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Abstract 

This study was designed as a continuation of a line of behavioral recycling research. 

Close to 23% of landfill waste was comprised of recyclable material in an academic 

building. Bins for recycling were not present in classrooms and classroom landfill bins 

were being utilized for disposal of bottles and cans. Treatment included removal of 

classroom landfill bins, addition of central comprehensive receptacles, and development 

of new signage. Results showed significant increases in the amount of recyclable material 

found in recycling receptacles. These findings vary from previous recommendations that 

recycling bins be placed in all possible areas of waste generation. 
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Effects of Replacing Dispersed Trash and Recycling Containers with 

Centralized, Comprehensive Receptacles 

    Behavior science has an interesting history of environmentally focused 

research. While numerous research articles have been published that addressed 

environmental issues such as waste handling, energy use, and water consumption, 

Lehman and Geller (2004) documented a substantial decline in the number of 

intervention-based research articles over recent years.  They were also critical of the 

focus of environmental research, noting that behavior analysts had emphasized easily 

measured environmental outcomes rather than focus on interventions that have the 

potential for greater impact on waste reduction, such as reducing the consumption of 

disposables and incentivizing the use of reusable items. 

Despite this convincing argument, many lines of research remain to be examined. 

Recycling programs are comprised of a large number of variables that can be used in 

limitless combinations. A guide providing research-based solutions tailored to as many 

conceivable settings as possible is needed, one which documents methods for increasing 

recovery rates for recyclable materials to their highest potential. Given the relative ease 

with which this form of research can be conducted, it is surprising that so few such 

attempts have been made. This research project was designed as a strategic continuation 
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of this line of behavioral recycling research and is one of many institutional projects 

whose combined effects have the potential to create a guide for effective recycling 

programs for various academic and institutional settings. 

Behavioral research focused specifically on modern recycling programs began 

with Brothers, Krantz, and McClannahan’s (1994) analysis of the effects of the placement 

of recycling receptacles on the amount of paper recycled in an office setting. They found 

that desktop recycling bins were more effective in collecting office paper for recycling 

than a centralized recycling bin. Ludwig, Gray, and Rowell (1998) replicated these 

findings in an academic building, concluding that classroom recycling bins were more 

effective than centrally located receptacles. O’Conner, Lerman, Fritz, and Hodde (2010) 

replicated these findings again, but with additional control for the number of recycling 

bins. They concluded that recycling bins placed in classrooms were more effective than 

both centrally located bins and an increased number of non-classroom bins. 

While the findings of this line of research seem conclusive, several significant 

variables still beg for further analysis.  None of these research studies manipulated trash 

receptacles along with recycling bins as part of their treatment conditions. Instead, trash 

receptacles were present in all areas of consumption including those in which recycling 

receptacles were introduced. Thus, in the control condition of the above studies, room 

users would need to walk past trash receptacles and locate recycling bins in order to 

correctly dispose of recycling waste. In an applied setting, such as that of Western 

Michigan University’s classroom buildings, this was a typical situation during the time of 

this research. Trash receptacles are often located in individual classrooms, and recycling 

receptacles are located centrally. This common arrangement imposes different response 
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requirements for accessing trash receptacles versus recycling bins and might contribute to 

the incorrect disposal of recyclable materials in conveniently located trash receptacles 

and the corresponding decrement in the disposal of recyclable materials in the correct 

bins. Of course, prior research would suggest the addition of recycling bins alongside 

trash receptacles in every classroom or other work areas in which trash and recyclables 

are generated.  However, this recommended strategy might not be feasible in many 

environments.  If applied to an entire campus, this strategy would necessitate the 

purchase of hundreds of additional recycling receptacles and the additional labor costs of 

collecting both trash and recyclables from hundreds of dispersed locations rather than 

from a smaller number of centralized locations. 

Acknowledging this practical constraint, we decided to evaluate an arrangement 

that equated the response requirements for both trash disposal and recycling.  In this 

spirit, we removed trash bins from all classrooms and located both trash and recycling 

facilities in a convenient but central location on several floors of an academic building.   

This arrangement leaves no option for waste disposal in the classroom but it does equate 

the response requirements for the disposal of both landfill waste and recyclable materials 

by locating facilities in a centralized disposal complex.  Furthermore, it presents a 

simultaneous discrimination in which all disposal options are present together along with 

signage regarding acceptable items for each disposal stream.  We speculated that this 

arrangement might lead to more accurate classification and disposal of waste products 

when compared to a model that requires a series of sequential discriminations (in which 

trash receptacles are located in one setting and recycling facilities are located in a 

different setting) and less opportunity for side by side comparisons to facilitate correct 
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classification and disposal of items. Requiring building occupants to utilize central 

disposal areas allowed us to study the interplay between the presence and location of both 

recycling and trash receptacles as well as comprehensive signage and instructions. This 

arrangement is also consistent with the findings of Austin, Hatfield, Grindle, and Bailey 

(1993) who discovered that bins separated both from each other and from signage by less 

than a meter to be most effective in collecting recycling.  

