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Introduction

Behavior science has a deep-rooted 
interest in environmentally focused 
research and theory. In the twilight 
of his prolific and impactful career, 
B.F. Skinner composed a section of 
his book Upon Further Reflection as 
a call to behavior scientists to use 
their tools, research methods, and 
technology to reduce human im-
pacts on the environment.1 The sec-
tion added fuel to an already burn-
ing fire—a field that had already 
been focusing  on a broad array of 

research topics. From increasing bus 
ridership to altering wasteful pur-
chasing behavior in grocery stores, 
the burgeoning field of behavior 
analysis has long been excited to 
“Save the World.”1-4 A present-day 
review of the field’s contributions in-
cludes ebbs and flows in sustainabil-
ity-related research and many more 
calls to action, but also, and more 
importantly, a refined and effec-
tive research approach that has led 
to important behavioral changes.5,6 
One of the longest running lines of 
environmental research studies the 

size, shape, and orientation of trash 
and recycling bins.5 It is to this body 
of research that informed the reeval-
uation of our university’s recycling 
system. 

Behavioral research focused on bin 
placement within modern recycling 
programs began with an analysis of 
the effects of the placement of recy-
cling receptacles on the amount of 
paper recycled in an office setting.7 

Brothers, Krantz, and McClannahan 
found that desktop recycling bins 
were more effective in collecting 
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office paper for recycling than a cen-
tralized recycling bin. Ludwig, Gray, 
and Rowell replicated these findings 
in an academic building, concluding 
that classroom recycling bins were 
more effective than centrally located 
receptacles.8 O’Conner et al. repli-
cated these findings again, but with 
additional control for the number of 
recycling bins.9 They concluded that 
recycling bins placed in classrooms 
were more effective than both cen-
trally located bins and an increased 
number of nonclassroom bins.

While the findings of this line of 
research seem conclusive, several 
significant variables beg for further 
analysis: None of these research 
studies manipulated trash recepta-
cles along with recycling bins as part 
of their treatment conditions. In-
stead, trash receptacles were present 
in all areas of consumption, includ-
ing those in which recycling recep-
tacles were introduced. Thus, in the 
control condition of the aforemen-
tioned studies, room users would 
need to walk past trash receptacles 
and locate recycling bins in order to 
correctly dispose of recycling waste. 

This was the case in Western Michi-
gan University’s academic buildings 
and is an arrangement common to 
many building types: Trash recep-
tacles are often located in individual 
rooms and recycling receptacles are 
located centrally. This imposes dif-
ferent response effort requirements 
for accessing trash receptacles ver-
sus recycling bins and might con-
tribute to the misdirected disposal of 
recyclable materials in conveniently 
located trash receptacles and a cor-
responding decrement in the proper 
disposal of recyclable materials in 
the recycling bins. Of course, prior 
research suggests adding recycling 

bins alongside trash receptacles in 
every room or other work areas in 
which trash and recyclables are gen-
erated. This recommended strategy, 
however, might not be feasible in 
many environments. If applied to an 
entire campus, this strategy neces-
sitates purchasing hundreds of ad-
ditional recycling receptacles and it 
generates substantial labor costs as-
sociated with collecting both trash 
and recyclables from hundreds of 
dispersed locations rather than from 
a smaller number of centralized lo-
cations.

Acknowledging this practical con-
straint, the authors decided to eval-
uate an arrangement that made the 
response efforts for trash disposal 
and recycling identical.10 This meant 
that the effort necessary to locate 
and properly utilize recycling recep-
tacles should be exactly the same as 
for landfill receptacles and vice ver-
sa. In this spirit, trash bins from all 
classrooms were removed and both 
trash and recycling facilities were 
relocated to a convenient but cen-
tral location on several floors of an 
academic building. This arrange-
ment left no option for waste dis-
posal in the classroom, but it did 
couple the response efforts for the 
disposal of both landfill waste and 
recyclable materials by locating 
facilities in a centralized disposal 
complex. Furthermore, it presented 
a simultaneous discrimination, in 
which all disposal options are pres-
ent together in a side-by-side orien-
tation along with signage regarding 
acceptable items for each disposal 
stream. With this arrangement, 
users can simultaneously compare 
all disposal options while making the 
disposal decision. The authors spec-
ulated 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 
where trash receptacles are located 
in one setting and recycling facilities 
are located in a different setting.10 
Requiring building occupants to 
utilize central disposal areas allowed 
the study of 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 et al., who determined that 
all bins and signage should be sepa-
rated by less than a meter to be most 
effective in collecting recycling.11

Methods

Participants and Setting

Participants in this study included 
all individuals who utilized Brown 
Hall, on Western Michigan Uni-
versity’s main campus, during the 
course of the study. 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 visibil-
ity 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 li-
brary, which includes the building 
coordinator’s office and an addition-
al student study area. 
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Data Collection and Interobserver 
Agreement

During all phases of the study, land-
fill and recycling waste from the 
building was collected and weighed 
by floor. Waste was recorded in 
three categories: correctly sorted 
landfill, correctly sorted recycling, 
and incorrectly sorted recycling (re-
cycling found in landfill bins). Dur-
ing data collection sessions, landfill 
waste was sorted to remove all re-
cyclable materials. A percentage of 
incorrectly sorted recyclable mate-
rial was determined for each floor. 
Waste products were seldom discov-
ered in recycling receptacles, and as 
a result, the content of recycling bins 
was weighed without sorting for ac-
curacy. 
 
