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Abstract: 
 
This master thesis presents an exploratory study       
on Interaction Design (IxD) for and with seniors.        
It includes two papers. The first paper is an         
exhaustive literature review, which investigates     
IxD research for the elderly at the CHI        
conference from 2000 to 2019. 90 related full        
papers and 125 extended abstracts have been       
identified for final analysis. During the literature       
review, the papers are classified into five       
research purposes, eight methods and eleven      
categories of topics. The results provide an       
overview of the current progress and trends in        
IxD research for older adults. The second paper        
is an empirical and exploratory study based on        
the findings of the first paper. It investigates how         
to conduct co-design remotely with and for older        
adults. The design practice includes surveys, a       
group design workshop and two rounds      
individual usability testing, which were all      
carried out online. The paper presents the       
challenges and opportunities of the conducted      
online design activities and concludes by      
providing suggestions for future co-design     
practices under similar circumstances. 
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Preface 
 

This report presents a Master Thesis for the Master Programme (MSc) in IT Design              
and Application Development at Aalborg University. 

 
The report consists of four chapters and two academic papers in CHI format which              
can be found in the appendix. The structure of this report is as follows: the first                
chapter provides an overview of this master thesis and introduces the problem            
statement including two research questions. The second chapter presents a summary           
of the contributions from the two academic papers. The third chapter is a description              
of the research methods utilized in the two papers. The last chapter concludes             
findings, limitations and future work for this study. 

 
Finally, I would like to thank my supervisor Jan Stage for his immense guidance,              
feedback and invaluable support. 
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1.Introduction 

 
 
Since the beginning of the 21st century, the development of information technology,            
the improvement of digital equipment and the digital transformation in various fields            
has become faster and faster, deeply affecting and reshaping our work and lives. At              
the same time, the world has been experiencing a growth in both the size and               
proportion of the 65+ demographic group [1]. Having an aging population is            
becoming a global phenomenon that cannot be ignored. As people age, most of them              
will experience a clear decline in visual and auditory ability, in working- and             
long-term memory, as well as in their muscular strength and abilities in control of              
movement etc.[2]. These changes pose challenges in regard to design for seniors. It is,              
however, possible to compensate for this decline and provide better conditions for            
“Aging in place” with good technology design.  
 
In this context, it is both necessary and meaningful to explore how interaction design              
(IxD) research can contribute to an improvement of seniors’ life through technology            
and technology design. In order to make this contribution, an overall knowledge of             
the current state and trends in this research field is important, as further exploratory              
and empirical studies can become more relevant and beneficial, if they are carried out              
to address research gaps and actual needs. However, there is a lack of studies              
investigating the trends in topics, methods and purposes of recent IxD research. This             
research gap needs to be filled as it can serve as a basis for further identifying the                 
challenges and opportunities in current senior related IxD research. For instance, the            
following questions have not been explored systematically, but can be helpful in            
regard to discovering potential new research directions: how have research interests           
developed in regard to research topics? Are the research topics designed to benefit the              
users or researchers & designers? How have preferences in the choice of research             
method developed? 

 
With this in mind, it is important that we understand the state and progress of the                
current IxD research. By identifying research trends and gaps in the methods and             
purposes, we can further investigate the possibilities for improvement in senior           
related IxD. 
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Problem Statement 
 

The aim of this study is to help improve the IxD research for seniors by investigating                
the following  
Problem Statement: What are the popular topics and methods in IxD research for             
seniors and what are the challenges and opportunities when conducting IxD research            
for seniors? 
 
To answer the problem statement, two research questions have been formulated and            
answered in the two separate papers, which can be found in the appendix. The              
research questions are as follows: 
 
Research Question 1: What is the current state and progress of IxD research for              
seniors since 2000, in terms of trends in purposes, methods and topics? 
The first research question addresses the development of senior related IxD research            
by exploring its purposes, methods and topics since 2000. The aim is to present an               
overview and preliminary analysis of the research progress in this field.  
 
Research Question 2: What are the challenges and opportunities when conducting           
an IxD research with seniors? 
Research question Two addresses the involvement of senior users in IxD research. It             
aims to contribute to the senior related IxD research by identifying the challenges and              
opportunities occurring during design cooperation with seniors. Thus, an exploratory          
study was set up to provide empirical findings and analysis in relation to research and               
design practice. 
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2.Contributions 
 
This chapter gives an introduction of the two academic papers in the appendix, which              
comprise the main content of this master’s thesis. Each paper is considered as one              
contribution and is presented with a short summary and main findings. 
 
 
2.1 Contribution 1 
 
Jing He. A literature review of IxD research for seniors from 2000 to 2019.              
Department of Computer Science, Aalborg University. 2020. 
 
This paper constitutes the first contribution. It presents a literature review of senior             
related IxD research at CHI conference from 2000 to 2019. 225 articles were             
identified as senior related and subsequently divided into two time periods: 2000 to             
2009 and 2010 to 2019. Papers from each period were first classified into eleven              
categories of topics, and then further categorized using a two-dimensional framework           
containing eight research methods and five research purposes. By conducting these           
classifications, this paper presents the results of each time period and compares the             
results to identify both the changes in this research field as well as the current               
research progress. 
 
The literature review found that there was an increasing interest in senior related IxD              
research. In the first period, the seniors were considered as weak and passive users,              
who were very likely experiencing the cognitive decline and loss of companionship.            
The research in this period, thus, focused on social interaction and cognitive aids. In              
the second period, the seniors were perceived more positively and were involved into             
the design process as co-designers or were studied as content creators. The topics that              
received the most attention were those which attempted to enhance the seniors’            
wellness, enable their aging in place and understand the seniors in the context of              
culture, society and economy. At the same time, papers with a primary intention of              
benefitting “Designers & Researchers” grew both in amount and proportion,          
surpassing papers with a primary intention of benefitting “Users”.  
 
In relation to research methods and purposes, the two time periods have many             
similarities. The studies in both periods were mostly goal-driven applied research and            
were mainly carried out in a field or lab environment. Regarding the purposes,             
“Understanding” was the most popular followed by “Evaluation of Product”.          
However, it's worth noting that many combinations of methods and purposes were            
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found to be unused in both periods. This situation underwent a slight change in the               
second period, as some researchers, unlike in the first period, began to employ action              
research for the purposes “Understanding” and “Evaluation of Method”.  
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2.2 Contribution 2 
 
 
Jing He. “PillTime”: Remote Co-Design of a mobile app for and with seniors.             
Department of Computer Science, Aalborg University. 2020. 
 
The second contribution presents an empirical study investigating the “remote          
co-design” method with seniors. It aims at exploring the feasibility of this design             
method by identifying the challenges and opportunities and further discussing its           
potential as an alternative to traditional face to face co-design activities. In order to              
conduct the investigations, five seniors were recruited to participate in co-designing a            
mobile app “PillTime” remotely. The process includes two surveys, one design           
workshop, two usability testings and interviews, which were all carried out online.  
 
Seven challenges and four opportunities were identified. The remote co-design          
method encountered challenges including frequent distractions, unnatural       
conversation forms, limited interaction, difficulty in envisioning due to lack of design            
experience, participants’ insecurity towards technology, and their own design         
capabilities. However, the remote method also showed opportunities. It can improve           
the seniors’ willingness to participate because of its flexibility, provides a quiet and             
separate environment benefitting difficult envisioning tasks, helps the seniors to          
address their pessimistic perceptions of their own capabilities with technology and           
design, and finally it enables a continuous communication between participants and           
designers. 
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3.Research Method 
 
This chapter introduces the main methods used in the two papers. Each method will              
be presented with a definition of the methodology and the setting in which it is               
applied in our research. 
 
 
3.1 Literature Review 

 
A literature review is “the selection of available documents (both published and            
unpublished) on the topic, which contain information, ideas, data and evidence           
written from a particular standpoint to fulfill certain aims or express certain views on              
the nature of the topic and how it is to be investigated, and the effective evaluation of                 
these documents in relation to the research being proposed.” [3]  
 
A review of prior relevant literature can serve either as an essential part of an               
empirical academic work, or as a “standalone piece that provides a valuable            
contribution in its own right” [4]. Furthermore, an effective literature review can be             
useful as it “facilitates theory development, closes areas where a plethora of research             
exists, and uncovers areas where research is needed” [5]. One of the weaknesses of              
literature reviews, however, is that it can be prone to bias due to subjective sample               
selection, classification and reading. 
 
This literature review is a standalone piece. It was performed following a procedure             
borrowed from Vangeli P. & Stage J. [6]. After making minor adjustments to better              
fit the content of this particular paper, the review procedure consisted of three phases:              
review focus and filtering, content-based categorization, reading and analysis. In the           
first phase, the senior related papers on CHI conference were selected as the focus of               
the review. 225 articles from CHI were identified and served as the review sample. In               
the second phase, the filtered papers were classified into eleven categories based on             
their topics. In the last phase, a reading of the papers was carried out, during which                
special attention was put on classifying the research methods and purposes of each             
paper. 
 
 
3.2 Remote Co-design 
 
Remote Co-Design is a method term coined by our study, in order to examine if it is                 
feasible to co-design with seniors remotely. 
 
Co-design (Co-operative Design) is a methodology belonging to participatory design          
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(PD). PD is characterized by the stakeholders playing a critical role in the design              
process [7]. Co-design and PD have certain differences. While Co-design focuses on            
the design-collaboration with users, the PD emphasizes including all stakeholders          
into the design process. The stakeholders in PD are not necessarily the users. In              
addition, PD highlights not only the design-collaboration, but also the participation in            
decision making (on design solution).  
 
The remote co-design method combines the co-design method with spatial separation,           
to synchronously carry out the co-design activities with seniors online. The main            
activity of the remote co-design process is the online design workshop. It was             
performed by using an online conferencing video tool (Skype). The design workshop            
encompasses three typical steps similar to traditional co-design: idea generation, idea           
evaluation and idea visualization. First a focus group interview was conducted to            
understand the users’ needs and generate design ideas. Subsequently, a number of            
design ideas were selected by the participants. Lastly we performed a user sketch             
session, where the senior participants visualized the chosen ideas with paper           
prototypes or sketches. The online design workshop was followed by an online            
survey and an online individual interview, where the participants evaluated the           
sketches made during the workshop and commented on the design workshop process. 
 
 
3.3 Remote Usability Testing 
 
Remote Usability Testing (RUT) is a method for usability testing, in which the             
evaluators and users are physically separate in space and/or time [8]. There are two              
types of RUT: asynchronous and synchronous. Asynchronous RUT is performed          
when users and evaluators are separated by time, while in a synchronous RUT, the              
users and evaluators are separated in space. It is a simulation of the traditional              
lab-based think-aloud usability testing method that has attracted much more attention           
from researchers [9]. 
 
In our exploratory study on the remote co-design method, two rounds of synchronous             
RUTs were conducted. We identified three possible ways of conducting the RUT: in             
the first option, the users would test a high-fi prototype of the mobile app and adjust                
the camera of their PC or tablet to capture the testing process. We, as evaluators,               
would observe the whole process by using Skype. The second option was the             
opposite of the first, as we as evaluators would hold a phone towards the camera,               
while the users observed through the video conferencing tool and would tell us where              
we should touch on the phone in order to complete the testing tasks. The third option                
was to test the mobile app prototype as a web app, which means no real mobile phone                 
would be involved. The prototype would be tested in a web browser and we would               
observe the testing process by sharing the screen. We ended up conducting the testing              
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using both option one and three. After the testing, a comparison of the two methods               
was made. The second option was excluded as it was found that the internet and               
camera were not sufficiently able to convey high quality real-time images for the             
users. It would be too difficult for the users to see the small phone screen clearly in a                  
video conference, and thus, the results would be negatively influenced under such            
circumstances.  
 
 
3.4 Data Analysis 

 
Meaning condensation  

 
Meaning condensation (MC) is a method for analyzing qualitative interview data. It            
extracts the central themes from the data and includes five steps: to read through all               
the data in order to get a sense of the whole, to determine the “meaning units”, to                 
thematize the “meaning units”, to interrogate the “meaning units” in terms of the             
study purpose and to tie together non-redundant themes into a descriptive statement            
[10]. 
 
The exploratory study of the remote co-design method included one focus group            
interview during the online design workshop and two individual interviews along           
with the two remote usability testings. The interviews were video- and audio            
recorded, with the consensus from the participants. The recordings were rewatched           
following the interviews, and from their answers, feedback and comments, the           
“meaning units” were identified and organized according to their themes. The results            
of this MC can be seen in Table 2 and Table 3 in the appendix of paper 2 , and                    
contains the identified themes and descriptions of challenges and opportunities          
occurring in the remote co-design process. 
 
Instant Data Analysis 
 
Instant Data Analysis (IDA) is a technique developed to analyse the data from think              
aloud usability testings. In an IDA, there is a user, a monitor and a data-logger. The                
data-logger notes down the incidents occurring during the testing and afterwards           
brainstorms together with the monitor. During this brainstorm session, they identify           
the usability problems and categorize them based on their severity. The advantage of             
the IDA is that it is very time efficient. By using this technique, the analysis of four to                  
six usability testings can be done just in one day [11]. 
  
In our practice, the author and the assistant played the roles as moderator and              
data-logger. The problems or incidents occurring during the testings were          
documented by the data-logger. Each testing was then followed by a discussion            
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session between the data-logger and monitor, where the video recordings and notes            
were checked again. The usability problems were identified and further categorized as            
“critical”, “serious”, “cosmetic”. 
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4.Conclusion 
 
This chapter first summarizes the conclusions of the two contributions, in order to             
answer the two research questions and the problem statement presented in the            
Introduction chapter. The chapter then goes on to describe key limitations of the two              
contributions as well as suggest areas for future work. 
 
4.1 Problem Statement 

 
Research Question 1: What is the current state and progress of IxD research for              
seniors since 2000, in terms of trends in purposes, methods and topics? 

 
The findings of the literature review show that senior related IxD research has been              
on the rise in both width and depth since 2000. The research topics have become               
richer over time, just as attention to topics that benefit “Designers & Researchers”             
rather than “Users” is increasing. The focus of topics and the perception of seniors              
underwent a transformation during this time. The studies in the second period moved             
away from only addressing the cognitive decline and basic needs of seniors, and             
further sought to provide a better overall quality of life for them. Additionally, the              
image of seniors shifted from being perceived as weak and passive users to being              
creative co-designers and online content producers. In terms of the research methods            
and purposes, the preferences are similar in both periods. After “Applied”, “Lab” and             
“Field” were the most popular methods, and the amount of “Field” research surpassed             
“Lab” in the second period. Both periods presented a lack of diversity in regards to               
employing various methods for different purposes. For example, there were very few            
articles using “Case” or “Survey” methods. However, in the second period this            
situation was somewhat improved as the “Action” method began to be utilized for             
different purposes. Overall, it demonstrated a trend towards more user-centered and           
diverse research and it is suggested that the researchers should explore more new             
method-purpose combinations in the future. 
 
Research Question 2: What are the challenges and opportunities when conducting           
an IxD research with seniors? 
 
During the remote co-design process with seniors, seven challenges and four           
opportunities were identified. A remote co-design process is confronted by challenges           
caused by conducting the activities online, including frequent distractions, unnatural          
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conversation forms and limited interactions. At the same time, some of the difficulties             
associated with traditional co-design also occurred and were even amplified due to            
the remote method. These include: problems with envisioning due to lack of design             
experience, insecurity about dealing with technology and the seniors’ slow pace in            
design activities. The remote co-design method, however, also offers opportunities.          
First, it improves the seniors’ willingness to participate as the access is easy and              
convenient. Second, it was proved effective in easing the tension associated with            
envisioning for some participants. Third, it is helpful in regard to addressing the             
insecurities about technology and pessimistic attitudes towards their own design          
capabilities for some participants. Lastly it enables a flexible and continuous           
communication between the participants and the designers or researchers. The remote           
approach ultimately led to a design solution which the participants were satisfied            
with. It is concluded that it, despite the challenges, is technically feasible to conduct              
co-design with seniors remotely and that remote co-design can be considered a viable             
alternative to traditional co-design. It is suggested that further studies of the method             
are undertaken in order to investigate potential ways to alleviate the identified            
challenges. 
 
Problem Statement: What are the popular topics and methods in IxD research for             
seniors and what are the challenges and opportunities when conducting IxD research            
for seniors? 
 
To answer the problem statement, a literature review of related papers since 2000, as              
well as an exploratory study on the remote co-design method, were carried out. 
In the literature review, 215 articles divided into two time periods, 2000 to 2009 and               
2010 to 2019, were examined. The research topics, methods and purposes for each             
period were identified and classified into two frameworks, which can be read in the              
first paper in the appendix (Table 3-6).  
In the exploratory study, the author conducted a remote co-design process and            
identified seven challenges and four opportunities. These challenges and         
opportunities were summarized with explanations in two tables and can be found in             
the second paper in the appendix (Table 2&3).  
 
 
4.2 Key Limitations 
 
The author acknowledges the limitations of the literature review and the exploratory 
study of the remote co-design method. The key limitations are presented as follows. 
 
Sample Selection Bias 
In the literature review, the examined papers were all collected from just one HCI              
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conference - CHI. Thus, the review cannot cover the trends in research topics,             
methods and purposes of studies not admitted in CHI. In addition, each HCI             
conference usually has its own set of central authors [12], which is likely to lead to a                 
bias in the identification of research trends. To overcome this limitation, a relatively             
long timeframe was chosen for study: from 2000 to 2019. By doing this, a relatively               
large body of literature was included for reviewing, which is expected to decrease the              
potential effects of sample selection bias.  
 
User Representativeness 
In the exploratory study of the remote co-design method, five seniors were recruited             
as participants. During the data analysis, it was found that one participant (P5 in              
Paper 2) is the only one with relatively rich design experience due to his previous               
occupation as an architect. In some topics, for instance, in regards to what conditions              
play a role in affecting the remote co-design results, this participant’s opinions were             
considerably different from the others’. However, as the project only had one            
participant with such experience, it is difficult to claim that there is a general              
difference between seniors who have more design experience and those who have            
less. Thus, no representativeness is claimed in this study.  
 
