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Reducing Contamination at Western View Apartments: 
Using Feedback to Change Recycling Behaviors 

 
Introduction: Background  
 
Throughout the buildings at Western Michigan University (WMU), there are many 
recycling stations. There are also outdoor recycling stations in the form of two-bin or 
three-bin stainless steel pods. The WMU recycling system allows students, faculty, staff, 
and visitors to recycle paper/cardboard (P/C) materials and glass/plastic/metal (GPM) 
materials almost anywhere on campus. WMU also has receptacles for landfill waste 
(trash).  
 
Contamination of recycling materials is a problem, on and off the Western Michigan 
University campus. Common contaminants include food, liquid, and misplaced landfill 
and recycling materials. Contamination happens everywhere. It occurs in small recycling 
bins and in the large dumpsters where the contents of bins are emptied. 
 
Recycling bins are provided to each apartment in the WMU Western View complex 
(Figure 1). Residents are responsible for emptying their bins of landfill waste (trash) and 
recyclable materials into the appropriate dumpsters at the apartment complex. During this 
process, many students end up putting the wrong recyclables in the wrong dumpster or 
putting their landfill materials into the recycling dumpsters. When the wrong items are 
placed in the dumpsters, it contaminates the recyclables. A dumpster with contaminated 
recyclables is destined for the landfill. Increasing student awareness of the consequences 
of contamination is an important part of solving this problem.   
	  
At the WMU Office for Sustainability, a major goal is to “support active learning and 
real-world problem solving through student sustainability research” (Goals and 
Strategies, n.d.). This project is intended to determine whether providing feedback to 
students is a successful way of decreasing recycling contamination and to determine 
whether providing student feedback could be part of a solution for the problem of 
contamination. Another goal of the Office for Sustainability is to create knowledgeable, 
open-minded, well-prepared, and engaged planetary stewards (Goals and Strategies, n.d.). 
Student participation in responsible environmental behaviors is key to reducing recycling 
contamination. This project considers whether feedback is a good option for increasing 
students’ interest and involvement in recycling. 
 
Background: 
 
A study comparing tools for behavior change in public participation and recycling 
performance in England found that residents had the best response to feedback that was 
“specific to them and highlighted exactly where they were going wrong” (Timlett & 
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Williams, 2008). Timlett and Williams also discovered that in comparison to an 
incentives approach and a doorstepping approach (going door-to-door to speak to 
residents), feedback was the most effective approach in terms of performance and value 
for money (2008). In their study, Timlett and Williams proposed that the success of the 
feedback approach suggests that “the majority of people are ‘getting it wrong’ simply 
because they do not understand how to get it right” (2008). By following a similar 
feedback approach, it was hoped that an improvement in recycling behavior would be 
seen in occupants of Western View apartments at Western Michigan University.  
 
An analysis of feedback methods states that in order to constitute feedback, information 
needs “to be constructive: positive information should not be needlessly flattering, and 
negative information should not be unnecessarily detrimental… both types of feedback 
should be beneficial by suggesting corrective actions” (Finkelstein & Fishbach, 2012). 
This study also claims that people learn more when they are given feedback on unusual 
performance. “Positive feedback might be rarer and therefore more informative for 
novices—those who are less likely to perform a task well,” while the reverse is true for 
experts (Finkelstein & Fishbach, 2012). Most Western students are not experienced with 
recycling at WMU and would be considered novices. In this project, feedback was 
provided in an affirmative manner. As Finkelstein and Fishbach recommend, the 
information given to occupants of the Western View apartments included corrective 
actions to improve recycling behavior.  
 
Procedures: Location, Materials, Subjects, Duration, Description of Experiment, and 
Data Collection 
 
The focus of this study was to (1) weigh, sort, and record representative samples of the 
amount of contamination in P/C and GPM dumpsters in the Western View apartment 
complex, (2) compare the results of the experimental apartment clusters to the control 
group apartment cluster, and (3) conclude whether providing feedback to students affects 
the amount of contamination in on-campus apartment complex recycling dumpsters. 
 
The goal of this study was to reduce contamination of recyclables and to increase student 
awareness and involvement with recycling. 
 

