus, Greenhouse-Geisser values 

were used.  The results revealed that, contrary to what was predicted, there was no statistically 

significant main effect for the active learning percentage, F (1.109, 9.981) = .405, 

MSE=392.979, p = .560. 

The active learning percentage increased in the Innovation Cave, Baseline (M = 4.730, 

SE = 2.153), Cave 1 (M = 9.955, SE = 5.945), and Cave 2 (M=9.790, SE = 8.054), but not at a 

statistically significant level.  The standard error is high indicating a high fluctuation of the 

mean.  The power was low (Greenhouse-Geisser .090) and signifies a low type II error, thus 

indicating confidence in the null hypothesis being true.  Based on these results, the null 

hypothesis is not rejected.  

Results Summary 

For the dependent variable percentage of active learning time, the results indicated a 

failure to reject the null hypothesis.  This indicates that one cannot predict with statistically 

significant certainty that the percent of active learning time in the Innovation Cave will 

significantly exceed the percent of active learning time in the Baseline classroom.   

Outcome 2: Learning as Perceived by Student Participants 

Research Question 2: Is there a significant difference between learning (active and higher 

order) in the innovative space as compared to that of the baseline classroom as perceived by the 



THE IMPACT OF AN INNOVATIVE SPACE                         41 

student participants?  This test included collecting data from the student participants via an 

online survey. 

H02.  The students will perceive their learning to be significantly higher in the innovative 

space than in the baseline classroom.   

Rationale for Two Statistical Tests 

Even though related groups participated in each session, since membership for the class 

session was based on a standing course roster, one could not guarantee that the participants were 

exactly the same in each session, as students are sometimes absent.  Therefore, these results were 

analyzed using two statistical approaches in conjunction with one another.  First, a between-

subjects ANOVA compared the population for the three factor locations (Baseline, Cave 1, Cave 

2).  Secondly, a subset of students (n = 38) who used unique anonymous identifiers and attended 

all three sessions allowed for the calculation of a within-subjects ANOVA to examine results 

based on the individual level for each factor (Baseline, Cave 1, Cave 2).  This allowed for 

comparison with the population-level results obtained in the between-subjects ANOVA.  Thus, 

the remainder of this section will be structured by examining the student survey results, first 

using the between-subjects ANOVA calculation and, subsequently, the within-subjects ANOVA 

calculation. 

Between-Subjects ANOVA  

A univariate ANOVA was conducted to discern if the Innovation Cave had a statistically 

significant impact on higher order and active learning.  Each question was analyzed separately. 

The number of responses is either close to or above 100 for each question, as shown in Table 4.   
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Table 4  

Question Level: Student Survey Response Count  

Dependent Variable      Baseline Cave 1 Cave 2 
Applying 103 97 99 

Analyzing 103 97 99 

Evaluating 102 96 98 

Forming 103 96 100 

Active Learning 105 97 100 

 Note.  The number of responses fluctuates from the Baseline to Cave 1 and Cave 2 due to absences.  For each 
session, a small number of respondents (3 or less) skipped a question. 
 

The data indicated statistical significance for all five of the dependent variables.  

Specifically, the effect of the Innovation Cave on applying facts, theories, or methods to 

practical problems or new situations was statistically significant, F (2, 296) = 6.665, MSE = 

.626, p = .001.  Of note is the effect of the Innovation Cave on active learning, which is 

statistically significant, F (2, 296) = 10.047, MSE = .585, p = .000.  F-test results are shown in 

Table 5 for the remainder of the dependent variables.   

Table 5 

Question Level Omnibus Test

Dependent 
Variable df location df error F location 

Mean Square 
Error Sig. 

Partial Eta 
Squared 

Applying  2 296 6.665 .626 .001 .043 

Analyzing 2 296 3.474 .574 .032 .023 

Evaluating 2 293 3.751 .656 .025 .025 

Forming 2 296 3.131 .610 .045 .021 

Active Learning 2 296 10.047 .585 .000 .064 
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In Table 5, Partial Eta Squared provides insights into the effect size, which emphasizes 

the size of the difference rather than conflating this with the size of the sample, and the results 

show a moderate effect size.  The larger F values (much greater than 1) indicated that the 

variation among group means was more than what would be expected to occur by chance, with 

the largest F value being for the dependent variable of active learning.  To identify further where 

the difference occurred, an analysis into the means from the Baseline, Cave 1, and Cave 2 

sessions was conducted.  As displayed in Table 6, the Standard Error is low (< .09), providing 

confidence in the data set as being representative of the population.  