Limited Design Activities 
In the exploratory study of the remote co-design method, a series of design activities              
were conducted remotely. According to the study of Sanders E B N et al. [13], there                
are three types of co-design activities: “Making”, “Telling” and “Enacting”. It is            
claimed that some activities belonging to the categories “Making” and “Telling” can            
be done online, while “Enacting” activities are not yet possible to be carried out              
online. Since this study included no design activities belonging to the category            
“Enacting”, it cannot contribute any data analysis to support or oppose this claim. 

 
 
4.3 Future Work 

 
In order to expand on the findings from this research, additional empirical studies,             
specifically in regard to the remote co-design method, should be carried out as future              
work. It is suggested, first, to focus on looking for solutions which may compensate              
for the identified challenges. Second, different categories of design activities, in           
particular “Enacting” activities, should be included and examined in order to further            
examine the feasibility of the remote co-design method. Lastly, future work should            
seek to include senior participants from various backgrounds, for example, with           
different levels in technology skills or design experience.  
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ABSTRACT 
With the rapid growth of the aging population, interaction         
design (IxD) research for seniors becomes an increasingly        
relevant topic. This paper presents a literature review of         
senior related IxD research since 2000. 215 papers on CHI          
were selected and divided into two periods: 2000 to 2009          
and 2010 to 2019. The review has two focuses. It first           
classifies the papers into 11 categories based on the topics.          
Second it analyzes the papers using a two-dimensional        
framework which contains 8 research methods and 5        
purposes. The findings show that this research field has         
been growing both in its amount of research and its          
ever-richer topics. Comparing the two time periods, the        
dominant focus has shifted from simply fixing seniors’        
problems with social isolation and cognitive decline       
towards pursuing a better quality of life with wellness and          
leisure. At the same time, the perception of seniors         
underwent a change, from being considered weak and        
passive users to be seen as creative co-designers and         
content creators. Additionally, the review of methods       
indicates a trend towards becoming more and user-centered        
and diverse. 
 
Author Keywords 
Literature Review; Design for Seniors; Cognitive Aids;       
Understanding Seniors; Aging in Place; Social Interaction;       
User-Centered; Co-Design; Research Methods. 

 

1 INTRODUCTION 
Over the last decades, the global population has been aging          
rapidly. Between 2017 and 2050, it is expected that all          
countries will experience a substantial growth in the size of          
the older population [1]. According to the United Nations,         
the worldwide number of people aged 65 or more was 703           
million in 2019 and will double to 1.5 billion in 2050 [2].            
Aging brings a decline in perception, cognition, mobility        
and control of movement [2], which can lead to unique          
usability constraints and different needs or preferences for        
technology design. This expanding demographic group is       
an important user group and should not be ignored by the           
Interaction Design (IxD) Research. 

Investigating the current progress of senior related IxD        
research can contribute to future research into the topic by          
depicting the research gaps in methods and topics.        
Identifying these gaps is helpful for further adjustments of         
current research or exploring new potential research       
directions. While there have been plenty of papers and         
monographs investigating senior related IxD since 2000,       
there is still a lack of studies systematically presenting the          
development of this research field, in relation to its current          
state and progress in purposes, methods and topics. Given         
the importance of understanding the development of the        
IxD research for seniors, this study aims at investigating the          
following research question: 

What is the current state and progress of IxD research for           
seniors since 2000, in terms of trends in purposes, methods          
and topics?  

To answer this question, the author has conducted a         
literature review. The reviewed sample was decided to be         
senior related papers at CHI conference from 2000 to 2019. 

The literature review can give a comprehensive       
understanding of the development of the IxD research for         
seniors. First, interesting to see what were, have been and          
are favored themes and methods among senior related IxD         
research, if there is any change in perception of seniors,          
what have disappeared and what remain popular. Second, it         
is meaningful to carry out a literature review for advancing          
knowledge, as an effective review “facilitates theory       
development, closes areas where a plethora of research        
exists, and uncovers areas where research is needed” [3]. 

The rest of this paper is structured as follows: first, the           
following section presents a summary of related research.        
Then it introduces the literature review method. Next it         
presents the findings of the review analysis. Last, a         
discussion and conclusion are conducted. 

2 RELATED WORK  
No paper or monograph about a literature review on seniors          
related IxD research from 2000 to 2019 was found.         
Therefore, this section presents two kinds of related work:         

1 



monographs addressing the topic of design for seniors, and         
papers which conduct literature reviews. 

Two types of monographies discussing design for seniors        
were found. One type of monograph collects relevant        
papers from HCI conferences and categorizes them       
according to their topics, but without doing analysis on the          
papers. For instance, Zhou et al. [4] presented papers related          
to IxD for older adults from the HCI International         
Conference 2017. The papers were divided into two parts         
according to their topics which are meaningful for either         
users or designers and developers. The other type of         
monograph aims at giving a comprehensive introduction of        
the topic design for seniors, which includes the        
fundamentals of aging and technology, principles or       
guidelines of design and application areas [1]. Both types of          
monograph do not, however, provide an overview or        
analysis of the developments and trends in the research         
methods.  

Papers conducting literature reviews on the IxD research for         
seniors can be divided into two types as well. The first type            
focuses on one specific aspect of IxD studies for seniors.          
For instance, Motti L G et al.[5] conducted a literature          
review presenting different interaction techniques for older       
adults, specifically when using touchscreen devices. In       
addition, similar to the first type of monograph, these         
papers do not aim at examining the research trends, but          
mainly seek to identify characteristics or patterns of specific         
techniques or users’ use of technology [5][6]. The second         
type of paper reviews past research and identifies the         
research state and trends by grouping the papers and         
comparing the proportion of papers. Two studies were        
found belonging to this type. One is a critical review of           
eight years research on technology for disabled and older         

adults [7]. It analyzes 834 papers between 2005 to 2012 and           
finds that the most commonly researched user group is         
older adults, while interactions with technology is the most         
researched topic in relation to different kinds of support for          
this user group. The other study did a literature review of           
seniors related papers at CHI from 1999 to 2009 [8], which           
is closely related to our study. It classified the papers into           
ten categories according to their topics and found that         
“enhancing social interaction” and “Interface design” were       
the most favored themes. However, the studies do not cover          
an analysis of the research methods and the most recent          
research.  

In summary, in the previous related work, there is a lack of            
an overview and analysis of the research development, in         
relation to the trends, areas of attention and research         
methods.  

3 METHOD  
There are different ways to approach a literature review.         
Borrowing from Vangeli P, Stage J. [9], this study carried          
out the literature review in three phases: review focus and          
the filtering, categorization and reading and analysis. 

3.1 Review Focus and the Filtering 
In order to go through related papers and present an          
overview, the scope of the papers to be examined was          
narrowed down to the papers at CHI from 2000 to 2019. 

Selecting CHI papers as the sample was due to two reasons:           
first, the large amount of research in this field makes an           
exhaustive review difficult, therefore, it is necessary to limit         
the sample size. Second, CHI is the prestigious and         
long-established HCI conference which has the highest       
impact (citation by the others) [226]. It accepts high quality          
papers with the most updated themes from various        

2 



perspectives and the number of papers published yearly is         
relatively high. Taking these reasons into consideration, this        
body of literature was chosen as a sample for this literature           
review focus. The time period for investigation was set to          
be from 2000 to 2019, as papers in this time period cover            
both classic and current topics and methods. The timeframe         
was further divided into two ten years periods: from 2000 to           
2009 and from 2010 to 2019. This study aims at developing           
two complete reviews for these two periods and        
subsequently identifying the research trends in topics,       
methods and purposes by comparing the review results.  

The filtering was carried out using the ACM digital library.          
The keywords utilized to filter related papers includes:        
old/older, aging/ageing, senior, elder/elderly. There are two       
types of writing at CHI: full paper (FP) and extended          
abstracts (EA). FPs are typically 8 to 10 pages long and           
will be published in the conference proceedings, while the         
EAs are usually shorter than 8 pages and will not be           
published physically but only in the digital library. EAs are          
interesting for this study because they often present        
up-to-date research. In addition, EAs vary in form,        
including doctoral consortium, work-in-progress etc. 

Through the search and filtering, 90 FPs and 145 EAs were           
found from 2000 to 2019. 20 EAs were excluded from          
further analysis, because they were in the form of workshop          
summaries, panels and video showcases etc., and did not         
describe any formal study. Table 1 and Table 2 were          
generated to show the final amount of relevant papers from          
2000 to 2009 and from 2010 to 2019 respectively. The          
tables demonstrate the number of related FPs and EAs for          
each year. It is evident from the tables that the          
investigations kept growing both in amount and proportion        
from the first ten years into the second ten years. From           
2000 to 2009, there were a total of 16 FPs investigating           
senior related IxD research accounting for 1% of the total          
accepted FPs. From 2010 to 2019, the amount of related          
FPs saw a near fivefold increase to 74, and its ratio also            
doubled to 2%. 

3.2 Content-based Categorization 
In this stage, in order to understand the areas of attention of            
the research, the filtered papers, both FPs and EAs, were          
categorized based on their content.  

In the related work, two different approaches to classifying         
the different areas of attention were found [4][8]. Both         
options provide a total of ten different categories. The         
second option further divides the ten categories into two         
groups: designers & researchers and users. Considering that        
the first option was similarly created for a literature review          
on seniors related papers at CHI, it is particularly applicable          
for this research. However, it is often difficult to clarify          
whether studies are more relevant for users or designers and          
researchers. In order to address this situation, the grouping         
approach of option two was adopted to adjust the         

categorization. During the review, a new category “health        
care and cognitive aids” was added to better categorize         
some related papers. Taking all the elements into        
consideration, the categorization framework for this      
literature review followed a structure that contained the ten         
categories from option one and one newly added category,         
combined with the grouping from option two.  

3.3 Analysis Framework and the reading 
As discussed in the related work section, many studies         
investigating this field discussed areas of attention, while        
research methods and purposes were not covered. To        
address this, a two-dimensional framework for research       
methods and purposes [10] was utilized to facilitate this         
analysis. This two-dimensional analysis framework was      
initially created to examine computer-aided software      
engineering (CASE) research [10]. It was then adjusted to         
accommodate this literature review.  

The first dimension presents eight research methods: Case        
Study, Field Study and Field Experiment (Field), Action        
Research, Lab Experiment and Simulation (Lab), Survey,       
Applied research, Basic Research and Normative Writings.       
The second dimension comprises five research purposes:       
Understanding, Engineering, Evaluation of Product,     
Evaluation of Method, Reengineering. Understanding is a       
description of definitions that enable one to understand the         
entities studied. The original framework contains a purpose        
“Description”, which is used to define or describe an ideal          
modelling process and what features should a tool include         
in order to support an ideal CASE environment. As this          
purpose overlaps with “understanding” and is more relevant        
for the CASE research, it has been removed from the          
framework. Engineering is the original development of a        
prototype or a final product, a design solution and a specific           
technology. The original framework contains only one       
“Evaluation” purpose, however, in order to better fit the         
IxD research, this purpose was divided into two purposes:         
“Evaluation - Product” and “Evaluation - Method” in this         
study. Evaluation of Product is used to determine the         
usefulness or affect of a product or a design solution or a            
specific technology. Evaluation of Method is used to        
evaluate a design/research method, or to examine if certain         
factors will work or affect the design results. Both         
evaluation purposes include assessment, validation and      
assurance. Reengineering is the re-development of an       
existing product / design solution or product fragment.  

4 RESULTS 
This section presents the findings from the literature review         
on the two aforementioned time periods, in relation to the          
research topics, methods and purposes. 

4.1 Findings on topics from 2000 to 2009 
Table 3 provides an overview of the topics of senior related           
IxD research publications at CHI from 2000 to 2009. 58          
articles (including both FP and EA) were identified as         

3 



senior related and were further classified into 11 categories.         
The papers are presented with a reference number in the          
column “reference” in Table 3. It should be noted that one           
article can be classified into more than one category, and          
the “rate” of each “Category” (2nd column in Table 3),          
therefore, exceeds 100% when added up. The first column         
“Aspect” contains two aspects: “Designers & Researchers”       
and “Users”. These indicate whether a “Category” primarily        
aims to benefit the designers and researchers or the users.          
Excluding repeated references in the same “Aspect”, it can         
be seen that there were 25 papers under the aspect          
“Designers & Researchers” and 39 papers under “Users”,        
showing a clear preference towards topics directly       
addressing users’ needs. 

Focus on Companion and Social Interaction 
Table 3 shows that “Social Interaction” is the most studied          
research category in this time period. It was a primary          
concern of many studies that seniors were likely to suffer          
loss of companionship and therefore researchers sought to        

help the seniors avoid isolation or depression through the         
use of technology [36]. Papers in this category aimed at          
alleviating the loneliness of seniors, particularly those       
living alone. By enhancing the seniors’ social interaction,        
the studies sought to boost social well-being and help them          
cope with cognitive decline. Proposed design solutions       
include designs such as artificial companions and digital        
photos, which are mainly set in domestic space, as well as           
design for outdoor activities, such as socialization through        
ride sharing etc. A category with similar goals is         
“Intergenerational Communication”. It focuses on using      
design to enable communication between seniors and       
younger generations, most often referring to communication       
with younger family members. It is worth noting that some          
studies served many different purposes at the same time.         
This is especially visible in the many “exergame” designs         
that aimed to contribute to social interaction, family        
communication, positive entertainment and even exercise      
[31][33][45]. 
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Support for compensation in cognition and health care 
As mentioned in the introduction, when people age, they         
will experience a clear decline in perception, cognition,        
mobility and control of movement. The selected IxD        
research also looked into this condition and attempted to         
use technology design to compensate for this decline. Two         
categories “Health Care and Cognitive Aids” and       
“Navigation Aids” present the studies which aim at        
supporting aging in place by facilitating health care and         
compensation for loss of cognition with relevant designs.        
Many studies in the category “Health Care and Cognitive         
Aids”, had older adults with diseases or disabilities as the          
users groups, for example seniors with visual impairment,        
dementia or diabetes. The research attempted to reduce the         
effects of these diseases or disabilities or improve the         
elderly’s health management practices. A popular topic in        
this category is developing communication aid systems for        
seniors who have difficulty in making conversation, for        
example, those with visual impairment or dementia.       
Besides, there were also studies that emphasised       
health-related problems caused by technology use. For       
instance, paper [54] addresses depression and emotional       
problems which can occur through the use of online         
communication, by identifying patterns of empathy. 

Interests in User-Centered Design  
“Interface Design”, “Understanding Seniors” and     
“Design Methods” are the three categories receiving most        
attention in respect to assisting the work of “Researchers         
& Designers”. For this aspect, a clear trend can be observed           
where the studies seek to deliver user-centered designs.  

The “Design Methods” category in this time period favored         
the topic “user/senior/human centered design”, where the       
design process was carried out centered around the users’         
real requirements. In addition, studies investigating      
co-design with seniors also emerged, which included       
seniors as co-designers in the design process [17][48].        
“Understanding Users” is often considered as the first step         
of user-centered design. The research interests in       
“Understanding Seniors” in this time period can also be         
seen as an effort to come closer to a senior-centered design.           
Most selected papers in this category aimed to identify the          
age related difference of IxD topics, such as social         
networking and visual verbs in communication, by       
comparing the results between older and younger users. The         
identified results can be used to address the users’         
age-related problems. “Interface Design” is a classic       
category in terms with IxD. Among the selected papers,         
investigations in relation to Interface Design mostly search        
for optimal design solutions best fitting the seniors’        
preferences or their different levels of cognitive decline etc.         
For example, paper [13] aimed at finding the optimal font          
size and type to enable the elderly to maintain a good           
reading speed. A novel study [34] presented a “Book as          

User Interface” solution to make the technology accessible        
to seniors with insecurities about technology.  

Overall, the review in this time period shows an inclination          
towards solving users’ problems with design solutions,       
especially in regard to combating loneliness and providing        
aids for health care and cognitive support. 

4.2 Findings on topics from 2010 to 2019 
Table 4 presents an overview of senior related topics         
identified in the time period 2010 to 2019. Compared to          
table 3 for the review of 2000 to 2009, the “Related           
Topics” column of table 4 has different content. The two          
aspects and eleven categories remain unchanged. The       
reviewed papers in this period totals 157, which is a near           
threefold increase compared to the 58 from 2000 to 2009.          
Therefore, there were richer topics found for each category         
in this time period. In relation to the two aspects, again           
excluding repeated references in the same “Aspect”, 88        
articles were categorized as “Designers & Researchers”,       
and 83 as “Users”. Unlike the results from 2000 to 2009,           
the topics related to designers and researchers were favored         
over ones related to users in this period. Regarding each          
category, in the aspect “designers & researchers”,       
“Understanding Seniors” and “Design Methods” surpassed      
“interface Design” in this time period to receive the most          
attention. Additionally, there is a clear increase of papers in          
the category “Tangible Interface”. In the aspect “users”,        
“Social Interaction” and “Intergenerational communication”     
maintains a high number of studies, but are overtaken as the           
most popular categories by “Health Care and Cognitive        
Aids”. Following the review, three new trends were        
identified for this period. 

Caregiving, Wellness, Mental and Social health 
In the category “Health Care and Cognitive Aids”, similar         
to the previous period, there were a great number of papers           
discussing how to provide aids for seniors with disease or          
disabilities, such as cognition impairment, post-stroke and       
chronic conditions. With the exception of this stable topic,         
three new trends in terms of the related topics can be           
observed.  