The following research study was designed to evaluate this waste handling 

system. It contributes to the resolution of a real-life problem on a college campus while 

also addressing the questions left unanswered by prior research. 

Method 

Participants and Setting 

Participants included all individuals who utilized Brown Hall, on Western 

Michigan University’s main campus, over an 8-month period. The building consists of 

four floors, all containing a combination of classrooms, labs, and lounges. The building 

contains two office areas with full-time staff. Each floor contains one straight, central 

hallway with rooms on both sides. All floors have stairwells at either end and Floors 1 

and 2 have entrances at the central areas. Floors 1 and 2 also have large lecture halls in 

the central area that block visibility from one end of the floor to the other. Floors 3 and 4 

are completely straight with full visibility. Floor 2 is unique; it contains a student lounge 

with vending machines along with the School of Communication’s library, which 

includes the building coordinator’s office and an additional student study area.  

Response Measurement and Interobserver Agreement 

 All landfill and recycling waste from the building was collected and weighed by 
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floor. Waste was recorded in three categories: correctly sorted landfill, correctly sorted 

recycling, and incorrectly sorted recycling (recycling found in landfill bins). During data 

collection sessions, landfill waste was sorted to remove all recycling items. A percentage 

of incorrectly sorted recyclable material was determined for each floor. Waste products 

were seldom discovered in recycling receptacles, and as a result the content of recycling 

bins was weighed without sorting for accuracy.  

 Interobserver agreement was assessed weekly. One data collector sorted and 

recorded weights from one bag of landfill waste out of sight from others and mixed the 

recycling waste back into the bag when finished. A second data collector then re-sorted 

and weighed the same bag. IOA was calculated as a percentage difference between the 

two independently collected weights of correctly sorted landfill and incorrectly sorted 

recycling. The smaller weight was divided by the larger weight to determine the 

percentage. IOA was found to be 90% over all tested sessions (19% of total sessions). 

Experimental Design  

 A concurrent multiple baseline across floors was used to assess the effects of the 

waste handling intervention package in Brown Hall. This design assumes that each floor 

of Brown Hall could be construed as an independent setting.  The building design 

included egress exits on the first and second floor so people who attended class on Floors 

3 and 4 would, of necessity, exit through either Floor 1 or 2.  Students who attended 

classes on Floors 1 or 2, had little reason to travel to Floors 3 or 4.  Furthermore, casual 

observations suggested that students typically disposed of trash and recyclable materials 

on the floor where they attended class rather than carrying the materials to a different 

floor for disposal.  Thus, we assumed that the floors operated as independent settings, an 
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assumption that could be verified by examining changes in recycling behavior on Floors 

that had yet to be subject to an intervention package but during the periods of time when 

the intervention package was being implemented on other floors.  Systematic changes in 

recycling behavior, prior to implementation of an interventions but concurrent with 

interventions on other floors, would indicate interaction across floors.    

Baseline. The baseline recycling program in Brown Hall included multiple groups 

of trash and recycling receptacles that were dispersed throughout hallways and common 

areas with no signage. These receptacles consisted of large grey plastic trashcans with 

push lids, short, round blue plastic bins with white lids with circular holes for bottle and 

can recycling, and tall, rectangular yellow plastic bins with blue lids with a slot for paper 

recycling. Groups of these bins were located in three places on each floor, near the 

entrance/stairwell areas at the ends and center of each hallway. One group of bins was 

also located in the 2nd floor common area. Each classroom also had a small metal, open 

top trashcan. In addition, most classrooms had either the tall paper recycling bin or a 

small, rectangular yellow plastic open-top paper recycling bin.  Classrooms did not have 

recycling receptacles to handle multiple recycling streams.   

Centralized Bin Treatment Package. Following baseline, we implemented a 

treatment package that consisted of the following components:  a) one multi-stream 

receptacle was placed centrally on Floor 1; b) the new signage was added above the 

openings in the multi-stream receptacle that provided explicit directions regarding the 

correct disposal of items into each waste option (landfill, plastic/glass/metal and 

paper/cardboard); c) all other trash and recycling bins were removed from hallways and 

classrooms on that floor; and d) colorful posters that read “Looking for the trash? Check 
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out the new bin in the hallway!” were placed on the wall above the former location of the 

trash receptacles in classrooms.  After nine data collection sessions, this treatment 

package was implemented on Floor 2. After seven additional data collection sessions, a 

second bin was placed on Floor 2 near the end of the hallway. The reason for this was an 

overuse of the bathroom trash receptacles in this area. A high traffic classroom was 

located near the end of the hallway and students were observed carrying their waste 

across the hall and into the bathrooms for disposal rather than down the hall to the 

centralized receptacle.   Floors 3 and 4 remained in the baseline condition for the entirety 

of the study.  

