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Introduction 
People from all cultures and spanning all geographical 
areas contribute to the production of waste. Not only is 
waste management an issue for human health, economy, 
and stability, but it is also a contributor to greenhouse gas 
emissions and therefore global warming. In 2016, solid 
waste contributed to about 1.6 billion tons of carbon 
dioxide greenhouse gas emissions. These emissions are 
generated from treatment and disposal, and open dump-
ing of solid waste (Kaza et al., 2018). Furthermore, the 
amount of waste humans created is increasing, from an 
estimated 1.3 billion tons per year in 2012 (Hoornweg & 
Bhada-Tata, 2012), to 2.0 billion tons in 2016, and is expect-
ed to increase to 3.4 billion tons by 2050. The Middle East  

 
1Note: the authors were unable to find information about the current     

recycling statistics in Qatar at the time of submission. 

 
and North Africa generated 129 million tons of waste in 
2016, however, the majority of this waste is generated by 
the wealthier GCC countries, including Qatar (Kaza et al., 
2018). The amount of waste produced in this region is 
expected to double by 2050 in a business-as-usual 
scenario (Kaza et al., 2018). In 2018, only 8% of Qatar’s 
waste was recycled, and plastic waste emerged as a serious 
concern (Mariyam et al., 2022). 

Recycling is an important behavior because it enables the 
retrieval of secondary raw materials, which in turn, reduces 
greenhouse gas emissions (Bartelings & Sterner, 1999; 
Corsten et al., 2013). In response to the recycling needs, 
the state of Qatar set aims to recycle 15% of solid waste by 
the end of 20221, reflecting an urgent need for 

Plain Language Summary 
This study employed mixed methods to understand and improve recycling behavior at Carnegie Mellon University’s 
campus in Doha, Qatar. Waste audits from the university’s general waste and recycling bins were recorded and 
contamination rates (i.e. sorting errors) in recycling bins were determined. A campus-wide survey assessed attitudes 
and reported behaviors related to recycling on campus. The survey was used to inform the content of a student-led 
intervention that included social influence and education. Overall, waste audits revealed poor recycling behavior and 
the survey revealed a lack of awareness and distrust of recycling policies at the university. The intervention did not 
lead to improvements in the amount of material recycled. These findings are discussed against the background of 
education, awareness, and social influence and provide several suggestions for future research. 

Publication Category 
Student-Faculty Collaboration 

Academic Context 
The Eco-Campus Initiative was launched in 2019 at Carnegie Mellon University in Qatar (CMU-Q). It is a structured 
plan provided by the Federation for Environmental Education (and partnered with Earthna, Qatar Foundation) which 
drives schools and universities towards sustainability through initiatives aimed around UN Sustainable Development 
Goals. This research was initiated and conducted by CMU-Q’s undergraduate students under faculty supervision to 
understand the present practices of the CMU-Q community towards waste generation and recycling, and to attempt 
to improve attitudes on campus through a targeted intervention (producing a measurable change). 
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improvements in the area of waste management (Qatar 
Second National Development Strategy, 2018-2022). 
However, as of 2023 only a few recycling facilities in the 
country were established and households and busin-
esses, including universities, must organize (and in some 
cases pay for) these services on their own. It is assumed 
that the current circumstances limit the behaviors and 
attitudes of citizens and residents toward recycling. 

Numerous studies have examined factors influencing recy-
cling intentions and behaviors in Higher Education Insti-
tutions (HEIs) (see Sallaku et al., 2020 for review), and some 
researchers have conducted interventions to improve 
recycling behavior on the campuses of HEIs (reviewed be-
low). Considering the need for understanding effective 
interventions in university settings, the present study 
aimed to audit waste, assess, and improve the recycling 
practices of university students in an undergraduate 
university in Qatar. 

There are several reasons why university settings are 
considered important places to research pro-environ-
mental behaviors. First, HEIs play a central role in training 
responsible future leaders for sustainable development 
due to the expertise of the community members and their 
perceived moral obligations to represent best practices 
and standards (as discussed by several researchers, for 
example, Armijo de Vega et al., 2008; Bailey et al., 2015; 
Cortese, 1992; Geng et al., 2013; Moqbel et al., 2020) and 
promoted by UNESCO (Leicht et al., 2018). Additionally, 
prior research suggests that universities often take the 
lead in local community action (Noeke, 2000; Tangwan-
ichagapong et al., 2017; Velazquez et al., 2005).  Further, 
pro-environmental behaviors, like recycling, are complex 
and influenced by situational and contextual factors, 
including social factors (Abrahamse & Steg, 2013; Becker et 
al., 2014; Kaiser et al., 2007; Taube et al., 2018). Therefore, 
understanding and improving the attitudes and behaviors 
toward recycling within a university in Qatar could be an 
important indicator for recycling readiness and act as a cat-
alyst for this behavior in the country generally. 

In a recent review, Grilli and Curtis (2021) identified five 
categories of effective intervention for improving pro-
environmental behavior. The first category, education and 
awareness, addresses knowledge deficits by providing 
information (e.g. handouts, posters) to the target group. 
Generally, without adequate knowledge, such as the rules 
and expectations of the recycling programs, recycling will 
not improve (e.g. Passafaro & Livi, 2017). The second 
method, outreach and relationship building, provides edu-
cation and awareness opportunities through community 
engagement events such as workshops and focus groups. 
This category is similar to the first category, education and 

awareness, but requires more resources and community 
involvement. Research shows it is most effective when 
used over a long period. Due to the time and resources 
required, this type of intervention has not been as 
extensively researched as the other strategies.  

The third approach, social influence, utilizes close groups, 
such as peers or community members who work to 
establish a consensus within the community toward 
behavioral change. Social influence can include public 
oaths, behavior modeling, the use of block leaders, and 
providing feedback about a group’s behavior. The most 
effective social influence approaches use face-to-face 
interactions to convey messages, for example through 
block leaders who are volunteers that belong to the target 
group’s social network (also see Abrahamse and Steg, 
2013). The power of social influence as a strategy for pro-
environmental behavior leverages concepts from social 
norm research (e.g. Cialdini et al., 1990; Cialdini, 2003). In 
this context, behavior can be influenced by the 
environment and its perceived social norms.  These norms 
may be descriptive. For example, individuals may recycle if 
they believe everyone else is recycling. Or the norms may 
be injunctive. For example, individuals may recycle 
because they believe that not recycling will be met with 
social disapproval.  