First, the papers on the topic “caregiving” increased both in          
total amount and in care types. Unlike the previous period,          
these studies start investigating not only how to improve         
home care, but also clinical care and residential/hospital        
care. Common themes include communication among      
family and respite caregivers and support of different care         
settings using ICT. A new theme worth particular attention         
is a new way to access health care service. Here studies           
seek to enable the patients to see the doctors remotely or           
acquire clinical diagnoses more effectively, resulting in       
design solutions such as the telehealth bot [204] and virtual          
training doctors for shared decision making [205]. Second,        
beside the studies focusing on home care or medical care,          
there was a clear preference for investigating topics related         
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to enhancing wellness and mental and social health. In order          
to maintain regular physical activities, applications for       
personal training or exercise were developed to encourage        
or assist seniors [71][100][193]. An interesting finding is        
that game design, more specifically exergames, was a        
particularly popular topic for many researchers in this        
period. The exergame combines exercise with gaming, and        

is able to motivate the seniors to exercise more, as the           
exergame is considered more entertaining regular exercise.       
Additionally, there were investigations exploring the effect       
of games or exergames in improving social interaction and         
intergenerational communication. Playing a game or      
exergame with others was found to have the potential to          
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build social connections and thus to improve mental and         
social health [99] [141] [209]. 

Seniors as Co-Designer and Content Producer 
Table 7 shows a clear growth in amount and proportion of           
the category “Design Methods” from 2010 to 2019. In this          
period, there was a strong tendency towards researchers        
exploring the empowerment of users as co-designers or        
content creators. 

Co-design (Co-operative Design) and participatory design      
are important design methods in relation to user        
involvement. Participatory design (PD) focuses on      
involving different stakeholders in the design process.       
Co-design is a way to conduct participatory design, that is          
characterized by emphasizing the role of users in the design          
process. In the Co-design method, users cooperate with        
designers or developers to deliver design solutions together.        
While there were only 2 papers identified as dealing with          
Co-design or PD from 2000 to 2009, this number increased          
to 17 from 2010 to 2019. Related studies included         
investigations of the methods themselves, by studying their        
benefits and weaknesses as well as approaches to applying         
the methods on real design practices. Regarding design        
practices, the researchers collaborate with senior      
participants to design products such as an enhancing toilet         
system, falls rehabilitation tools and Internet of Things        
applications [115][176][223]etc. Similarly, some research     
identified the potential role as content producers for seniors         
and sought to understand how they worked online to create          
content and share the content with others [131] [169] .  
New topics to understand seniors 
In the category “Understanding Seniors”, some new types        
of topics were identified, in addition to the classic topic          
“age-related difference in usage of technology etc.”:       
varying cultural attitudes towards concepts, games and       
entertainment, concern about privacy and security, and       
lastly the influence of their socio-economic background. 

Peoples’ perception towards design concepts and usage of        
technology can be affected by their culture. In order to          
develop designs which are in accordance with the seniors’         
cultural patterns, it is necessary to have an initial         
understanding of the related cultural dependency or attitude.        
For example, the study [145] discovered that Caucasians        
preferred minimum interface design, while East Asian       
seniors preferred the rich interface augmented with security.        
The findings of such investigations can be further applied         
for interface design for older adults with different cultural         
attitudes towards uncertainty.  

Game design is another topic that appears between 2010         
and 2019. In addition to discussing games’ positive effects         
on health care and socialization, researchers have also        
investigated how seniors can use games as an entertainment         
aid to provide leisure and entertainment [109]. 

There was also a growing concern about internet privacy         
and security in this time period. Studies on privacy mainly          
aimed at understanding the seniors’ perception of privacy,        
their concern about sharing data and their privacy needs for          
aging in place [82][203][214]. Studies in relation to security         
attempted to analyze the online security risks, such as         
cybersecurity attacks, scams, phishing emails etc., and       
especially discussed its effects on seniors with cognitive        
impairments [186][221][222]. The research aimed to reduce       
the security risks for the senior users. For instance, paper          
[221] developed a cybersecurity information access      
framework, which highlights shortcomings in seniors’      
choice of information sources. The results of these studies         
can be helpful for designers and researchers to develop         
design solutions which incorporate the seniors’ needs for        
privacy and security.  

The socio-economic conditions of seniors was identified as        
a new important topic. Unlike the traditional topics dealing         
with understanding, which aim at uncovering the       
age-specific difference in physical aspects such as cognitive        
level, this topic focuses on understanding the seniors in a          
societal context, as their social relations and economic        
status play important roles in affecting their life and         
forming their requirements. In this time period, much        
attention was given to investigating the actual needs of         
seniors with different socioeconomic statuses as well as its         
effect on other aspects. The research is especially aimed at          
those with low income and/or minorities[84][215].      
Furthermore, seniors’ social participation and their ideas of        
environmental protection were also investigated in this       
period [165][177].  

4.3 Findings on methods and purposes from 2000 to         
2009 
Table 5 depicts the research methods and purposes of the          
relevant papers from 2000 to 2009. It should be noted that           
many papers employ different research methods and have        
more than one purpose, therefore, the reference number of         
one paper can appear in more than one category in the           
analysis framework table. The calculation of the total        
amount for both dimensions, however, excludes repeated       
numbers. 

Favored Methods and Purposes  
It can be seen from Table 5 that the purpose          
“Understanding” was the most favored with 35 papers,        
followed by “Evaluation-Product” and “Engineering” with      
27 and 23 papers each. In terms of methods, 50 papers with            
a practical goal to be applied for “Engineering” or         
“Evaluation-Product” were found and classified as      
“Applied” research. Except “Applied” , “Lab” and “Field”        
are the most commonly utilized methods from 2000 to         
2009, with 36 and 27 papers respectively. These two         
methods were also found to be applied to the majority          
purposes. In addition, it can be noticed that a great number           
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of articles were classified as having more than one purpose          
or method. A very common combination of purposes is         
“Engineering” plus “Evaluation-Product”. In many     
investigations, researchers first developed design solutions      
or products and subsequently tested them together with        
users in a lab or field environment. These studies were          
categorized as having both the “Engineering” and       
“Evaluation-Product” purposes. For instance, we can see       
that among the papers using the “Field” method, 9 papers          
were identified having the “Engineering” purpose, and that        
7 out of these 9 papers simultaneously have the         
“Evaluation-Product” purpose.  

Research Gaps in Methods and Purposes  
It cannot be overlooked that, in addition to the         
aforementioned popular methods and purposes, there are 27        
empty combinations out of the total 40 cells in Table 5. In            
regard to purposes, only seven papers were identified as         
“Evaluation-Method”, making up 12% of the total amount.        

This is considerably less than the papers classified as         
“Understanding”, “Engineering” and “Evaluation-Product”,    
each making up more than 40%. In addition, no papers were           
categorized as Reengineering. It should be pointed out that         
if an investigation has an iterative process, including        
iterative design and evaluation, it is classified as        
“Engineering” rather than “Reengineering”, as the      
development is not finished until the iterations are fully         
completed. In terms of methods, no publications were found         
to be “Action” or “Basic” research. Articles identified as         
“Case”, “Survey” and “Normative” writings were also very        
few, with 2, 5, 2 papers respectively. Furthermore, these         
three methods only occured with the “Understanding”       
purpose. 

4.4 Findings on methods and purposes from 2010 to         
2019 
Table 6 gives an overview of the review results on methods           
and purposes for 2010 to 2019.  
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In regards to favored methods and purposes, it has many          
similarities with the results in the previous period.        
“Understanding” and “Evaluation of Product” are still the        
most popular purposes with 62% and 39% of investigations         
respectively, followed by “Engineering” and “Evaluation of       
methods”. Most papers (70%) were identified as       
goal-driven “Applied” research. Excluding the “Applied”      
method, “Lab” and “Field” remained the most favored        
among the rest of the methods, with 49% and 45% articles           
each. What differs from the previous period is that “Field”          
overtook “Lab” to become the overall second-most popular        
method, behind “Applied”. When considering methods      
utilized to each individual purpose, “Field” is the most used          
for the purpose “Understanding”, while also often being        
applied for the purpose of “Engineering” as well as         
“Evaluation” of both product and method. 

Research Gaps and Changes 
There were, again, no papers identified with Reengineering        
as the purpose just as none was identified as Basic research.           
The methods “Case”, “Survey” and “Normative” were       
likewise only used for studies with the “Understanding”        
purpose. However, despite these similarities with the       
previous period, there were still differences, notably the        
introduction of the “Action” research method. Thus,       
compared to the 27 empty table cells in 2000 to 2009, this            
number was cut to 25 in this period, which means there           
were studies employing purpose-method combinations     
which were not utilized before. These new changes occured         
in the two combinations: “Action” plus “Understanding”       
and “Action” plus “Evaluation-Method”. In this time       
period, four papers were identified as “Action” research,        
compared to none in 2000 to 2009. These papers were          
mostly addressing participatory design topics, where the       
researchers joined groups of seniors, such as creative        
groups or electronic artefacts groups [175][206] to collect        
first hand data by experiencing the lived reality of the          
researched group. These studies aimed at either       
understanding the users or evaluating the participatory       
design method.  

5 DISCUSSION  
This section presents a discussion of the trends identified in          
the two different time periods. 
5.1 Classic Cognitive Aids and Social interaction 
In both periods, categories providing cognitive aids and        
companionship were investigated by a number of papers.        
Researchers seek to compensate for seniors’ decline in        
cognition and support their aging in place with technology         
design. However, it can be seen that in the period 2010 to            
2019, there was a move towards much broader definitions         
and ideas about how technology can improve the lives of          
seniors. Rather than merely focussing on how technology        
may alleviate the negative impacts of aging, researchers        
have begun to investigate how they can assist in improving          

conditions for seniors in a much broader sense. While the          
research from 2010 to 2019 still holds a strong interest in           
classical topics, such as improving health care and social         
interaction for the seniors, a move from only covering their          
most basic needs, towards supporting the seniors improving        
their quality of life in more diverse ways can be seen. This            
change in scope is likely to stem from an improvement of           
the technology available to develop such solutions, but it         
may also be an indication of a shift in the way that            
designers and developers perceive seniors. Instead of being        
a group who should only have their most basic problems          
alleviated, seniors are increasingly considered a group who        
can benefit from modern technology on a much more         
general level, comparable to that of other user groups.  

5.2 Positive Image Change of the seniors 
Aclear change can be noticed in the perception of seniors.          
From 2000 to 2009, the image of the seniors was considered           
mainly as passive and weak. As a result, the primary          
concern of IxD research in this time period was to help the            
seniors overcome issues such as loneliness and social        
isolation. In addition, they were also often associated with         
disabilities and diseases. Therefore, many studies sought to        
develop products and interface design solutions to assist the         
seniors with their cognitive impairments or diseases. This        
perception of seniors underwent a positive transformation in        
2010 to 2019. This is particularly evident in the design          
methods participatory design and co-design, where the       
seniors begin to play the role as co-designers. In these          
studies, seniors were perceived as resources that have the         
ability to be creative and generate usable designs. This         
transformation is also seen in the investigations of seniors         
as online content creators or producers. 

5.3 User-Centered Research 
The review of research methods and purposes of both time          
periods showed that the tendency to employ user-centered        
approaches became more evident over time. This       
characteristic is demonstrated by the increasing preference       
for the research method “Field” and the purposes        
“Understanding” and “Evaluation” (of product or method).       
User-centered approach is characterized by the design being        
driven by the user’s requirements and the final design         
solution or product should be usable by the users. In this           
sense, “Understanding” and “Evaluation” are the most       
meaningful purposes for a user-centered process, as the        
users’ needs are acquired in the “Understanding” stage and         
the design solutions are validated by the users in the          
“Evaluation” stage. The method “Field” focuses on       
conducting research in a natural setting, making it suitable         
for user-centered research. First, to get to understand the         
users, the data collected from their real life or work          
environment will be more reliable. Second, users will        
ultimately utilize a design solution in a real environment         
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rather than in a lab, and thus, the results of evaluation           
activities will more accurately resemble real life use. 

5.4 Towards a more Diverse Research 
The review of the research methods and purposes reflects         
the current research state and trends as follows.  

First, in its current state the senior related research has a           
number of purpose-method combinations that are not       
employed by any study during the two periods (See the          
empty table cells in Table 5 and 6). This phenomenon could           
be a result of the user-centered tendency, that is discussed          
above. However, the senior related research should still        
seek to include more diverse methods, as each different         
method-purpose combination has its own unique      
advantages and pitfalls. For instance, as the currently        
under-used “Survey” method is environment independent,      
and no particular setting is required, it is suitable for          
collecting data with large samples [10]. Therefore, if a         
study, for example, aims to uncover behavioural patterns or         
underlying attitudes towards a certain design solution, rich        
data from a large number of senior users for quantitative          
analysis will be ideal. In this case, “Survey” will be an           
appropriate method to apply to collect evaluation responses.        
Second, in spite of this current state, a slight trend towards           
utilizing more combinations was noticed as “Action” plus        
“Understanding” and “Action” plus “Evaluation-Method”     
began to be used in the second period. The research is in            
this sense moving towards a more diverse direction. By         
continuing to explore new combinations, researchers may       
discover novel findings that can otherwise be elusive within         
the current commonly utilized research designs. 

6 CONCLUSION  
This paper has presented a literature review on the senior          
related research papers at CHI with two time periods, one          
from 2000 to 2009, the other from 2010 to 2019.  

Overall, the senior-related research received increasing      
attention since 2000. With the growth of research papers         
both in total amount and in its proportion of CHI papers, the            
related research topics have been enriched both in depth and          
in width. In the first period, research focused on addressing          
the negative effects of aging by enhancing seniors’ social         
interaction and providing cognitive aids. In the second        
period, the emphasis of studies has been shifted. Rather         
than merely seeking to fix seniors’ problems and cover         
basic needs, researchers were more interested in exploring        
approaches in areas such as wellness and exergames to         
improve their quality of life. Understanding the seniors in         
their cultural dependency, socio-economic status etc. thus       
became necessary and several studies were conducted       
exploring these topics. Moreover, seniors’ image underwent       
a positive change, from being seen as weak and passive          
users in the first period to being considered creative         
co-designers or content producers in the second period. At         
the same time, researchers showed greater interest in        

conducting studies intending to benefit the “Designers &        
Researcher” rather than for “Users”. In relation to research         
methods and purposes, the review indicates that the current         
research is characterized by the use of user-centered        
approaches. In both periods, it is found that many         
combinations of methods and purposes are not used. There         
was, however, a slight trend towards a greater        
diversification of research with the inclusion of novel        
purpose-method combinations in the second period.  

Limitations 
The author acknowledges the limitations connected to this        
narrative literature review. First, as the body of literature         
examined was selected from only one conference, CHI,        
there can be a sample selection bias, and it is possible that            
the papers in this sample cannot cover research topics and          
methods of papers not included in CHI. For instance, as          
each HCI conference has a different set of central         
researchers [226], this centrality could affect the       
representativeness of the publications from that particular       
conference. In this study, most reviewed articles were        
identified as “Applied” research and none as “Basic”        
research, which is the main method to build theory or to be            
applied for fundamental research questions [10]. This       
evident difference is potentially a result of a more         
technique-oriented acceptance preference of CHI. Second,      
the two-dimensional framework for analyzing methods and       
purpose originally stem from CASE research. As a result,         
the two dimensions may not be completely aligned with the          
methods and purposes of the IxD research. 

 

REFERENCES 
[1] Czaja S J, Boot W R, Charness N, et al. Designing for            

older adults: Principles and creative human factors       
approaches[M]. CRC press, 2019. 

[2] United Nations, Department of Economic and Social       
Affairs, Population Division. 2019. World Population      
Ageing 2019. (ST/ESA/SER.A/444)  

[3] Webster J, Watson R T. Analyzing the past to prepare          
for the future: Writing a literature review[J]. MIS        
quarterly, 2002: xiii-xxiii. 

[4] Zhou, J., & Salvendy, G. (Eds.). Human Aspects of IT          
for the Aged Population. Aging, Design and User        
Experience: Third International Conference, ITAP     
2017, Held as Part of HCI International 2017,        
Vancouver, BC, Canada, July 9-14, 2017,      
Proceedings[M]. Springer, 2017 

[5] Motti L G, Vigouroux N, Gorce P. Interaction        
techniques for older adults using touchscreen devices:       
a literature review[C]//Proceedings of the 25th      
Conference on l'Interaction Homme-Machine. 2013:     
125-134. 

10 



[6] Coelho J, Duarte C. A literature survey on older         
adults' use of social network services and social        
applications[J]. Computers in Human Behavior, 2016,      
58: 187-205. 

[7] Petrie H, Gallagher B, Darzentas J S. A critical review          
of eight years of research on technologies for disabled         
and older people[C]//International Conference on     
Computers for Handicapped Persons. Springer, Cham,      
2014: 260-266. 

[8] Yee S, Duh H B L, Do E Y L, et al. Current progress 
in interaction design for seniors[C]//CHI 2010. 2010: 
1-4. 

[9] Vangeli P, Stage J. Literature Survey on Interaction        
Design and Existing Software Applications for      
Dyslectic Users[C]//Interactive Mobile   
Communication, Technologies and Learning.    
Springer, Cham, 2017: 331-344. 

[10] Wynekoop J L. A review of computer aided software         
engineering research methods[J]. Information Systems     
Research, 1991: 301-325. 

[226] Henry N, Goodell H, Elmqvist N, et al. 20 years of            
four HCI conferences: A visual exploration[J].      
International Journal of Human-Computer Interaction,     
2007, 23(3): 239-285. 

 
Classified Research Bibliography 

[11] Maguire M. Accessibility of telecommunications     
services[C]//CHI'00 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2000: 57-58. 

[12] Sjölinder M, Höök K, Nilsson L G. Age difference in          
the use of an on-line grocery shop: implications for         
design[C]//CHI'00 extended abstracts on Human     
factors in computing systems. ACM, 2000: 135-136. 

[13] Bernard M, Liao C H, Mills M. The effects of font           
type and size on the legibility and reading time of          
online text by older adults[C]//CHI'01 extended      
abstracts on Human factors in computing systems.       
ACM, 2001: 175-176. 

[14] Gregg J L. Tearing down walls for the homebound         
elderly[C]//CHI'01 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2001: 469-470. 

[15] Zaphiris P, Kurniawan S. Senior-centered design of       
health information architecture[J]. organization, 2001,     
5: 6. 

[16] Mynatt E D, Rowan J, Craighill S, et al. Digital family           
portraits: supporting peace of mind for extended       
family members[C]//Proceedings of the SIGCHI     
conference on Human factors in computing systems.       
ACM, 2001: 333-340. 