Interobserver agreement (IOA) 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 fin-
ished. A second data collector then 
re-sorted and weighed the same bag. 
IOA was calculated as a percentage 
difference between the two inde-
pendently collected weights of cor-
rectly 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 percent over all test-
ed sessions (19 percent of total ses-
sions).

Experimental Design 

A concurrent multiple baseline 
across floors was used to assess 
the effects of the waste handling 
intervention package in Brown Hall. 
The building has exits on the first 
and second floor, so people who 

attended class on Floors 3 and 4 
would, of necessity, exit through ei-
ther Floor 1 or 2. Students who at-
tended 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, it was assumed that 
the floors operated as independent 
settings, an assumption that could 
be verified by examining changes in 
recycling behavior on floors that had 
yet to be subject to an intervention 
package during the periods of time 
when the intervention package was 
being implemented on other floors. 
Systematic changes in recycling be-
havior on a particular floor, prior to 
implementation of an intervention 
but concurrent with interventions 
on other floors, would indicate in-
teraction across floors.   

Baseline Phase

The baseline recycling program 
in Brown Hall included multiple 
groups of trash and recycling recep-
tacles that were dispersed through-
out hallways and common areas 
with no signage. These receptacles 
consisted of large grey plastic trash-
cans with push lids; short, round 
blue plastic bins with white lids and 
circular holes for bottle and can re-
cycling; 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/stair-
well areas at the ends and center 
of each hallway. One group of bins 
was also located in the second floor 
common area. Each classroom also 
had a small metal, open top trash-

The new, multi-stream receptacle

can. 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 recy-
cling receptacles to handle multiple 
recycling streams.  

Treatment Phase

Upon conclusion of baseline data 
collection, the authors implement-
ed an initial treatment package on 
Floors 1 and 2 that included the fol-
lowing components:

The multi-stream receptacles were 
designed in cooperation with cus-
todial staff and custom fabricated 

Removal of all recycling and 
trash bins, with the exception 
of bathroom bins used for paper 
towels. 
Introduction of a single, central-
ly located, multi-stream recepta-
cle along with updated signage. 
Colorful posters placed on class-
room walls in any location that 
previously contained a trash bin, 
which read, “Looking for the 
trash? Check out the new bin in 
the hallway!”

1.

2.

3.

http://online.liebertpub.com/action/showImage?doi=10.1089/sus.2017.29082.kb&iName=master.img-000.jpg&w=170&h=176
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Figure 1. The weight of landfill and recycling waste collected on consecutive school days on 
each floor of Brown Hall.

from stainless steel. Frames for sig-
nage were integrated into the bins 
directly above each opening, in ac-
cordance with the findings of Austin 
et al.11 The frames allowed for evalu-
ation and redesign of signage as nec-
essary in the future. Bin openings 
were designed to match the shape of 
each waste stream, as recommend-
ed by Duffy and Verges.12 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 for use inside the 
frames was developed using feed-
back from multiple focus groups and 
designed with consideration to find-
ings of Werner, Rhodes, and Par-
tain.13 Each sign included a detailed 
list of acceptable items for each con-
tainer. 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 recy-
cling bins—yellow for paper/card-
board, blue-green for plastic/glass/
metal, and magenta for landfill.  

The concurrent multiple baseline 
design called for the treatment 
package to be rolled out on one floor 
and then replicated on another. This 
allowed the effects of the treatment 
package to be assessed at multiple 
points in time. The treatment pack-
age was first implemented on Floor 
1, and after nine data collection ses-
sions, was then replicated on Floor 
2. After seven additional sessions, 
a second bin was placed on Floor 
2, near the end of the hallway. This 
location was chosen because of an 
overuse of bathroom receptacles in 

this area. A high-traffic classroom 
was located near the end of the hall-
way and students were observed 
carrying their waste across the hall 
and into the bathrooms for dispos-
al rather than down the hall to the 
centralized receptacle. Floors 3 and 
4 remained in the baseline condition 
for the entirety of the study. 