The fourth category, nudges and behavioral insights, 
involves changing the target group environment in such a 
way that their choices become pro-environmental through 
design. This might involve making green choices more 
convenient, such as the user-friendly placement of 
recycling bins.  Finally, the fifth category relates to pro-
viding some sort of incentive, monetary or otherwise, to 
the target group for engaging in pro-environmental be-
havior. Depending on the target population and the target 
behavior, all approaches alone or combined can be effect-
tive to induce behavioral change. 

To date, few studies have explored long-term behavioral 
change in recycling as a result of interventions in HEIs; 
however, the existing research suggests that the strategies 
of social influence and education and awareness are key 
contributors to positive change. For example, Dupre and 
Meineri (2016) explored the effects of informed feedback 
on recycling behaviors in the common area of three 
cafeterias of a large French University. Daily waste audits 
of general and recycling bins in each cafeteria were 
analyzed. The authors found persuasion posters alone 
elicited little effect on recycling behavior and limited 
improvement was obtained when persuasion posters were 
combined with feedback about recycling behavior for one 
cafeteria. However, when recycling feedback was provided 
in the context of comparative social feedback from 
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competing cafeterias, the authors reported significant 
recycling improvement. These results suggest that 
comparative social feedback may improve recycling rates 
and are in line with some previous research in other 
settings (e.g. Nigbur et al., 2006; Schultz, 1999). 

In comparison, studies conducted in universities in South 
Korea (Kim et al., 2005) and Hong Kong (Cheung et al., 
2018) found that feedback about recycling behavior (in the 
absence of social comparison) was sufficient to signif-
icantly increase the number of materials recycled as well 
as improve sorting errors, but these effects do not 
necessarily persist once feedback is removed. Similar 
results were reported by Manfredi et al. (2021) in an 
American sample when informational panels and 
educational facts were displayed with recycling bins. Other 
research suggests that electronic feedback can be useful in 
engaging people to recycle on campus (Mozo-Reyes et al., 
2016). Notably, nudging recycling through the convenient 
placement of bins on campuses also positively impacts the 
amount of material recycled (Fritz et al., 2017; Katzev & 
Mishima, 1992; Largo-Wight et al., 2013; Ludwig et al., 
1998; O’Connor et al., 2010), though the overall impact of 
placing bins in convenient locations is insufficient as a 
standalone strategy (Miller et al., 2016). 

Currently, it remains unclear if these methods would work 
in all environments and cultures. In their review, Grilli and 
Curtis (2021) found that the majority of (broadly defined) 
pro-environmental intervention studies were conducted in 
Europe and North America. Only a few comparative 
recycling interventions across international campuses 
have been conducted. For example, a study comparing 
British and Indian students found that posters and 
information could improve food waste in both cultural 
contexts, but student attitudes that contributed to food 
waste reduction differed greatly across campuses (Davison 
et al., 2022). In an online study comparing students from 
campuses in the UK and Kazakhstan, researchers found 
that social influence in both settings was more impactful 
than information alone (Lakshmi et al., 2022).  The results 
of Lakshmi et al. (2022) are encouraging in the respect that 
students in Kazakhstan, a country with less developed 
recycling infrastructure, were highly motivated to recycle, 
and attributed this finding to several possibilities, most of 
which were related to the country’s culture. 

To the best of our knowledge, no recycling intervention 
studies have been conducted in the context of the Middle 
East, including Qatar. Unlike other countries, such as 
European countries, that participate in binding recycling 
targets (Waste Recycling in Europe, 2022), Qatar has not 
yet implemented a national recycling program and 
therefore the local mindset may be less tuned to recycling. 

It may therefore be more difficult to succeed in improving 
recycling behavior in such an environment. In this case, 
recycling intervention at HEIs, which seeks to increase 
environmental awareness and teach proper recycling 
practices, could have a strong impact within and outside 
the institution, as HEIs are known to play a formative role 
and demonstrate leadership in such initiatives. 

Present Study 
The present study explored recycling attitudes and be-
havior at Carnegie Mellon University's campus in Qatar 
(CMU-Q). CMU-Q’s community is home to over 400 stu-
dents and 100 faculty and staff. Student demographics 
reveal a multicultural spirit, where students hail from ap-
proximately 52 different nationalities. CMU-Q is a member 
of Qatar Foundation and is one of several HEIs in Doha’s 
Education City. Qatar Foundation promotes sustainability 
in various ways, such as through “car-free days” where no 
cars are allowed on Education City premises, and provides 
several options for recycling around Education City, in-
cluding recycling bins and facilities. As a member of Qatar 
Foundation, and in line with Carnegie Mellon’s Sustain-
ability Vision, CMU-Q’s campus is also actively seeking ways 
to be aligned with sustainable goals, including through the 
promotion of reducing and recycling campus waste, and 
through a growing Eco-campus community, comprising a 
team of students, faculty, and staff working to make CMU-
Q sustainable in education, research, and operations. 

Despite these positive initiatives, casual observations by 
the Eco-Campus members of the campus recycling bins 
found poor recycling behavior, for example, visual obser-
vations revealed high contamination rates. Further, ad hoc 
discussions with community members highlighted sen-
timents of distrust in recycling processes. Therefore, this 
study was initiated and conducted as part of the Eco-
Campus initiative to attempt to quantify recycling behavior 
through waste measurements and improve behaviors by 
directly querying and addressing community concerns. 

The study had three general goals:  

1) Establish baseline measurements of recycled waste and 
contamination rates of recycling bins on CMU-Q’s campus 
through waste audits;  

2) Survey community members to gain insight into 
behaviors, attitudes, and knowledge gaps toward recycling 
on CMU-Q’s campus;  

3) Use the findings of Goals 1 and 2 to design and conduct 
a recycling intervention combining two established categ-
ories of strategies, education/awareness and social infl-
uence, with the intent to improve recycling at CMU-Q.  

https://lps.library.cmu.edu/
http://www.qf.org.qa/
https://www.cmu.edu/leadership/the-provost/provost-priorities/sustainability-initiative/index.html
https://www.cmu.edu/leadership/the-provost/provost-priorities/sustainability-initiative/index.html
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Overall, the study aimed to understand recycling practices 
in CMU-Q’s community and observe if an intervention 
designed to educate and engage with community 
members could improve recycling practices. The study was 
inspired by previous research related to university 
recycling interventions (Dupre & Meineri, 2016). 