Table 6  

Question Level Mean and Standard Error

  Mean   Standard Error 

Variable Baseline Cave 1 Cave 2  Baseline Cave 1 Cave 2 

Applying  3.107 3.515 3.313  .078 .080 .080 

Analyzing 3.233 3.515 3.374  .075 .077 .076 

Evaluating 3.186 3.500 3.367  .080 .083 .082 

Forming 3.214 3.490 3.370  .077 .080 .078 

Active Learning 3.165 3.639 3.485  .075 .078 .077 

 

The results from each question were analyzed separately and then plotted.  Examining the 

means, one can see a trend emerging, such that the mean value peaks at Cave 1 and then 

decreases in a consistent pattern for each question, as illustrated in Figure 5, with active learning 

having the highest peak at the Cave 1 data point.   
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Figure 5.  Question Level Mean (between-subjects) 

Post hoc analyses indicated that the effect of the Innovation Cave was statistically 

significant for all five dependent variables when comparing the Baseline to the Cave 1 session, 

but not statistically significant for four of the five dependent variables when comparing the 

Baseline to the Cave 2 session.  For the dependent variable, applying facts, theories, or methods 

to practical problems or new situations, Cave 1 session (M= 3.515, SE = .08) as compared to the 

Baseline (M = 3.107, SE = .078), with a pairwise significance of p = .001, but not significant for 

the Cave 2 session (M = 3.313, SE = .08), with a pairwise significance of p = .195 as compared 

to the Baseline.  Results for all five dependent variables for this pairwise comparison follow the 

same pattern as shown in Table 7, with the exception of active learning, which remained 

statistically significant for both Cave sessions in comparison with the Baseline.  Active learning 

was significantly higher in the Cave 1 session (M = 3.639, SE = .078) as compared to the 

Baseline (M= 3.165, SE = .075, p = .000), and quite notably, active learning was also 
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significantly higher in the Cave 2 session (M=3.485, SE = .077) as compared to the Baseline (M 

= 3.165, SE = .075), with a pairwise significance of p = .01.  There is no statistically significant 

difference between the Cave 1 and Cave 2 sessions. 

Table 7  

Question Level Pairwise Significance Between-Subjects

Dependent Variable 
Baseline to 
Cave 1, p 

Cave 1 to 
Cave 2, p 

Baseline to 
Cave 2, p 

Applying Facts .001 .224 .195 

Analyzing .027 .574 .563 

Evaluating .021 .345 .765 

Forming .040 .855 .464 

Active Learning .000 .477 .010 

Additionally, insights were gleaned from a setting question: How much do you like the 

classroom setting? on a scale of 1 to 10 (with 1 = “Not at all” and 10 = “Very much”).  The 

students did not report a statistically significant difference in liking the Innovation Cave as 

compared to the Baseline classroom, F (2, 299) = 1.544, MSE = 3.824, p = .215.  Furthermore, in 

examining the pairwise significance, the students did not report a statistically significant 

difference in liking the Innovation Cave 1 session nor Cave 2 session more than the Baseline.  

Baseline (M= 7.676, SE = .191) as compared to the Cave 1 session (M = 8.093, SE = .199) 

resulted in a pairwise significance of p = .394, along with similar results for the Baseline (M = 

7.676, SE = .191) as compared to the Cave 2 session (M=8.09, SE = .196), with a pairwise 

significance of p = .393.  The likeability of the Cave’s setting remained constant from the first to 

the second session (pairwise significance of Cave 1 to Cave 2 is p = 1.00). 
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Between-Subjects Results Summary 

The effect of the Innovation Cave 1 session as compared to the Baseline was statistically 

significant for all five dependent variables (applying, analyzing, evaluating, forming, and active 

learning).  For the Cave 2 session comparison to the Baseline, there was a failure to reject the 

null hypothesis for four of the five variables; that is to say that the effect of the Innovation Cave 

2 session was not statistically significant for applying, analyzing, evaluating and forming as 

compared to the Baseline session.  However, for active learning, the null hypothesis is rejected 

for both Cave 1 session (p = .000) and Cave 2 session (p = .010) as compared to the Baseline, as 

the students perceived that active learning did significantly increase in both Cave sessions as 

compared to the Baseline.

Within-Subjects ANOVA  

To further examine the results and to remove any noise in the system occurring from 

differences at the population level, a subset of students (n = 38) who used unique anonymous 

identifiers, allowed for the calculation of a within-subjects ANOVA to examine results at the 

individual level based on attendance to all three sessions.    

Applying.  For the dependent variable of applying facts, theories, or methods to practical 

problems or new situations, sphericity was assumed and not violated.  An analysis of variance 

produced results that indicated that the Innovation Cave did produce a statistically significant 

effect, F(2, 74) = 5.581, MSE = .407, p = .006.    

Further post hoc analyses indicated that students perceived that applying facts, theories, 

or methods to practical problems or new situations was significantly higher in the Cave 1 

session (M = 3.658, SE = .087) than in the Baseline (M = 3.184, SE = .135), with a pairwise 

significance of p = .012, but not statistically significant in the Cave 2 session (M= 3.526, SE = 
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.124), p = .078.  There was no statistically significant difference between the Cave 1 and Cave 2 

sessions (p =1). 