I. Location 
 

a. This project was implemented in the Western View apartment complex. 
For the purposes of this study, the apartments were separated into an 
experimental group and a control group. The experimental group included 
two building clusters, identified as cluster one and cluster four. The 
control group contained one building cluster, identified as cluster two (see 
Figure 9 for more information). Cluster three did not have recycling 
dumpsters and was not included in this study. The apartments are located 
on the west edge of the WMU campus. Paper/cardboard (P/C), 
glass/plastic/metal (GPM), and landfill (LF) dumpsters are located in the 
parking lot of each cluster. For example, there is one P/C dumpster, one 
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GPM dumpster, and one LF dumpster in the cluster one lot. The P/C 
dumpsters are yellow, the GPM dumpsters are tan, and the LF dumpsters 
are brown. Each dumpster has a label that designates its purpose. Figures 2 
through 4 are images of WMU recycling and landfill dumpsters. 
 

II. Materials 
 

a. Materials used in this project include a scale to weigh recyclables, gloves, 
trash bags, a tarp, and data sheets constructed in Microsoft Excel (see data 
sheets in Figure 5). A vehicle was used to collect and transport recyclables 
from WMU apartment dumpsters to the WMU Office for Sustainability. 
 

III. Subjects 
 

a. The target subjects of this project were residents of the WMU Western 
View apartments. Residents of the apartments include undergraduate 
students of sophomore status and above, undergraduate students of non-
traditional age, graduate students, students who are married, and single 
parents. As of March 2016, there were a total of 168 occupants of the 
Western View apartment complex population of interest. There were 108 
residents in the experimental group (72 residents in cluster one and 36 
residents in cluster four) and 60 residents in the control group, cluster two.  
 

IV. Duration 
 

a. The data used in this study were collected between February 15 and March 
30, 2016.  The disposal company collected the dumpster contents every 
other week—GPM was picked up on Wednesday, and P/C was picked up 
on Friday. The representative samples of GPM were collected every other 
Monday, and P/C was collected every other Wednesday, with the 
exception of February 29 and March 17.  On February 29, both GPM and 
P/C samples were collected on Monday due to WMU’s spring break. On 
March 17, P/C was picked up on Thursday instead of Wednesday due to a 
collection error. See Figure 6 for more information about dates. 
 

V. Description	  of	  experiment	  
	  

a. This study looks at the effects of feedback on student recycling behaviors. 
As previously stated, this study compares data from the experimental 
group and the control group. The study determines whether delivering 
feedback to student residents influences the amount of contamination in 
campus apartment recycling dumpsters. 	  
	  

b. The independent variable was the feedback provided to the students in 
cluster one and cluster four. The dependent variable was the representative 
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samples of GPM and P/C from the experimental group  (cluster one and 
cluster four).	  

 
c. Constants in this study include the days that representative samples we re 

collected and the format of the feedback given to students. 	  
 

d. Before any form of information or feedback was provided to residents, 
there was a baseline of one week to collect data. After the baseline, 
informational flyers were placed in cluster one, two, and four (Figure 7). 
In addition to the informational flyers, flyers containing feedback were 
placed in the experimental group (cluster one and four) buildings (see 
Figure 8 for examples of flyers). Residents of cluster two served as a 
control group and did not receive feedback. Feedback was provided to 
students every two weeks, after data were collected and the dumpster 
contents were emptied by the contractor. Feedback contained information 
pertaining to the state of contamination in the experimental group 
recycling dumpsters, noted common contaminants, explained how 
students can help with the issue, and included graphs and/or pictures. The 
feedback flyers were replaced every two weeks. The process of collecting 
data and posting feedback was repeated four times during this study.  

 
VI. Data	  collection	  

 
a. Before sorting any materials, protective gloves were worn in order to 

protect data-collectors from contamination and any hazardous materials 
that may have accidently ended up among the recyclables. In each of the 
clusters, 10 bags were removed from the P/C dumpster and 10 bags were 
removed from the GPM dumpster. To avoid confusion, bags were labeled 
with the location (for example, WV 4). The bags were transported to the 
WMU Office for Sustainability, where each bag was weighed. After the 
total weight of each bag was recorded, each bag was sorted. The 
contamination from each bag was sorted out and weighed separately, and 
the data were documented. The recyclables and contaminants were 
weighed in plastic bags. After sorting and recording data, the recyclables 
and contaminants were placed in the correct dumpsters at the Office for 
Sustainability. This process was repeated for each cluster. See Figures 10 
through 12 for pictures taken during the sorting process. 
 

b. After recording information, data were entered into an Excel spreadsheet. 
The spreadsheet included the date, weight of each bag, weight of 
contamination of each bag, total weight of all the bags, total weight of 
contamination of all the bags, and the percentage of total contamination 
(see Equation 1) for each of the clusters. 
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Results:	  Intervention	  Effectiveness	  
	  
Rate of contamination of P/C over time: The rate of contamination in cluster one and four 
(the experimental group) decreased and then slightly increased, with a low of 68% and a 
high of 100%. However, because the disposal company picked up the P/C dumpster 
contents early on two occasions (due to fullness or contamination), data were only 
collected for cluster four twice instead of four times. Cluster two (the control group) 
showed a smaller decrease in contamination (97% to 77%). See Chart 1 for more 
information on the P/C rate of contamination over time. 
 