Therefore, we hypothesized that a successful intervention 
would improve the amount of material recycled on camp-
us, decrease contamination rates and improve attitudes 
toward recycling (H1). If the intervention was not 
successful, we would not expect to see an improvement in 
these measures (H2). 

Methods  
The study utilized an A-B-A design and was conducted over 
a three-week period (Figure 1) (preceded by three weeks of 
baseline waste data collection). In Week 1 (Pre-intervention 
Week), a pre-survey was conducted to assess recycling 
attitudes campus    wide. In Week 2 (Intervention Week), 
student volunteers led a three-day recycling and 
educational intervention in the university’s cafeteria. In 
Week 3 (Post-intervention Week), the survey was 
redistributed to gauge altered views and practices 
regarding recycling following the intervention. The amount 
of waste generated at CMU-Q was recorded during the 
three weeks of the study and three weeks prior to study 
initiation to evaluate the impact of the intervention. 

Waste Measurements 
Prior to Week 1, the weight (in kilograms (kg)) of recyclable 
(metal, paper, plastic) and general waste discarded at 
CMU-Q was recorded for three typical weeks to establish a 
baseline of waste generation on campus (Figure 1). A 
typical week is defined as a five-day week with regular 
classes (i.e., no holidays and no hybrid remote classes). 
Recyclable waste was also sorted to determine the weight 
of contamination (i.e., incorrectly placed items) in recycling 
bins. Therefore, three measurements were recorded: total 

general waste, total recycled waste (including incorrectly 
sorted items), and total contamination (i.e. sorting errors) 
for each recycling bin. These measurements continued 
after the study's initiation (refer to Figure 1). 

Survey 
A survey was emailed to faculty, staff and student 
distribution lists as approved by CMU-Q’s Institutional 
Review Board (Protocol #1885425) twice, before and after 
the student-led intervention (see Figure 1). Students under 
the age of 18 were excluded from the study. Participants 
could participate in the study at both time points, but this 
was not controlled for, as we wanted to ensure full 
anonymity of study participation due to the small nature of 
CMU-Q’s campus.  

The purpose of the survey was to assess specific aspects of 
CMU-Q’s community’s current recycling practices and 
confidence in the recycling policies in order to be able to 
address negative perceptions, erroneous beliefs, gaps in 
knowledge and poor behavior that community members 
may have in the study intervention phase, and to 
determine thereafter if the intervention may have had an 
effect on recycling behavior. Therefore, the survey 
targeted specific behaviors, attitudes, and knowledge 
toward recycling on campus. It was adapted for CMU-Q’s 
campus from previous literature on university populations 
(Bailey, et al. 2015; Manifredi et al. 2021). Altogether, the 
questionnaire was comprised of 20 questions with mixed 
response types and took no more than 5 minutes to 
complete. Only basic demographic data was collected (i.e. 
gender and university role: student/staff/faculty). Recycling 
behaviors were assessed by asking whether the participant 
recycled, the frequency of recycling, and the items they 
recycled. Participants were also asked about the likelihood 
that they would engage in particular behaviors, such as 
reusing recyclable items rather than disposing of them, as 
well as their motivations for recycling or not recycling. Of 
particular interest were the questions which asked about 

FIGURE 1. Schematic representation of study timeline and methodology. 
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the level of awareness of CMU-Q’s recycling policies and 
whether they felt others on campus could use more 
information about how recycling works. The entire survey 
is available in Appendix 1. 

Intervention Location 
CMU-Q’s cafeteria was chosen as the target intervention 
location because it is a central campus location that must 
be passed to access classrooms and where the most waste 
is generated on campus. It is also the most common place 
for students to interact, work, or take breaks. Staff and 
faculty are also found here during their lunch breaks. 

Intervention Campaign 
Three whiteboard posters were put next to the three sets 
of recycling and general bins in the CMU-Q cafeteria (Figure 
2). These posters were designed using responses from the 
pre- intervention survey (week 1), tackling community mis-
conceptions about the recycling capacity of CMU-Q. 
Additionally, they contained statistics about waste gener-
ation at the cafeteria during a typical week using waste 
measurement data. Whiteboards were used in the study to 
encourage community interaction as students could write 
comments. For three days of the Intervention Week, stu-
dent volunteers (N= 4 each day and consisted of different 
students each day) interacted with students and 
staff/faculty present in the cafeteria during the lunch break 
at CMU-Q. Student volunteers were from the Biological 
Sciences program at CMU-Q and received credit toward 
community service hours (8 hours required by their 
program). Prior to the intervention, volunteers were 
trained to use the whiteboard posters to interpret waste 
disposal statistics, relay information about current 
community practices, and answer questions relating to 
CMU-Q’s recycling practices. Some volunteers stood near 
the waste bins, guiding people to sort and dispose of their 

waste in the correct bin, while others circulated through 
the cafeteria and explained to people about recycling 
practices on campus using the whiteboards. 

Analysis 
Data were analyzed using IBM SPSS Statistics (Version 26). 
Descriptive statistics are given for waste measurements 
and survey results. Independent t-tests and one-way 
Analysis of Variance (ANOVA) were used to investigate and 
compare waste baseline and intervention measurements.  

FIGURE 2. Interactive whiteboard used by student volunteers to explain 
recycling statistics in CMU-Q and to engage with the CMU-Q community 
about recycling practices and policies. 

Results 
Waste Audit: Baseline, Intervention, Pre- and Post-
Intervention Weeks 
The baseline waste measurements show the production of 
2070.74 kg of general waste and 34 kg of recyclable waste 
(after controlling for contamination) over the three-week 
baseline period prior to the study, resulting in an average 

TABLE 1. Total weights measured for each recycling bin (metal, paper, plastic) during the three-week study period. All measurements are in kilograms (kg). Average 
weight refers to the weight recorded before controlling for error (contamination), averaged from that week’s measurements. Error refers to the amount of contamination 
and is reported in kilograms and as a percent.  
 