Analyzing.  For the dependent variable analyzing an idea, experience, or line of 

reasoning in depth by examining its parts, sphericity was assumed and not violated.  An analysis 

of variance reported that the effect of the Innovation Cave was not significant, F(2, 74) = 2.533, 

MSE = .982, p = .086.    

Post hoc analyses for significance indicated that students perceived that analyzing an 

idea, experience, or line of reasoning in depth by examining its parts was not significantly higher 

in the Cave 1 session (M = 3.658, SE = .087) than in the Baseline (M = 3.342, SE = .109), with a 

pairwise significance of p = .079; although a null effect resulted, the mean was higher than the 

Baseline, but not statistically significant in the Cave 2 session ( M= 3.553, SE = .129), with a 

pairwise significance of p = .480.  There was no statistically significant difference between the 

Cave 1 and Cave 2 sessions (p =1).  

Evaluating.  For the dependent variable evaluating a point of view, decision or 

information source, sphericity was assumed and not violated, and results from an analysis of 

variance test indicated that the effect of the Innovation Cave was significant, F(2, 70) = 4, MSE 

= .444, p = .023.    

Post hoc analyses for significance indicated that students perceived evaluating a point of 

view, decision or information source to be significantly higher in the Cave 1 session (M = 3.722, 

SE = .130) than in the Baseline (M = 3.278, SE = .130), with a pairwise significance of p = .022, 

and the mean was higher than the Baseline, but not statistically significant in the Cave 2 session 

(M= 3.5, SE = .135) with a pairwise significance of p = .440.  There was no statistically 

significant difference between the Cave 1 and Cave 2 sessions (p = .559).  
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Forming.  For the dependent variable forming a new idea or understanding from various 

pieces of information, sphericity was assumed and not violated, and an analysis of variance 

reported that the effect of the Innovation Cave was significant, F(2, 74) = 3.310, MSE = .413, p 

= .042.    

Post hoc analyses for significance indicated that the students perceived that forming a 

new idea or understanding from various pieces of information was significantly higher in the 

Cave 1 session (M = 3.632, SE = .088) than in the Baseline (M = 3.263, SE = .117), with a 

pairwise significance of p = .034, and the mean was higher than the Baseline, but not statistically  

significant in the Cave 2 session (M= 3.526, SE = .124), with a pairwise significance of p = .230.  

There was no statistically significant difference between the Cave 1 and Cave 2 sessions (p =1). 

Active Learning.  For the dependent variable of active learning, sphericity was violated, 

and since both the Greenhouse-Geisser and Huynh-Feldt values were above .75, Huynh-Feldt 

values were employed.  Analysis of variance results indicated that the effect of the Innovation 

Cave was significant, F(1.783, 65.989) = 6.825, MSE = 3.551, p = .003; that is to say, there is an 

effect happening in the Innovation Cave that causes the students to perceive an increase in 

learning by doing.    

Post hoc analyses for significance indicated that active learning was significantly higher 

in the Cave 1 session (M = 3.737, SE = .082) than in the Baseline (M = 3.184, SE = .140), with a 

pairwise significance of p = .006, but not statistically significant in the Cave 2 session (M= 

3.605, SE = .116) with a pairwise significance of p = .065.  There was no statistically significant 

difference between the Cave 1 and Cave 2 sessions (p = .843).  

Regarding the question of contextual setting, where students responded to How much do 

you like the classroom setting? on a scale of 1 to 10 (with 1 = “Not at all” and 10 = “Very 
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much”), for the within-subjects test for the dependent variable of likeability of the classroom 

setting, sphericity was violated, and since both the Greenhouse-Geisser and Huynh-Feldt values 

were above .75, Huynh-Feldt values were employed.  Consistent with the between-subjects 

results, the within-subjects analysis of variance indicated that the likeability of the classroom 

setting was not significant, F(1.61, 59.56) = 1.877, MSE = 2.898, p = .169; that is to say, 

students did not perceive that they liked the Innovation Cave more than the Baseline classroom. 

Summary of Means.  The results were plotted, and, as one can see in Figure 6, the mean 

peaks at Cave 1, and then dips for the Cave 2 session, for all five dependent variables. 

Figure 6: Question Level Mean (within-subjects) 
 

Within-Subjects Results Summary.  The effect of the Innovation Cave 1 session as 

compared to the Baseline was statistically significant for four of the five dependent variables; 

that is to say, the  students’ perceived that the Innovation Cave 1 session encouraged applying 
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facts, theories, or methods to practical problems or new situations; evaluating a point of view, 

decision or information source; forming a new idea or understanding from various pieces of 

information; and active learning = learning by doing things rather than passively receiving 

information at a statistically significantly higher level than the Baseline.  However, the 

Innovation Cave did not produce an effect on analyzing an idea, experience, or line of reasoning 

in depth by examining its parts at a statistically significant level as compared to the Baseline.  

For the Cave 2 session comparison to the Baseline, there was a failure to reject the null 

hypothesis for all five dependent variables, indicating that, during the second session, the 

Innovation Cave did not have an effect to produce statistically significant results as it did in the 

first Innovation Cave session.   