[17] Nilsson M, Johansson S, Håkansson M. Nostalgia: an        
evocative tangible interface for elderly     
users[C]//CHI'03 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2003: 964-965. 

[18] Jacko J A, Scott I U, Sainfort F, et al. Older adults and             
visual impairment: What do exposure times and       
accuracy tell us about performance gains associated       
with multimodal feedback?[C]//Proceedings of the     
SIGCHI conference on Human factors in computing       
systems. ACM, 2003: 33-40. 

[19] Shklovski I, Chung Y C, Adams R. Robotic walker         
interface: designing for the elderly[C]//Conference on      
Human Factors in Computing Systems: CHI'04      
extended abstracts on Human factors in computing       
systems. 2004, 24(29): 1566-1566. 

[20] Chadwick-Dias A, Tedesco D, Tullis T. Older adults        
and web usability: is web experience the same as web          
expertise?[C]//CHI'04 extended abstracts on human     
factors in computing systems. ACM, 2004:      
1391-1394. 

[21] Gowans G, Campbell J, Alm N, et al. Designing a          
multimedia conversation aid for reminiscence therapy      
in dementia care environments[C]//CHI'04 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2004: 825-836. 

[22] Morris M, Lundell J, Dishman E. Catalyzing social        
interaction with ubiquitous computing: a needs      
assessment of elders coping with cognitive      
decline[C]//CHI'04 extended abstracts on Human     
factors in computing systems. ACM, 2004:      
1151-1154. 

[23] Jacko J A, Barnard L, Kongnakorn T, et al. Isolating          
the effects of visual impairment: exploring the effect        
of AMD on the utility of multimodal       
feedback[C]//Proceedings of the SIGCHI conference     
on Human factors in computing systems. ACM, 2004:        
311-318. 

[24] Danhope-Smith S, Patel P. Pollen: promoting the       
exchange of meaningful objects[C]//CHI'05 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2005: 2079-2083. 

[25] Caprani N, Dwyer N, Harrison K, et al. Remember         
when: development of an interactive reminiscence      
device[C]//CHI'05 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2005:      
2070-2073. 

[26] Jonsson I M, Zajicek M, Harris H, et al. Thank you, I            
did not see that: in-car speech based information        

11 



systems for older adults[C]//CHI'05 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2005: 1953-1956. 

[27] Bickmore T W, Caruso L, Clough-Gorr K.       
Acceptance and usability of a relational agent       
interface by urban older adults[C]//CHI'05 extended      
abstracts on Human factors in computing systems.       
ACM, 2005: 1212-1215. 

[28] Sherwood T, Mintz F, Vomela M. Project VIRGO:        
creation of a surrogate companion for the       
elderly[C]//CHI'05 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2005:      
2104-2108. 

[29] Kriglstein S, Wallner G. HOMIE: an artificial       
companion for elderly people[C]//CHI'05 extended     
abstracts on Human factors in computing systems.       
ACM, 2005: 2094-2098. 

[30] Hollywood E, O'Brien G, Lennon S. SIGCHI project:        
User centered design of a program alleviating       
loneliness (PAL)[C]//CHI'05 Extended Abstracts on     
Human Factors in Computing Systems. ACM, 2005:       
2089-2093. 

[31] Keyani P, Hsieh G, Mutlu B, et al. DanceAlong:         
supporting positive social exchange and exercise for       
the elderly through dance[C]//CHI'05 extended     
abstracts on Human factors in computing systems.       
ACM, 2005: 1541-1544. 

[32] Hurst A, Zimmerman J, Atkeson C, et al. The Sense          
Lounger: establishing a ubicomp beachhead in elders'       
homes[C]//CHI'05 extended abstracts on Human     
factors in computing systems. ACM, 2005:      
1467-1470. 

[33] Donaldson J, Evnin J, Saxena S. ECHOES:       
encouraging companionship, home organization, and     
entertainment in seniors[C]//CHI'05 Extended    
Abstracts on Human Factors in Computing Systems.       
ACM, 2005: 2084-2088. 

[34] Davidoff S, Bloomberg C, Li I A R, et al. The book as             
user interface: lowering the entry cost to email for         
elders[C]//CHI'05 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2005:      
1331-1334. 

[35] Bauer J, Streefkerk K, Varick R R. Fridgets: digital         
refrigerator magnets[C]//Conference on Human    
Factors in Computing Systems: CHI'05 extended      
abstracts on Human factors in computing systems.       
2005, 2(07): 2060-2064. 

[36] Aneja S, Makice K, Pangam A, et al. mPath:         
facilitating human interaction[C]//CHI'05 Extended    
Abstracts on Human Factors in Computing Systems.       
ACM, 2005: 2055-2059. 

[37] Santana P C, Rodríguez M D, González V M, et al.           
Supporting emotional ties among mexican elders and       
their families living abroad[C]//CHI'05 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2005: 2099-2103. 

[38] Zaphiris P, Ghiawadwala M, Mughal S. Age-centered       
research-based web design guidelines[C]//CHI'05    
extended abstracts on Human factors in computing       
systems. ACM, 2005: 1897-1900. 

[39] Rowan J, Mynatt E D. Digital family portrait field         
trial: Support for aging in place[C]//Proceedings of       
the SIGCHI conference on Human factors in       
computing systems. ACM, 2005: 521-530. 

[40] Schellenbach M. Test methodologies for pedestrian      
navigation aids in old age[C]//CHI'06 Extended      
Abstracts on Human Factors in Computing Systems.       
ACM, 2006: 1783-1786. 

[41] Kurniawan S, Mahmud M, Nugroho Y. A study of the          
use of mobile phones by older persons[C]//CHI'06       
extended abstracts on Human factors in computing       
systems. ACM, 2006: 989-994. 

[42] Hourcade J P, Berkel T R. Tap or touch?: pen-based          
selection accuracy for the young and old[C]//CHI'06       
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2006: 881-886. 

[43] Newell A F, Gregor P, Alm N. HCI for older and           
disabled people in the Queen Mother Research Centre        
at Dundee University, Scotland[C]//CHI 2006     
Conference on Human Factors in Computing Systems.       
Association for Computing Machinery, 2006:     
299-302. 

[44] Wiley J, Sung J, Abowd G. The message center:         
enhancing elder communication[C]//CHI'06 Extended    
Abstracts on Human Factors in Computing Systems.       
ACM, 2006: 1523-1528. 

[45] Khoo E T, Lee S P, Cheok A D, et al. Age invaders:             
social and physical inter-generational family     
entertainment[C]//CHI'06 extended abstracts on    
Human factors in computing systems. ACM, 2006:       
243-246. 

[46] Plos O, Buisine S. Universal design for mobile        
phones: a case study[C]//CHI'06 extended abstracts on       
Human factors in computing systems. ACM, 2006:       
1229-1234. 

12 



[47] Ito Y, Miyajima A, Ogura K, et al. Communication         
service design by inter-human interaction approach[J].      
2006. 

[48] Vanden Abeele V A, Van Rompaey V. Introducing        
human-centered research to game design: designing      
game concepts for and with senior citizens[C]//CHI'06       
extended abstracts on Human factors in computing       
systems. ACM, 2006: 1469-1474. 

[49] Apted T, Kay J, Quigley A. Tabletop sharing of         
digital photographs for the elderly[C]//Proceedings of      
the SIGCHI conference on Human Factors in       
computing systems. ACM, 2006: 781-790. 

[50] Mamykina L, Mynatt E D, Kaufman D R.        
Investigating health management practices of     
individuals with diabetes[C]//Proceedings of the     
SIGCHI conference on Human Factors in computing       
systems. ACM, 2006: 927-936. 

[51] Odom W, Jensen S, Li M. Senior travel buddies:         
sustainable ride-sharing & socialization[C]//CHI'07    
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2007: 2079-2084. 

[52] Ziefle M, Schroeder U, Strenk J, et al. How younger          
and older adults master the usage of hyperlinks in         
small screen devices[C]//Proceedings of the SIGCHI      
conference on Human factors in computing systems.       
ACM, 2007: 307-316. 

[53] Dickinson A, Smith M J, Arnott J L, et al. Approaches           
to web search and navigation for older computer        
novices[C]//Proceedings of the SIGCHI conference on      
Human factors in computing systems. ACM, 2007:       
281-290. 

[54] Pfeil U, Zaphiris P. Patterns of empathy in online         
communication[C]//Proceedings of the SIGCHI    
conference on Human factors in computing systems.       
ACM, 2007: 919-928. 

[55] Prior S, Arnott J, Dickinson A. Interface metaphor        
design and instant messaging for older      
adults[C]//CHI'08 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2008:      
3747-3752. 

[56] Hwang F, Batson H, Williams N. Bringing the target         
to the cursor: proxy targets for older       
adults[C]//CHI'08 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2008:      
2775-2780. 

[57] Arjan R, Pfeil U, Zaphiris P. Age differences in online          
social networking[C]//CHI'08 extended abstracts on     

Human factors in computing systems. ACM, 2008:       
2739-2744. 

[58] Moffatt K. Increasing the accessibility of pen-based       
technology: an investigation of age-related target      
acquisition difficulties[J]. ACM SIGACCESS    
Accessibility and Computing, 2007 (89): 28-34. 

[59] Leung R. Improving the learnability of mobile device        
applications for older adults[C]//CHI'09 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2009: 3125-3128. 

[60] Kobayashi Y, Kuno Y, Niwa H, et al. Assisted-care         
robot initiation of communication in multiparty      
settings[C]//CHI'09 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2009:      
3583-3588. 

[61] Fenwick K, Massimi M, Baecker R, et al. Cell phone          
software aiding name recall[C]//CHI'09 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2009: 4279-4284. 

[62] Sellen K M, Massimi M A, Lottridge D M, et al. The            
people-prototype problem: understanding the    
interaction between prototype format and user      
group[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2009:       
635-638. 

[63] Ma X, Cook P R. How well do visual verbs work in            
daily communication for young and old      
adults?[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2009:       
361-364. 

[64] Chen J, Geyer W, Dugan C, et al. Make new friends,           
but keep the old: recommending people on social        
networking sites[C]//Proceedings of the SIGCHI     
Conference on Human Factors in Computing Systems.       
ACM, 2009: 201-210. 

[65] Kim S J, Dey A K. Simulated augmented reality         
windshield display as a cognitive mapping aid for        
elder driver navigation[C]//Proceedings of the     
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2009: 133-142. 

[66] Leonardi C, Mennecozzi C, Not E, et al. Knocking on          
elders' door: investigating the functional and      
emotional geography of their domestic space[C]//CHI.      
2009: 1703-1712. 

[67] Lindley S E, Harper R, Sellen A. Desiring to be in           
touch in a changing communications landscape:      
attitudes of older adults[C]//Proceedings of the      

13 



SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2009: 1693-1702. 

[68] Chin J, Fu W T, Kannampallil T. Adaptive        
information search: age-dependent interactions    
between cognitive profiles and    
strategies[C]//Proceedings of the SIGCHI Conference     
on Human Factors in Computing Systems. ACM,       
2009: 1683-1692. 

[69] Nesbitt J, Thomas A M. Bridging the digital divide         
one tweet at a time: twitter-enabled devices for family         
communication[M]//CHI'10 Extended Abstracts on    
Human Factors in Computing Systems. 2010:      
3949-3954. 

[70] Abd Malik S, Edwards A D N. Investigation of         
cultural dependency in mobile technology and older       
adults[M]//CHI'10 Extended Abstracts on Human     
Factors in Computing Systems. 2010: 3835-3840. 

[71] Qian H, Kuber R, Sears A. Maintaining levels of         
activity using a haptic personal training      
application[C]//CHI'10 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2010:      
3217-3222. 

[72] Piper A M. Supporting medical communication with a        
multimodal surface computer[C]//CHI Extended    
Abstracts. 2010: 2899-2902. 

[73] Lee M L. Creating salient summaries of home activity         
lifelog data[C]//CHI'10 Extended Abstracts on Human      
Factors in Computing Systems. ACM, 2010:      
2919-2922. 

[74] Liao Q V. Effects of cognitive aging on credibility         
assessment of online health information[C]//CHI'10     
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2010: 4321-4326. 

[75] Caprani N, Doherty A R, Lee H, et al. Designing a           
touch-screen sensecam browser to support an aging       
population[C]//CHI'10 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2010:      
4291-4296. 

[76] Piper A M, Campbell R, Hollan J D. Exploring the          
accessibility and appeal of surface computing for       
older adult health care support[C]//Proceedings of the       
sigchi conference on human factors in computing       
systems. ACM, 2010: 907-916. 

[77] Chin J, Fu W T. Interactive effects of age and          
interface differences on search strategies and      
performance[C]//Proceedings of the SIGCHI    
Conference on Human Factors in Computing Systems.       
ACM, 2010: 403-412. 

[78] Weilenmann A. Learning to text: An interaction       
analytic study of how seniors learn to enter text on          
mobile phones[C]//Proceedings of the SIGCHI     
conference on Human factors in computing systems.       
ACM, 2010: 1135-1144. 

[79] Moffatt K, McGrenere J. Steadied-bubbles:     
combining techniques to address pen-based pointing      
errors for younger and older adults[C]//Proceedings of       
the SIGCHI conference on human factors in       
computing systems. ACM, 2010: 1125-1134. 

[80] Hourcade J P, Nguyen C M, Perry K B, et al.           
Pointassist for older adults: analyzing sub-movement      
characteristics to aid in pointing tasks[C]//Proceedings      
of the SIGCHI Conference on Human Factors in        
Computing Systems. ACM, 2010: 1115-1124. 

[81] Chu Yew Yee S L, Duh H B L, Quek F. Investigating            
narrative in mobile games for seniors[C]//Proceedings      
of the SIGCHI Conference on Human Factors in        
Computing Systems. ACM, 2010: 669-672. 

[82] Birnholtz J, Jones-Rounds M K. Independence and       
interaction: understanding seniors' privacy and     
awareness needs for aging in place[C]//Proceedings of       
the SIGCHI Conference on Human Factors in       
Computing Systems. ACM, 2010: 143-152. 

[83] David J M, Benjamin A, Baecker R M, et al. Living           
with pain, staying in touch: exploring the       
communication needs of older adults with chronic       
pain[C]//CHI'11 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2011:      
1219-1224. 

[84] Liao V. How user reviews influence older and        
younger adults' credibility judgments of online health       
information[C]//CHI'11 Extended Abstracts on    
Human Factors in Computing Systems. ACM, 2011:       
893-898. 

[85] Giorgi S, Talamo A, Mellini B. The life frame:         
responding to the elderly people's need of       
remembering[C]//CHI'11 Extended Abstracts on    
Human Factors in Computing Systems. ACM, 2011:       
1381-1386. 

[86] Tran phuc K, Racky T, Roth F, et al. COCO: the           
therapy robot[M]//CHI'11 Extended Abstracts on     
Human Factors in Computing Systems. 2011:      
1089-1094. 

[87] Lee Y S, Basapur S, Chaysinh S, et al. Senior          
wellness: practices of community senior     
centers[C]//CHI'11 Extended Abstracts on Human     

14 



Factors in Computing Systems. ACM, 2011:      
2179-2184. 

[88] Sundar S S, Oeldorf-Hirsch A, Nussbaum J, et al.         
Retirees on Facebook: can online social networking       
enhance their health and wellness?[C]//CHI'11     
extended abstracts on human factors in computing       
systems. Acm, 2011: 2287-2292. 

[89] Jednoralski D, Schellenbach M. Towards     
context-sensitive support of vitality in     
old-age[C]//CHI'11 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2011:      
2365-2370. 

[90] Maybach K, Nagargoje A, Sokoler T. Social yoga        
mats: reinforcing synergy between physical and social       
activity[C]//CHI'11 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2011:      
1561-1566. 

[91] Kim H. Exploring technological opportunities for      
cognitive impairment screening[C]//CHI'11 Extended    
Abstracts on Human Factors in Computing Systems.       
ACM, 2011: 887-892. 

[92] Wacharamanotham C, Hurtmanns J, Mertens A, et al.        
Evaluating swabbing: a touchscreen input method for       
elderly users with tremor[C]//Proceedings of the      
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2011: 623-626. 

[93] Kim S J, Dey A K, Lee J, et al. Usability of car             
dashboard displays for elder drivers[C]//Proceedings     
of the SIGCHI Conference on Human Factors in        
Computing Systems. ACM, 2011: 493-502. 

[94] Lee M L, Dey A K. Reflecting on pills and phone use:            
supporting awareness of functional abilities for older       
adults[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2011:       
2095-2104. 

[95] Gaver W, Boucher A, Bowers J, et al. The         
photostroller: supporting diverse care home residents      
in engaging with the world[C]//Proceedings of the       
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2011: 1757-1766. 

[96] Hill R L, Dickinson A, Arnott J L, et al. Older web            
users' eye movements: experience    
counts[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2011:       
1151-1160. 

[97] Hollinworth N, Hwang F. Cursor relocation      
techniques to help older adults     
find'lost'cursors[C]//Proceedings of the SIGCHI    

Conference on Human Factors in Computing Systems.       
ACM, 2011: 863-866. 

[98] Olwal A, Lachanas D, Zacharouli E. OldGen: Mobile        
phone personalization for older    
adults[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2011:       
3393-3396. 

[99] Rice M, Yau L J, Ong J, et al. Intergenerational          
gameplay: evaluating social interaction between     
younger and older players[C]//CHI'12 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2012: 2333-2338. 

[100]Ganesan S, Anthony L. Using the kinect to encourage         
older adults to exercise: a prototype[C]//CHI'12      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2012: 2297-2302. 

[101]Trewin S, John B, Richards J, et al. Age-specific         
predictive models of human performance[C]//CHI'12     
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2012: 2267-2272. 

[102]Koene P, Köbler F, Esch S, et al. Design and          
evaluation of a service-oriented collaborative     
consumption platform for the elderly[C]//CHI'12     
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2012: 2537-2542. 

[103]Thiry E, Rosson M B. Unearthing the family gems:         
design requirements for a digital reminiscing system       
for older adults[C]//CHI'12 Extended Abstracts on      
Human Factors in Computing Systems. ACM, 2012:       
1715-1720. 