 
Pre-Intervention Week 

Week 1 
Intervention Week 

Week 2 
Post-Intervention Week 

Week 3 

Weight Measurement 
Average 

(SD) 
Error 
(SD) 

% Error 
(SD) 

Average 
(SD) 

Error 
(SD) 

% Error 
(SD) 

Average 
(SD) 

Error 
(SD) 

% Error 
(SD) 

Metal Recycling (kg) 
3.15 

(3.00) 
2.22 

(1.68) 
78.14 

(11.15) 
2.03 

(1.04) 
1.32 

(0.14) 
75.49 

(27.62) 
1.32 

(1.64) 
1.14 

(1.44) 
43.20 

(49.92) 

Paper Recycling (kg) 
5.55 

(4.81) 
4.51 

(4.65) 
72.10 

(16.43) 
3.33 

(1.45) 
2.62 

(1.13) 
79.23 
(8.79) 

6.34 
(7.67) 

4.17 
(5.59) 

59.92 
(21.57) 

Plastic Recycling (kg) 
3.54 

(0.52) 
3.01 

(0.54) 
84.55 
(5.61) 

4.00 
(1.04) 

3.04 
(1.03) 

75.09 
(8.98) 

4.08 
(1.11) 

2.81 
(0.99) 

69.93 
(18.10) 
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of 690.25 kg (SD=151.96) per week of general waste and 
11.33 kg (SD=6.72) of recycled materials per week. The pre-
intervention week’s waste measurements did not 
significantly differ from the baseline as indicated by 
independent t-tests run over the measuring points for the 
base-line and pre-intervention weeks (total general waste: 
t(15) = 1.59, p = 0.13; total recycled waste: t(15) = 0.51, p = 
0.62). Altogether, 889.97 kg of general waste and 10.06 kg 
of recyclable waste was measured in the pre-intervention 
week. As baseline and pre-intervention weeks had similar 
average waste production, it suggests the waste produced 
during pre-intervention week reflects a typical week. 

Table 1 shows the average amount of correctly recycled 
materials recorded over the three-week study period. 
Average contamination in all the recycling bins was high 
ranging from 43.2% to 84.5%. One-way ANOVAs on all 
waste measurements (recycling weight and contamin-
ation) conducted over the pre-intervention week, interven-
tion week, and post-intervention week revealed no effect 
of the intervention on recycling behaviors and waste gen-
eration (F’s(2, 9) = [F values range from] 0.08-1.67, all ns). 
Additionally, Figure 3 shows relative weights of general vs 
recyclable waste produced during the study and reveals 
poor recycling habits as depicted by low weight of recycle-
able material compared to large amounts of general waste. 

FIGURE 3. Weekly general and recyclable waste production in CMU-Q 
during study duration. Figure shows relative production of general vs recyclable 
waste during the study period. Contamination has been controlled in recyclable 
waste weight. 
 

 

 

Survey Results 
Participant answers in the pre- and post-tests to the 
questions “Do you recycle at CMU-Q?” and “How often do you 
recycle at CMU-Q?” were compared using independent t-
tests to determine if reported recycling behavior improved 
over the course of the study. There were no significant 
differences in the response attitudes to the survey 

administered in the pre-intervention and post-intervention 
weeks, therefore the results of the pre- and post- survey 
were merged together to gain an overall understanding of 
campus attitudes toward recycling. Altogether, 77 mem-
bers of the CMU-Q community participated (students: n = 
38; staff: n = 25; faculty: n = 14; 60% female). As there were 
432 students, 100 staff, and 60 faculty at CMU-Q in 2022, 
the response rate reflects 9.5% of the student population 
and 35% of the staff/faculty population. The survey results 
were analyzed to understand the beliefs, challenges, and 
barriers to recycling faced by the CMU-Q community.   

Recycling Motivation on CMU-Q’s Campus 
Overall, 59 participants indicated they recycle at CMU-Q 
and 15 indicated they did not recycle. From the 
participants who recycled, 71.2% of respondents recycled 
on campus on at least a weekly (32.2%) if not a daily basis 
(39%). Therefore, it can be assumed that most survey 
participants opted for survey participation due to pro-
environmental intentions. This is evident in Figure 4 where 
the highest percentage of respondents (86.4%) chose 
environmental concern as their reason for recycling. Only 
6.8% of respondents indicated they recycle because they 
see others doing so, suggesting social influence is not a 
strong recycling motivator at CMU-Q.  

FIGURE 4. Recycling waste motivators at CMU-Q depicted from survey 
responses. The figure shows different motivations for those that recycle at CMU-
Q determined from the 59 respondents who stated they recycle. 
 

 

 
Of the 15 respondents who stated they did not recycle, 9 
indicated that they did not believe the waste was recycled; 
7 claimed to not understand recycling; 6 indicated it was 
inconvenient and time-consuming (note: respondents 
could choose multiple options). These results suggest that 
lack of awareness and understanding of recycling policies 
demotivate people from recycling. 
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Barriers to Recycling Practices at CMU-Q 
Survey responses also offered insight into perceived 
barriers towards recycling at CMU-Q as illustrated in Figure 
5. Both lack of knowledge and lack of trust in CMU-Q’s poli-
cies emerged as the greatest barriers preventing adoption 
of recycling practices by CMU-Q’s community. Nearly all 
survey respondents (95.9%) indicated a desire for in-
creased awareness about the university’s recycling policies 
and only one third (29.7%) of survey respondents were 
confident that waste in recyclable material bins was 
recycled. Additionally, only half (51.4%) of the participants 
felt encouraged by CMU-Q’s community efforts to recycle. 
Similarly, an even lower proportion of participants (25.7%) 
felt motivated by Qatar Foundation’s sustainability efforts, 
like ‘car-free day’ in Education City, to recycle. In summary, 
lack of knowledge, trust and impactful community efforts 
are all barriers to recycling at CMU-Q. 

Effect of Convenience on Recycling Practices 
Participants were further asked questions to understand 
the role personal convenience and cost might play in their 
recycling behavior. First, they were asked about their 
willingness to take a few extra steps to recycle paper rather 
than use the general waste bin. One third, (31.1%) of 
respondents indicated they would choose the closer, 
general waste bin rather than take additional steps. 
Second, when asked if they would buy water in a “bit more” 
expensive glass bottle over a cheaper plastic bottle, 78.1% 

FIGURE 5. Perceived barriers to recycling waste at CMU-Q depicted from 
survey responses. The figure above shows barriers that prevent adoption of 
recycling practices determined from the 73 survey respondents. Participants 
could choose multiple motivations for recycling. 
 