Rate of contamination of GPM over time: In the experimental group—cluster one and 
four—there was a downward trend, with a low of 35% contamination and a high of 69% 
contamination. The rate of contamination in cluster two (the control group) varied 
between high (60% to 94%) and low (9%) rates of contamination. The experimental 
group and control group showed a similar pattern of variability. See Chart 2 for more 
information on the GPM rate of contamination over time. 
 
For both P/C and GPM collection, there were several instances where the full sample size 
of ten bags was not available, and smaller sample sizes where used. The small sample 
sizes may have been poor representations of the actual rate of contamination. 
 
Intervention	  effectiveness:	  
 
Cluster one and four compared to cluster two: The average rate of contamination for P/C 
and GPM in the experimental group (cluster one and four) was 64%. The average rate of 
contamination for P/C and GPM in the control group (cluster two) was 72%. This seems 
to suggest that the feedback intervention may have decreased the overall rate of 
contamination. However, due to high rates of variability, it is difficult to determine how 
effective the feedback intervention was in decreasing the rate of contamination. 
 
Contaminant composition (subjective): The most commonly observed contaminant of the 
P/C and GPM samples in all of the clusters was landfill/trash materials. Some bags found 
in the P/C and GPM dumpsters contained few to no recyclables. Some bags contained 
some recyclables and some landfill/trash materials—for example, a plastic container of 
rotten grapes, water bottles, napkins, and food waste. Other examples of GPM 
contaminants were plastic film (such as grocery bags), full containers of yogurt, and 
cardboard milk and juice cartons. Other examples of P/C contaminants were napkins and 
paper towels, pizza boxes and other food delivery containers, paper plates, and cardboard 
milk and juice cartons.  
 
P/C vs. GPM: P/C materials had a tendency to have a significantly higher rate of 
contamination than GPM materials. The average rate of contamination in all clusters for 
P/C was 78%, while the average rate of contamination in all clusters for GPM was 55%.  
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Graphics,	  Charts,	  &	  Pictures:	  
 
Figure 1. Recycling Bin   Figure 2. P/C Dumpster	   	  
	  

	  
	  
Figure 3. GPM Dumpster         Figure 4. LF Dumpster 
	  

	  
	  
Figure 5. Data Sheets 
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Figure 6.  
	  

Mon	   Tues	   Wed	   Thurs	   Fri	   Sat	   Sun	  

FEB	  15	   FEB	  16	   FEB	  17	   FEB	  18	   FEB	  19	   20	   FEB	  21	  
Pick	  up	  &	  
sort	  GPM	  
	  

	   Pick	  up	  
P/C	  
	  

Sort	  P/C	  
*0	  bags	  
from	  	  
WV	  4	  

Flyers	  sent	  
to	  
Residence	  
Life	  

	   	  

FEB	  22	   FEB	  23	   FEB	  24	   FEB	  25	   FEB	  26	   FEB	  27	   FEB	  28	  
Flyers	  
posted	  	  

	   	   	   	   	   	  

FEB	  29	   MAR	  1	   MAR	  2	   MAR	  3	   MAR	  4	   MAR	  5	   MAR	  6	  
Pick	  up	  
GPM	  &	  P/C	  
&	  sort	  P/C	  

Sort	  GPM	  
Flyers	  sent	  
to	  Residence	  
Life	  

	   	   Flyers	  sent	  
to	  
Residence	  
Life	  

	   	  

MAR	  7	   MAR	  8	   MAR	  9	   MAR	  10	   MAR	  11	   MAR	  12	   MAR	  13	  
Spring	  
break,	  
flyers	  
posted	  

	   	   	   	   	   	  

MAR	  14	   MAR	  15	   MAR	  16	   MAR	  17	   MAR	  18	   MAR	  19	   MAR	  20	  
Pick	  up	  
GPM	  

Sort	  GPM	   	   P/C	  late	  
pick-‐up	  

Sort	  P/C	  	  
Flyers	  sent	  
to	  
Residence	  
Life	  

	   	  

