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Abstract 
The paperless office is a concept that has been around for decades. The concept concerns 
digital technology replacing paper as a medium within the office, but so far a completely 
paperless office has yet to be achieved. In this study, we have reviewed previous research in 
order to understand potential reasons for this. We interviewed local offices, to find out how 
they used paper around the office, and information about what properties a replacement 
might need. The research questions that guided us through our study were: In what way do 
local offices store and index data? What themes can we find in their practices that help us 
further the paperless office? Can we use our findings to create a concept design? Using the 
information we gathered we designed a conceptual prototype styled after a common 
binder, to associate the mental models used when working with paper, and imbuing it with 
digital technology. 
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1. Introduction 

In any office today, information and data are vital currencies with which the company can 

facilitate its business. The method of storing this information can determine speed and ease 

of access, additionally; it can have an impact on the efficiency around the office, as well as 

stress and other emotional effects on the workers. 

Currently, a majority of offices store their information on paper, and/or in digital 

databases, which can make it difficult to get a proper overview. The advantages of a paper-

based information storage system lie in its physical form, which is intuitive and easy for 

humans to navigate. Almost anybody would be able to search through a paper archive and 

find what they need given enough time. There is a natural feeling to walking through stacks 

of shelves or rifling through cabinets looking for files, we all have some experience of this 

method of searching. 

Computer-based storage systems are good for allowing an individual to search through 

entire archives in seconds, reducing the time it takes to find what they are looking for. An 

issue with this is that not everybody knows how or cares to learn how to use computers or 

how to search efficiently. 

The paper-based and computer-based methods of storing information both have their 

benefits, as well as their own issues. Paper, for example, can be bad for the environment in 

that trees must be cut down and transported to make paper, or the files themselves may later 

be destroyed but not recycled. Computer-based solutions are often expensive and require 

some training to use efficiently; making them more costly in the short-term even if they have 

more long-term benefits. 

Our goal is to explore the possibility of combining these two methods to move toward the 

paperless office, by shaping computer-based storage to fit the physical form of a paper-based 

storage, attempting to achieve the best of both worlds. Using tangible user interfaces (TUIs) 

and cloud-based technology to achieve a paperless office can aid productivity and efficiency 

in the workplace, reducing their environmental impact via paper-consumption, as well as 

provide a satisfactory and enjoyable experience for the workers. 

Our research questions are a reflection of above mentioned goals; 

  

• In what way do local offices in Umeå store, and index data? 

 

• What themes can we find in their practices that will help us to further the 

paperless concept? 

 

• Can we draw upon our findings and formulate a concept? 
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1.1 The Paperless Office 

The paperless office is a concept based on the idea that technology has advanced enough that 

the ease-of-use and conveniency that paper affords can be effectively replaced by digital 

systems. Many offices have indeed been digitised, using computers and the internet to store 

and share information. Despite this, these same offices and many others still use a lot of 

paper (York, R., 2006) and the introduction of computers, the internet, and e-mail seems to 

have increased paper-consumption rather than reduce it (Sellen, A., Harper, R., 2002). This 

is thought to be due to technology making it easier to produce paper documents. It seems 

that the technology that was supposed to bring us closer to the paperless office instead seems 

to be taking us further away from it, by making it easier and faster for people to create drafts, 

share them and print them out. It has been said that rather than trying to create a paperless 

office, it seems more feasible to create a “less paper” office (Smart, K., 1995) as a stepping-

stone to a true paperless office. 

Perhaps the greatest obstacle to creating a paperless office is replicating the intuitive 

experience of using paper documentation, something that technology thus far seems to have 

failed at doing. For example, it is easier to read from paper than it is from a screen (Muter et 

al., 1982), and if we are even to approach replacing paper as a medium in the office, the 

reading efficiency of the new technology must surpass that of paper (Muter, P., Maurutto, P., 

1991). In short, the affordances and the intuitive, natural feel of using paper needs to be 

replicated by any technology that purports to be a part of making a paperless office. 

Holman, Vertegaal, Altosaar, Troje and Johns (2005), discussed some of the affordances 

of paper in their “Paper based design” principles: 

 

• Supports flexible navigation: Computers have indirect input via the mouse and 

keyboard, where with paper you are working in direct contact with the surface 

 

• Supports cross document use: Paper easily allows for using several documents 

simultaneously, while a computer screen can have trouble displaying more than 

one window effectively 

 

• Supports direct annotation: Paper allows a user to make notes directly in a 

document while actively reading it, instead of requiring one to make use of a 

special mode and/or the mouse and keyboard 

 

• Supports switching between reading and writing: Reading and writing at the same 

time or switching between the two is less cumbersome with paper 
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1.2 Tangible User Interfaces (TUI’s) 
TUI’s fall into the design approach that is Tangible Interaction. This form of interaction puts 

an emphasis on the physical embodiment of data, and the whole-body interaction of the user, 

made possible by interfaces embedded into real space. The field of research belonging to 

tangible interaction is interdisciplinary, moving outside the realm of HCI and IxD. Within 

these realms however lies a focus on the implementation of interfaces or systems into 

physical artifacts and environments.  