 

 

of respondents replied that they would buy the plastic 
bottle. Finally, when asked if participants would take the 
time to separate and correctly dispose of waste containing 
different materials (paper, plastic, and metal) into their 
respective bins, 54.1% of participants declared they would 
not separate the waste. These findings are interesting 

because of many of these respondents indicated they 
recycle at CMU-Q, yet perhaps only under certain 
circumstances. Thus, this finding may highlight personal 
convenience and cost may strongly influence recycling 
practices of CMU-Q’s community (Figure 6). 

FIGURE 6. Effect of personal convenience on recycling practices at CMU-Q 
determined from survey responses. The figure above shows the percentage of 
respondents (n = 73) who would A) take extra steps to reach a paper recycling 
bin; B) spend more money to buy a glass water bottle instead of plastic; C) would 
correctly sort waste containing three different materials and dispose of each 
part in its correct bin. 
 

 

 

Suggestions for Improving Recycling Practices at 
CMU-Q 
At the end of our survey, participants were asked to give 
their suggestions for improving recycling behavior at CMU-
Q (see all comments in Appendix 2). These responses were 
independently coded by two volunteers. Their coding was 
in agreement with ~90% of all cases, misalignments were 
discussed with the research team and re-coded according 
to the consensus. Though the comments are only 
suggestions from the community, they were found to align 
with 3 of the best practices mentioned in Grilli & Curtis 
(2021): (Category 1) Education and awareness: any 
comments suggesting awareness of existing resources, 
recycling policies, campaigns, events, communities at the 
university, education on recycling and its importance, 
accessibility and visibility of recycling resources; (Category 
2) Outreach and relationship building: comments recom-
mending sustainability initiatives, events or tasks org-
anized by the university to improve recycling; (Category 4) 
Nudges and behavioral insights: comments advocating for 
novel initiatives that change the default system and 
require a "nudge" to revert back to the original, such as 
changes to the design and number of bins. 
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Out of 52 responses, the majority (64%, n=41) suggested 
the need for more education and awareness. This was 
followed by recommendations for nudges and behavioral 
insights (25%, n=16). Finally, a few comments addressed 
outreach and relationship building (11%, n=7) (Figure 7. 
Appendix 2). These results can be used to drive future 
interventions and strongly suggest the community is aware 
of their need for additional education and awareness to 
successfully change recycling behavior. 

FIGURE 7. Percentage of survey comments corresponding to Grilli & Curtis 
(2021) categories. Figure shows the percentage of survey responses regarding 
suggestions to recycling practices at CMU-Q, mapped to categories mentioned 
by Grilli & Curtis (2021). 
 

 

Discussion  
Higher Education Institutions (HEIs) can play a central role 
in training responsible future leaders for sustainable 
development, not only through education but by setting 
high moral standards and establishing best practices (e.g., 
Armijo de Vega et al., 2008; Bailey et al., 2015; Cortese, 
1992; Geng et al., 2013; Moqbel et al., 2020). Thereby, 
universities and their communities can take the lead in 
local community action (Noeke, 2000; Tangwanichagapong 
et al., 2017; Velazquez et al., 2005).  

Changing human behavior is challenging and different 
strategies for promoting pro-environmental behaviors, 
such as recycling, have been found to be effective (Grilli & 
Curtis, 2021). These strategies include education and 
awareness, outreach and relationship building, social 
influence, nudging and behavioral insights, and incentives. 
Interventions to improve recycling on university campuses 
have focused primarily on education and awareness 
(Dupré & Meineri, 2016; Manfredi et al., 2021; Mozo-Reyes 
et al., 2016), utilizing social influence through comparative 
feedback or providing feedback about campus recycling 
behavior (Dupré & Meineri, 2016; Kim et al., 2005), and 
through nudging and behavioral insights (Fritz et al., 2017; 
Katzev & Mishima, 1992; Largo-Wight et al., 2013; Ludwig 

et al., 1998; Miller et al., 2016; O’Connor et al., 2010). The 
research conducted to date suggests that all of these 
interventions can be effective at improving recycling 
behavior but the overall impact varies across settings and 
is not necessarily sufficient to promote good behavior once 
the intervention is removed. 

In line with previous research, this study aimed to audit 
recycling waste and contamination rates in recycling bins, 
assess the self-reported behaviors, attitudes, and knowl-
edge gaps toward recycling behavior of a university comm-
unity in Qatar via a survey, and conduct an intervention to 
improve recycling behavior. The baseline audit of CMU-Q’s 
recycling waste revealed very poor recycling behavior. 
Almost none of CMU-Q’s waste reached the recycling bins. 
The majority of the waste was placed in the general waste 
bins and the waste in recycling bins revealed high degrees 
of contamination (i.e., sorting errors), suggesting that the 
recycling bins are either used as general waste bins or 
people do not know how to sort their waste.  

In response to survey questions, CMU-Q community mem-
bers who participated in the survey indicated deficits in 
awareness, as well as distrust towards campus recycling 
practices. Those respondents who recycled were motiv-
ated primarily by environmental reasons. Virtually all resp-
ondents felt inadequately informed about the university’s 
recycling program, and subsequently, numerous requests 
for increased education and awareness were made.  

Based on the survey results and leaning on previous 
research (Dupré & Meineri, 2016), an intervention that 
combined education and awareness and social influence 
was designed. Over a one-week period, information about 
CMU-Q’s recycling policies and graphical feedback about 
campus recycling behavior was displayed next to recycling 
bins on whiteboards in the cafeteria. During this setup, 
student volunteers engaged with community members on 
three days during the peak lunch hour to personally relay 
this information and encourage recycling. The waste in the 
general waste bin and in recycling bins was measured 
during the intervention and for one week after the interv-
ention and then compared to the baseline week. Despite 
these efforts, the waste audits and post-survey revealed no 
improvement in recycling behavior or changes in attitudes. 

Though our intervention was not successful, there are 
several takeaways and opportunities for future action from 
this research. One reason why education and awareness 
may not have been effective might be related to findings 
that suggest this method works best when the population 
is already motivated and willing to engage in pro-
environmental behaviors (Grilli and Curtis, 2021). Our low 
survey response rate suggested that this topic was not of 
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interest to most community members. Further, our survey 
results provide evidence for skeptical attitudes about 
recycling, even amongst the highly motivated survey 
respondents. These individuals indicated distrust in recyc-
ling processes and expressed their lack of awareness 
about recycling. Though we did not directly test for this, 
these findings suggest that these attitudes might lead to a 
lack of motivation and decreased pro-environmental be-
havior. Further, our feedback was limited to recycling be-
havior on campus. Though this was effective in some stud-
ies (i.e. Kim et al., 2005), Dupre and Meineri (2016) reported 
improved recycling behavior only when social comparative 
feedback was given. Therefore, future research could in-
volve collaboration with another campus to provide social 
comparative feedback. 