[104]Greathead D, Coventry L, Arief B, et al. Deriving         
requirements for an online community interaction      
scheme: indications from older adults[C]//CHI'12     
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2012: 1541-1546. 

[105]Kobayashi Y, Yamazaki K, Yamazaki A, et al. Care         
robot able to show the order of service provision         
through bodily actions in multi-party     
settings[C]//CHI'12 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2012:      
1889-1894. 

[106]Linnemeier M, Lin Y Y, Laput G, et al. StoryCubes:          
connecting elders in independent living through      
storytelling[C]//CHI'12 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2012:      
1321-1326. 

[107]Camarena Gomez O D, Juarez Armenta R, Huipet H,         
et al. weRemember: letting ad patients to enjoy their         

15 



home and their families[C]//CHI'12 Extended     
Abstracts on Human Factors in Computing Systems.       
ACM, 2012: 1255-1260. 

[108]Bentley F, Basapur S. StoryPlace. Me: the path from         
studying elder communication to a public      
location-based video service[C]//CHI'12 Extended    
Abstracts on Human Factors in Computing Systems.       
ACM, 2012: 777-792. 

[109]Theng Y L, Chua P H, Pham T P. Wii as           
entertainment and socialisation aids for mental and       
social health of the elderly[C]//CHI'12 Extended      
Abstracts on Human Factors in Computing Systems.       
ACM, 2012: 691-702. 

[110]Moser C, Fuchsberger V, Neureiter K, et al.        
Revisiting personas: the making-of for special user       
groups[C]//CHI'12 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2012: 453-468. 

[111]Chin J, Fu W T. Age differences in exploratory         
learning from a health information     
website[C]//Proceedings of the SIGCHI Conference     
on Human Factors in Computing Systems. ACM,       
2012: 3031-3040. 

[112]Gerling K, Livingston I, Nacke L, et al. Full-body         
motion-based game interaction for older     
adults[C]//Proceedings of the SIGCHI conference on      
human factors in computing systems. ACM, 2012:       
1873-1882. 

[113]Lindsay S, Jackson D, Schofield G, et al. Engaging         
older people using participatory    
design[C]//Proceedings of the SIGCHI conference on      
human factors in computing systems. ACM, 2012:       
1199-1208. 

[114]Vines J, Blythe M, Dunphy P, et al. Cheque mates:          
participatory design of digital payments with eighty       
somethings[C]//Proceedings of the SIGCHI    
Conference on Human Factors in Computing Systems.       
ACM, 2012: 1189-1198. 

[115]Uzor S, Baillie L, Skelton D. Senior designers:        
empowering seniors to design enjoyable falls      
rehabilitation tools[C]//Proceedings of the SIGCHI     
Conference on Human Factors in Computing Systems.       
ACM, 2012: 1179-1188. 

[116]Vines J, Blythe M, Lindsay S, et al. Questionable         
concepts: critique as resource for designing with       
eighty somethings[C]//Proceedings of the SIGCHI     
Conference on Human Factors in Computing Systems.       
ACM, 2012: 1169-1178. 

[117]Comber R, Weeden J, Hoare J, et al. Supporting         
visual assessment of food and nutrient intake in a         
clinical care setting[C]//Proceedings of the SIGCHI      
Conference on Human Factors in Computing Systems.       
ACM, 2012: 919-922. 

[118]Brehmer M, McGrenere J, Tang C, et al. Investigating         
interruptions in the context of computerised cognitive       
testing for older adults[C]//Proceedings of the      
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2012: 2649-2658. 

[119]Müller C, Neufeldt C, Randall D, et al.        
ICT-development in residential care settings:     
sensitizing design to the life circumstances of the        
residents of a care home[C]//Proceedings of the       
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2012: 2639-2648. 

[120]Wallace J, Thieme A, Wood G, et al. Enabling self,          
intimacy and a sense of home in dementia: an enquiry          
into design in a hospital setting[C]//Proceedings of the        
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2012: 2629-2638. 

[121]Choi W. What makes online health information       
credible for older adults?: An exploratory      
study[C]//CHI'13 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2013:      
2671-2676. 

[122]Hollinworth N, Hwang F, Field D T. Using Delboeuf's         
illusion to improve point and click performance for        
older adults[C]//CHI'13 Extended Abstracts on     
Human Factors in Computing Systems. ACM, 2013:       
1329-1334. 

[123]Rice M, Koh R, Liu Q, et al. Comparing avatar game           
representation preferences across three age     
groups[M]//CHI'13 Extended Abstracts on Human     
Factors in Computing Systems. 2013: 1161-1166. 

[124]Vargheese J P, Sripada S, Masthoff J, et al. Persuasive          
dialogue for older adults: promoting and encouraging       
social interaction[C]//CHI'13 Extended Abstracts on     
Human Factors in Computing Systems. ACM, 2013:       
877-882. 

[125]Williamson J R, McGee-Lennon M, Freeman E, et al.         
Designing a smartpen reminder system for older       
adults[C]//CHI'13 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2013: 73-78. 

[126]Rice M, Tan W P, Ong J, et al. The dynamics of            
younger and older adult's paired behavior when       
playing an interactive silhouette    
game[C]//Proceedings of the SIGCHI Conference on      

16 



Human Factors in Computing Systems. ACM, 2013:       
1081-1090. 

[127]Uzor S, Baillie L. Exploring & designing tools to         
enhance falls rehabilitation in the     
home[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2013:       
1233-1242. 

[128]Thiry E, Lindley S, Banks R, et al. Authoring personal          
histories: Exploring the timeline as a framework for        
meaning making[C]//Proceedings of the SIGCHI     
Conference on Human Factors in Computing Systems.       
ACM, 2013: 1619-1628. 

[129]Warnock D, McGee-Lennon M, Brewster S. Multiple       
notification modalities and older    
users[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2013:       
1091-1094. 

[130]Findlater L, Froehlich J E, Fattal K, et al. Age-related          
differences in performance with touchscreens     
compared to traditional mouse input[C]//Proceedings     
of the SIGCHI Conference on Human Factors in        
Computing Systems. ACM, 2013: 343-346. 

[131]Waycott J, Vetere F, Pedell S, et al. Older adults as           
digital content producers[C]//Proceedings of the     
SIGCHI conference on Human Factors in Computing       
Systems. ACM, 2013: 39-48. 

[132]Stewart C D, Hanson V L, Nind T J. Assisting older           
adults in assessing the reliability of health-related       
websites[C]//CHI'14 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2014:      
2611-2616. 

[133]Visser L, Shahid S, Al Mahmud A. Point-of-care        
testing for diabetes patients: investigating diabetes      
management by older adults[C]//Proceedings of the      
extended abstracts of the 32nd annual ACM       
conference on Human factors in computing systems.       
ACM, 2014: 1645-1650. 

[134]Panëels S, Le Morellec F, Anastassova M. Smiles,        
kids, happy songs!: how to collect metaphors with        
older adults[C]//Proceedings of the extended abstracts      
of the 32nd annual ACM conference on Human        
factors in computing systems. ACM, 2014:      
1189-1194. 

[135]Alizadeh H, Tang R, Sharlin E, et al. Haptics in          
remote collaborative exercise systems for     
seniors[C]//CHI'14 Extended Abstracts on Human     
Factors in Computing Systems. ACM, 2014:      
2401-2406. 

[136]Waddell T F, Sundar S S, Jung E H. The young and            
the vulnerable? perceived negative effects of robots on        
youngsters prevent older adults from adopting      
companion robots[M]//CHI'14 Extended Abstracts on     
Human Factors in Computing Systems. 2014:      
1981-1986. 

[137]Sun Y, Ding X, Lindtner S, et al. Being senior and           
ICT: a study of seniors using ICT in        
China[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2014:       
3933-3942. 

[138]Norval C, Arnott J L, Hanson V L. What's on your           
mind?: investigating recommendations for inclusive     
social networking and older adults[C]//Proceedings of      
the SIGCHI Conference on Human Factors in       
Computing Systems. ACM, 2014: 3923-3932. 

[139]Rogers Y, Paay J, Brereton M, et al. Never too old:           
engaging retired people inventing the future with       
MaKey MaKey[C]//Proceedings of the SIGCHI     
Conference on Human Factors in Computing Systems.       
ACM, 2014: 3913-3922. 

[140]Hope A, Schwaba T, Piper A M. Understanding        
digital and material social communications for older       
adults[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2014:       
3903-3912. 

[141]Uzor S, Baillie L. Investigating the long-term use of         
exergames in the home with elderly      
fallers[C]//Proceedings of the SIGCHI Conference on      
Human Factors in Computing Systems. ACM, 2014:       
2813-2822. 

[142]Vaisutis K, Brereton M, Robertson T, et al. Invisible         
connections: investigating older people's emotions and      
social relations around objects[C]//Proceedings of the      
SIGCHI Conference on Human Factors in Computing       
Systems. ACM, 2014: 1937-1940. 

[143]Arreola I, Morris Z, Francisco M, et al. From         
checking on to checking in: designing for low        
socio-economic status older adults[C]//Proceedings of     
the SIGCHI Conference on Human Factors in       
Computing Systems. ACM, 2014: 1933-1936. 

[144]Meurer J, Stein M, Randall D, et al. Social         
dependency and mobile autonomy: supporting older      
adults' mobility with ridesharing ict[C]//Proceedings     
of the SIGCHI Conference on Human Factors in        
Computing Systems. ACM, 2014: 1923-1932. 

[145]Haddad S, McGrenere J, Jacova C. Interface design        
for older adults with varying cultural attitudes toward        

17 



uncertainty[C]//Proceedings of the SIGCHI    
Conference on Human Factors in Computing Systems.       
ACM, 2014: 1913-1922. 

[146]Threatt A L, Merino J, Green K E, et al. An assistive            
robotic table for older and post-stroke adults: results        
from participatory design and evaluation activities      
with clinical staff[C]//Proceedings of the SIGCHI      
Conference on Human Factors in Computing Systems.       
ACM, 2014: 673-682. 

[147]Dai Y, Karalis G, Kawas S, et al. Tipper: contextual          
tooltips that provide seniors with clear, reliable help        
for web tasks[C]//Proceedings of the 33rd Annual       
ACM Conference Extended Abstracts on Human      
Factors in Computing Systems. ACM, 2015:      
1773-1778. 

[148]Seo J H, Sungkajun A, Suh J. Touchology: towards         
interactive plant design for children with autism and        
older adults in senior housing[C]//Proceedings of the       
33rd Annual ACM Conference Extended Abstracts on       
Human Factors in Computing Systems. ACM, 2015:       
893-898. 

[149]Kim H S, Kim H C, Ji Y G. Understanding the Elders'            
Interaction with Smart Home in     
Korea[C]//Proceedings of the 33rd Annual ACM      
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2015: 2067-2072. 

[150]Cho M, Kwon S, Na N, et al. The elders preference           
for Skeuomorphism as App icon     
style[C]//Proceedings of the 33rd Annual ACM      
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2015: 899-904. 

[151]Gutierrez F J. Aligning the Social Interaction Spaces        
of Intergenerational Family Members[C]//Proceedings    
of the 33rd Annual ACM Conference Extended       
Abstracts on Human Factors in Computing Systems.       
ACM, 2015: 199-202. 

[152]Kang M, Kim T, Kim Y, et al. FamCom: A          
Communication Service Enhancing Conversation    
Quality Between Elders Residing in Care Hospital and        
Their Family Member[C]//Proceedings of the 33rd      
Annual ACM Conference Extended Abstracts on      
Human Factors in Computing Systems. ACM, 2015:       
13-18. 

[153]Loh Z, Zhang E, Lim Z Y. inSight: Kick-Starting         
Communications for Elderlies Ageing in     
Place[C]//Proceedings of the 33rd Annual ACM      
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2015: 25-30. 

[154]Müller C, Hornung D, Hamm T, et al. Practice-based         
design of a neighborhood portal: focusing on elderly        
tenants in a city quarter living lab[C]//Proceedings of        
the 33rd Annual ACM Conference on Human Factors        
in Computing Systems. ACM, 2015: 2295-2304. 

[155]Latulipe C, Gatto A, Nguyen H T, et al. Design          
considerations for patient portal adoption by      
low-income, older adults[C]//Proceedings of the 33rd      
Annual ACM Conference on Human Factors in       
Computing Systems. ACM, 2015: 3859-3868. 

[156]Blythe M, Steane J, Roe J, et al. Solutionism, the          
game: design fictions for positive     
aging[C]//Proceedings of the 33rd Annual ACM      
Conference on Human Factors in Computing Systems.       
ACM, 2015: 3849-3858. 

[157]Zhao J C, Davis R C, Foong P S, et al. CoFaçade: a             
customizable assistive approach for elders and their       
helpers[C]//Proceedings of the 33rd Annual ACM      
Conference on Human Factors in Computing Systems.       
ACM, 2015: 1583-1592. 

[158]Neves B B, Franz R L, Munteanu C, et al. My Hand            
Doesn't Listen to Me!: Adoption and Evaluation of a         
Communication Technology for the'Oldest    
Old'[C]//Proceedings of the 33rd Annual ACM      
Conference on Human Factors in Computing Systems.       
ACM, 2015: 1593-1602. 

[159]Gerling K M, Mandryk R L, Linehan C. Long-term         
use of motion-based video games in care home        
settings[C]//Proceedings of the 33rd Annual ACM      
Conference on Human Factors in Computing Systems.       
ACM, 2015: 1573-1582. 

[160]Brereton M, Soro A, Vaisutis K, et al. The messaging          
kettle: Prototyping connection over a distance      
between adult children and older     
parents[C]//Proceedings of the 33rd Annual ACM      
Conference on Human Factors in Computing Systems.       
ACM, 2015: 713-716. 

[161]Gutierrez F J, Ochoa S F, Vassileva J. Identifying         
opportunities to support family caregiving in      
chile[C]//Proceedings of the 2016 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2016: 2112-2118. 

[162]Tobias C. Older Users and In-Vehicle Navigation       
Map Design Elements[C]//Proceedings of the 2016      
CHI Conference Extended Abstracts on Human      
Factors in Computing Systems. ACM, 2016: 140-145. 

[163]Xu X, Theng Y L, Li J, et al. Investigating effects of            
exergames on exercise intentions among young-old      

18 



and old-old[C]//Proceedings of the 2016 CHI      
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2016: 2961-2968. 

[164]Wang P, Koh R K C, Boucharenc C G, et al. Lights            
Out: An Interactive Tangible Game for Training of        
Post-Stroke Reaching[C]//Proceedings of the 2016     
CHI Conference Extended Abstracts on Human      
Factors in Computing Systems. ACM, 2016:      
1937-1944. 

[165]Meurer J, Lawo D, Janßen L, et al. Designing         
mobility eco-feedback for elderly    
users[C]//Proceedings of the 2016 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2016: 921-926. 

[166]Wang N, Yu K, Li J, et al. Readful-U: Improving          
Reading Experience and Social Interaction for Low       
Vision Elders[C]//Proceedings of the 2016 CHI      
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2016: 80-85. 

[167]Ziat M, Yao H Y, Schmitt R, et al. Frontpanel:          
Tangible user interface for touch-screens dedicated to       
elderly[C]//Proceedings of the 2016 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2016: 3808-3811. 

[168]Madjaroff G, Mentis H, Ronch J. Differences in        
Perceived Impact of Person-Centered Technology on      
Older Adults' Quality of Life[C]//Proceedings of the       
2016 CHI Conference Extended Abstracts on Human       
Factors in Computing Systems. ACM, 2016:      
2200-2208. 

[169]Brewer R, Piper A M. Tell it like it really is: A case of              
online content creation and sharing among older adult        
bloggers[C]//Proceedings of the 2016 CHI Conference      
on Human Factors in Computing Systems. ACM,       
2016: 5529-5542. 

[170]Tixier M, Lewkowicz M. Counting on the group:        
reconciling online and offline social support among       
older informal caregivers[C]//Proceedings of the 2016      
CHI Conference on Human Factors in Computing       
Systems. ACM, 2016: 3545-3558. 

[171]Brewer R, Morris M R, Piper A M. Why would          
anybody do this?: Understanding older adults'      
motivations and challenges in crowd     
work[C]//Proceedings of the 2016 CHI Conference on       
Human Factors in Computing Systems. ACM, 2016:       
2246-2257. 

[172]Waycott J, Vetere F, Pedell S, et al. Not for me: Older            
adults choosing not to participate in a social isolation         

intervention[C]//Proceedings of the 2016 CHI     
Conference on Human Factors in Computing Systems.       
ACM, 2016: 745-757. 

[173]Hagiya T, Horiuchi T, Yazaki T. Typing tutor:        
Individualized tutoring in text entry for older adults        
based on input stumble detection[C]//Proceedings of      
the 2016 CHI Conference on Human Factors in        
Computing Systems. ACM, 2016: 733-744. 

[174]Ramos L, Van Den Hoven E, Miller L. Designing for          
the other'hereafter': When older adults remember      
about forgetting[C]//Proceedings of the 2016 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2016: 721-732. 

[175]Richards O K. Exploring the empowerment of older        
adult creative groups using maker     
technology[C]//Proceedings of the 2017 CHI     
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2017: 166-171. 

[176]Mayer P, Panek P. Involving older and vulnerable        
persons in the design process of an enhanced toilet         
system[C]//Proceedings of the 2017 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2017: 2774-2780. 

[177]Carrasco R. Designing virtual avatars to empower       
social participation among older    
adults[C]//Proceedings of the 2017 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2017: 259-262. 

[178]Sas C, Brahney K, Oechsner C, et al. Communication         
Needs of Elderly at Risk of Falls and their Remote          
Family[C]//Proceedings of the 2017 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2017: 2900-2908. 

[179]Sorgalla J, Schabsky P, Sachweh S, et al. Improving         
representativeness in participatory design processes     
with elderly[C]//Proceedings of the 2017 CHI      
Conference Extended Abstracts on Human Factors in       
Computing Systems. ACM, 2017: 2107-2114. 