The whole idea with bringing computing into ‘the real world’ dates as far back as the early 

90’s. It was in these early days of digital technology that Wellner, Mackay, and Gold started 

looking at the plausibility of alternate means of computer interaction (Wellner, Mackay, 

Gold, 1993). 

The goal was to create an alternative to the standard graphical displays of the era. This 

was done by fusing digital interaction with the richness of physical interaction. The idea of 

‘tangible bits’ by Ishii and Ullmer was to let the users “grasp and manipulate” the 

information on the physical plane (Ishii, Ullmer, 1997). Together these “bits and atoms” 

created linkages between these two realms. 

 

 
Image 1 - Tangible User Interface ‘tangible bits’. 

 

By rotating the flat ‘bits’ the users changed the amplitude and rhythm of notes played by the 

bigger ‘bits’, the distance between the pieces also influence the sound produced. This allows 

the users to create music digitally by interacting with the physical world. 
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1.3 Cloud Computing 

The world is becoming increasingly interconnected with the expansion of high-bandwidth 

internet, such that it only takes a few seconds to retrieve information from the other side of 

the world. This connectivity has given rise to a phenomenon known as Cloud Computing, 

where applications and hardware services are delivered over the internet. The term refers to 

both the software, and the hardware involved in providing remote storage, control and even 

computational power in some cases. 

Only in recent years has the term Cloud Computing become known to nearly anyone who 

uses a computer or handheld device, though the term has been around for decades and the 

concept can be traced back to the sixties, with JCR Licklider’s memo about “the intergalactic 

computer network” in which he describes a remote terminal allowing a user to access 

resources across several connected computer centers. Cloud computing in its current 

incarnation is said to have come as a result of Amazon releasing their Elastic Compute cloud 

service in 2006, and then in 2009 when browser-based services started appearing more 

often. 

2. Related research 

We will in this section present the concepts, and research, that has already been created in 

the areas relevant to our study. We start with talking about the paperless office, and the 

iterations it has gone through, to then focus in on cloud computing and a validation of our 

study. 

2.1 Paperless office 

The idea of the paperless office has been around for a long time, the seed planted by Samuel 

Morse in the 1800s with his ideas of electronic mail (Sellen, A., Harper, R., 2002). Today, 

much of the office is digital (van Weenen, B., 2013). Computers are being used to process, 

store and share data and information, handling much of the day-to-day work that 

traditionally happened on paper (Uhlig, R. P., Farber, D. J., & Bair, J. H., 2014). Most 

literature that concerns the paperless office variably classifies the idea as myth, something 

that has not yet been achieved and may never truly be (Sellen, A., Harper, R., 2002; Dykstra, 

R. H., Ash, J. S., Campbell, E., Sittig, D. F., Guappone, K., Carpenter, J. & McMullen, C., 

2009), while others believe it should be thought of as a vision, an immortal thought that 

guides the development of the community and research (Quigley, A., Dix, A., Mackay, W. E., 

Ishii, H., & Steimle, J. 2013). 

Something that many works mention is the Jevons Paradox (York, R., 2006; Wolfe, M., 

2012; Alcott, B., Giampietro, M., Mayumi, K., & Polimeni, J., 2012), which states that 

improving the efficiency of a resource increases, rather than decreases, the consumption of 

that resource (Jevons, W. S., 1866). This is said to run “counter to conventional wisdom”, 

though logic would suggest that the increase of consumption is because the improved 

efficiency means the increase yields greater returns than it would have previously. An 

example would be the improvement of battery technology, where the focus seems to have 
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been more on fitting more energy into them rather than making what energy could fit, last 

longer (decreasing the overall energy consumed). 

These works say the same of the “myth” of the paperless office, that movement towards 

that ideal has instead increased paper-usage by making it easier to create and share 

paperbound documents. Part of the reason it is so hard to reduce paper-use in offices is that 

paper has been so heavily used as work practices have developed, making it difficult to 

supplant paper unless work practices are also changed (Sellen, A., Harper, R., 2002).  

Another reason is that paper is something so simple to work with, and something people 

have worked with for such a long time, that using it feels more natural and intuitive than 

using digital technologies for the same task. Additionally, digital displays may contribute to 

several types of strain and fatigue related to the eyes and brain (Agarwal, S., Goel, D., 

Sharma, A., 2013) while paper tends not to have that effect.  

2.2 Tangible User Interfaces 

Sellen and Harper (2002) found that users preferred paper over computer displays because 

of its flexibility, interaction with it is direct, and it can be cut, folded or otherwise shaped 

according to the user’s needs. The versatility of paper seems to be difficult to recreate purely 

digitally. In this, we believe TUI’s can be a key factor in retaining that flexibility and 

versatility of paper, though we have not found many works that deal with both TUI’s and the 

paperless office, and those we did find merely had Sellen and Harper (2002) listed as a 

reference. 

The research on TUI’s that we selected suggests that this technology, or rather this 

method of interaction, has great potential to mimic or at least retain some of the preferable 

qualities of paper use. TUI’s tend to be classified as physical representations of underlying 

digital information, which also act as controls for that media (Ullmer, B., & Ishii, H., 2000). 

According to Ullmer and Ishii, that coupling of the physical with the digital is the central 

characteristic of a TUI. 