MAR	  21	   MAR	  22	   MAR	  23	   MAR	  24	   MAR	  25	   MAR	  26	   MAR	  27	  
Flyers	  
posted	  
	  
	  

	   	   	   	   	   	  

MAR	  28	   MAR	  29	   MAR	  30	   MAR	  31	   APR	  1	   APR	  2	   APR	  3	  
Pick	  up	  
GPM	  

Sort	  GPM	   Pick	  up	  
P/C	  
	  

Sort	  P/C	   Flyers	  sent	  
to	  
Residence	  
Life	  

	   	  

 
Figure 7. Informational Flyer  
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Figure 8. Feedback Flyers (first and last flyers for cluster one) 
	  

	  
	  
Figure 9. Western View Locations 
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72% & 100%
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found in your dumpsters?
 -Landfill (trash) materials
 -Liquids and foods
 -Misplaced recyclables (e.g.     
  paper materials in the glass/  
  plastic/metal dumpster bin)
 -Pizza boxes

When the wrong items are placed in 
recycling receptacles, the recycling       

materials inside become contaminated. 
Contaminated recyclables are often sent to 

the landfill.

glass/
plastic/
metal

100% 
contaminated

Let’s make it 0%
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recyclable contaminated
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Carelessly tossed items can send 

an entire dumpster of recyclables to 
the landfill!
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dumpster, somehow got lost on the way to the 
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glass container for a candle is recyclable too - but 

make sure you remove the wax!
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Figure	  10.	   	   	   	   	   	   Figure	  11.	  
	  

	  
	  
Figure	  12.	  
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Equation 1.  
	  

!"#$%  !"#$!!  !"  !"#$%&'#%#$(
!"#$%  !"#$!!  !"  !"#$#%&'%"(

𝑋  10 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒  𝑜𝑓  𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛  
 
Chart 1. 
 

 
 
Chart 2.  
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Commentary & Reflection: Limitations and Future Research 
 
Limitations: 
 
Due to the public nature of the P/C and GPM dumpsters, contamination from individuals 
not affiliated with the apartment complex was a possible confounding variable. Another 
variable was unscheduled change to regular pick up days. For example, on February 4th, 
there were no P/C bags available for sampling in cluster four because the disposal 
company picked up the contents early.  
 
Possible human errors in the labeling, sorting, and data recording process are additional 
variables that may influence the results of the study—for example, mislabeled bags or 
incorrectly recorded data. 
 
Other variables include changes due to extraneous variables such as weather and the 
subjective measuring of contaminants (such as determining how much food waste on a 
recyclable container makes it qualify as a contaminant). An interobserver agreement was 
not used when collecting data.  
 
Limitations to the project include a relatively small number of days that data were 
collected and small representative samples of bags. The ideal number of bags for the 
representative samples was ten, but there were multiple instances in which ten bags were 
not available and a smaller number was collected. The project was specific to bags of 
recyclables and did not include non-bagged recyclables found in the dumpsters. For 
example, in the P/C dumpster, materials (e.g. boxes) that were not bagged were not 
included in the samples. Therefore, the samples represented the amount of recycling 
contamination in bagged materials only and are not representative of all recycling 
contamination in the dumpsters. The results of the project are specific to the on-campus 
apartment complex, although a similar study may be conducted in other housing areas. 
 
Future Research: 
 
In the future, a larger sample size of bags over a longer amount of time would improve 
the validity of the results. A set of criteria for determining contaminants would also be 
helpful. Use of an interobserver agreement would allow independent observations to be 
compared to assess consistency. 
 
If it was possible to follow the design of a statistical two-sample t-test of significance, it 
could be accurately determined whether a difference between the intervention and control 
groups is statistically significant. To conduct a two-sample t-test of significance, the 
following conditions must be met: (1) samples must be simple random samples from both 
populations, (2) both sampling distributions must be normally distributed—the 
representative samples from normal populations should also be normal; sample size n ≥ 
30, and (3) the sample size must be less than 10% of the population. By conducting a t-
test, there would be sufficient evidence to conclude whether or not there is a significant 
difference between the intervention and control. The results of the project would be more 
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valuable with this statistical evidence. To collect statistically sound evidence, other 
experimental designs and tests should also be considered in order to find the best match 
for available information.  
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