Second, although we used student volunteers, or “block 
leaders” (Abrahamse & Steg, 2013) to act as our social 
influencers, we did not see an improvement in recycling, 
even during the intervention week. Our volunteers were 
primarily from the Biological Sciences program (one of four 
majors at CMU-Q) and perhaps they did not have enough 
influence over students from other disciplines or who may 
not have known these students personally. Future re-
search might consider asking peer volunteers from a 
variety of disciplines or choosing students who are known 
leaders in the community, as they may have more potential 
influential power.  

Although our survey did not test any theory directly as it 
was only designed to get insight into the community 
thinking around recycling, in post hoc discussion (and as 
noted by one kind reviewer) there is some suggestive 
evidence that future research might explore the Theory of 
Planned Behavior (TPB) (Ajzen, 1991) with regards to 
recycling behavior, and that this could be informative for 
creating impactful behavioral change (e.g., Arli et al., 2019; 
Largo-Wight et al., 2012; Strydom, 2018; Valle et al., 2005). 
The TPB posits that behavioral intentions (i.e., intention to 
recycle) can predict behavior when measured through 
three constructs. The first construct is perceived behavior-
al control. In the context of recycling, this construct 
represents beliefs that the conditions to recycle allow the 
behavior to occur. This might be the convenient access to 
recycling bins or clear labeling of bins, for example, which 
we did not measure but was suggested by several survey 
participants. This was also suggested by Kim et al. (2015) 
as the provision of separated recycling bins acting as a 
“pre-condition” to encouraging recycling behavior. The 
second construct, attitude toward behavior, reflects beliefs 
that the behavior will result in the desired outcome. In the 
case of CMU-Q recycling, many community members do 
not trust that recycling occurs and lack knowledge about 
how to recycle. The TPB would predict that these beliefs 

will deter recycling behavior. The third construct, subject-
ive norms, refers to beliefs that key figures in one’s life will 
approve of the behavior (i.e., recycling).  

In an expanded model of TPB, Largo-Wight et al. (2012) 
included two additional constructs to understand recycling 
intentions in a university population: perceived moral 
obligations, defined as perceived responsibility to others 
and the environment; and descriptive norms, or percep-
tions and beliefs about what other people are doing or 
what is socially expected. They found that moral obli-
gations were the single strongest predictor of recycling 
intentions. This construct may be reflected in our survey 
participants who indicated that they recycle for environ-
mental reasons, over and above social reasons and other 
factors. Examining behavior through the lens of TPB allows 
for more specific suggestions for targeting behavior. For 
example, Largo-Wight et al. (2012) suggested building 
specifically on moral obligations as a primary intervention 
target. Although we did not measure constructs according 
to the TPB, it would be interesting to do so in the future.  

This present study has several limitations. The most 
significant limitation concerns the short time of the inter-
vention (one week), as opposed to other studies, for 
example, 12 days (Kim et al., 2015) or 3 weeks (Dupré & 
Meineri, 2016).  Other design limitations include the use of 
whiteboards during the informational phase, which may 
be a saturated medium and hence potentially overlooked 
in an HEI setting. Additionally, our results are likely not 
generalizable to the country’s population, since the popu-
lation of CMU-Q comprises community members from 
various nationalities, including a large percentage of 
international students. This is extremely important to 
consider as the small sample size of survey responses (N= 
77) amplifies this limitation. Further, as most survey 
responses were received from individuals with 
environmental concerns (i.e. pro-environmental intent-
ions), the already small sample size also harbors a 
selection bias and likely is not representative of CMU-Q’s 
community.  Future studies may consider targeting social 
influence by using the most prominent community mem-
bers, and through comparative social feedback. Add-
itionally, the use of a control group would also be beneficial 
to control extraneous factors, such as news stories. Both 
comparative social feedback and a control group could be 
established in the case of Qatar’s Education City working 
together with other university campuses affiliated with 
Qatar Foundation. 

Conclusion 
In summary, this study found poor recycling behavior and 
attitudes toward recycling on a university campus in Qatar. 
A campus-wide survey revealed themes of distrust and lack 
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of knowledge about recycling processes. A one-week inter-
vention combining education and awareness through so-
cial influence was neither successful in improving recyc-
ling behavior nor attitudes. Since recycling responses and 
behaviors may depend on interest and pro-environmental 
motivation (Grilli & Curtis, 2021), it might be beneficial to 
incorporate environmental concerns into formal and infor-
mal discussions and education sessions (Manfredi et al., 
2021). Furthermore, strengthening trust in the recycling 
activities of the university may improve community atti-
tude (TPB, Ajzen, 1991) toward behavior. One of the ways 
this could be done is by increasing transparency on 
ongoing waste audits and sustainability programs de-
signed by the CMU-Q Eco-campus. Future work might 
consider including lengthier interventions and additional 
education and social influence measures, such as com-
parative social feedback.  
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Appendix 1: Recycling at CMU-Q Survey  
Demographics 
Are you a...? 
○ Student  
○ Faculty  
○ Staff  
 
What is your gender? 
○  Male  
○  Female  
○  Prefer not to say  
 
Recycling Attitudes 
Do you recycle at CMU-Q? 
○ Yes  
○ No  
 
How often do you recycle at CMU-Q? 
○  Daily  
○  Weekly  
○  Monthly  
○  Once in a while  
○  Not sure  
 
Which items do you recycle at CMU-Q?  
(check all that apply) 
○ Plastic 
○ Paper 
○ Cardboard  
○ Glass  
○ Metal   
○ Clothing   
○ Electronic waste  
○ Other (please list below):   

 
Why do you choose to recycle at CMU-Q? (check all that apply) 
○ For environmental reasons (i.e pollution, climate 

change, and global warming)  
○ It saves money and energy by improving the reuse of 

products   
○ It is convenient, as there are bins provided for 

recycling  
○ I see others doing it, so I do it as well  
○ Other (please list below):  
 
Why do you choose not to recycle at CMU-Q?  
(check all that apply) 
○ I am not interested  
○ There is no urgent need to do so  
○ I do not understand how to recycle  

○ It is too inconvenient/time-consuming  
○ I do not think the waste is actually being recycled   
○ I do not think that recycling makes a difference on the 

environment  
○ No one around me is keen on recycling, so neither am I  
○ Other (please specify):  

 
Do you believe that you can make a difference to the 
recycling at CMU-Q? 
○ Yes  
○ No   

 

Demographics 
How confident are you about your awareness of the recyc- 
ling policies at CMU-Q? 
○ Very confident  
○ Somewhat confident   
○ Not confident   

 
Do you think you (and others around you) need more 
understanding of how recycling works at CMU-Q? 