The multi-stream receptacles were fabricated from stainless steel. Frames for 

signage were integrated into the bins directly above each opening, in accordance with the 

findings of Austin, Hatfield, Grindle, & Bailey (1993). Openings were designed to match 

the shape of each waste stream, as recommended by Duffy and Verges (2009). The two 

right side openings were designed for recycling waste with a slot for paper/cardboard and 

a round hole for plastic/glass/metal recycling. The left side opening was a large rectangle 

for landfill waste.  

New signage was also created for use within the bins. The signs were designed 

with consideration of the findings of Werner, Rhodes, and Partain (1998). Each sign 

included a detailed list of acceptable items for each opening. There were three different 

signs, corresponding with the three waste streams collected on campus. The signs were 

designed with bright colors corresponding with the color scheme of the baseline style 

recycling bins, yellow for paper/cardboard, blue-green for plastic/glass/metal, and 

magenta for landfill.   
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Results and Discussion 

Figure 1 depicts the weight of recycling and landfill waste collected daily on each 

floor. During baseline on all floors, the daily weight of landfill waste is consistently much 

higher than recycling (Ms = 8.7lbs per day of landfill and 2.3lbs per day of recycling). 

Following implementation of the treatment package on Floors 1 and 2, the amount of 

recycling waste collected daily increased while the amount of landfill decreased (Ms = 

7.25lbs per day of landfill and 4.76lbs per day of recycling). This shift in waste from 

landfill to recycling suggests that the recyclable material that had been previously 

misplaced in landfill bins was now being properly recycled. Additionally, from baseline 

to intervention, the amount of recycling waste inaccurately sorted into landfill bins 

decreased an average of .5 and 1.1lbs or 4 and 5% respectively on Floors 1 and 2 while 

the same measure increased 1.3 and 1.2lbs or 2 and 3% on Floors 3 and 4.  

Probe data measuring the number of waste items left behind in classrooms 

showed no change from baseline to intervention conditions. Also, anonymous surveys 

provided for building users showed a high level of acceptance and a positive impression 

of the new receptacles and waste collection system (N=40).  

These findings stand in contrast to the previous line of recycling research 

concluding that centralized recycling receptacles have limited effectiveness (Brothers et 

al, 1994; Ludwig et al., 1998, & O’Conner et al., 2010). The most recently published 

replication performed by O’Conner et al. (2010), found increased numbers of plastic 

bottles collected in recycling bins during conditions where recycling bins were placed 

alongside landfill bins inside classrooms. An average 32% increase in the number of 

bottles found in recycling bins compared to those found in landfill was documented. It is 
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difficult to compare this effect size to the one found in the current study because the 

current data set reflects a weight measurement, not item count, and includes 

paper/cardboard recycling along with bottles and cans. Nonetheless, the effect size of the 

multi-stream receptacle intervention can be stated as an average 20% increase in the 

weight of recycling collected. This is a significant finding because it shows that 

centralized receptacles can also improve recycling rates in an academic building. The key 

component seems to be the placement of landfill bins in relation to recycling bins. It is 

possible that previous research might have obtained similar results if landfill bins had 

been moved into hallways alongside recycling bins rather than the opposite.  

An additional consideration for recycling interventions is cost. Because this 

intervention required the purchase of only three comprehensive receptacles rather than 

numerous additional classroom multi-stream recycling receptacles, this solution may 

serve as a more cost-effective intervention for buildings with limited receptacles where 

purchase of additional waste infrastructure would be necessary in order to make any 

changes to recycling collection. The stainless steel bins used for this study were costly at 

$3,000 each. For Western Michigan University’s campus, this cost was justified because 

the removal of classroom trash bins resulted in a drastically reduced workload for 

custodial staff. With extra work hours available, the staff are now able to collect 

recycling daily in addition to trash. Recycling collection was a task previously performed 

only weekly or bi-weekly by student employees. Institutionalizing recycling pick up in 

this manner increased the reliability and accountability of the recycling program. 

This study opens yet another avenue for recycling research. More work needs to 

be done developing, testing and disseminating best practices in recycling interventions 
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for other settings, such as offices, large public venues (e.g., sporting events, concerts), 

and residence buildings, while also assessing its long-term effects and cost efficiency.  

In conducting this research, effort was taken to involve relevant campus leaders, 

gain student, faculty, and staff feedback, respond to feedback and suggestions and ensure 

that all transitions happened as seamlessly as possible with adequate forewarning. 

Conducting research in this manner, with concern for an immediate problem, evaluating 

the efficacy and efficiency of the potential solution and addressing that problem as part of 

a collaborative research community is called “action research” (Lewin, 1946; Reason & 

Bradbury, 2008). This approach has the potential to add value to behavioral research and 

has aided in the continued commitment to this program on the part of both the campus 

community and individual building occupants. The waste handling system tested in this 

study has been integrated into the policy and practice at Western Michigan University 

and is now being implemented in other campus buildings by the university’s Solid Waste 

Reduction department.  
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Figure 1 
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