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Introduction 

During scheduled waste audits on the campus of Western Michigan University (WMU), 

significant recycling bin contamination was noted in the student union building, the Bernhard 

Center. Recycling bin contamination is an issue because of the increased likelihood that 

contaminated recycling waste will be rejected by the processing facility and be landfilled instead 

of recycled. This problem in the Bernhard Center was utilized as an opportunity to test the 

effectiveness of a newly developed campus-wide waste bin signage system.  

The signage system was developed as part of a master’s thesis project that studied the 

effects of comprehensive landfill/recycling bins with multiple openings for each waste stream 

when compared to separate and dispersed landfill and recycling bins (Binder, 2012). Signage 

was created to designate each opening on the comprehensive bin as landfill or recycling. Visit 

wmich.edu/sustainability for more information about that research initiative.  

The signage component of the project was created through multiple feedback and critique 

sessions with WMU students, faculty and staff. The design was also developed using the findings 

of a brief literature review. Werner, Rhodes, and Partain (1998) studied effects of signage on the 

amount and cleanliness of polystyrene containers recycled in a school cafeteria setting. The 

cafeteria in this study had switched from washable dishware to polystyrene dishware and made 

many failed attempts at encouraging all students to recycle the new polystyrene containers. 

Problems included lack of recycled items placed into bins, as well as contamination of the bins 

by placement of food items, cans, and other non-polystyrene items. The original signage 

consisted of printed 8.5 x 11 inch signs placed about three feet above recycling bins. The signs 

bore messages simply encouraging students to recycle. By taking into account the participants’ 

expectations about their physical environment and events, the authors created new signs that 
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were noticeable, clearly written, and memorable. The new signs focused on three concepts: 

recycle, polystyrene, and how. Large signs were placed at eye level above each bin and were 

readable from across the room. Samples of used polystyrene items that had been sufficiently 

cleaned (food items scraped off) were attached to the signs demonstrating what could be placed 

in the bins and how clean they should be. As a final prompt, the words “STOP. DO NOT 

CONTAMINATE” were placed around the rims of the recycling bins. The authors note that their 

intervention was not designed to convince people to recycle, only to give instructions on how to 

recycle. The dependent variable established in this study was the estimated amount of recycling 

in bins. After a four-day baseline period, each of the four bins was approximately one quarter full 

of polystyrene. This small amount of polystyrene was contaminated and not recyclable. During 

the intervention, however, 3.5 bins were full after every day. The polystyrene was scraped and 

uncontaminated, all of it was recyclable. 

Austin, Hatfield, Grindle, and Bailey (1993) explored the effects of the proximity of 

signage along with the proximity of recycling receptacles to waste receptacles on the percentage 

of items recycled in two separate academic departments. During baseline, in Department A, a 

waste bin and a recycling bin were positioned next to each other. In Department B, the waste and 

recycling bins were 4 m apart. All receptacles had small stickers affixed to them describing 

proper items for each. In a proximal prompt condition in Department A, large signs detailing 

what items were appropriate for each receptacle were positioned above the receptacles. In 

Department B, a prompt condition was initiated where signs were also posted above the 

receptacles, but the signs and receptacles remained 4 m apart. After several sessions, the 

receptacles and signs in Department B were moved next to each other to replicate the proximal 

prompt condition in Department A. In Department A, an increase from 51% in baseline to 84% 
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during the proximal prompt condition was found. Department B showed also showed a rate of 

51% during baseline increasing to 60% during the prompt condition and 66% during the 

proximal prompt condition. These findings suggest that positioning waste and recycling 

receptacles in close proximity and positioning signage directly above receptacles results in an 

increased rate of recycling. 