Outcome 3: Learning as Perceived by Professor Participants 

Research Question 3: Is there a significant difference in professors’ perceptions of 

students’ learning in the innovative space as compared to that of the baseline classroom?   

H03.  The professors will perceive student learning to be significantly higher in the 

innovative space than in the baseline classroom. 

This was measured via a manipulation check that was focused on the impact of the 

manipulation (the Innovation Cave) from the perspective of the professors.  A paired samples t-

test was conducted to compare professors’ perceptions of eight dependent variables in the 

Baseline classroom versus the Innovation Cave; a subset of the survey is captured in Figure 7 to 

display the eight dependent variables clearly.  
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Figure 7.  Subset of Professor Survey 
 

The results from the professors’ perceptions of the Baseline classroom versus the 

Innovation Cave indicated that the results were statistically significant for six of the eight 

variables.  The remainder of this section will explain further the results for each of the pairs, with 

a summary in Table 8.  
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Student Participation 

Professors perceived that student participation increased significantly in the Innovation 

Cave (M = 3.7, SD = .484) as compared to the Baseline classroom (M = 2.8, SD = .789); t (9) = 

3.96, p = .004.  

Student Collaboration 

Professors perceived that student collaboration with one another increased significantly in 

the Innovation Cave (M = 3.78, SD = .441) as compared to the Baseline classroom (M = 2.44, 

SD = 1.014); t (8) = 4.0, p = .004.  This is one of the top three in terms of mean difference (= 

1.3) of the eight variable pairs.  Professors’ perception of student collaboration in the Innovation 

Cave (M =3.78) was the highest mean of all.  

Active Learning 

 Professors perceived that students’ active learning increased significantly in the 

Innovation Cave (M = 3.6, SD = .516) as compared to the Baseline classroom (M = 2.5, SD = 

1.08); t (9) = 2.91, p = .017.  This is one of the top three in terms of mean difference (= 1.1) of 

the eight variable pairs. 

Understanding of Students’ Issues 

Professors perceived a significant increase in understanding of students’ issues with 

content in the Innovation Cave (M = 3.5, SD = .527) as compared to the Baseline (M = 2.9, SD = 

.738); t (9) = 2.71, p = .024.   

Student-Centered Approach 

Professors did not perceive a significant increase in a student-centered approach in the 

Innovation Cave (M = 3.4, SD = .516) as compared to the Baseline (M = 3.2, SD = .632); t (9) = 

.80, p = .44.  
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Teaching Style 

Professors perceived significant changes in their own teaching style in the Innovation 

Cave (M = 3.7, SD = .675) as compared to the Baseline classroom (M = 2.4, SD = .843); t (9) = 

4.3, p = .002.  This is one of the top three in terms of mean difference (= 1.3) of the eight 

variable pairs.  

Student Engagement 

Professors did not perceive a significant increase in their engagement with students in the 

Innovation Cave (M = 3.4, SD = .516) as compared to the Baseline classroom (M = 3.0, SD = 

.632); t (9) = 1.81, p = .10.  

Interactive Teaching 

Professors perceived significant changes in an interactive teaching style in the Innovation 

Cave (M = 3.7, SD = .675) as compared to the Baseline classroom (M = 2.9, SD = .994); t (9) = 

2.45, p = .037.  

A summary of the t-test results from the survey of the professors appears in Table 8. 

Table 8: Paired t-test Results 

N Mean df t-value Sig. 
 

Pair 

1 

Baseline  

Student Participation  

10 2.80  

9 

 

 

3.857 

 

 

.004 Cave  

Student Participation   

10 3.70 

 

Pair 

2 

Baseline 

Student Collaboration 

9 2.44  

 

8 

 

 

4.000 

 

 

.004 Cave 

Student Collaboration 

9 3.78 

 Baseline  10 2.50   
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Pair 

3 

Student Active Learning 

9 

 

2.905 

 

.017 Cave 

Student Active Learning 

10 3.60 

 

Pair 

4 

Baseline  

Student Understanding 

10 2.90  

 

9 

 

 

2.714 

 

 

.024 Cave 

Student Understanding 

10 3.50 

 

Pair 

5 

Baseline  

Student-Centered  

10 3.20  

 

9 

 

 

.802 

 

 

.443 Cave 

Student-Centered  

10 3.40 

 

Pair 

6 

Baseline  

Teaching Style 

10 2.40  

 

9 

 

 

4.333 

 

 

.002 Cave 

Teaching Style 

10 3.70 

 

Pair 

7 

Baseline 

Teacher Engagement 

10 3.00  

 

9 

 

 

1.809 

 

 

.104 Cave 

Teacher Engagement 

10 3.40 

 

Pair 

8 

Baseline  

Interactive Teaching 

10 2.90  

 

9 

 

 

2.449 

 

 

.037 Cave 

Interactive Teaching 

10 3.70 

 

Results Summary 

The effect of the Innovation Cave as compared to the Baseline classroom was statistically 

significant for six of the eight variables.  Of note are the significant results for student 

participation, student collaboration, and changes in teaching style (p ≤ .004).  Two of the 

variables resulted in a failure to reject the null, such that the perceptions of student-centeredness 
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and teacher engagement were not statistically significant between the Baseline classroom and the 

Innovation Cave.  