That the physical representations can be used for interactive control is the second 

characteristic. The third characteristic is the digital information that is displayed through the 

TUI and the fourth characteristic is that the physical state of the TUI informs about the 

digital state of the system. A TUI need not consist of a single object, it could for example be 

an assortment of blocks, and each imbued with a function that is expressed differently 

depending on the orientation of the block (Ullmer, B., & Ishii, H., 1999). 

TUI’s most potent feature is that it allows us to directly grasp and manipulate digital 

information with our hands (Ishii, H., 2008), bringing computers closer to paper in that 

regard. Previous work has investigated the link between the concept of spatiality and TUI’s 

(Sharlin, E., Watson, B., Kitamura, Y., Kishino, F., & Itoh, Y. 2004; Zigelbaum, J., Kumpf, A., 

Vazquez, A., & Ishii, H., 2008). This involves taking advantage of humans’ natural spatial 

skills and developing the TUI’s with them in mind. Designing the TUI with an emphasis on 

re-creating affordances (McGrenere, J., Ho, W., 2000) of existing, widely used resources can 

be key in making it work toward a lasting paper-alternative. 
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2.3 Cloud Computing 

The advent of Cloud Computing offers what seems a perfect tool for bringing the paperless 

office to fruition. The ability to store documents remotely and retrieve them from anywhere 

at any time seems like it should severely undermine the need for paper in an office. 

As mentioned, Cloud Computing refers to software services provided over the internet as 

well as the hardware used to deliver those services (Armbrust et al., 2010). The role that this 

can play for businesses is to increase flexibility and reduce costs by outsourcing the cost of 

hardware maintenance (Shivakumar, B. L., & Raju, T., 2010), or at least allow for better 

information sharing and management if using their own hardware to provide cloud services 

within the organisation.  

Armbrust et al. (2010) introduce some terms such as “public cloud” which refers to a 

cloud that is available to the general public, which is selling “utility computing” as a service. 

An in-house cloud run by an organisation for its own use, they call a “private cloud”. They 

also distinguish a Software-as-a-service (SaaS) user from a cloud user, the latter being the 

provider of the software used by the former and the cloud provider offering the hardware 

used to provide that software.  

Armbrust et al. (2010) continue on to present three cases where cloud computing would 

be preferable over a company hosting their own servers. The first is that a data center that 

only nears peak capacity a few days a month is underutilised the rest of the month, with 

cloud computing an organisation can instead pay for as much computing power as they need, 

while they need it, avoiding the cost of having their own datacenter. 

The second case is if an organisation does not know in advance how much capacity they 

need, being able to add in extra capacity through Cloud services. An example would be a 

service provider that has a sudden uptick in demand. The third case involves an organisation 

using 1000 machines provided by the cloud service, instead of one of their own machines for 

1000 hours for the same cost. 

Shivakumar and Raju (2010) present some other potential benefits for businesses to 

utilise cloud computing services. As mentioned, Cloud computing can help reduce expenses 

by avoiding having more capacity than is required most of the time, maintenance and power 

costs. They also write that the service is “easy to install” since businesses do not necessarily 

need to acquire hardware or software to use the cloud service. Cloud services remove the 

need to have technicians running updates on all the machines, letting the cloud provider 

update their service instead. Cloud Computing also allows for the shifting of work from static 

office equipment into mobile devices such as phones or tablets, allowing for greater 

flexibility. 

Perhaps the greatest benefit that cloud computing brings to businesses is the reduction of 

their environmental impact, much like riding the bus rather than driving your own car to 

work. While data centers and their power consumption have grown larger over the years, 

their energy efficiency has improved. Using that infrastructure for Cloud Computing has 

great potential for saving energy in the long run (Baliga, J., Ayre, R. W., Hinton, K., Tucker, 

R. S., 2011). 

Cloud computing makes it possible to use such things as “thin clients”, barebones 

computers that leave most of the processing to the cloud. This type of computer has the bare 



 

9 

 

minimum of parts required to be able to access the cloud server which then provides for the 

computational needs of the client. The reduction of hardware on the client’s end results in 

more energy saved for each user with a thin client instead of a regular computer (Vereecken, 

W., Deboosere, L., Simoens, P., Vermeulen, B., Colle, D., Develder, C., ... & Demeester, P. 

2010). 

2.4 Validation of study 

The subject of TUI’s and the Paperless Office has been widely brought up within HCI. We feel 

however that there is a greater push towards TUI centered solutions as the cloud descends 

upon offices around the world. This change in data storage gives us the opportunity to look 

into TUI concepts that draw from this powerful technology.  

It is this that we hope to add to the field of research, a look into the direction that offices 

are currently moving when it comes to data storage, and the fusion with TUI’s into a feasible 

paperless office concept. 

3. Method 

Finding the right method for reaching your research goals is essential. In order to find how 

we could help the paperless office, we needed to know how data storage was evolving and 

being used in offices today. To do this we conducted studies in several offices and municipal 

departments around Umeå, making sure to get a diverse as possible spread on our 

respondents. Our object of study was the paper usage, and the data storage systems, in use by 

these offices and departments. 

3.1 Prestudy 

In order to determine the state of the body of knowledge regarding our chosen topic, the 

paperless office, we conducted a literature study. Literature studies can be conducted in 

order to close saturated areas of research or reveal where further research is needed. This 

type of study provides a foundation for other research, collecting concepts and previous 

findings, strengthening the body of knowledge (Webster & Watson, 2002).  