○ Yes   
○ No  

 

Please answer how likely you are to do the following at 
CMU-Q: 

Sample text Likely Unlikely 
Separate your waste based on the 
bins found at the University o o 
Reuse items instead of disposing of 
them (for example, sharing clothes, 
using metal straws, reusing 
containers) 

o o 

Reduce waste (for example, using 2-
sided printing, not using plastic 
straws, not ordering cutlery with 
food, etc.) 

o o 

 

Which bin would you throw the following waste items in 
at CMU-Q? 

Sample text Plastic Paper Metal Glass General 
Pizza Box o o o o o 

Plastic boxes 
with food o o o o o 
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Soda can o o o o o 

Plastic bags o o o o o 

Tetra pack 
juice o o o o o 

 
Where do you think the recycled waste goes after being 
disposed of at CMU-Q? 
○ It gets sent to respective facilities and manufactured 

into new products  
○ Nowhere specific, mixed with the general waste 
○ It gets dumped into the landfill  
○ I don't know  
○ Other (Please specify below) 
 
Where do you think the unrecycled waste (in the “general” 
bins) goes after being disposed of at CMU-Q?  
(check all that apply) 
○ The oceans  
○ A landfill 
○ It gets separated at the disposal site 
○ It gets burned 
○ I don't know 
○ Other (Please specify below) 

 
Initiatives at Carnegie Mellon University in Qatar have 
encouraged me to recycle. 
○ True 
○ False 

 
The new sustainability changes at Qatar Foundation (car-
free day, use of trams, e-scooter, etc.) encouraged me to 
start recycling. 
○ True 
○ False   

 

Scenario Questions 
In the exercises below, we ask you to imagine 4 brief 
scenarios and answer a question regarding each scenario. 
Please be fully honest with your responses, as this is 
important for us to understand attitudes and awareness 
toward recycling: 
 
a) Imagine you have a pile of papers to throw away and you 
are in a hurry. There are two bins to choose from — the 

general waste bin, which is closest to you, and the recycling 
bin, which is further away. What would you most likely do? 
○ I would throw the paper in the closer general waste bin 
○ I would throw the paper in the recycling bin, even if it 

is further away 
 

b) Imagine you go to a cafeteria to buy water. They have 
two options: plastic or glass bottles. The glass bottle is a bit 
more expensive. What would you do? 
○ I would buy the plastic bottle 
○ I would buy the glass bottle  
 
c) Imagine you just left your home to go shopping and you 
forgot your reusable tote bags. It will take you about 5 min-
utes to go back home and get them. What would you do? 
○ I would just use the plastic bags at the grocery store 
○ I would go back to pick up the tote bag 

 
d) Imagine you want to dispose of the waste from your 
take-out food. However, the waste is a combination of 
paper, plastic, and metal. What would you do? 
○ Put it all in the most convenient bin 
○ Separate the items and put them in their respective 

recycling bins 

 
Recycling at CMU-Q 
How do you suggest recycling can be improved on 
campus? 
 

Appendix 2  
Participants were asked what could be done on campus to 
improve recycling behavior. The responses are listed 
below and have been organized according to three 
categories for improving pro-environmental behavior 
provided by Grilli & Curtis (2021). The categories have been 
color coded and matched to the responses. Note, there 
were no comments that reflected the third category “social 
influence” or the fifth category “incentives”. 

Category mapping:  

1. Education and awareness: Keywords/Concepts: 
awareness, accessibility, education, feedback 

2. Outreach and relationship building: Keywords/Con-
cepts: groups/events and sustainability initiatives 

3.  Nudges and behavioral insights: Keywords/Concepts: 
initiatives that change the default and need a "nudge" to 
revert, bin number/design 
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APPENDIX TABLE 1. Participant Responses to the survey question: “How do you suggest recycling can be improved on campus?” 
 

 
Participant Response to the Survey Question: 
“How do you suggest recycling can be improved on campus?” 
 

Answers aligned to Grilli & 
Curtis (2021) categories 

Larger opening bins and larger bins for recycling. Awareness of where the recycled material 
goes. Also there is no recycling bin for Glass. Only Paper plastic and metal. Please introduce 
a bin for glass. Set up stations which collect e-waste. Collaborate with corporates that 
recycle electronic waste. Raise more awareness on campus. Monitor and encourage the 
community to take 2-sided prints. 

education and awareness, 
outreach and relationship 
building, nudges and behavioral 
insights 

Have been and larger bin. Educated the CMUQ community on recycling. Stop selling bottles 
and encourage people to bring their bottles to refill. 

education and awareness, 
outreach and relationship 
building, nudges and behavioral 
insights 

Assurances/explanations of where the recycling goes, since there is so little confidence that 
it is anything other than window-dressing. I find things like car-free day to actually diminish 
my confidence, since it certainly isn't car-free and shows little consideration for other 
factors (such as it disproportionately affects parents who can't add extra time to drop off 
routines). 

education and awareness, 
outreach and relationship 
building 

There needs to be more awareness and events should be more sustainable. Bring your own 
mug/water bottle/etc. It's hard because now we have to do boxed lunches which causes 
more trash/recycling, so we have to be diligent about making sure the waste goes to the 
right place. 

education and awareness, 
outreach and relationship 
building 

Larger bins, labeled with examples of items to avoid confusion; larger and more waste bins 
for general trash; post info about "last semester EC recycled ____ kg of plastic" as 
motivation; share info about how to organize recycling bins in your own neighborhood for 
staff/students who live elsewhere so they can encourage expansion of this behavior; use 
infographics to demonstrate how much refuse we generate each year here; compare it in 
terms of how much is saved ( we saved 100 trees; by recycling 100 aluminum cans you 
saved enough to feed 7 people for one day, etc.) 