Overall Summary of Results 

Three different instruments were used to evaluate the impact of space on learning: an 

algorithm measuring sound waves (DART), a survey of student perceptions, and a survey of 

professor perceptions.  The use of three instruments allowed for data to be collected from 

multiple vantage points and added to the richness of the findings.  

The ANOVA performed on the output from the DART analyzer did not indicate 

statistical significance between the Baseline and Innovation Cave sessions.  The results from the 

data collected via the other two instruments provided additional insights.  

For the student survey results, the between-subjects test indicated that the Innovation 

Cave had a statistically significant impact for all five dependent variables in the comparison of 

the Baseline to the Cave 1 session.  The only dependent variable with statistical significance 

when comparing the Baseline to the Cave 2 session was active learning.  There was a marked 

perceived increase in active learning in the Cave 1 session, as it had the highest mean of all the 

dependent variables.  The between-subjects and within-subjects ANOVA tests of the student 

survey responses produced a similar series of results, with only two exceptions: firstly, the 

dependent variable, analyzing an idea, experience, or line of reasoning in depth by examining its 

parts, was not significant for the Cave 1 session as compared to the Baseline in the within-

subjects test, and, secondly, the dependent variable active learning was statistically significant 

for both Cave 1 and Cave 2 sessions in the between-subjects test, but only statistically significant 

for the Cave 1 session (not the Cave 2 session), in the within-subjects test.   Likeability of the 

classroom setting was statistically insignificant as perceived by the students.   
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The professors perceived positive changes for six of the eight dependent variables.  Most 

notable were the increases for student participation, student collaboration, and changes in 

teaching style.  Two of the dependent variables resulted in a failure to reject the null, such that 

the perceptions of student-centeredness and teacher engagement were not significant between the 

Baseline and Cave sessions.   
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CHAPTER 5: CONCLUSIONS AND DISCUSSION 

Recapitulation of Purpose and Methods 

The purpose of this study was to explore the impact of an innovative space on active and 

higher order learning in undergraduate classes at Centenary University.  Although studies have 

shown that active learning has many benefits, such as greater learning gains (Beichner, 2011; 

Brooks, 2011; Dori et al., 2003; Freeman et al., 2014; Hake, 1998), and increased student 

retention rates as compared to lecture-only courses (Beichner, 2011; Freeman et al., 2014), 

professors are still reluctant to change their style (Michael, 2007).  At the same time, universities 

are investing in innovative spaces on campus but little data has been collected as to their impact 

on learning.   

The majority of active learning studies that include modifications to space also involve 

modifications to the pedagogical approaches, which can make it difficult to identify the impact 

of the space on its own.  This research study was designed to understand the intersection of these 

two strands of research further: space and learning, with the aim of exploring whether space 

alone has an impact on active and higher order learning.  The active learning definition was 

based on Bonwell and Eison (1991), who are credited with being the first to define active 

learning and stated “given these characteristics and in the context of the college classroom, 

active learning be defined as anything that involves students in doing things and thinking about 

the things they are doing” (p. 5).  Higher order learning employed the components defined in the 

National Survey of Student Engagement (NSSE).  The innovative space was defined as the 

Innovation Cave at Centenary University.  

The method employed was to test sound waves and collect survey data of students’ and 

professors’ perceptions.  There were three instruments used to measure the outcomes.  First, a 
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machine-learning algorithm via the Decibel Analysis for Research in Teaching (DART) tool 

(Owens et al., 2017) to gather sound recordings of class sessions.  Decibel samples were taken 

for each of the class sessions, one in the Baseline classroom and two in the Innovation Cave, for 

a total of 30 sessions.  The DART tool was based on comprehensive data collected from 1,486 

class session recordings from 67 colleges and universities and is stated to be 90 percent accurate 

(Flaherty, 2017).  As the DART tool eliminates the need for research assistants to collect data, it 

also removes the observer bias affecting professors’ behaviors.  

The second instrument was a student survey of perceived learning.  The total student 

survey responses for each of the conditions is as follows: 105 responses for the classroom 

baseline, 97 responses for Cave 1 session, and 100 responses for the Cave 2 session.  

Additionally, a within-subjects ANOVA (n = 38) was conducted to examine results at the 

individual level (Baseline, Cave 1, Cave 2).  The final instrument was a survey of the professors 

that provided additional insights.  All 10 professors participated in the online survey of their 

perceptions, which was structured as a manipulation check (Baseline classroom as compared to 

the Innovation Cave).  