The literature used in this paper was found using the search aggregator Google Scholar in 

order to search the many digital libraries and databases of journals and conferences that deal 

with information technology. The search terms we used to find research relevant to our topic 

were: paperless, office, tangible interfaces, barriers, advantages, disadvantages, 

digitalization, archiving, paper management, with the majority of the results being found 

with some combinations of paperless and office. 

As we conducted our interviews we struck upon the potential of cloud-computing and 

storage with regards to our topic, and searched for previous work in that field as well, using 

such terms as cloud storage, cloud based, and other variations of cloud technology. 

Selection consisted of examining the abstract and conclusion sections of an article; if it 

proved relevant we would then read the rest of the content. Many of the top results are from 

the 1990’s or older, and much of the newer articles we found refer to those same results. 
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3.2 Sampling of Respondents 

In order to select respondents for our study we generated a few criteria. As the main topic we 

were investigating was the paperless office, our respondents should work in an office, or 

similar professional workplace. Said workplace should also use a fair amount of paper. Their 

archival system and its content should also not be protected information. While age was not 

a criteria, we did get a broad age range of respondents, ranging from their 20s-50s. Some of 

the approached individuals, specifically around the top of the range, declined to participate 

stating they felt “too out of the loop” regarding technology. 

Below you will find a chart listing the participating individuals: 

 

Respondent ID: Gender: Occupation: 

1 Female Property Manager 

2 Male IT-specialist 

3 Male Archivist 

4 Male Property Lawyer 

5 Female Nurse 

6 Male Property Manager 

7 Female Teacher 

Table 1 - Interview Respondents 

 

We returned to three of these respondents, Resp. 1, Resp. 2, and Resp 4, for our prototype 

evaluation. These three were chosen as they showed the most interested in our concept, and 

because they all represent three different kinds of offices. 

3.3 Interviews 

To provide context to our topic and build a foundation for developing our concept, we 

conducted several semi-structured interviews. Interviews were an optimal choice since we 

wanted a qualitative method that could provide us with rich information and get a real 

account of what professionals might think regarding our topic (Harrel, M., Bradley, M., 

2009). With interviews, we could identify where the participants place emphasis on the issue 

of paper-usage in office vs. going paperless 

We wrote an interview guide to help direct the interviews, with some open-ended 

questions to establish a dialog with the participant about the paperless office and their 

current practice when it comes to paper-use in the office. While both structured and semi-

structured interviews use a guide (Seaman, CB, 1999), we chose the semi-structured method 

in order to allow for the possibility that participants could lead us to new information and 

questions we had not considered previously. 
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3.4 Prototyping 

We started our prototyping with a quick wireframe sketch in Balsamiq. This allowed for 

rapid conceptualization of our ideas. At this point we had already decided to create a paper 

prototype but the digital sketching process was one that we were the most familiar with, and 

as such it seemed like the best choice for us. We brought with us the paper affordances from 

our pre-study and literature review: 

 

• Supports flexible navigation 

 

• Supports cross document use 

 

• Supports direct annotation 

 

• Supports switching between reading and writing 

 

The menu was designed to allow for five active documents. Flexible navigation was to be 

achieved through tapping one of the five tabs at the top, swiping to the left or right on the 

document, or simply turning the page. 

The limitation on five, and later four, active documents was put in place based on the 

number of “pages” we wanted to have in the prototype. These were to allow for the cross 

document use that we felt the prototype should incorporate. By placing a document at the 

second slot in the menu, the document would also display on the second page of the binder. 

These pages were made to be detachable as well, meaning that all of the pages could be put 

next to each other, creating good visibility, but still be controlled by the first page. 
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Image 2 - Quick Binder Wireframe Navigation 

 

Simply holding the finger down and dragging highlights text, tapping also lets the user add 

text annotations. This allows the users to directly annotate the text that they are reading, and 

these settings are stored between uses of the same document. 
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Image 3 - Quick Binder Wireframe Annotation 

 

The reading and writing affordance turned out to be a bit of a hindrance for us. While we 

wanted to incorporate it into our design in a smooth manner, we did not want it to impact 

the other three. While a simple button to toggle between writing and reading would have 

been simple to implement, we felt that it would not really emulate paper enough to warrant 

inclusion into the concept. 

As a part of the concept we also added a fingerprint scanner to the front of the prototype. 

This was done to address some of the concerns that was presented during the interviews 

about the prototype’s security. While we did discuss the possibility of other means of 

unlocking the device, we felt that a fingerprint scanner is more reliable than an gesture-based 

detection, and cheaper than eye-scanning technology. 

We decided to create a paper prototype to use in our evaluation. We chose to do it this way 

because it is a quick, effective, low-cost method of prototyping that allows for modifications 

on the fly if needed (Snyder, C., 2003). We used an actual binder and blank papers as a 

representation of the final product. We sketched an initial design for the interface on the 

paper and used post-its and paper-clippings to simulate interactivity. 