education and awareness, 
nudges and behavioral insights 

Having more recycling bins and prompting students to do so (by putting signs, have 
professors mention them...etc) 

education and awareness, 
nudges and behavioral insights 

The bins are hard to understand. Also, guidance for things like fast food waste would be 
really helpful. 

education and awareness, 
nudges and behavioral insights 

Add more recycling bins around campus, sometimes when I'm in a class and the only option 
is the general bin, I won't walk to the hallway and find a recycling bin I'll just throw my trash 
in the general bin. 

education and awareness, 
nudges and behavioral insights 

More awareness campaigns and also availability of recycle bins in more locations across the 
building 

education and awareness, 
nudges and behavioral insights 

Make videos on how to dispose properly (what items go where), the impact (in 
numbers/percentages), show that we have recycling facilities in Qatar (which I don’t think 
we have). 

education and awareness 

Show us the results. Show us numbers and statistics of how the waste is being recycled. I 
would put in the effort if I know it has some fruits 

education and awareness 

 
 

https://lps.library.cmu.edu/


MAJĀL                                 2023 VOLUME 2 
 

 
DOI: 10.48762/wcf5-5249 | Published by Carnegie Mellon University Library Publishing Service | CC BY 4.0  

30 

 

 

 
Participant Response to the Survey Question: 
“How do you suggest recycling can be improved on campus?” 
 

Answers aligned to Grilli 
& Curtis (2021) categories 

prove that the recycled bins are actually going to be recycled rather than just being there for 
decoration 

education and awareness 

By more transparency/education concerning where recycled waste goes. education and awareness 

I would like to know if indeed waste is recycled.  Things have changed in the US regarding 
recycling (municipalities have stopped taking some things in some areas.)  If it truly is 
recycled, I'm happy to recycle. 

education and awareness 

Educate People , more recycle and reuse option to user in the building education and awareness 

education and supplies education and awareness 

Make it easier to recycle, and give examples of how long it would take because if people 
assume that separating food/takeout containers will take 10 minutes then they'd never do it 

education and awareness 

Engage facilities to help large recycling needs. I have an office full of paper I need to recycle 
and have not heard back from facilities for 2 months. I also think knowing which recycling is 
actually recycled, and how. Is food-stained cardboard recyclable? Does glass actually get 
broken down and reused? 

education and awareness 

More awareness campaigns. More recycling options. education and awareness 

Explain to students and staff how their actions of recycling makes a difference. Possibly 
explain what happens to the stuff in the recycling bin at CMUQ. 

education and awareness 

Creating awareness and building confidence on people make the effort that their efforts are 
being helping with improving the recycling initiative on campus. 

education and awareness 

More information on what you can and can’t put in each bin. Also information on how CMUQ 
recycles. 

education and awareness 

There is a common belief that recycling bins end up in the same general trash. Confidence in 
recycling process can be improved. A short video that describes the journey of recycling bins 
would be super helpful 

education and awareness 

It would be helpful to have an understanding where the recycled items end up i.e. separated 
accordingly and reused. This would improve my recycling habits enormously. 

education and awareness 

Awareness campaign and clear directives. education and awareness 

Need more awareness, maybe a recycling club, at least a committee, there's SO MUCH to do! education and awareness 

By creating more awareness education and awareness 

Awareness campaign education and awareness 

More awareness education and awareness 

More awareness on policies education and awareness 

Awareness campaigns education and awareness 
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Participant Response to the Survey Question: 
“How do you suggest recycling can be improved on campus?” 
 

Answers aligned to Grilli 
& Curtis (2021) categories 

raising awareness education and awareness 

More awareness education and awareness 

By raising awareness. education and awareness 

Awareness education and awareness 

Recycling bins to be available at proximity of events. we provide the big black bin where 
everything is dumped into without sorting. 

education and awareness 

Make it more accessible and teach people how to recycle education and awareness 

I would love to recycle as I am still fairly new to Qatar (6 months) and it doesn't seem to be 
commonly practiced. I did not know there were such recycling initiatives at CMUQ so I would 
like to know more about them and how I can recycle better. 

education and awareness 

Better visibility/access of recycling bins; clear messaging that items are actually recycled. education and awareness 

From an educational standpoint? I like following Bloom's revised taxonomy as it sees the 
affective components of learning—from awareness to aligning with the new value. I think we 
need to align with the value of tilting at windmills until policy shifts catch up. 

education and awareness 

Most of the students do not know how to use the waste bin. In waste bins of CMUQ there are 
separate sections to dispose paper, metal, plastic and general waste . Many students do not 
know which wastes fall in which category. It would be better to organize a "recycling session" 
where students would be taught the proper ways to use a waste bin. 

education and awareness 

making all the trash cans available the recycling kind, this way people are forced to think into 
how they throw away their trash 

outreach and relationship 
building, nudges and 
behavioral insights 

more food events, as ordering food always comes with extra plastic packaging and bags 
outreach and relationship 
building 

place something in place that is efficient and cost effective for average income family 
outreach and relationship 
building 

Put eyeballs on the bins. Seriously, people behave better if they feel they are being watched. 
nudges and behavioral 
insights 

Have more recycling bins around campus as there are some general areas that do not have 
them i.e. at the cafeteria/cafe the recycling bins are further away, also maybe paper recycling 
bins in classroom or hallways. Also, if in certain areas if bigger recycling bins (bigger bin 
openings) are provided it would be more convenient to use. For example, quite often I would 
order food and then struggle to recycle the packaging sometimes as the package is bigger 
than the bin’s opening and needs to be bent or just can’t fit forcing me to throw it in the 
bigger general bin. 

nudges and behavioral 
insights 

bigger bin holes, hard to stuff paper and cardboard in the small boxes 
nudges and behavioral 
insights 

Provide bigger recycling bins 
nudges and behavioral 
insights 

This is sort of a minor inconvenience but some of the openings of the waste bins are quite 
small: sometimes it's difficult to fit larger items such as the larger takeaway lunch boxes we 
sometime get from events. 

nudges and behavioral 
insights 

Having transparent bins so that people can see what goes inside each bin instead of 
randomly choosing one. 

nudges and behavioral 
insights 

To increase the number of recycling bins 
nudges and behavioral 
insights 

One bin for trash and one bin for all recycling that's sorted later 
nudges and behavioral 
insights 
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