Study Limitations 

Certain constraints are outside the control of the researcher, and these limitations are 

noted here: 

- Parameters of the definition of active learning used by the DART algorithm 

- DART misclassification of sound waves 

- The size of the Innovation Cave limited seating to 19 students; thus, the results might 

not generalize to larger class sizes 
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- The NSSE is a self-reported instrument and questions have been modified to apply to 

a class session rather than an entire course 

- Student absences impacted consistency of the participants 

- Data was collected at one university; thus, the results might not generalize to other 

institutions.  

Delimitations put in place by the researcher include: 

- Individual components of the Innovation Cave were not evaluated, as the context of 

the space was perceived as a whole, contributing to the environment.  

The study did not isolate nor remove complex variables but did try to minimize them by 

having the same professor and same students participate in the Baseline and the two subsequent 

sessions in the Cave.  The DART algorithm’s definition of active learning is limited to multiple 

voices and no voices, unlike the Active Learning Inventory Tool, it does not include interactive 

dialogue between two single voices, such as students responding to teacher-posed questions, as 

being defined as active learning (Van Amburgh et al., 2007).  Additionally, the algorithm 

sometimes misclassifies sound waves; “considering the presence of extraneous classroom sounds 

or instructor comments or human speech may cause DART to incorrectly classify silent activities 

as single voice (34.8%)” (Owens et al., p. 1).  This misclassification could lead to a lower active 

learning percentage since silence should be classified as active.  

Interpretation of Findings 

The students perceived a statistically significant increase in active learning in the 

Innovation Cave for both of the cave sessions based on the results from the between-subjects 

analysis of the student survey responses.  It appears that the innovative space encouraged their 

active learning (learning by doing things rather than passively receiving information).  The 
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professors also reported that the Innovation Cave encouraged, with statistical significance, active 

learning.  However, the Innovation Cave did not have a statistically significant impact on the 

percentage of active learning time in the class session based on the DART tool.  One reason 

could be the misclassification of silence as single voice, thus considered not active, since the 

Innovation Cave does have an opening at one end and extraneous noise from the lobby could 

have infiltrated into the recorded sound waves.  Another reason could be the limited definition of 

active learning used in the algorithm, where ‘single voice’ is not considered active.  This 

definition could be considered limited as compared to the Active Learning Inventory Tool, which 

included question and answer sessions, role playing, and large group debates, where a single 

voice could be speaking and the activities considered active learning (Van Amburgh et al., 

2007).  If one student is speaking and then another student, and perhaps then the professor or 

another student in a highly engaging, active discussion, some professors may consider this active 

and this was a point of feedback from professors to the DART creators.  A second version of the 

software will display single voice of student vs. single voice of professor (K. D. Tanner, personal 

communication, January 24, 2018); however, that still leaves ambiguity as to how it would be 

classified.  The sound waves and this one instrument did not capture the full story, and other 

instruments, using student and professor perceptions, may be better indicators of learning than 

the metric of time.  

For the higher order learning dependent variables, comparing the Baseline classroom 

session to the first Cave session, the students perceived that the space had a statistically 

significant impact in encouraging applying facts, theories, or methods to practical problems or 

new situations; analyzing an idea, experience, or line of reasoning in depth by examining its 

parts; evaluating a point of view, decision, or information source; and forming a new idea or 
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understanding from various pieces of information.  These are important findings, as it appears 

that an innovative space contributes to learning, as perceived by the students.  It seems that the 

Innovation Cave allowed for visibility of thoughts and equity of participation amongst students 

who contributed to learning, as suggested by a student in this study:  

Being able to use the Innovation Cave took these play discussions to another level.  When 

they used to take place in the classroom, we tried to sit in a circle, but ran into difficulties 

as some students would try to dominate the conversation and then other opinions were 

not heard.  However, since the walls of the Innovation Cave allowed us to see everyone's 

thoughts, our conversations opened up.  Especially in later sessions, as we were working 

with research paper topics in mind, being able to see the thoughts connected everyone's 

papers in varying degrees...I enjoyed the classes in the Innovation Cave, as they brought a 

new level to our discussion (Student subject, email communication, April 16, 2018).  

Before evaluating the second Cave session, it is worthwhile to interpret the impact of 

these statistically significant results.  In both the between-subjects and within-subjects test, all 

dependent variables, with the exception of analyzing an idea, experience, or line of reasoning in 

depth by examining its parts, were affected positively, at a statistically significant level, during 

the first session in the Innovation Cave.  Overall, these findings suggest that the innovative space 

had a perceived positive impact on active and higher order learning.  There were no pedagogical 

approaches or structured teaching guidance for the class sessions in the study protocol.  Results 

from the professor survey illuminated some of the factors that could have contributed to the 

increased learning.   