Using a paper prototype allows a designer to test a concept early on, before investing 

resources into a more expensive high-fidelity prototype. It allows designers to communicate 

and discuss their ideas during early development, and is suitable for representing static 

information such as documents and text (Lauber, F., Böttcher, C., Butz, A., 2014). A paper 

prototype made more sense to us, since attempting to create a functional hi-fi prototype 

would likely take more time and money than we had.  

The use of a paper prototype also would allow us to modify the design if at any point 

during testing a major flaw or deficiency was discovered. It also eliminates possible technical 
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difficulties that would hinder testing (Ibid., 2003), and lets us test the idea of the product as 

it was envisioned, rather than be limited by the meagre resources available to us. 

 

 
Image 3 - Creation of the Paper Prototype 

 

Creating a low fidelity prototype on a computer would also take away from the overall feel 

and aesthetic we wanted to promote, since any interaction with the prototype would be done 

via the computer interface of a mouse and keyboard, abstractions which we are trying to 

move away from with our binder. Paper- and computer-based prototypes generate similar 

amounts, quality and accuracy of critical user statements (Sefelin, R., Tscheligi, M., Giller, V., 

2003).  
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3.5 Usability Evaluation: Think Aloud Protocol 

Our objective with this project was to design an interface modeled after a familiar, tangible 

object: the common office binder. We decided to use the tried and true Think Aloud method 

to evaluate our design with the help of a paper prototype. 

The Think Aloud method is one of several methods used to analyse how users perform 

tasks, in order to inform designers on how to design a product that requires minimal 

cognitive effort (Jaspers, M., Steen, T., van den Bos, C., Geenen, M., 2004).  

In the Think Aloud method, users vocally report their thoughts and reasoning behind 

their actions toward solving a task or series of tasks received from the designer. The method 

consists of collecting think aloud protocols systematically and analysing the protocols to 

build a model of the cognitive process of solving the provided tasks (Ibid. 2004) 

The verbal expression of why, where and how the user is struggling allows the designer to 

identify problem areas and create improvements (Olmsted-Hawala, E., Murphy, E., Hawala, 

S., Ashenfelter, K., 2010). There is also the possibility for pauses and non-verbal cues to 

provide valuable information, as it might indicate an increase in cognitive load (Cooke, L., 

2010). The Think Aloud protocol we used is similar to a Coaching approach, with active 

interventions by the test administrator such as direct questions about difficulties and 

thoughts as well as providing small assistances if the user gets stuck (Ibid., 2010). 

We made sure that we placed the test inside an environment that fit the prototype. The 

respondents started the test by going from their desk to a bookshelf and picking up the 

prototype. From there onwards the test took place at their desk. 

3.6 Analysis 

In our study we have conducted a thematic analysis (Aronson, J, 1995; Fereday, J., & Muir-

Cochrane, E. 2006) to search for themes important to defining the concept of the paperless 

office and describing what state it is in, as well as identifying themes and trends regarding 

how offices are developing with regards to their paper-usage. 

Thematic analysis is a widely used qualitative analytic method, concerned with locating 

patterns and “themes” among sets of data these themes then become categories for analysis. 

Thematic analysis has much in common with other qualitative methods, but begins to 

distinguish itself when the researcher begins to notice patterns in the data and searches for 

connections to other themes and patterns. Immersion in the literature during the process can 

enable the analyst to notice more subtle patterns. 

The process of a thematic analysis can be outlined in six phases (Braun, V., Clarke, V., 

2006). The first step is familiarising with the data. This step involves transcribing and 

reading the data, making notes of points of interests that appear. The second step is to code 

features of the data in order to gather them under the classification of these codes. 

Third is to examine these codes and see how they might connect as patterns and present a 

theme. The fourth step is to review the themes and refine them. This is where some potential 

themes might be discarded if the data does not support them, or if they are close to another 

theme they might be merged. Phase five is about defining and naming the themes. This 

involves identifying the core of a theme and what it is about. The final phase is the 

production of the report, in this case our thesis. 
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From the results of our interviews we could identify patterns of thought and attitudes 

regarding paper-use, and the ways these organisations implement technology can affect that 

use. 

3.7 Method Criticism 

The methods used in this study were chosen based on the resources available to us and our 

experience in the topic. A literature review was necessary to inform us of the current state of 

the paperless office and how it is projected to develop. The search and selection of articles to 

include took a substantial amount of time,  since some of our search terms can be considered 

“buzzwords” and were often only mentioned once or twice in a lot of papers. 

Further, the selection of organisations to approach for interviews took a lot longer than we 

expected, in part because some of the ones we contacted did not respond but also because we 

had a firm set of criteria that these organisations should have offices, require the storage of 

large amounts of data, have high paper-usage and also not deal in protected information.  

This meant we did not approach such organisations as defense contractors or the police, 

and initially we avoided hospitals and medical professionals as well, though we did have a 

respondent from that profession after we realised they could tell us about their paper-usage 

and information management without giving away patient information. 

The seven interviews that we conducted in conjunction with our literature review may give 

us a broad, general view of the current state of office development; the viability of the 

paperless concept, as well as the attitude toward it and tangible interaction, but it is not 

exhaustive. To get a truly in-depth picture, we would need hundreds, if not thousands, of 

interviews- a number best left to future, more expansive works. 