WMU’s waste is divided into three streams, paper/cardboard recycling, 

plastic/glass/metal recycling, and landfill. As dictated by the findings of Werner, et al (1998), the 

signage for these waste streams was created to be instructional by delineating what items can be 

placed in each waste stream receptacle. The signs also assign a color to each waste stream in an 

effort to provide consistent, unified visual stimuli for all campus waste receptacles and aid in the 

development of correct waste sorting behavior by the campus population. Additionally, based on 

the findings of Austin, Hatfield, Grindle, and Bailey (1993), all signage was placed on the wall 

directly above its corresponding bin. This system was implemented on the first two floors of the 

Bernhard Center. These floors experience the highest levels of foot traffic and had the most 

prevalent contamination problems. Results indicate reductions in contamination rates following 

implementation of the signage system. These results along with other findings and considerations 

are discussed in the following report. 

 

Methods 

General Procedures 

Only selected recycling clusters in public areas were tested and labeled. The bins that 

were studied and consequently labeled with new signs included: a silver cluster outside of 

Buster’s shop, a triangle-shaped silver paper bin outside of Buster’s, a smaller silver cluster in 
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the main lounge, a silver cluster in the hallway outside of the Student Organization Center, a 

silver cluster outside Hoejke/Bigelow Dining, a triangle-shaped silver paper bin outside of 

Hoejke/Bigelow Dining, a cluster of bins in the Bernhard Center Café, and a silver cluster 

adjacent to Western Scoops on the lower level. Trash bins that were part of these clusters were 

also labeled with new signage. 

Baseline testing occurred in December 2011 and January 2012. During baseline research, 

there were no changes to recycling and waste handling procedures in the Bernhard Center, 

except data collection. The pilot study did not involve materials placed in trash containers, which 

were emptied by regular custodial staff. Recycling bins in the building that were not involved in 

the pilot study continued to be emptied regularly by Solid Waste Reduction staff.  

The new signage was posted the week of January 16, 2012.  After the signage was 

posted, the same general procedures for collection and data were implemented. Baseline data 

were collected the mornings of December 9, 12, 14, 16, 2011 and Jan 9, 11, and 13, 2012 before 

the new signage was posted. Intervention data were collected the mornings of Jan 17, 18, 20, 23, 

25, 27, 30, Feb 1 and 3, 2012, after signage was posted. These dates were mostly Mondays, 

Wednesdays, and Fridays, which are the typical days that the recyclables at Bernhard Center are 

collected. 

Participants 

 Participants included all faculty, staff, students, and community members who utilized 

the Bernhard Center recycling bins December 9, 2011 – February 3, 2012. Data were collected as 

the weight of recyclable materials and the number of contamination items found in recycling 

bins. Both of these measurements represented the product of behavior with no identifying 
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information, therefore approval of the study by Human Subjects Institutional Review Board 

(HSIRB) was not necessary. 

Setting 

 The study took place in the Bernhard Center on the main campus of Western Michigan 

University. This building consists of three floors, all containing a combination of lobbies, 

lounges, offices, conference rooms, dining areas, and food vendors. The lowest level contains a 

bookstore, student services office, apparel store, computer center, bank, and a food court. The 

middle level contains a large lounge, university apparel and accessory store, the Bernhard Center 

Café, conference rooms, offices, and the Student Organization Center. The upper level (not used 

in the study) contains two large ballrooms, an office area and a hallway of conference rooms. 

 The baseline recycling program in the Bernhard Center included some multi-function 

waste and recycling stations, some lone recycling bins, and some lone trash bins. There are 

several different kinds of trash receptacles of various types: wooden rectangular with push door, 

tan rectangular with push door, circular silver with open top, triangular wooden with open top, 

square black with open top, and black desk-side bins. Recycling bins include the campus 

standard round blue bins for plastic/glass/metal and tall square yellow bins for paper/cardboard. 

Other recycling bins installed by the Bernhard Center staff include a number of large silver 

stations for paper/commingled/trash, triangular stand alone silver bins for paper, and a small 

silver cluster for paper/co-mingled/trash. 