Professors reported that they did change their teaching style and the space encouraged 

them to have a more interactive teaching style.  One professor commented that the innovative 



THE IMPACT OF AN INNOVATIVE SPACE                         62 

space makes a person think differently about his/her teaching approach, “The cave made me 

rethink my method of teaching.  Because we had the white board for the students to use, it forced 

me to think creatively and change my style for student discussions.  I had them talk to each other 

and work with each other more” (Participant 1).  Another professor (Participant 3) reported:  

While I would like to think that my standard teaching style encourages all of the above, 

work in the cave, enhanced this. It allowed more connections to occur during the process 

of learning and allowed more links in the discussion, allowing more student interaction 

from all the students.  I plan on using the cave in the future.  

That is to say that the innovative space affected learning due to changes in teaching style 

encouraged by the space itself. Without any pedagogical manipulations, the space somehow 

encouraged changes in a professor’s teaching style to a more interactive approach.  This line of 

thinking is supported by Brooks (2012) who discourages oversimplifying interpretations about 

the physical inert space itself and focusing on how classroom spaces affect the actual instructors 

and students working within them, as these physical spaces serve as indirect causal agents that 

affect the actors within.   

In order to understand how much students simply liked the space and if that conflated 

their opinion on learning, a question was included in the survey asking how much they liked the 

space on a scale of 1 to 10.  An interesting finding was that the ‘likeability’ of the classroom 

setting was not significant between the locations, meaning students did not like one classroom 

setting significantly more than the other does.  This helps to remove the sheer ‘likeability’ factor 

and gave credence to the significance of the findings that the students themselves perceived that 

they learned more during the first cave session. 
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The moderate effect size along with the statistical significance of this study supported the 

outcomes of perceived increased learning by the students during the Cave 1 session, and the 

results from the professor survey added an additional layer of clarity.  The professors reported 

that the Innovation Cave encouraged student participation and collaboration, with collaboration 

scoring the highest mean of the eight variables and one of the highest mean differences (Baseline 

vs. Innovation Cave).  Two other variables of interest are professors’ engagement with students 

and understanding of students’ issues with content, both positively affected with statistical 

significance, in the Innovation Cave.  A qualitative statement reported by a professor (Participant 

3) during the feedback portion of the experiment helps to illuminate this finding:  

Teaching in the Innovation Cave allows a professor to visibly see what students do not 

understand as they are writing their thoughts on the walls; I could quickly identify what I 

needed to explain further.  Additionally, a professor or a student could make connections 

between concepts and ideas written on the walls by students.   

As explained by another professor (Participant 4), “I found it easier to engage every student 

rather than just two.  Being able to have each student write, allowed all to be involved and 

allowed peer reviews as well.”  Another professor (Participant 2) shared: 

 Students appear to be more willing to go to a board and write (than in a traditional 

classroom) - perhaps they feel they are not ‘on display’.  Having the students at the board 

in teams lessens those ‘on display’ concerns.  With the teams at the board, the instructor 

can move from team to team -- allowing the instructor the ability to ‘see’ what the 

students are thinking.  

The two items that the professors reported that saw no change were a student-centered 

approach and teacher engagement.  Even though these two items were not shown to be 
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statistically significant, the mean for both did increase in the manipulated environment.  Not 

achieving statistical significance on all items provides a realistic picture suggesting that the 

professors were able to discern which factors were impacted by the space and those that were 

not.  The professors perceived that they were student-centered and engaged, regardless of the 

space.   

The professor survey regarding the impact of the manipulation, the Innovation Cave, 

added a rich context to the results from the students.  The students did not perceive that they 

liked the innovative space more, but they did perceive that they learned more (during the Cave 1 

session).  Then, the professor survey results helped to explain several reasons why this was so, 

that being the statistically significant findings in the changes in teaching style and an increase in 

a more interactive teaching style, along with increased student collaboration and participation, in 

the Innovation Cave. 

The findings suggest that the innovative space had a significant effect on learning.  If this 

study had been designed for a t-test between the Baseline and Cave 1 session, the conclusion 

would have ended there.  However, for the Cave 2 session, the response means from the within-

subjects test of the student survey were higher than the Baseline, but not statistically significant 

for any of the learning variables.  One potential reason could be survey fatigue, even though the 

survey was short with 10 multiple choice questions, when answering the same set of questions in 

a back-to-back fashion, respondents can become disinterested (Porter et al., 2004).  

It is important to consider not only the absolute values of the results, but also the 

directional behavior, and, in plotting the mean results, one can see that both (between-subjects 

and within-subjects) tests produced results that have a peak at the first Cave session and then a 

slight decline, albeit still above the value of the Baseline mean.  One could conclude that a 
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simple periodic classroom change to an innovative space creates a class session that positively 

affects learning.  This study suggests that attention needs to be paid to the type of space and 

ensure that it allows for collaboration, visible expression of thought, and equity in participation, 

and encourages professors to change their teaching style.   

Practical Significance 

  Overall, the findings suggest that the innovative space in this study had a perceived 

positive impact on learning.  Relating to previous research, this study builds upon the body of 

evidence of the positive impact of active learning on learning gains and offers statistically 

significant evidence for the impact of innovative space on active and higher order learning.  This 

would suggest that universities can benefit from integrating informal learning space into the 

classroom structure and should invest in innovative spaces -- perhaps not even resembling a 

classroom, as in the case of the manipulation used in this study (i.e., the Innovation Cave) -- and 

integrate them into the learning environment as a formal classroom.  