Additionally, Usability Evaluation in early design stages can potentially stifle alternative 

design ideas that may be superior by leading designers down a rabbit-hole, trying to solve the 

issues users have with the current design. Another criticism regarding Usability Evaluation is 

that the methodologies typically concern themselves with what makes an object “too hard to 

use” and does not take into consideration whether the object does too little that is useful 

(Greenberg, S., Buxton, B., 2008). 

 

3.8 Ethical Considerations 

All participants in our study were notified ahead of time about the anonymous nature of our 

data gathering. No names or other identifiable aspects about our participants have been 

included in our research, and no data has been shared or sold to any third party. All data 

gathered will also only be used for this study. All participants were asked for permission 

before recording of the interviews, and before pictures were taken during the prototype 

evaluation. We also told the participants that they could decide to abort the interview and 

testing at any time, and for any reason. 
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4. Results 

Our data was divided into themes based upon our analysis. These themes are; state of the 

office, physical storage solutions, digital storage solutions, and paper usage. We decided not 

to subdivide these themes further as we wanted some form of data cohesion. 

4.1 State of the office 

As our respondents had very varying backgrounds and workplaces, we gathered a very broad 

range of data. It became apparent early on that cloud computing was something that is 

currently being worked into most workplaces. During our interviews with the two 

municipality departments we learned that a shift to cloud storage has been in the works for 

quite a while. The biggest issue with the transition within the municipality lies within the 

broad range of systems used. Different departments can decide for themselves what system 

they use, and how frequently they change these systems is up to the department heads. This 

disparity in digital systems causes frequent issues and is one of the leading reasons why 

breakdowns happen within interdepartmental communication and data transmission 

systems.  

 

That’s one of the largest issues; not being able to communicate digitally between 

departments without requiring some sort of conversion or modification of the files. 

Hopefully our transition to the Cloud 365 service will help with these issues. - Respondent 2 

translated from Swedish by the authors 

 

Another aspect is that there is still an almost equal split between paper and digital storage. 

This is mostly due to the strict rules that these departments need to follow when working at a 

municipal department, requiring a certain level of paper copies. 

Contracts, permits, and other forms of signed paperwork are, according to most of the 

respondents, better stored digitally, but are easier to work with in physical form. This meant 

that they often scanned copies of any of said documents, but did not always save the physical 

copy. Due to this there was a culture, especially at the municipality and property lawyer, to 

reprint a document several times. Every time adding or removing something, or just to show 

the involved parties. 

4.1.1 Physical storage solutions 

One of our respondents, from the archival department of the municipality, had a very 

different take on physical storage solutions than the others. To him it carries a vastly 

different tone than the other respondents. He stated several times during our interview that 

he had a soul for archives. That being said he still found the physical solutions to be tedious 

and draining to go through. Searching through literal meters of paper in order to find the 

right document was not something that he enjoyed doing. 

4.1.2 Digital storage solutions 

It was made very clear by two of our respondents that when working with sensitive or 

confidential information, there is a need for several barriers of access. This is turn means 
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that this type of information cannot be stored in a medium that makes it easy to access. The 

digital solutions used at both the hospital as well as the system used by the property lawyer 

do not translate well into a physical medium. 

4.1.3 Paper usage 

One of the greatest uses of paper within all of our respondents was the printing of documents 

just for the sake of not having to read it on a screen. It is the tactile handling of paper and 

binders that is desirable. This being said, contracts, permits, and other forms of signed 

paperwork constituted the bulk of the paper usage for all respondents as well. When working 

with documents that need to be signed the actual papers just “felt” better according to the 

majority of respondents, even though digital signing was frequently used. 

On an individual level the respondents did not pay much attention to the environmental 

impact of their paper usage. They did however mention that it was a concern at company 

policy level. 

4.2 Prototype evaluation 

As we began our testing, it became clear that storing our prototype on a shelf felt unnatural 

to the testers. This was something we had not anticipated. We thought that the prototype 

itself, being a binder by nature, would belong there. The users however saw it as more of a 

digital product, something more like a computer or pad, and as such they felt it should be on 

their desk instead of a bookshelf. 
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Image 5 - Binder Retrieved from shelf 

 

The second major feedback that we got at the start of our testing is the size of the prototype. 

The testers found it to be too big and generally unwieldy. As we used a normal binder for the 

test, we did not really take the size into consideration. We do however agree with the 

respondents that the size could be reduced and it would not impact performance or usability.  

    When the testers had retrieved the binder, they were told to use the fingerprint scanner 

on the front to unlock it. This technology would also be used to allow different users, stored 

on the cloud, to log into any of these binders and retrieve their own data. Two of the testers 

found this method of logging in to be good, one of them however suggested adding some sort 

of proximity based unlocking method. 
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Image 6 - Fingerprint login 

 

If I’m working with this sporadically for longer periods of time, then I don’t want to have to 

unlock it every time I want to use it. Maybe it could be unlocked with my phone? -

  Respondent 1 translation from Swedish by authors 

 

Overall the respondents found the design to be easy to learn and use. The fact that we only 

had three pages, and three PDF slots at the top, did not seem to bother them. In fact one of 

the respondents pondered that perhaps it is better to keep the document count low, so that 

you do not get lost in the many different pages.  
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Image 7 - Prototype navigation 

 

Respondent 4 brought up that there are no settings for color blindness, and no means of 

zooming for those with bad eyesight. 