[180]Salehzadeh Niksirat K, Silpasuwanchai C, Ren X, et        
al. Towards cognitive enhancement of the elderly: A        
UX study of a multitasking motion video       
game[C]//Proceedings of the 2017 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2017. 

[181]Hong H T, Su T Y, Lee P H, et al. VisualLink:            
Strengthening the Connection between    
Hearing-impaired Elderly and their    
Family[C]//Proceedings of the 2017 CHI Conference      

19 



Extended Abstracts on Human Factors in Computing       
Systems. ACM, 2017: 67-73. 

[182]Guo P J. Older adults learning computer       
programming: motivations, frustrations, and design     
opportunities[C]//Proceedings of the 2017 CHI     
Conference on Human Factors in Computing Systems.       
ACM, 2017: 7070-7083. 

[183]Hornung D, Müller C, Shklovski I, et al. Navigating         
relationships and boundaries: Concerns around     
ict-uptake for elderly people[C]//Proceedings of the      
2017 CHI Conference on Human Factors in       
Computing Systems. ACM, 2017: 7057-7069. 

[184]Lazar A, Nguyen D H. Successful Leisure in        
Independent Living Communities: Understanding    
Older Adults' Motivations to Engage in Leisure       
Activities[C]//Proceedings of the 2017 CHI     
Conference on Human Factors in Computing Systems.       
ACM, 2017: 7042-7056. 

[185]McNeill A R, Coventry L, Pywell J, et al. Privacy          
considerations when designing social network systems      
to support successful ageing[C]//Proceedings of the      
2017 CHI Conference on Human Factors in       
Computing Systems. ACM, 2017: 6425-6437. 

[186]Oliveira D, Rocha H, Yang H, et al. Dissecting spear          
phishing emails for older vs young adults: On the         
interplay of weapons of influence and life domains in         
predicting susceptibility to phishing[C]//Proceedings    
of the 2017 CHI Conference on Human Factors in         
Computing Systems. ACM, 2017: 6412-6424. 

[187]Durrant A, Kirk D, Trujillo Pisanty D, et al.         
Transitions in digital personhood: Online activity in       
early retirement[C]//Proceedings of the 2017 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2017: 6398-6411. 

[188]Nassir S, Leong T W. Traversing boundaries:       
Understanding the experiences of ageing     
Saudis[C]//Proceedings of the 2017 CHI Conference      
on Human Factors in Computing Systems. ACM,       
2017: 6386-6397. 

[189]Felberbaum Y, Lanir J, Weiss P L T. Challenges and          
Requirements for Technology to Support Mobility of       
Older Adults[C]//Extended Abstracts of the 2018 CHI       
Conference on Human Factors in Computing Systems.       
ACM, 2018: LBW545. 

[190]Jung M M, Ludden G D S. Potential of exoskeleton          
technology to assist older adults with daily       
living[C]//Extended abstracts of the 2018 CHI      

conference on human factors in computing systems.       
ACM, 2018: LBW541. 

[191]Zhao X, Wu Q, Yang X J, et al. Gamified          
Rehabilitation for Pain Distraction in     
Total-Knee-Replacement Patients[C]//Extended  
Abstracts of the 2018 CHI Conference on Human        
Factors in Computing Systems. ACM, 2018:      
LBW067. 

[192]Conte S, Munteanu C. An Interactive Tactile Aid for         
Older Adults Learning to Use Tablet      
Devices[C]//Extended Abstracts of the 2018 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2018: D317. 

[193]Eisapour M, Cao S, Domenicucci L, et al.        
Participatory design of a virtual reality exercise for        
people with mild cognitive impairment[C]//Extended     
Abstracts of the 2018 CHI Conference on Human        
Factors in Computing Systems. ACM, 2018: CS15. 

[194]Montuwy A, Cahour B, Dommes A. Older Pedestrians        
Navigating With AR Glasses and Bone Conduction       
Headset[C]//Extended Abstracts of the 2018 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2018: LBW590. 

[195]Rodríguez I, Karyda M, Lucero A, et al. Exploring         
tangible ways to evaluate user experience for       
elders[C]//Extended Abstracts of the 2018 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2018: LBW589. 

[196]Nicenboim I, Kitazaki M, Kihara T, et al. Connected         
resources: a novel approach in designing technologies       
for older people[C]//Extended Abstracts of the 2018       
CHI Conference on Human Factors in Computing       
Systems. ACM, 2018: D202. 

[197]Ziman R, Walsh G. Factors Affecting Seniors'       
Perceptions of Voice-enabled User    
Interfaces[C]//Extended Abstracts of the 2018 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2018: LBW591. 

[198]Maqbool S, Munteanu C. Understanding Older Adults'       
Long-term Financial Practices: Challenges and     
Opportunities for Design[C]//Extended Abstracts of     
the 2018 CHI Conference on Human Factors in        
Computing Systems. ACM, 2018: LBW546. 

[199]Seo J H, Copeland B M, Sungkajun A, et al.          
Re-powering Senior Citizens with Interactive Art      
Making: Case Study with Independent Older      
Adults[C]//Extended Abstracts of the 2018 CHI      

20 



Conference on Human Factors in Computing Systems.       
ACM, 2018: LBW544. 

[200]Wang X, Knearem T, Gui F, et al. A Safety Net: How            
Older Adults Build and Maintain Interpersonal      
Relationships[C]//Extended Abstracts of the 2018     
CHI Conference on Human Factors in Computing       
Systems. ACM, 2018: LBW015. 

[201]Welsh D, Morrissey K, Foley S, et al. Ticket to talk:           
Supporting conversation between young people and      
people with dementia through digital     
media[C]//proceedings of the 2018 CHI conference on       
human factors in computing systems. ACM, 2018:       
375. 

[202]Wu A Y, Munteanu C. Understanding Older Users'        
Acceptance of Wearable Interfaces for Sensor-based      
Fall Risk Assessment[C]//Proceedings of the 2018      
CHI conference on human factors in computing       
systems. ACM, 2018: 119. 

[203]Ray H, Wolf F, Kuber R, et al. Woe is me: Examining            
Older Adults' Perceptions of Privacy[C]//Extended     
Abstracts of the 2019 CHI Conference on Human        
Factors in Computing Systems. ACM, 2019:      
LBW2611. 

[204]Sin J, Munteanu C. A Preliminary Investigation of the         
Role of Anthropomorphism in Designing Telehealth      
Bots for Older Adults[C]//Extended Abstracts of the       
2019 CHI Conference on Human Factors in       
Computing Systems. ACM, 2019: LBW1820. 

[205]Constantin A, Lai C, Farrow E, et al. Why is the           
Doctor a Man: Reactions of Older Adults to a Virtual          
Training Doctor[C]//Extended Abstracts of the 2019      
CHI Conference on Human Factors in Computing       
Systems. ACM, 2019: LBW1719. 

[206]Jelen B, Monsey S, Siek K A. Older Adults as Makers           
of Custom Electronics: Iterating on     
Craftec[C]//Extended Abstracts of the 2019 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2019: LBW0227. 

[207]Kowalski J, Jaskulska A, Skorupska K, et al. Older         
Adults and Voice Interaction: A Pilot Study with        
Google Home[J]. arXiv preprint arXiv:1903.07195,     
2019. 

[208]Cerezo E, Blasco A C. The Space Journey Game: An          
Intergenerational Pervasive Experience[C]//Extended   
Abstracts of the 2019 CHI Conference on Human        
Factors in Computing Systems. ACM, 2019:      
LBW0169. 

[209]Zhang H. Sense of Familiarity: Improving Older       
Adults' Adaptation to Exergames[C]//Extended    
Abstracts of the 2019 CHI Conference on Human        
Factors in Computing Systems. ACM, 2019: SRC14. 

[210]Currin F, Razo G, Min A. Give Me a Break: Design           
for Communication Among Family Caregivers and      
Respite Caregivers[C]//Extended Abstracts of the     
2019 CHI Conference on Human Factors in       
Computing Systems. ACM, 2019: SDC05. 

[211]Axtell B, Munteanu C. PhotoFlow in Action:       
Picture-Mediated Reminiscence Supporting Family    
Socio-Connectivity[C]//Extended Abstracts of the    
2019 CHI Conference on Human Factors in       
Computing Systems. ACM, 2019: INT050. 

[212]Keyes O, Hutson J, Durbin M. A Mulching Proposal:         
Analysing and Improving an Algorithmic System for       
Turning the Elderly into High-Nutrient     
Slurry[C]//Extended Abstracts of the 2019 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2019: alt06. 

[213]Tutia A, Baljon K, Vu L, et al. HCI and Menopause:           
Designing With and Around the Aging      
Body[C]//Extended Abstracts of the 2019 CHI      
Conference on Human Factors in Computing Systems.       
ACM, 2019: CS23. 

[214]Abbott J, MacLeod H, Nurain N, et al. Local         
Standards for Anonymization Practices in Health,      
Wellness, Accessibility, and Aging Research at      
CHI[C]//Proceedings of the 2019 CHI Conference on       
Human Factors in Computing Systems. ACM, 2019:       
462. 

[215]Harrington C N, Borgos-Rodriguez K, Piper A M.        
Engaging Low-Income African American Older     
Adults in Health Discussions through     
Community-based Design  
Workshops[C]//Proceedings of the 2019 CHI     
Conference on Human Factors in Computing Systems.       
ACM, 2019: 593. 

[216]Carucci K, Toyama K. Making Well-being: Exploring       
the Role of Makerspaces in Long Term Care        
Facilities[C]//Proceedings of the 2019 CHI     
Conference on Human Factors in Computing Systems.       
ACM, 2019: 469. 

[217]Yuan Y, Yarosh S. Beyond Tutoring: Opportunities       
for Intergenerational Mentorship at a Community      
Level[C]//Proceedings of the 2019 CHI Conference      
on Human Factors in Computing Systems. ACM,       
2019: 449. 

21 



[218]Reuter A, Bartindale T, Morrissey K, et al. Older         
Voices: Supporting Community Radio Production for      
Civic Participation in Later Life[C]//Proceedings of      
the 2019 CHI Conference on Human Factors in        
Computing Systems. ACM, 2019: 434. 

[219]Doyle J, Murphy E, Kuiper J, et al. Managing         
Multimorbidity: Identifying Design Requirements for     
a Digital Self-Management Tool to Support Older       
Adults with Multiple Chronic    
Conditions[C]//Proceedings of the 2019 CHI     
Conference on Human Factors in Computing Systems.       
ACM, 2019: 399. 

[220]Ambe A H, Brereton M, Soro A, et al. The          
Adventures of Older Authors: Exploring Futures      
through Co-Design Fictions[C]//Proceedings of the     
2019 CHI Conference on Human Factors in       
Computing Systems. ACM, 2019: 358. 

[221]Nicholson J, Coventry L, Briggs P. If It's Important It          
Will Be A Headline: Cybersecurity Information      
Seeking in Older Adults[C]//Proceedings of the 2019       
CHI Conference on Human Factors in Computing       
Systems. ACM, 2019: 349. 

[222]Mentis H M, Madjaroff G, Massey A K. Upside and          
Downside Risk in Online Security for Older Adults        
with Mild Cognitive Impairment[C]//Proceedings of     
the 2019 CHI Conference on Human Factors in        
Computing Systems. ACM, 2019: 343. 

[223]Ambe A H, Brereton M, Soro A, et al. Older People           
Inventing their Personal Internet of Things with the        
IoT Un-Kit Experience[C]//Proceedings of the 2019      
CHI Conference on Human Factors in Computing       
Systems. ACM, 2019: 322. 

[224]Gordon M L, Gatys L, Guestrin C, et al. App Usage           
Predicts Cognitive Ability in Older     
Adults[C]//Proceedings of the 2019 CHI Conference      
on Human Factors in Computing Systems. ACM,       
2019: 168. 

[225]Qiu L, De Luca A, Muslukhov I, et al. Towards          
Understanding the Link Between Age and      
Smartphone Authentication[C]//Proceedings of the    
2019 CHI Conference on Human Factors in       
Computing Systems. ACM, 2019: 163. 

 

 

 

22 



“PillTime”: Remote Co-Design of a Mobile App for 
and with Seniors 

 Jing He 
Aalborg University 
Aalborg, Denmark 

Jhe18@student.aau.dk 

 

 

 

ABSTRACT 
A significant amount of research has investigated the user         
involvement method, participatory design or co-design with       
seniors In such research, all involved participants are        
present physically. his paper presents an empirical study        
aiming to identify and discuss the problems and        
opportunities regarding co-design with seniors remotely.      
Five Older Adults participated in a remote co-design of a          
Mobile App. The activities, which were all conducted        
online, include two surveys, a design workshop and two         
rounds of usability testings. The investigations identified       
several problems: frequent distractions, unnatural     
conversation form, limited interaction, insecurity of Tech       
etc., but as well opportunities: improvement of participation        
willingness, ease tension and continuous communication      
etc. Remote co-design is technically feasible and can be a          
potential alternative for face-to-face activities, especially      
when it is carried out with proper guidance and         
communication from the moderator, a slow pace, and a well          
prepared structure etc.  

Author Keywords 
Remote Co-Design; Older Adults; Remote Usability 
Testing; Design Workshop; Mobile App Design. 

 

1. INTRODUCTION 
Many countries in the world are experiencing a growth of          
the 65+ demographic group. Globally, there were 703        
million people aged 65 or over in 2019 and this number is            
projected to double to 1.5 billion in 2050 [1]. As people           
age, they will experience a reduction in their cognitive and          
perceptual ability. Their muscular strength and capabilities       
to control their movement also begin to decline around age          
60 [2]. The way they interact with technology and         
technology design is likewise affected by this reduction of         
capabilities. It results in various different needs for the         
Interaction Design (IxD). Accordingly, it can be observed        
that researchers’ interests in IxD for seniors has kept         
increasing in line with the growth of this demographic         
group. Between 2000 and 2009, there are 16 full papers          
investigating the interaction design for the elderly at CHI         
conference, making up 1 % of the total papers. This number           
has doubled to 2% from 2010 to 2019 with 74          
elderly-related papers [3].  

Regarding the design methods, researchers have shown a        
great interest in User-Centered Design (UCD) and the        
Participatory Design (PD) [3]. Both methods consider user        
involvement as a priority. PD emerged from Scandinavia in         
the 70s and 80s to empower people in their workplace [4].           
The main difference between PD and traditional design is         
that the user plays a critical role in designing in PD [5].            
Cooperative Design, known as Co-Design, is a way to do          
PD. While PD emphasizes including all stakeholders       
participate in the design process, Co-Design focuses on        
design collaboration. In this method, the users are        
empowered as co-designers, while the professional      
designers play a supportive role to facilitate the process.  

From 2010 to 2019, the perception of aging has undergone          
considerable change. Older Adults are considered as       
creative individuals rather than weak and helpless.       
Following this, many IxD researchers adopted the co-design        
method and attempted to involve older adults in        
co-designing. Examples count the development of a smart        
pen reminder system [6], an evocative tangible interface [7],         
an enhanced toilet system [8], Custom electronics [9], falls         
habilitation tools [10], digital payments [11] and game        
concepts [12] etc. These Co-Design investigations,      
however, are all carried out in a face-to-face manner. At the           
beginning of this project, the Covid-19 pandemic broke out         
and remote work was implemented in most workplaces.        
Since older adults are among the groups of people most          
vulnerable to Covid-19 [13], this new situation raises a         
challenge for co-design with seniors, as design activities        
have to be done without any physical contact. 

It is therefore relevant to explore the co-design method         
under circumstances where the researchers and senior       
participants are spatially separated. In this paper this        
method will be referred to as “Remote Co-Design”. In a          
“Remote Co-Design” with seniors, the elderly are supposed        
to participate through online video conferencing apps while        
being physically separate. Taking all of the above        
mentioned factors into consideration, the following research       
question has been specified:  

What challenges and opportunities occur when co-design       
with seniors is carried out remotely? 
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This research question aims to examine the feasibility of the          
remote co-design method with seniors, and to discuss        
potential improvements for the method. 

The paper is structured as follows: First it introduces the          
work related to co-design with seniors, remote usability        
testing and remote co-design. The second section will        
account for the methods applied during this project. In the          
third section the results will be presented and analyzed.         
Finally, it will provide a discussion and conclusion. 

2. RELATED WORK 
No related research in the field “remote co-design with         
seniors” were found by the time this paper was written.          
Therefore, the related work presented in this section is         
divided into the following three areas: Co-Design with        
older adults, Remote Usability Testing and Remote       
Co-Design. 

2.1 Co-Design with Older Adults 
Participatory design or co-design with seniors is becoming        
a popular research topic. Just at CHI, there are already 19           
papers dealing with this topic between 2000 and 2019,         
among which 17 papers are from 2010 to 2019 [3]. 

An increasing amount of research seek to investigate the         
opportunities and strategies of co-designing with seniors.       
The seniors are assumed to be creative designers or         
content-creators, that can also have unique ideas and deliver         
creative solutions. The research shows that co-design with        
older participants can lead to rich, creative and        
non-stereotypical results, which surprised even the      
researchers [12]. Regarding the co-design strategy, it is        
important to have a good information policy and build         
mutual trust among the seniors, facilitators and moderators,        
as this helps to elicitate actual needs and receive honest          
feedback [14]. Besides, the environment and process of        
co-design should keep a slow structural pace and ensure         
that seniors of all skill levels can follow [15]. It has proven            
useful to make the older users feel the technology is          
understandable by providing demonstrators or tangible      
crafts [8][15]. 

Beside opportunities, co-design with the seniors also face        
many challenges. First, older people usually show a lower         
acceptance of technology and are more likely to perceive         
the new technology as not being useful just as they are           
afraid that they will fail more when using it compared to           
younger users.[16] This mindset can make it difficult to         
engage them as active co-designers. However, researchers       
found that the problem lies primarily with the methods used          
to involve them in the use of new technologies. They will           
show higher interest in engaging with technology when        
these issues are properly addressed [16]. Researchers also        
found that many senior citizens do in fact have the          
motivation to learn, and that it actually brings the seniors          
intellectual and emotional satisfaction when they are       
learning to use something novel [14]. Maintaining focus        
and structure, representing and acting on Issues, envisioning        
intangible concepts and designing for non-tasks are also        
found to be difficult tasks in a co-design session, as the           

elderly are not experienced in design, especifically in        
technology design or interaction design. Research found       
that establishing an appropriate atmosphere and using       
envision-assistive tools, such as Video Prompt Creation       
[16] can be a way to cope with these problems, especially in            
relation to maintaining focus and creating a vision. 