 Any university scoring low on the higher order learning NSSE engagement indicators 

could benefit from reviewing this study as the results indicated that the Innovation Cave had a 

statistically significant positive impact to the higher order learning engagement indicators during 

the Cave 1 session.  This study proposes that institutions seeking to improve these indicators 

should consider providing a class session in innovative spaces with a similar design to the 

Innovation Cave.   

The results offer insights into characteristics of innovative space and how its usage can 

positively affect students’ perceived learning.  The ability to express ideas and concepts visibly 

in an informal written fashion on the whiteboard walls aided understanding and connection of 

concepts and thus is an important characteristic to retain in an innovative space.  It appears that 
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the innovative space had its maximum impact in the first session, suggesting periodic usage of 

the space to affect perceived learning positively.  To determine the optimal number of sessions, 

studying the impact of multiple additional sessions would be necessary.  

The study offers further suggestions that innovative spaces could serve as a catalyst for 

professional development, as teaching in this type of space appeared to stimulate professors to 

adopt a more interactive teaching style.  Professors reported that the innovative space made them 

rethink their teaching style.  This would imply that exposing professors to new teaching 

environments may stimulate professional growth.  

As students prepare for the workplace, learning will be taking place more often in 

environments such as the Innovation Cave, such that familiarity during the university years could 

be beneficial.  Universities who grasp the concepts put forth here and bring learning into 

innovative spaces will prepare students for a path of lifelong learning.  

Recommendations for Future Research 

The data suggests that the second Cave session did not produce the same effect as the 

first Cave session and opens up an opportunity for further research.  As the data trends showed a 

decrease during the second Cave session, a future study could continue to hold more sessions in 

the innovative space and construct the research design in a way to minimize survey fatigue and 

to further discern if there is a novelty factor or not.  If further research investigates the novelty 

factor, it would help to determine how often to include classroom sessions in the innovative 

space in order to achieve the perceived learning benefits.  

This study was not designed to identify causality and an experiment that attempts to 

isolate the variables and determine the specific variable causing the effect on learning could be 
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helpful in the design of innovative spaces.  A future study could isolate specific room 

characteristics of the innovative space to determine their impact.  

Active learning is also interestingly applied to machines.  “Active learning (sometimes 

called ‘query learning’ or ‘optimal experimental design’ in the statistics literature) is a subfield 

of machine learning and, more generally, artificial intelligence” (Settles, 2010, p. 4).  Creative 

investigators may want to examine the area of applying human active learning teaching methods 

to train Artificial Intelligence (AI) agents.   

In this study, the only manipulation was the Innovation Cave.  There was no training on 

pedagogical changes included in the protocol.  A future study could examine the impact of 

pedagogical training and further isolate the impact of the innovative space.  To encourage 

researchers to consider conducting this follow-on experiment, the following is a suggestion for 

the high-level research design.  

An investigator would identify two professors teaching the same course at the same 

course times and ensure that they are both assigned the same baseline classroom.  The protocol 

should include training on active learning techniques; the control would be the baseline 

classroom with active learning training then compared with the innovative space with active 

learning training.  There should be randomization of condition order, meaning one professor 

starts with the baseline classroom and then the innovative space, whereas, the other professor 

starts with the innovative space and then the baseline classroom.  Both direct and indirect 

measures are encouraged, for example, an indirect measure via self-reported student and 

professor surveys, including open questions for feedback and also a direct measure, such as an 

exit ticket measuring knowledge from the class session.  A paired samples t-test could be applied 

to measure the outcomes.  
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This study explored the impact of space on learning at the university level.  An 

investigator may want to apply these findings to potential applications for learning at other points 

on the learning continuum, such as K-12 and corporate training.  
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Appendix A: NSSE 2017 Centenary University Institutional Report 
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Appendix B: University Classroom: 1907  

 
From “Chemistry Classroom at Purdue University, West Lafayette, Indiana, ca. 1910,” n.d., The Indiana Album,” 
https://indianaalbum.pastperfectonline.com/photo/0FA0F866-1561-4511-B7D4-864276317770. Copyright 1910 by 
Purdue University. Reprinted with permission.  
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Appendix C: Centenary University Classroom 2018, Example Baseline 

 
Note: Centenary University, Lackland Center Classroom, 2018.  



THE IMPACT OF AN INNOVATIVE SPACE                         78 

Appendix D: Innovation Cave 
 

 

 
Note: Centenary University, Lackland Center Innovation Cave, 2018. 
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Appendix E: Student Survey 
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Appendix F: Professor Survey  
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Appendix G: Experiment Protocol 
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 Appendix H: DART Output Charts  
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Appendix I: Active Learning Percentages 
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