    Respondent 2 would have liked to have a setting that allowed for more than one page of 

a document open at a time, so that they could use the swipe function to peek at the next page, 

while remaining in their current place. He also wanted to have a method of quickly looking at 

the meta-data of the document, how many pages the document contains, when it was 

created, authors, last user to access it and such. 
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Image 8 - Prototype preferences 

 

Overall the respondents enjoyed their time with the prototype. Two of the respondents said 

that they would like to try an actual product based on our concept, though their current office 

standard of not having a cloud storage service would not allow for it at the moment. 

Respondent 4 was less optimistic about the concept, and most of his issues were grounded in 

security and data sharing between different binders 

 

I store many contracts in my office. Your concept doesn’t really handle those in a way that 

my firm would accept. - Respondent 4 translated from Swedish by authors 
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5. Discussion 

With this thesis we have attempted to identify the current state that the concept of the 

paperless office is in and how TUI’s can be used to further develop that concept. We searched 

the literature with this in mind, examining what previous works had to say on the matter. 

Many of the articles we found referred to the paperless office as a myth, or even a failure, yet 

were still hopeful that it would eventually come to fruition. 

It seems most cite that improvements in technology will eventually cause paper to be 

replaced as a medium, but if that were the case then we would be seeing evidence that paper-

usage was decreasing, not increasing. We believe that a shift of mentality is required, instead 

of trusting only in advancing technology to replace paper, we should change the way we 

design products with an eye towards the paperless office. One way to do that is to combine 

the concept of the paperless office with Tangible user interfaces and the cloud, something not 

many seem to have done before. 

5.1 Paperless Binder Concept 

When considering the state of the paperless office concept, that it has widely been considered 

a myth, and that it has not truly “arrived”, it seems that a new approach might be warranted. 

In our study, we have not found much work that approaches the paperless office with an 

intent to recreate the experience and physical attributes that follow from using paper, with 

Sellen and Harper (2002) suggesting that this failure to recognise the affordances of paper is 

what keeps the paperless office behind the veil of myth. 

We believe that tangible user interfaces and cloud computing may be the keys to the 

success of the paperless office, and indeed, it seems that others may have realised this as well 

(Chen, N., Guimbretiere, F., Sellen, A., 2012; Pyykkönen, M., Riekki, J., Jurmu, M., Sanchéz 

Milara, I., 2013). 

Using the information we have gathered during our study, we have developed a concept 

for a TUI in the form of a binder. This product is meant to help create a paperless office by 

mimicking the natural, intuitive experience of using binders to store and manage 

paperbound documents. 

Physically, it resembles a normal three-ring binder that can be found in nearly any office 

today. A key element in our design of this concept is that we wanted it to remain as close to 

the original object as possible, in order to make it recognisable and keep interaction intuitive, 

since the affordances should be the same. A binder, similar to a book, can be opened or 

closed, can be stacked, placed on a shelf, its paper contents afford flipping through and 

reading like pages, and the rings or whatever that particular binder has affords removal and 

addition of papers. 

Our concept binder should have the external appearance of a regular binder, even as it 

contains processing power and wireless capabilities. Because of this, it may appear a bit 

bulkier and be heavier than a traditional binder. Even so, it shall have the same affordances, 

open or closed, stacked, shelved, and so on. 

The pages within the binder would be few and are to be made from flexible displays, a 

technology that is currently advancing due to the development of OLED technology 

(Sugimoto et al. 2004; Jeong, J.K., 2011) and E-Ink or Electronic Paper Displays (EPD). 
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While not yet fully as flexible as paper, these technologies seem to be making good progress 

toward that goal (Fujisaki et al., 2014). 

The displays themselves would have their own processing and wireless capabilities, 

allowing them to be removed from the binder and still able to display the chosen 

information, or even to navigate and interact with, independent of the binder. Once removed, 

the display would be able to be stacked, flipped, rolled up, or folded, attaining many of the 

affordances of regular paper. 

Through the use of Near-Field Communication technology or touch-sensitivity, one would 

also be able to make annotations, comments and edits directly on the display. This could be 

made to recognise a pen, stylus or finger as input. With a pen or stylus, making an implement 

specific for this product would be simple. If any pen, stylus, or finger is to be accepted as 

input there are possible issues of accidental input. Such issues would be solved by adding a 

qualifying mechanism such as a tap or swipe pattern to initiate and disengage an input mode. 

Information can be organised using tabs on the side of the displays like in a regular 

binder, allowing a user to easily flip to the desired information. Additionally, the user could 

search through their documents with a typical search-engine, locating the file they need with 

little fuss. 

In our interviews, respondents expressed that selecting databases or archives should be 

similar to selecting a binder. For this, either the cover of the binder or a secondary display, 

perhaps wall-mounted, can display a virtual “bookshelf” with several binders; one for each 

archive the user has access to, with options to add more to the shelf. 

For the binder to succeed in contributing to a paperless office, it must offer capabilities 

beyond replicating the affordances of using a binder and paper. Making the binder as part of 

a cloud service grants many benefits, such as allowing the binder and papers to draw upon 

the cloud for their processing power. It also opens up the possibility of having entire archives 

in a single binder, as easily shareable as handing someone a sheet of paper. 