Results and Discussion

Figure 1 depicts the weight of land-
fill and recycling waste collected 
on consecutive, individual school 
days. Baseline measurements indi-
cated that the daily weight of landfill 
waste was consistently much higher 
than that of recycling on all floors 
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(means =  8.7 lb. per day of landfill 
and 2.3 lb. per day of recycling). Fol-
lowing implementation of the treat-
ment package on Floors 1 and 2, the 
weight of recycling waste collected 
daily increased while the weight of 
landfill decreased (means = 7.25 lb. 
per day of landfill and 4.76 lb. per 
day of recycling). This shift in waste 
from landfill to recycling suggests 
that the recyclable material that 
had been previously misdirected to 
landfill bins was now being properly 
recycled. Additionally, from base-
line to treatment, the weight of re-
cycling waste incorrectly placed in 
landfill bins decreased an average 
of .5 and 1.1 lb. or 4 and 5 percent, 
respectively on Floors 1 and 2. The 
same measure increased 1.3 and 1.2 
lb. or 2 and 3 percent on Floors 3 
and 4 even though no changes were 
made on these floors. 

Custodial staff and building super-
visors expressed concern that with 
reduced numbers of waste and re-
cycling containers, students might 
leave waste behind in classrooms, 
resulting in more work for cleaning 
crews. However, probe data mea-
suring the number of waste items 
left behind in classrooms showed 
no change from baseline to treat-
ment 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 sys-
tem (N = 40). 

These findings stand in stark con-
trast to the previous line of recycling 
research, which concluded that cen-
tralized recycling receptacles have 
limited effectiveness.7-9 The most 
recently published replication found 
increased numbers of plastic bottles 
collected in recycling bins when re-

Western Michigan University’s cam-
pus, 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 
has been able to collect recycling 
daily, in addition to trash. Recycling 
collection was a task previously per-
formed only weekly or biweekly by 
student employees. Institutional-
izing recycling pickup in this man-
ner increased the reliability and 
accountability of the recycling pro-
gram.

Conclusion

Maintaining the positive results of 
effective interventions is a long-
standing issue in behavior science.5,6 
In conducting this research, effort 
was taken to involve relevant cam-
pus leaders; gain student, faculty, 
and staff feedback; respond to feed-
back and suggestions; and ensure 
that all transitions happened as 
seamlessly as possible with adequate 
forewarning. Conducting research 
in this manner, by directly involving 
those most impacted by the current 
situation and with an aim to im-
prove outcomes through evaluating 
a piloted solution, is recognized as 
“action research.”14,15 This approach 
may add value to behavior science 
and has supported the continued 
commitment to this program on the 
part of both the individual building 
occupants and the campus commu-
nity. The waste handling system test-
ed in this study has been integrated 
successfully into policy and practice 
at Western Michigan University. It 
has been implemented throughout 
campus buildings in a cooperative 
effort led by the university’s Office 
for Sustainability in collaboration 
with Solid Waste Reduction and 
Custodial Services. 

cycling bins were placed alongside 
landfill bins inside classrooms.9 An 
average 32 percent increase in the 
number of bottles found in recy-
cling bins compared to those found 
in landfill bins was documented.9 

It is difficult to compare this effect 
size to the one found in the current 
study because this data set reflects 
a weight measurement, not an item 
count, and includes paper/card-
board recycling along with bottles 
and cans. Nonetheless, the effect 
size of the multi-stream receptacle 
treatment package in this study can 
be stated as an average 20 percent 
increase in the total weight of recy-
cling collected. 

This is a significant finding because 
it shows that centralized receptacles 
can also improve recycling rates in 
an academic building. The key com-
ponent seems to be the placement of 
landfill bins in relation to recycling 
bins. It is possible that previous re-
search might have generated simi-
lar results if landfill bins had been 
moved into hallways alongside recy-
cling bins rather than placing recy-
cling bins inside classrooms along-
side landfill bins. 

An additional consideration for re-
cycling interventions is cost. Because 
the treatment package required the 
purchase of only three comprehen-
sive receptacles rather than numer-
ous additional classroom recycling 
receptacles, this solution may serve 
as a more cost-effective interven-
tion for buildings with limited re-
ceptacles where purchase of addi-
tional waste infrastructure would 
be necessary in order to make any 
changes to recycling collection. 
The custom-made stainless steel 
bins used for this study were costly 
compared to standard options. For 
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This research speaks to the promise 
and opportunity of capitalizing on 
three key ideas when approaching 
sustainability challenges: 1.) asking 
the right question in the right ways, 
2.) identifying robust, system-struc-
ture disrupting solution strategies 
that address root drivers, and 3.) en-
gaging all participants in designing, 
rapidly prototyping, evaluating, and 
continuously improving solutions 
using the research tools established 
by behavior science along with the 
practices fundamental to active so-
cial learning.16,17
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