Materials/Equipment 

 Materials used for this research included new, detailed, laminated signs for each 

recycling and trash/landfill bin that was involved in the study. See Appendix A. No residue 
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“Command” strips were used to mount the signs above the bins. Other materials included gloves 

to sort recyclables, a tarp to protect the floor while sorting, and a fish scale to weigh the waste. 

Dependent Variables 

 The primary dependent variables included the weight of recyclables collected and the 

number of contaminant pieces retrieved from the recycling bins. Because this pilot was designed 

to assess levels of contamination in recycling receptacles only, waste from landfill bins was not 

measured. Throughout the data collection period, custodial staff collected landfill waste 

according to their typical procedure.  

During data collection sessions, all items found in the targeted recycling bins were taken 

to the loading dock, weighed, and sorted for contaminants. Weight measurements, in pounds, 

were obtained for paper and for commingled materials, then combined for an overall weight of 

recyclables per day. Contaminants were counted as individual pieces found discarded in both 

types of recycling. All contaminants were then weighed together for a total daily weight of 

contaminants. Average weights and number of contaminants were collected throughout 

implementation of the new signage. The WMU guide for recyclable items was used as a 

guideline for sorting and classification of contaminants. See Appendix B.  

Independent Variables 

 New signage was the primary independent variable. Signage was designed with a title 

and detailed list of what types of items could be discarded in each bin. The signs were also color 

coded for each waste stream, yellow for Paper/Cardboard recycling, teal for Plastic/Glass/Metal 

recycling, and magenta for Landfill. All signs were mounted directly above bins as suggested by 

the findings of Austin, et al (1993) See Appendix A for signage examples. 
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Results 

 15 data collection sessions are represented by the results. Data are discussed in terms of 

the weight and number of contaminants found in both categories of recycling. The weight of 

correctly sorted recyclables is also presented. 

Contamination Rates 

 Overall 

The combined weight of contaminants found in both paper/cardboard recycling and 

plastic/glass/metal recycling showed a slightly lower level following the implementation of 

signage (see Figure 1). Additionally, following implementation of the intervention, the daily 

weight of contaminants shifted from an upward trend to a slightly downward trend. However, all 

data are highly variable with an R-squared value of .149 during baseline and .003 during 

intervention.  
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Paper/Cardboard 

The number of contamination items counted daily in the paper/cardboard recycling bins 

were found at a higher rate following implementation of the signage intervention (see Figure 2). 

A significant upward trend was noted during baseline, transitioning to a slight downward trend 

during intervention. Variability levels were lower during baseline (R-squared value of .403) than 

intervention (R-squared value of .001).  
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Plastic/Glass/Metal 

The number of contamination items counted daily in the plastic/glass/metal recycling 

bins did not change following the implementation of the signage intervention (see Figure 3). 

Levels of contamination were almost identical with an average daily number of 8.75 during 

baseline and 8.71 during intervention. Similar upward trends were noted along with similar 

levels of variability.  
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Weight of Correctly Sorted Recyclables 

 Paper/Cardboard 

 The daily weight of paper/cardboard recycling was found at similar levels during baseline 

and intervention (see Figure 4). The average daily weight collected during baseline was 10.7lbs 

and 10.6 lbs during intervention. These data were also highly variable.  
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 Plastic/Glass/Metal 

 The daily weight of plastic/glass/metal was also found at similar levels during baseline 

and intervention (see Figure 5). The average daily weight collected baseline was 9.1 lbs and 9.6 

lbs during intervention. These data were also found to be moderately variable.  
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Discussion 

Intervention Effectiveness 

Results indicate that the implementation of this signage intervention had some significant 

effects. The overall weight of contaminants decreased during the intervention phase, indicating 

that fewer items were being improperly disposed of in recycling containers (reference Figure 1). 

While the decrease in this measure was not overly significant, the relative cost-effectiveness of 

the intervention is notable. Printing and laminating signage can be done at very low cost, making 

any potentially long-term decrease in contamination relatively significant.  