In regard to approaches of conducting a co-design with         
seniors, researchers often follow a three-phase-process.      
First, they attempt to get a deeper understanding of the          
users and their’ requirements for a service or product. Two          
types of methods are usually utilized to collect data for this           
goal. One method is done by asking users relevant         
questions to elicit information. Interviews or questionnaires       
are classic approaches for this purpose and usually takes         
place in a laboratory setting. The other method attempts to          
understand the users in a real environment. Researchers can,         
for example, conduct ethnographic inquiries by observing,       
interviewing and “probing” the senior participants at       
home[12]. This phase is followed by a co-design workshop         
aiming at ideation with the support of researchers acting as          
moderators and facilitators. Generally, it consists of the        
following three steps: idea generation, idea evaluation and        
idea visualization. Many approaches have been developed       
for idea generation, such as cultural probes, user/persona        
scenarios, and card sorting The result of a design workshop          
is the visualization of visions: user sketches, storyboards,        
paper/low-fi prototype or other artefacts [12] [16]. The last         
step of this co-design process is usually an evaluation         
session by conducting usability testing, which aims at        
evaluating if the co-design results can meet the users’         
requirements. In large and long-running projects, this       
process tends to be iterative and allows regular meetings         
with different user groups [17].  

2.2 Remote Usability Testing 
Although the Remote Usability Testing (RUT) is not an         
internal part of a Co-Design Session, it is still an important           
method to involve the users remotely. This user-centered        
approach serves as evaluation of the remote Co-Design        
results. Thus, it is an important part and related topic to the            
whole process.  

RUT emerged between 1994 and 1998 [21]. Traditionally,        
Usability Testing takes place in a laboratory with users and          
evaluators. RUT, however, takes place under circumstances       
where the evaluators and the users are separated in space          
and/or time [22]. The RUT is becoming an increasingly         
prevalent research method as the rapid development of the         
software industry has created an increasing demand for        
usability testing. In addition, RUT generally only requires a         
stable internet connection and a digital device (preferably a         
PC). These requirements are easily fulfilled with the global         
spread of the internet and PCs.  

There are two types of RUT methods: synchronous and         
asynchronous RUT. Asynchronous RUT has various forms       
and it is done when the user and evaluators are separated by            
time. Synchronous RUT, also called remote synchronous       
usability testing (RS), has received the most attention from         
researchers. It stimulates the traditional lab-based      
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think-aloud usability testing [21]. The RS is favored by         
some authors because it is cost efficient, timesaving and it          
provides freedom from facilities [23]. In an RS, the         
evaluators and the facilitator collect data and manage the         
testing with a participant who is based remotely. In contrast          
to asynchronous RUT, the evaluators collect the data in real          
time and the facilitator can interact with the user during the           
data collection [23]. For example, in a classic RS for a web            
application, the user and the evaluator are physically        
located in different places but they are present at the same           
video conference online with their PCs. The user shares         
their screen during the testing, so that the evaluators and the           
facilitator can assess the data in real time. In addition, the           
video and audio will be recorded for later data analysis.  

2.3 Remote Co-Design  
As mentioned above, “remote” in RUT refers to the         
characteristic, that a usability testing is carried out when the          
users and evaluators are separated in space. In order to          
investigate how a co-design with the seniors can be         
conducted when the participants and the designers       
geographically apart, the “remote” aspect of RUT is utilized         
in conjunction with the Co-Design methodology to create        
the “Remote Co-Design” approach used in this study. 
Unlike the topic “Co-Design with Older Adults”, there is no          
research investigating the method of Remote Co-Design.       
Therefore, research of the, somewhat similar, approaches       
Distributed Participatory Design (DPD) and web-based      
Co-Design were examined and included as well as they can          
provide some insights, especially regarding the identified       
benefits and problems of their design practices. 

An online Co-Design have many restrictions when       
compared to a face to face Co-Design Session. Sanders E B           
N et al. briefly touches upon the feasibility of conducting an           
online participatory design using video conferencing app       
[18]. They assume that only limited design activities        
regarding “Making tangible things” and “Talking, Telling       
and Explaining” can be done online, and that “Acting,         
Enacting and Playing” activities are not possible yet.        
Because some “making” and “Talking” activities interact       
with real materials, for example the 3D mockup utilizes         
foam, clay or lego bricks, and “Enacting” activities        
generally require physical interaction with other      
participants.  

DPD, or Distributed Co-Design, deals with two areas:        
Distributed Software Development (DSD) and Participatory      
Design (PD) [19]. It aims at involving different        
geographically scattered stakeholders in the development      
process. Instead of focusing on cooperative designing with        
the users, DPD is an attempt to engage more stakeholder          
groups. Gumm D C. has found that the geographical         
distribution is a challenge, but there are still a number of           
successful examples. It is suggested to explore how to gain          
a mutual understanding especially in the      
user-developer-relationship, as distributed settings often     
lead to misunderstanding due to cultural and organizational        
differences.  

The web-based Co-Design method applies social media to        
co-design with users to deliver the new products or services          
[20]. “Web-basedness” refers to web-based social media       
tools being the only arena of co-design. The tools enable          
sharing of content, commenting, posting and user profiles.        
In this method, potential users work with designers        
synchronous or asynchronous over distance via social       
media. Benefits such as Flexibility in time and location and          
Agility due to quick feedback were identified. However, the         
design practices also found some difficulties in this method:         
First, participants may not be sufficiently representative for        
different user groups. Second, as the users are empowered         
as designers, they may not be able to make neutral          
evaluation on the solution or product which is co-designed         
by them. Lastly, it is difficult to build a community for the            
co-design, if the participants do not know each other or          
have sufficient mutual trust.  

3. METHODOLOGY 
To gain an understanding of the remote co-design process         
with seniors, especially in terms of its approaches,        
difficulties and opportunities, a series of remote research        
activities were conducted. This section describes the remote        
co-design procedure with its participants, settings and       
materials, and finally the data collection and analysis. 

3.1 Participants and Procedure 
Through my social network, five Danish older adults have         
been recruited to participate in a series of activities         
throughout the whole procedure. Table 1 summarized the        
basic information of the five participants from the first         
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survey. It can be seen that they have in general low           
technology level and few design experience, except the P5. 

In order to carry out a remote co-design process, a mobile           
app idea “PillTime” was chosen to be the co-design object.          
“PillTime” is used to assist the elderly to take their          
medication on time. It was chosen for two primary reasons:          
first, health care has been the most favored function in IxD           
for seniors in the last ten years [3], as it is a common topic              
for the elderly. Second, due to the quick growth of          
smartphones and tablets, older adults are very likely to         
already have some experience with using mobile       
applications and they will therefore have their own opinion         
on what constitutes good mobile application design. It is         
assumed that the participants will feel more involved when         
they design a system where they are familiar with the topic           
(the functions) as well as the form (the interface). 

The procedures of this study (see Figure 1) contain a variety           
of activities which took place during April and May 2020.          
The completion of the entire procedure took around one         
month. The author started the procedure by sending out an          
initial survey to the participants, inquiring into their basic         
information and preconceived ideas about participatory      
application design. Afterwards, a design workshop was       
conducted consisting of a focus group interview and a         
co-design session. This design workshop was immediately       
followed up by a second survey. One week later, the first           
remote usability testing for the high-fi prototype took place.         
The second remote usability testing was conducted a week         
later and the whole process was wrapped up with a final           
interview.  

The author and one Danish student participated in the         
design workshop and usability testings remotely as well and         
played the roles as moderator and facilitator. The design         
workshop was carried out in a group, with all the five           
participants, the author and the facilitator being present        
online together at the same time, but physically separate at          
their own place (home). The two usability testings, together         
with the interviews, were conducted by the author and the          
facilitator individually with each participant. 

3.3 Settings and Materials 
All procedures were conducted remotely. The two surveys        
were sent out as online surveys and filled out by the           
participants in ca. 2-3 days. The design workshop, two         
usability testings and interviews were carried out using an         
online-conferencing application (Skype) with everyone’s     
camera of their devices turned on. These procedures were         
recorded and the participants were informed about this in         
the very beginning of each procedure. Three of the         
participants used laptops while two used tablets.  

The two surveys of the project were made in the survey           
application “surveymonkey”, and were filled out using a        
web browser. The first survey marked the beginning of the          
participatory part of the study. It consisted of nine questions          
with two purposes: The first purpose was to get some          
background information of the participants. The second       
purpose to understand their attitudes and expectations       
towards mobile app design and remote cooperation. The        
second survey was sent out after the completion of the          
design workshop. It contained seven questions and a field         
for entering their name. This survey was constructed with         
two objectives in mind. The first objective was to evaluate          
the results of the design workshop. Here, the participants         
were asked to vote for their favorite user sketches         
visualising the discussed ideas. The second objective was to         
receive their feedback and evaluation of the quality of the          
design workshop process, in relation to the procedures, the         
results and especially the setting which required them to         
participate via video conferencing rather than face to face.  

The design workshop consisted of a focus group interview         
and a co-design session. The focus group interview was         
conducted with all five participants present and constructed        
as a semi-structured interview. The interview was       
constructed in order to acquire information regarding two        
key questions: What is, in general, a good mobile app          
interface design for the participants? And how is their need          
for, or experience with, a pill reminder mobile app.? During          
the interview it was strived to avoid asking too many direct           
questions, but rather stepping back and create a natural         
conversation atmosphere. The participants are encouraged      
to talk more and add comments for each others’ responses.          

4 



Their answers or comments served as prompts to continue         
the interview.  

The Co-Design Session constituted the main part of our         
design workshop and took place immediately after the focus         
group interview. It included the idea generation and the idea          
visualization. First, a brainstorming session for the       
functions for the mobile app “PillTime” was conducted. A         
persona scenario was used to help inspire the participants.         
The participants were encouraged to envision and discuss        
what would be the top three key functions for the app.           
Second, the moderator presented six color schemes and ca.         
40 icons. The participants were asked to choose and discuss          
what kind of color scheme or icons they would like to use            
for the design solution and to collectively make a decision          
on a color scheme or several icons. Third, the participants          
were encouraged to do a paper prototyping for the three          
functions we discussed. In order to assist the participants         
envisioning potential designs, the moderator introduced an       
example of “Crazy 8”, which provided one A4 paper with 8           
boxes simulating phone screens containing simple icons and        
texts. For each function, the participants were given 5         
minutes to draw their vision. They were told that their          
sketches could vary from just some icons that they think are           
relevant to a detailed low-fi prototype phone page. They         
were furthermore encouraged to ask questions or seek        
advice from other participants or from the moderator and         
the facilitator during the sketching session.  

Two rounds of RUT were conducted for the participants to          
test the high-fi prototype which was developed based on the          
results of the co-design session. We chose to utilize the          
Remote Synchronous Usability Testing (RS) as it is close to          
a laboratory-setting and allows assessment of the data in         
real time. However, testing for a mobile app poses         
challenges, compared to testing a web app, as it is not           
possible for the user to simply share their screen with the           
evaluator through the video conferencing application that       
was running on their laptops.  

Three options were considered to test the mobile app         
remotely: The first option required the participants to        
download an application to their mobile device in order to          
test the high-fi prototype. The participants should then put         
the phone on a desk and adjust their PC camera to a            
position where it can capture the mobile phone screen and          
his or her interaction with the prototype. The second option          
involved the evaluators positioning the phone in an angle         
convenient to the camera and let the user tell the evaluators           
how to interact with the phone screen in order to complete           
testing tasks. The third option was an approach similar to          
RS for a web app. Instead of using a mobile phone, the            
prototype would be tested as a web app on the PC, with the             
mouse clicks simulating the finger movement. 

We wanted to test all the options to see how they worked.            
However, option two was not utilized for any testing in the           
end, as the web camera and internet cannot convey         
sufficiently good quality real time images. The elderly users         
struggled to see the details of the prototype clearly, and thus           
it would be difficult for them to think aloud during the           

evaluation and even complete the tasks properly. Thus, the         
RUTs were finally conducted using option one and three. In          
the first RUT, two participants tested the prototype using         
option one, which resembles the laboratory environment the        
most. For the remaining three participants the option three         
was used. It was easier to get the participants agree on using            
the option three, as option one caused some participants’         
concern as they feared that downloading a new app to their           
phone may entail certain risks regarding security and        
privacy. Additionally, it requires extra work dealing with        
software, which the users consider difficult. Lastly, some of         
the participants were using tablets instead of PCs, making         
option one unfeasibly as they could not adjust the camera of           
the tablets to capture their testing process for us. In order to            
compare the difference in the user experience between        
option one and three, the two participants, who used option          
one in the first RUT, tried option three in the second RUT.            
Six scenario tasks were prepared for the users to complete          
for each round of testing and they were encouraged to think           
aloud during the testings.  

During the two RUTs, two individual interviews were        
carried out with each participant. The first focussed on the          
evaluation of the design workshop. The second interview        
sought to elicit user feedback about the whole co-design         
process including the testings. It consisted of mainly        
open-ended and likert scale-style questions. Participants      
were asked about their attitude towards co-design in order         
to illuminate if a change had occurred in comparison to          
their initial attitude.. They were further asked to evaluate         
the methods (co-design and remote) for each activity        
throughout this process. Users were also asked to comment         
on how they believe the process would have been different          
if the activities had taken place in a laboratory-setting with          
physical attendance instead of remotely. 

3.3 Data Collection and Analysis 
Data gathered from these activities includes survey       
responses, design artefacts, observation notes, audio and       
video recordings. 

Meaning Condensation 
In order to analyze the qualitative data derived from the          
design workshop and interviews, we adopted the Meaning        
Condensation (MC) method from Kvale S. et al.. Kvale S.          
et al. constitutes one form of the MC developed by Giorgi           
on the basis of phenomenological philosophy. The MC        
works to extract the central themes from the data. It          
encompasses five steps: Getting a sense of the whole by          
reading through the complete interview, determining the       
“meaning units”, thematizing the “meaning units”,      
interrogating the “meaning units” in terms of the study         
purpose and tying together non-redundant themes into a        
descriptive statement [24]. 

After the focus group interview and co-design session, the         
video and audio recordings were watched and each        
participant’s answers, comments or complaints were      
analyzed and thematized into meaning units. The most        
important themes were noted down and grouped into        
themes which are meaningful in relation to this study, for          
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example what they found difficult technically, what tasks        
they were unable to finish and why, what kind of          
approaches were helpful and useful, their reflections on the         
co-design practice and the remote method, etc. Lastly, the         
categorized themes were read through again and       
summarized as a document. The result is not only used for           
retrieving our final findings, but also used for designing         
questions for following activities such as the second survey         
and interviews. 

Instant Data Analysis 
Instant Data Analysis (IDA) was utilized for analysis of the          
usability testings. IDA is a technique developed for an         
efficient usability testing analysis, which aims at       
completing the analysis on the day of the testing. In the           
IDA, a data logger records incidents or problems during         
several think aloud usability testing sessions. After the        
testing sessions, the data logger and the test monitor         
conduct a one hour brainstorming and analysis session. The         
result of this evaluation is a list of usability problems they           
have identified in the testings. [25].  

The two remote usability testings were carried out by the          
author with the assistance of the facilitator with each         
participant individually. The problems and incidents that       
occurred during the testings were noted down. Right after         
the testing, the problems that the participants experienced        
were discussed and analysed, based on the notes and the          
video recording. At the end, the identified usability        
problems were collected in a list and ranked based on          
severity. The usability problems were categorized as either        
critical, serious or cosmetic.  

4. RESULTS 
This section first gives a general overview of the results          
from each phase of the study. Second, it delves into the           
results of the design workshop in order to identify the          
challenges of remote co-design as well as effective        
approaches to alleviate said challenges. Lastly, it presents        
the opportunities of the remote co-design approach when        
conducting with seniors. 

4.1 Overall co-design and evaluation results  
In the design workshop, the participants discussed the        
mobile app. design and agreed that the most important         
principles are that the app should be simple and intuitive.          
The participants came up with three functions, which they         
considered essential for an app like “PillTime”: an        
alarm-like reminder, a historic record of all activities and an          
option to contact of doctors and hospitals. The participants         
decided on green-white as the basic color scheme and chose          
some icons that would be useful for the interface design,          
including icons representing a doctor, pills, a clock, graphs         
etc. This discussion was followed by a user sketch session.          
The participants drew from one to four screens to visualize          
each function. The screen contents varied from simple icons         
to a complete paper prototype. They voted for their favorite          
sketches later in the second survey. A high-fi prototype of          
“PillTime” was created based on their favorite design ideas         
and contained the before-mentioned three functions.      
Finally, it was tested in the remote usability testings. Figure          

two shows some user sketches of the app logo and the pill            
reminder page on the left side and the corresponding         
prototype developed based on their drawings on the right         
side. 

Regarding the remote-aspect of the method, the first survey         
showed that the participants expected that all the activities         
would be “somewhat worse” online compared to       
conducting them face to face. In the second survey, most of           
the participants reckoned that the co-design workshop went        
well,.P2 commented that  

“I think that the process was well prepared and that we           
were led professional through, in an understandable and        
good way.”  

In the final interview, the participants rated the final         
co-design result as 8 on average on a 10 points scale and            
expressed that they were satisfied with the co-design        
results. P1 commented on the process that  

“the process was fine and has been quite fun to do”. 