It is with this connection to the Cloud that our binder or indeed any tangible interface 

might be a feasible organisation-wide substitute for paper. Many Cloud service providers 

make some claim of contributing to a paperless office, yet they do not replace the interactive 

experience of using paper, instead simply moving much of what users were already doing on 

their own computers, to a remote server. The services do allow digital documents to be as 

“portable” as paper, given that you can access them from anywhere with a compatible device.  

Even so, despite their claims, the paperless office is seen as a failure (Wolfe, 2012). With 

our research into the paperless office and Tangible User Interfaces, as well as Cloud 

computing, we believe that through combining TUIs and Cloud computing there is still a 

chance that the paperless office can become a reality. 

There are some flaws in the concept, such as the handling of confidential information, 

patient files at a hospital for example. One of our respondents said that they are not allowed 

to have such information on mobile devices only protected by PIN-codes. This means 

security measures would be necessary, such as pairing the binder to a user’s computer 

account, with additional barriers blocking the protected information.  

This would detract from the attempt to replicate the flexibility and ease of using paper, so 

it is not an ideal solution. Locking a binder in the “bookshelf” behind user identification 
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mechanisms such as retinal patterns, voiceprint recognition or fingerprint recognition might 

be an acceptable solution where the information is available to only a few users, such as high-

level management.  

In a situation where even low-level employees require access to protected information, 

access codes and access card mechanisms, perhaps even NFC Id-tags, might provide a less 

costly security that can be expanded to include all employees that have the rights to access a 

given file. 

Based on our findings, we designed a paper prototype using an actual binder and several 

blank pages on which we sketched an interface we thought stood the best chance of invoking 

the cognitive models of working with paperbound documents. 

There were certainly aspects of our design that we did not think about. Preferences for 

color blindness as well as the ability to zoom were things that slipped our mind during our 

prototyping. These would have to be added to future concepts. 

One user wanted to unlock the binder with her phone or by proximity to an object in her 

office. While we find that a method of unlocking or logging into the binder based on 

proximity would be quick, we also think that it would compromise the security of the system. 

As such we do not want to use that kind of technology. 

6. Conclusion 

We set out with the goal to study how data storage is currently evolving at offices around 

Umeå. This was done in order to evaluate the feasibility of a concept based on cloud 

computing and tangible user interfaces. 

Our goal at the outset of this study was to design an object that combined the power of 

computers with the properties that make paper such an attractive and pervasive medium 

within the office. With basis in the previous research and conceptualization in the field, we 

chose not to focus on how to make software look like paper, as such a design would leave the 

user with indirect interfaces such as the mouse and keyboard, or tablet computers which 

have their own issues such as being alienating and strange to older, technophobic 

demographics. 

In order to reach our goal, we posed three questions: How do (local) offices store and 

index their data, what themes/practices can we identify that would be useful in furthering 

the paperless concept, and would our findings be enough to formulate a concept? 

Using the information gathered in our interviews and literature research, we came up with 

the design for a physical binder with flexible displays as pages within. Testing revealed that 

this design showed potential, but would require a more advanced prototype and more 

research to see if it would be able to truly replace paper in an office environment. One barrier 

to implementation of a design such as this is that while many offices are adopting cloud-

based storage, far from all offices have. Two of the three respondents that tested our 

prototype would have liked to try a full-fledged product but felt that their offices lacked the 

infrastructure to support it. This indicates that there is at least some interest for a design 

such as ours. With this we feel that our research questions are answered. Even though our 

design requires more work, it did spark interest with those who tested it. 
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This type of concept should contribute to lower energy consumption overall, and spare the 

environment by reducing paper consumption. 

Perhaps the paperless office belongs in the past, perhaps it is a dated idea made obsolete 

by the emergence of augmented and virtual reality, and maybe those are the future. All we 

know is that even though we have all these digital affordances, users still print out 

documents and they still keep those in binders. 

6.1 Future research 

Our study has been fairly limited in regards to resources and geography. Future work ought 

to include a larger pool of users in order to get a better sense of how users would use a 

tangible interface designed to mimic the affordances and properties that makes paper so 

widely used despite the world having entered the digital age. 

More research into why paper is so appealing might also be beneficial, such as 

investigating whether or not using paper contributes to a significantly reduced cognitive 

load, compared to using a computer. 

Although we did not test it in our study, a theory we had was that using digital artifacts 

that emulate binders, books or paper, might create less of a barrier for older users who are 

unfamiliar with the use of computers. Future research could thus be aimed at testing whether 

or not this is the case, however, that would mean that more such artefacts must be 

researched and developed first. 
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Appendix 1: Interview Questions 

 

Intervjufrågor: 
Hur ser er informationslagring ut just nu? 
     

-Har ni använt andra system? 
 
Ser ni några problem med nuvarande system? 
     

-Om så; vilka ser ni som kritiska? 
 
Varför och i vilka lägen brukar ni använda papper? 
     

-Vad ser ni för fördelar med just papper? 
 
Vad ser ni för problem med att byta till en papperslös lösning? 
     

-Vilka problem ser ni som de mest kritiska? 
 
Har ni i åtanke hur er pappersanvändning påverkar miljön? 
     

-Har ni fått information från företaget om detta? 
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