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Abstract. The current study investigates the effects of environmental disrup-
tions and individual differences in working memory capacity on design  
performance in controlled laboratory and field settings. In the laboratory, we 
measured participants’ working memory capacity, asked them to view a poster 
design, then asked them to design their own poster in either a silent or distract-
ing environment. The results of the study revealed a main effect of working 
memory capacity on design behavior, but no effect of environment. In the 
field, we asked practicing designers to take an online working memory capaci-
ty test, then to describe their distractibility and ideal work environment while 
designing. The results suggest that working memory capacity may influence 
perceived distractibility.  

Keywords: Design fixation, creativity, design, working memory capacity,  
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1 Introduction 

Among the many factors that likely contribute to strong design, one is the ability to 
abandon past design solutions to produce innovative, new ideas. Unfortunately, past 
research has shown that design fixation, a form of conceptual rigidity during the  
design process, can severely impair designers’ creativity and innovative output [1]. 
Design fixation is often described as an adherence to previously established ideas or 
concepts and is especially problematic when negative design features from previously 
established work are retained through the creative ideation process. Design fixation 
has been shown to have such robust effects that it affects both novice and expert de-
signers similarly in a vast number of creative domains (e.g., mechanical engineering, 
industrial design, architecture). In order to develop methods to increase innovation  
by reducing design fixation, it is critical that the factors influencing design fixation 
behavior are identified.  

Environmental factors, such as interruptions, may have a strong influence on de-
sign fixation behavior. Interruptions are a regular occurrence in most work environ-
ments but there are opposing views as to whether interruptions help or hurt primary 
task performance in contexts such as problem solving [2], VCR programming [3], and 
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computer productivity [4]. Interruptions have been identified as a potential environ-
mental factor eliciting differences in ability to maintain memory for previously 
viewed concepts [5] which is assumed to be a main component of design fixation 
behavior. Previous research has shown that high working memory capacity (WMC) 
can provide some resistance to environmental interference [6], but this finding may be 
task and context specific. 

WMC is a fundamental cognitive process that is sometimes thought of as a mental 
work space. It is an active memory store that is implicated in goal maintenance  
and attentional control. Previous research has argued that individual differences in 
working memory capacity may affect designers’ propensity to fixate [7,8] because the 
design conceptualization process requires designers to access and manipulate many 
ideas at a time while working towards a design goal. Some differences that have been 
found to exist between individuals with low WMC and individuals with high WMC 
include the abilities to inhibit non-goal relevant information and to suppress intrusion 
from previously viewed concepts [9]. This means that designers with low working 
memory capacity may not be able to inhibit information that is unimportant for  
their current project. They may be more likely than high WMC designers to encode 
negative aspects of examples that could lead to a degradation of their work. 

1.1 Research Goals  

This study sought to explore the relationship between environment, working memory 
capacity, and design performance in two settings: a controlled laboratory and in the 
field. In the laboratory, we made use of the controlled conditions to explore designers’ 
ability to resist design fixation and produce an original design. One hypothesis is  
that WMC might predict designers’ likelihood of fixating on previous concepts.  
Specifically, people with low WMC would fixate more than people with higher 
WMC. The second hypothesis is that there will be an interaction between WMC and 
design environment. We expect that people with High WMC will be resistant to  
the interference of interruptions and their design performance will remain largely 
unchanged, but individuals with Low WMC will be unable to remember elements 
from the original design and become de-fixated in the distracting environment. 

Similarly, we believe that individual differences in working memory will have an 
effect on professional designers in field settings. It is predicted that designers with 
low working memory capacity will be more likely seek out a work environment that 
features less distractions, such as a home office or cubicle setting, and more likely to 
report negative consequences of distractions in the work environment. Designers with 
high working memory capacity were predicted to experience less of a negative impact 
from distractions in the work environment and would not have a strong preference for 
work environment. 

2 Method  

2.1 Participants – Laboratory  

A total of 71 undergraduate and graduate students (53 females, 18 males) aged be-
tween 17-52 years (M=21 years) participated for course credit. Forty-two percent of 
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the students were enrolled as psychology majors and 58% of the students were 
enrolled in a range of other majors offered at the university. 

2.2 Materials and Procedure – Laboratory  

Participants in our study performed two tasks in a counterbalanced order. The first 
task was the Automated Operation Span (AOSPAN), an automated version of an op-
eration span task which was designed to measure WMC [10]. AOSPAN requires that 
participants try to hold a series of letters in their memory system, and then recall them 
at some later point in time (see Fig. 1).  

 

Fig. 1. Illustration of the automated operation span task procedure 

The task is demanding because after the presentation of each letter, participants are 
required to answer a true or false arithmetic question that prevents most participants 
from using mnemonics or other rehearsal strategies, and therefore AOSPAN is said  
to measure how well participants can maintain target information (the letters) while 
also avoiding memory interference caused by distraction (the math problems). The 
program ran on a standard desktop computer equipped with E-Prime 2.0 software. 
Although AOSPAN produces several dependent variables related to WMC, in this  
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or incorrect solution displayed. Finally, all participants were given blank sheets of 
paper, a ruler, and colored pencils, and were asked to spend another ten minutes de-
veloping a sketch of their original poster design. 

2.3 Participants – Field  

Participants were 63 designers recruited through professional networks and online 
forums (23 females, 40 males), 19 participants were removed for incomplete survey 
responses. The remaining 44 designers (16 females, 28 males) were aged between 18-
69 years (M = 30 years). Approximately 45% of designers described their  
current professional status as student, with the remaining 55% representing a broad 
range of professional titles in the field of design (e.g. Senior Designer, Art Director). 
Participants reported years of formal design training: 9% reported no training, 2% 
reported less than 1 year, 77% reported 1-4 years, and 11% reported 5 or more years.  