Additionally, notable trends were discovered in the type of contaminants found in the 

paper/cardboard recycling bins during the baseline and intervention phases. Before signage was 

Figure 5 
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posted, most contaminant items were candy wrappers, gum wrappers, bottles, and food waste 

along with a few “paper-like” items such as napkins and wax-coated paper cups. After the 

implementation of the signage intervention, the contamination transitioned to include a majority 

of paper-like items and very few non-paper substances.  

Contamination in the singular triangle recycling bins changed most drastically. During 

baseline, these two bins anecdotally were the most contaminated, mainly containing landfill 

waste with very few recyclable items. These bins were designed with small labels on the 

openings surrounding the lid that labeled them as “Paper Recycling”. These labels are only 

visible from a top view of the bins. During the intervention phase, contamination transitioned to 

include a high percentage of paper-like items similarly to the other clustered paper recycling 

bins. 

It can be assumed that the marked transition of contamination in all paper/cardboard 

recycling bins is a result of the presence of the signage and that the increase in contamination 

found during the intervention phase is not due to a lack of signage effectiveness, but rather the 

opposite. Bin users may have misunderstood the language used on the signage to include items 

constructed of any paper-like substance and may have disposed of paper-like items in the 

paper/cardboard bins at a higher rate as a result of the signage. In an effort to alter this possible 

effect, solid waste management staff made an addition to the signage effective during the last 

four data collection sessions. The signs were edited to include the words “No napkins or paper 

towel” below the list of acceptable paper/cardboard items.  Also, in order to assess the level of 

contamination that might be expected if the signage were more clearly understood, paper-like 

items were counted separately from other types of contamination. Results can be seen in Figure 

6. The number of contaminants found per day is significantly lower during the intervention phase 
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when paper-like items are discounted. It seems likely that once effective signage for 

paper/cardboard bins is fully established, the rate of contamination in this category will decrease 

significantly.  

 

 

 

 

 Although no change was noted in the number of contaminant items found in 

plastic/glass/metal containers, it should be noted that when compared to the contaminant rates in 

paper/cardboard bins was 300 to 500% less paper/cardboard recycling bins the method of data 

collection currently utilized may not be the most appropriate measure for determining 

contamination rates. It is possible that the number of contaminant items found in 
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plastic/glass/metal bins (generally between 2 – 12 items) may represent a relatively low 

percentage of contamination.  This percentage information could be collected in the form of an 

additional weight measure that includes the contaminant items or an additional item count that 

includes all the correct items along with the contaminant items. If the contaminant items are 

found to comprise a small percentage of the overall plastic/glass/metal waste, it’s possible there 

is not much room for improvement in this waste stream and the effects of added signage are 

minimal.  

Limitations 

 The findings of this research project are significant, however they are not without 

limitations. The Bernhard Center represents a unique building type both on Western Michigan 

University’s campus and in relation to other organizations. The Bernhard Center houses a wide 

variety of services, from computing to dining, catering and office space. Because of this unique 

mix, the results of this study may not readily generalize to other university buildings that are 

home to specific services such as housing or office space only. The results may, however, be 

replicable in student union buildings on other college campuses.  

 Additionally, the data collected during this brief study may not be fully representative of 

the waste in the Bernhard Center. The sample size is small, only utilizing fifteen days of data 

collection. Also, data collection spanned two semesters within this short time span. Conclusions 

pertaining to the long-term effects of the signage cannot be made and the fluctuation of building 

occupants between semesters may have unintended effects on the data.  

 The data collection procedures also pose limitations to the interpretation of the results. 

All data were collected from recycling bins with no information about waste placed in landfill. 