P3 had a similar evaluation, stating that 

“It was an eyeopener to see that something good could          
come out of it and it was exciting to experience […] I think             
the result was very good and also better than i would have            
thought.” 
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4.2 Challenges in remote and co-design approaches 
Table 2 shows the major reasons that participants found it          
difficult to contribute in the remote design workshop, based         
on a thematic analysis. The most commonly mentioned        
reasons were challenges caused by the remote approach, ie.         
conducting activities using an online conferencing platform.       
The participants were not used to doing video conferencing         
where they are supposed to carry out discussions online.         
Two participants stated that they had almost no experience         
conferencing tools beforehand and more than half of other         
the participants had problems installing or using the        
application. The online conferencing brought several      
problems: first, they found that they were easily distracted         
when participating online. P5 commented on the online        
conferencing form that  

 “It is hard to keep track of it all”  

while P3 thought that there are “many ways to get          
distracted when you are sitting at home in front of your           
screen. Both in relation to what is happening around you,          
but also in relation to what is happening on the screen           
itself.” 

Second, participating remotely impaired the participants      
from talking and asking questions during the design        
workshop. It appeared to the participants that they should         
only say something if it was really meaningful or important.          
Third, it was seen as very inconvenient to interact with          
other participants or moderators, for instance to check the         
other participant’s drawing and exchange design ideas. P2,        

commented on the lack of interaction in sketch task, stating          
that  

“sitting alone may be good for some people, but it is easier            
for me to be creative together with other people.”  

In addition to attending remotely, the participants named a         
few other aspects affecting the co-design results. First, the         
time allocated for the user sketches was seen as too short,           
especially considering that they were not experienced in        
designing. The participants further saw it as very difficult to          
draw a specific mobile app. interface when they rarely drew          
anything in the first place. Second, users had the mindset          
that they were simply not good with technology, affecting         
their ability to maximize their design potential. Lastly,        
some users took the view that some people are simply not           
creative and thus incapable of drawing. As P1 commented:  

“It is hard to design anything when you are just not           
creative”. 

This aspect, however, is not influenced by the remote         
approach or conditions such as time constraints.  

In the second survey and the follow up interview, the          
participants evaluated the remote aspect of the design        
workshop, compared to a face to face approach. Most         
participants believed that the focus group interview and        
discussion would have better results if it was not online (see           
Figure 3), while they had very different opinions towards         
the remote aspect of co-design session. Less than half the          
participants agreed that the co-design session could be        
better if it was conducted face to face. The reasons why the            
participants found the remote aspect difficult is covered        
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above, and includes distractions, limited interaction and       
unnatural form of conversation etc.  

In spite of these identified challenges, the co-design results         
were considered as satisfactory by the participants, as        
mentioned before. This positive evaluation was, according       
to the survey and interviews, also a result of multiple          
conditions in the procedures. In regard to the focus group          
interview and discussion, the participants agreed that they        
were conducted at a suitable speed, that the questions were          
clearly formulated and constructed in a way which is         
relevant and useful for the co-design session afterwards. P1         
commented that 

“The focus group interview was very good and there were          
good inputs from the different participants who were all         
engaged in the discussion. The time allocated was fine.”  

Regarding the co-design session, the participants thought       
the presentation of color schemes, icons and the Crazy 8          
example did help, in the sense that they were inspired to           
envision the UI of “PillTime”. A consensus was reached         
with the participants regarding some potential approaches to        
improve the co-design session: slower pace, idea       
presentation and exchange sessions (initiated by the       
moderator), a reflection and discussion session afterwards       
etc. 

4.3 Remote approach as an Opportunity 
As mentioned earlier, the remote method has not only         
challenges but also its strengths. Table 3 presents the         
opportunities identified during the remote co-design      
process.  

First, the remote aspect can be seen as an opportunity to           
improve the users’ willingness to participate in the        
co-design activities. Because of the flexibility in time and         
location, all participants reckoned that it is very convenient         
and time-saving to participate online. This is particularly        
visible in our Remote Usability Testings (RUT). In the last          
interview, all participants stated that they would choose        
usability testing remotely from their home over face to face          
at another place. As mentioned in the methodology section,         
the testings were conducted using different devices. In the         
first RUT, three participants did the testing on a web          
browser on their PC/tablets while the other two, P1 and P2           
tested the prototype on a mobile phone. In the second RUT,           
all participants finished the RUT on their PC/tablets. By         
doing this, we were able to compare the difference of these           
two options not only between different participants but also         
for the same participants. By comparing the time used to          
complete each scenario tasks, it can be observed that there          
was no clear difference in the speed of completing tasks          
using different devices. The participants who tested on both         
a mobile phone and a PC, did not have any particular           
problems or failures when using either device. When asked         
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about a comparison, P1 slightly prefered testing on a phone,          
because 

“it is more intuitive and I can see the different buttons           
easier.” 

However, P3 thought that 

“doing it on the web was just as good and the two test             
methods were equally easy.”  

Based on the task completion results and feedback, it can be           
inferred that the difference between using a web browser on          
PC/tablet and using an app in a mobile phone is          
non-significant, and testing through a web browser thus also         
constitutes a viable option..  

The second opportunity is that the remote characteristic can         
ease tension for the participants, especially in the co-design         
session. Due to the little experience in design and the          
insecurity about technology, the participants did not feel        
comfortable drawing something when sitting face to face        
with others. Being able to stay at a comfortable place and           
doing the sketch task alone, makes some participants feel         
less nervous and easier to concentrate. This perception can         
be observed from the answers in Figure 3. P3 commented          
that  

“The drawing part, however, worked fine using skype, and         
maybe even better than if we were in the room together”.  

Similarly P4 believed that when drawing something       
remotely,  

“you have more peace to focus on what you were going to            
do”.  

The third opportunity is about the participants’ attitude        
towards technology and design. The participants initially       
had a mostly pessimistic attitude towards designing a        
mobile app, especially under remote co-design conditions.       
Some expressed concerns about their low understanding of        
technology which they thought may affect the co-design        
results. However, the participants completed the procedures       
to a satisfactory level, despite many concepts, applications        
and tasks being totally strange to them. After testing the          
high-fi prototype, which was developed based on their own         
design ideas and sketches, the participants showed a        
positive change in the perception of their own design         
abilities and ability to contribute to a remote co-design         
process. The remote method, which inherently includes the        
use of technology such as online video conferencing, thus         
also contributes to the participants becoming more       
comfortable with using technology and overcoming their       
initial averseness towards it. In this sense, the remote         
approach helps to overcome their insecurity of technology        
and pessimistic perception of their own capability, which        
has the potential to contribute to a higher user involvement          
in the process.  

Lastly, the remote approach enables a continuous idea        
exchange between the participants and the designers, as the         
the participants’ feedback can be sent through multiple        

applications without being restricted by a certain time or         
location. 

To sum up, remote co-design is technically feasible. It can          
be used for co-design activities with seniors, and can         
potentially improve users’ participation willingness, ease      
their tensions towards designing, alleviate their insecurity       
of technology and provide an opportunity for continuous        
communication. 

5. DISCUSSION 
This section will discuss the findings on the co-design         
method with the elderly, the remote aspect and the         
limitations of this project. 
5.1 Seniors as Co-Designers 
The final co-design result received a favorable evaluation        
from all participants and it also changed the participants’         
attitude towards co-design and their perception of their own         
design capabilities. The results reveal that, despite their lack         
of design experience and low level IT Skills, senior citizens          
can provide a good resource for design and they can play           
the role as co-designer to contribute to a mobile app design.  

The participants in general underestimated their design       
potential. They were not confident and did not believe that          
they could provide valuable design ideas. Despite this, their         
sketches constituted decent paper prototypes for further       
development. In order to evaluate their work from a         
professional perspective, two senior UX designers from a        
design agency in Aarhus were invited to review the         
sketches. Their comments are, contrary to the seniors’        
impression, much more positive. The sketches are       
considered “a decent basis for working with a pill reminder          
functionality” and they “no matter the detail - are a great           
asset and capture the essence of including the users”  

and one designer said that he  

“wouldn’t expect anything else from 15 minutes of        
co-ideation and refinement”.  

This negative mindset of the participants did affect their         
participation to some extent, as they tended to be less active           
in the co-design process when they did not believe they          
could make contributions. Thus, it is important to        
communicate with the seniors and encourage them to        
overcome their distrust in themselves. In addition, the        
moderator should actively involve them into the design        
workshop and give them immediate, especially positive       
feedback. 

5.2 Remote Co-Design as a potential alternative 
From the remote Co-design practice with seniors, several        
challenges and opportunities are identified, both with       
regards to co-design with seniors and the remote aspect. 

In terms of co-design with seniors, some challenges were         
introduced in the related work section above. Two serious         
challenges this study identified were also discussed in        
related research, specifically that: the senior participants       
have difficulty envisioning a design idea and difficulty        
staying focused on the process. These problems were even         
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more amplified in our practice as our co-design procedures         
were all carried out remotely. The participants found it         
harder to focus or get inspired when they sat in front of a             
screen without seeing others’ body language and were        
unable to talk in a natural way with others. Based on a            
discussion with the participants in the last interview, these         
challenges may be compensated with a well prepared        
structure, frequent interaction initiated by the moderator and        
some more design materials. 

For co-design in general, one difficulty mentioned in the         
related work section, is that it can be hard for the users to be              
unbiased in their evaluations, as the final product is a result           
of their own co-design. In our remote co-design, the         
participants rated the final prototype on average as 8 out of           
10 as well, and more than one participant commented that          
“there is nothing I can think of to be improved”. This issue            
may be addressed by also inquiring opinions from external         
professional designers, to ensure the impartiality of the        
evaluation. In our case, two professional designers were        
invited to comment on the final prototype and they agreed          
on that the though the final result needed some adjustments          
and “needs more work, both in graphical and UX design”,          
no critical problems were identified. 

Despite of the difficulties, opportunities of the remote        
approach were also identified. It not only provides        
flexibility and a comfortable environment, but also       
stimulates the participants use of technology and offers        
continuous communication. In addition, all participants had       
a positive evaluation on both the process and the results of           
this project. Taking all factors into account, remote        
co-design may not be able to completely replace a         
traditional face to face co-design, but it should be         
considered as a method with great potential to be improved          
and serve as viable alternative to traditional co-design with         
seniors, both in research and in design practice.  

6. CONCLUSION 
This section will conclude upon the initial research        
question:  

What challenges and opportunities may occur when       
co-design with seniors is carried out remotely? 

Compared to a traditional face to face co-design with         
seniors, an online co-design has to confront challenges such         
as frequent distractions, unnatural conversation forms, and       
limited interaction. Simultaneously, some of the typical       
problems of traditional co-design with seniors also occurred        
and were even amplified: the difficulty in envisioning        
caused by their lack of design experience, their insecurity         
surrounding technology and the seniors’ slow pace in        
design activities. The opportunities found in the method,        
however, include making the co-design process easy to        
access for the senior participants, ensuring a quiet and         
separate environment for some of the activities the        
participants may be nervous about doing in a group, helping          
to address some senior participants’ pessimistic perception       
of own technology and design capabilities, and lastly        
enabling a continuous feedback between users and       

designers or developers. Additionally, the users all reckon        
that the remote aspect of the procedures makes the activities          
time efficient and flexible, increasing their likeliness of        
participation.  

The findings show that, regardless of the challenges, the         
remote co-design with seniors is technically feasible and        
effective in relation to deliver a user-satisfactory design        
solution. It should be considered as a viable design method          
and this topic deserves more investigation, especially in        
regard to providing solutions to overcome the identified        
challenges in order to improve the method. 

Limitations 
There are two major limitations of this project: the         
representativeness of users and the limited design activities.        
The small sample amount restricts the representativeness of        
the study. Among the five participants, only P5 is         
experienced in designing as he worked as an architect         
before his retirement. He answered some questions in a         
manner considerably different from the others. For instance,        
he maintained the idea that the co-design results were most          
affected by your own design ability, while most other         
conditions, such as working remote or face to face, more          
materials or guidance etc. will not play an important role in           
regards to changing the results. It is interesting to observe          
this difference, but as our recruitment only included a single          
participant with such a background, it is impossible to state          
that this difference would be applicable as a general         
difference between those with more design experience and        
those with less experience. The other limitation of this         
study is that the co-design process did not include many          
different types of design activities. Thus, the evaluation of         
the feasibility of the remote co-design approach is limited.         
For instance, Sanders E B N et al. [18] claimed that online            
participatory design is not viable for “Acting, Enacting and         
Playing” design activities. As there are no design activities         
belonging to this category in our project, we are not able to            
contribute data or analysis to support or oppose this claim. 

Future Work 
There is a general lack of empirical research papers         
investigating the topic remote co-design, thus, additional       
empirical studies should be performed in order to further         
explore how this method is perceived by different groups of          
elderly users, as well to investigate solutions to compensate         
for the identified problems from this study. Such research         
can contribute to fulfill the potential of the remote approach          
as an opportunity for future co-design and usability testing.         
Besides, investigations examining different types of      
co-design activities should be conducted to offer a more         
comprehensive evaluation and comparison on this topic.  

7. ACKNOWLEDGEMENT 
I would like to thank all the five participants for taking part            
in this project and my friend Christian Agger for providing          
translation and assistance. 

10 



REFERENCES 
[1] United Nations, Department of Economic and Social       

Affairs, Population Division. 2019. World Population      
Ageing 2019. (ST/ESA/SER.A/444) 

[2] Czaja S J, Boot W R, Charness N, et al. Designing for            
older adults: Principles and creative human factors       
approaches[M]. CRC press, 2019. 

[3] Jing He. A Literature Review of IxD Research for         
Seniors from 2000 to 2019, Aalborg University.       
Aalborg, 2020. 

[4] Spinuzzi C. The methodology of participatory      
design[J]. Technical communication, 2005, 52(2):     
163-174 

[5] Participatory design: Principles and practices[M]. CRC      
Press, 1993. 

[6] Williamson J R, McGee-Lennon M, Freeman E, et al.         
Designing a smartpen reminder system for older       
adults[M]//CHI'13 Extended Abstracts on Human     
Factors in Computing Systems. 2013: 73-78. 

[7] Nilsson M, Johansson S, Håkansson M. Nostalgia: an        
evocative tangible interface for elderly     
users[C]//CHI'03 Extended Abstracts on Human     
Factors in Computing Systems. 2003: 964-965. 

[8] Mayer P, Panek P. Involving older and vulnerable        
persons in the design process of an enhanced toilet         
system[C]//Proceedings of the 2017 CHI Conference      
Extended Abstracts on Human Factors in Computing       
Systems. 2017: 2774-2780. 

[9] Jelen B, Monsey S, Siek K A. Older Adults as Makers           
of Custom Electronics: Iterating on     
Craftec[C]//Extended Abstracts of the 2019 CHI      
Conference on Human Factors in Computing Systems.       
2019: 1-6. 

[10] Uzor S, Baillie L, Skelton D. Senior designers:        
empowering seniors to design enjoyable falls      
rehabilitation tools[C]//Proceedings of the SIGCHI     
Conference on Human Factors in Computing Systems.       
2012: 1179-1188. 

[11] Vines J, Blythe M, Dunphy P, et al. Cheque mates:          
participatory design of digital payments with eighty       
somethings[C]//Proceedings of the SIGCHI Conference     
on Human Factors in Computing Systems. 2012:       
1189-1198. 

[12] Vanden Abeele V A, Van Rompaey V. Introducing        
human-centered research to game design: designing      
game concepts for and with senior citizens[C]//CHI'06       
extended abstracts on Human factors in computing       
systems. 2006: 1469-1474. 

[13] WHO:Health care considerations for older people      
during COVID-19 pandemic. Retrieved May 15, 2020       
from 
http://www.euro.who.int/en/health-topics/health-emerg
encies/coronavirus-covid-19/technical-guidance/health-
care-considerations-for-older-people-during-covid-19-p
andemic 

[14] Lee Y S, Chaysinh S, Basapur S, et al. Active aging in            
community centers and ICT design     
implications[C]//Proceedings of the Designing    
Interactive Systems Conference. 2012: 156-165. 

[15] Richards O K. Exploring the empowerment of older        
adult creative groups using maker     
technology[C]//Proceedings of the 2017 CHI     
Conference Extended Abstracts on Human Factors in       
Computing Systems. 2017: 166-171. 

[16] Lindsay S, Jackson D, Schofield G, et al. Engaging         
older people using participatory    
design[C]//Proceedings of the SIGCHI conference on      
human factors in computing systems. 2012: 1199-1208. 

[17] Sorgalla J, Schabsky P, Sachweh S, et al. Improving         
representativeness in participatory design processes     
with elderly[C]//Proceedings of the 2017 CHI      
Conference Extended Abstracts on Human Factors in       
Computing Systems. 2017: 2107-2114. 

[18] Sanders E B N, Brandt E, Binder T. A framework for           
organizing the tools and techniques of participatory       
design[C]//Proceedings of the 11th biennial     
participatory design conference. 2010: 195-198. 

[19] Gumm D C. Distributed participatory design: An       
inherent paradoxon[J]. Proc. of IRIS29, 2006. 

[20] Friedrich P. Web-based co-design: Social media tools       
to enhance user-centred design and innovation      
processes[J]. 2013. 

[21] Andreasen M S, Nielsen H V, Schrøder S O, et al.           
What happened to remote usability testing? An       
empirical study of three methods[C]//Proceedings of      
the SIGCHI conference on Human factors in       
computing systems. 2007: 1405-1414. 

[22] Castillo J C, Hartson H R, Hix D. Remote usability          
evaluation: can users report their own critical       
incidents?[C]//CHI 98 conference summary on Human      
factors in computing systems. 1998: 253-254. 

[23] Bastien J M C. Usability testing: some current practices         
and research questions[J]. International journal of      
medical informatics, 2010. 

[24] Kvale S, Brinkmann S. Interviews: Learning the craft        
of qualitative research interviewing[M]. Sage, 2009. 

[25] Kjeldskov J, Skov M B, Stage J. Instant Data Analysis:          
Evaluating Usability in a Day. In proc. NordiCHI        
2004[J]. 2004. 

 

 

11 

http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/technical-guidance/health-care-considerations-for-older-people-during-covid-19-pandemic
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/technical-guidance/health-care-considerations-for-older-people-during-covid-19-pandemic
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/technical-guidance/health-care-considerations-for-older-people-during-covid-19-pandemic
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/technical-guidance/health-care-considerations-for-older-people-during-covid-19-pandemic