2.4 Method and Procedure – Field  

A survey exploring distractions in the workplace, adapted from a previously used 
instrument [11], was disseminated online to facilitate data collection from participants 
in remote work environments. Upon clicking a hyperlink, the participant was taken to 
a web-based tool (http://fluidsurveys.com/) that was used to administer a survey that 
collected three types of information: demographic information about the designer, 
information about their design experience and work environment, and self-reported 
scores from an online test of working memory.  

After reviewing an informed consent form, participants were asked to respond to 
the demographic survey with questions about his or her experience as a designer and 
the conditions of their work environment. Questions were formed as Likert-scales 
with responses ranging from 1-5. Next, participants were asked to perform a  
web-based N-back task (http://cognitivefun.net/test/4) that assessed their individual 
working memory capacity. After a brief set of instructions, participants were pre-
sented with a series of images, and asked to click on the screen when recognizing an 
image that had been presented two images before the current image. The percent of 
images correctly identified were recorded and participants entered their scores  
from the N-back task into the survey. Finally, participants were taken to an online 
debriefing letter after submitting their survey responses. Submissions that failed to 
enter the proper format for working memory scores were removed from consideration 
for analysis. 

3 Results  

3.1 Results - Laboratory 

Each poster was judged for the presence or absence of the predefined fixation fea-
tures. Seven participants were excluded from the analysis for failing to meet the 85% 
math accuracy criterion during the AOSPAN.  
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fixation features copied F(1,60) = 0.36, ns. Although there was a disproportionate 
quantity of males and females, a Pearson Correlation showed that there was no  
significant difference in fixation by gender (r = -.13, ns). There was also no reliable 
relationship found between fixation and major (r = .15, ns). 

3.2 Results – Field 

Three ANOVAs were conducted to test the hypothesis that differences would exist 
between responses to three survey questions regarding impact of environment on 
productivity split by WMC (High, Low). A mean-split was conducted on WMC 
scores.  

 
 

Survey Questions 
Low 

WMC  
High 

WMC  

Q1. Do you ever feel as though distractions in the 
workplace impact your productivity? 

4.17* 3.52* 

Q2. Would you extend, or have you extended your working 
hours by coming in early or staying late to avoid distrac-
tions? 

4.10 3.64 

Q3. Which of the following statements best describes your 
ideal work environment? 

2.58 3.08 

Fig. 5. Response averages split by WMC. For Q1 and Q2, a score of 1 indicated a response of 
‘never’ and a 5 indicated ‘frequently’. For Q3, a score of 1 indicated ‘I enjoy multi-tasking, and 
I work better in an environment with significant activity’ and a 5 indicated ‘I prefer to have 
privacy while working, and am easily distracted by other people or things not pertaining to 
work’. (* = p<.05) 

The results revealed that on average Low WMC designers reliably rated that dis-
tractions more frequently impact their work than High WMC designers; F(1,41)=4.43, 
p<.05. Participants in the Low WMC group also responded that they were more likely 
than High WMC designers to want to extend their work hours in order to avoid  
distractions, but this result was only marginally significant; F(1,42)=1.98, p=.16. As 
for preference on work environment, Low WMC and High WMC designers did not 
differ significantly; F(1,42)=1.29, ns. 

4 Discussion 

The goal of this study was to begin to explore two factors that could potentially influ-
ence design behavior. Our results suggest that working memory capacity predicts 
susceptibility to design fixation and distraction, but it is unclear how environment 
impacts design performance.  
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The results from this study revealed that working memory capacity has an effect on 
design in both controlled and applied settings. The laboratory research provides sup-
port that individual differences in WMC can predict a designer’s propensity to fixate 
on previous designs. Designing may be a resource dependent activity where Low 
WMC designers lack the cognitive capacity to develop new ideas while holding on to 
past ideas, and high WMC designers may be able develop new ideas while also hold-
ing onto past ideas in memory. Another possible explanation for this finding is that 
Low WMC participants failed to maintain the goal of developing a completely  
original poster, while High WMC participants were better able to preserve their  
objective and consequently suppress the non-goal relevant fixation poster. This result, 
although perhaps counter-intuitive, is in keeping with research [e.g., 12] that  
has shown that across a variety of contexts people with High WMC are better able  
to maintain more goal relevant information while suppressing non-goal relevant  
information than those with Low WMC.  

The data from the field setting, although only preliminary, lends support to the  
hypothesis that individual differences in working memory capacity also affect profes-
sional designers in real world contexts. Interestingly, although Low WMC designers 
reported that they were easily distracted by workplace interruptions they did not  
respond reliably differently than High WMC designers in regard to environmental 
preference. These results indicate, regardless of WMC, that most designers prefer a 
relatively neutral environment with an intermediate amount of distraction. Some  
research even suggests that there can be creative benefits that can be brought about by 
taking time off task [2], but this was not substantiated by our laboratory results. Often 
the effect of the interruption on primary task performance is largely dependent on the 
type, frequency, and importance of the interruption [4], so one possible explanation 
for the absence of an effect in our laboratory task is that the interruption was not  
demanding enough to produce a quantifiable change in participants’ design behavior.  

With the event of modern day technology, interruptions are ubiquitous and come in a 
wide variety of forms (e.g., IMs, emails, text messages, phone calls). Correspondingly, a 
majority of the design professionals who completed our survey reported technology  
as the primary source of distraction when they design. The implication of this is that in 
order for further progress to be made toward finding the paramount environment for 
innovation, the impact of these types of interruptions during the design process needs to 
be better understood.  
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