This has resulted in an incomplete representation of the waste in the Bernhard Center and may 
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have artificially altered the results. Because of its various functions, the amount of waste 

collected in the Bernhard Center is highly variable by day. Without information about landfill 

waste in addition to recycling, it is impossible to determine what percentage of the overall waste 

was comprised of recycling waste. Without this information, it is also impossible to determine if 

fluctuations in the amount of recycling and contaminants collected were due to the 

implementation of the new signage or if they were a result of natural fluctuations in the amount 

of daily waste in general. For instance, an increase in the number of contaminants found could be 

the result of a substantial increase in the amount of waste disposed in the Bernhard Center that 

day. It could look as if building occupants had poorly sorted their waste, when really the 

contaminants may have comprised a smaller percentage of the overall recycling than a day with 

lower waste volumes. Additionally, the weight of contaminants for paper/cardboard and 

plastic/glass/metal were taken in combination, meaning that a percentage measure also cannot be 

established for these waste streams individually.    

Future Research 

 In the continuation of this line of research, data collection issues can be easily addressed 

through the collection of weight data for all waste streams. In addition, along with the research 

questions left to be answered, a number of additional questions were also raised through this 

project. Since this pilot project included less than half of the bins in the Bernhard Center, the 

next step is to transition all bins to the signage intervention. The consistency of signage 

throughout the building has the potential to contribute additional treatment effectiveness. 

Inconsistency of bin style is another variable that remained unaddressed in this study. The 

Bernhard Center contains a wide variety of recycling and landfill bin styles. Implementing a 
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consistent bin design along with consistent signage has additional potential to contribute to 

treatment effectiveness. 

Future research should also include additional analysis of the types of contaminants 

found in both types of recycling. This would help to fully understand trends of waste types and 

assess tweaks to the verbiage in signage. Also, any additional baseline data should include 

assessment of the amount of napkins and paper towel so that a comparison to the treatment 

condition can be made more easily. Lastly, weight data should be collected for landfill waste and 

all contaminants so that percentages of overall waste can be determined for all categories of 

waste measured.  
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Appendix A 

Recycling Signage 
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Appendix B 

WMU Recycling Guide 

 

What Can I Recycle? 

 
WHAT DOES 
WMU 
RECYCLE? 

HOW TO PREPARE 
MATIERIALS FOR 
RECYCLING 

 

Plastics 

#1-#7 bottles 

Yogurt containers 

Margarine tubs 

Shampoo bottles 

Milk jugs 

Beverage 
containers 

Check bottom of the 
container for number 

Rinse and drain 

Do not store in plastic bags 

 

Metals 

Beverage and 
food cans 

Aluminum foil 

Metal lids 

Pie tins 

Empty aerosol 
cans 

Rinse and drain 

Be sure that aerosol cans 
are completely empty 

Do not store in plastic bags 

 

Glass 

Clear, Brown, and 
Green 

jars/bottles 

Remove caps 

Rinse and drain 

Do not break 

Do not store in plastic bags 

NO plate glass or light 
bulbs! 
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Paper & 
Cardboard 

Printer and 
notebook paper 

Newspaper 

Magazines/Catalo
gues 

Post-it notes 

File folders 

Business cards 

Fax and NRC 
papers 

Envelopes 

Telephone books 

Corrugated boxes 

Cereal boxes 

Flatten all boxes, 

Remove all other 
packaging 

Be sure that materials are 
free of food and grease 

NO pizza boxes! 

Do not include any boxes 
that have a waxy coating, 
such as frozen food and 
beverage can boxes 

 

Polystyrene 
Foam 

Take-out 
clamshells 

Cups and plates 

Egg cartons 

Meat trays 

Computer 
packaging 

Furniture/Applianc
e packaging 

Rinse and drain 

Contact R & WS for pickup 
at 387-8165 

Packing peanuts cannot 
be recycled-please reuse 
them instead!! 

 

Plastic Bags Please make sure bags are 
empty and clean 

Place in the box marked 
for plastic bags at the 
Bernhard Center 
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Others 

Batteries 

Inkjet cartridges 

Cell phones 

Clothing 

Laser toner 
cartridges 

Fluorescent bulbs 

Tyvek envelopes 

Transparencies 

Scrap metal 

Contact R & WS for proper 
recycling at 

387-8165 

 
  


