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In the history of libraries, there have been a variety 
of overarching reasons to collect and analyze usage 
statistics: their use in determining future actions, 

their utility in summarizing efforts and activity for 
funders, and their function for comparative purposes 
from library to library, among others. Examples of 
these instances include the ability to track physical 
item circulation and base future acquisitions on popu-
lar materials and using longitudinal circulation statis-
tics to show demand and argue for increases in fund-
ing. The specific things that libraries have measured 
toward these ends have changed over time, and never 
more so than in the last twenty years.

As the world of information access has pivoted 
from physical goods to digital screens, the ways that 
libraries measure themselves have changed. Informa-
tion use was once measured fairly straightforwardly, 
by just counting the materials that were circulated to 
patrons or used in the library. Count the things that are 
used, add that count, and you get something like usage 
of the collection. From this relatively simple measure, 
much can be determined if those counts have addi-
tional facets applied to them, such as which books, 
from what topic areas, for how long, and the like.

Aside from circulation and material tracking, the 
other common measure for libraries over the last sev-
eral decades has been the classic door count. How 
many people come into your building a day? When 
combined with material usage, this gives you the 
ability to look at things like circulations per person, 
another common metric in library reports. It’s also a 
simple measure of how busy a space or building might 
be, which allows for lots of maintenance and staffing 
decisions to be made. 

For years, these sorts of measurements have been 
used to evaluate library building usage. They have 

been, in some libraries (albeit too few), supplemented 
by observational data, often gathered through sam-
pling during representative times of year. These sorts 
of sociological studies have been done both by library 
staff directly and by experts brought in to help the 
library understand its space usage. Sociologically 
driven observational studies are a fantastic tool for 
understanding behavior, but they are limited in many 
ways. They are always time-limited and rely on sta-
tistical validity to be able to generalize the data. 
Another drawback is that they are biased towards the 
things that the observer is looking for, and nonstan-
dard or misunderstood behaviors may be miscoded in 
the study. And, as always, there is the ever-present 
threat of observer bias. 

We are on the edge of a huge set of technologi-
cal changes that will alter how we can measure our 
spaces. New advances in sensor technology, artificial 
intelligence and machine learning, computer vision, 
and more have brought the ability to monitor spaces in 
ways that were previously unthinkable. And the near 
future of this technology will be even more radical, 
enabling possibilities such as tracking every object in 
a space constantly at all times. And even people!

Why Measure Spaces

Libraries have always paid attention to their build-
ings, and funders of libraries (whether local communi-
ties or individual philanthropists) have always wanted 
the spaces to be special in some way. Grand spaces, 
impressive spaces, the sorts of spaces that inspire awe 
and reverence—truly the “cathedral of the book,” as 
they have been called. Or modern and sleek, state-
of-the-art technological marvels in their own right, 

Introduction
Jason Griffey

“When a measure becomes a target, it ceases to be a good measure.”

—Goodhart’s Law1

Chapter 1
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places like Dokk1 in Aarhus, Denmark, or the Hunt 
Library at North Carolina State University that have 
captured the collective library fascination with space 
and building.2 This is only fitting since the physical 
building is often the single most economically valu-
able thing that the library owns, even beyond the col-
lection it houses within. A community has an enor-
mous amount of value tied up in the physical space 
of the library. But the attention paid to the usage of 
the physical space has not always been balanced with 
that worth. 

It’s relatively easy to measure transactional ele-
ments. Tracking and measuring items that are inter-
acted with is much easier than trying to tell what people 
are doing inside a space. When someone checks out a 
book, clicks a link on a database, or walks through the 
door, that’s a fairly easy action to measure. Answering 
more complicated questions about library use is much 
harder. What do patrons pay attention to as they walk 
through the building? Where do patrons choose to sit, 
and, more importantly, why do they choose those spe-
cific places? Are your spaces more conducive to peo-
ple sitting by themselves or to groups? How do groups 
affect other uses of the library? 

I believe that having solid numbers behind the use 
of our spaces is the future of library statistics, espe-
cially as they relate to proving worth to funders, cit-
izens, boards, academic provosts, and others who 
ultimately hold control of the funding streams to 
libraries. As information seeking increasingly runs 
to other, nonlibrary sources, the traditional mate-
rial-based metrics no longer appropriately measure 
a library’s worth to its community. Data collected by 
sensors and analyzed over time will give librarians far 
more of an ability to answer questions about use, even 
when they may not have considered the question yet. 
Big data gives rise to emergent patterns that are not 
always expected a priori, and the ability to ask ques-
tions of ambient data about a library space is enor-
mously powerful both for understanding current use 
and for planning future use. 

Measuring and reporting a library’s worth to its 
local community is a tough thing to do well. There 
has been, over the last few decades, an acceptance 
of reporting the worth of a library as something like 
return on investment (ROI). ROI is a measure of prof-
itability used in the economic study of business and 
is reasonably easy for everyone to understand. ROI is 
usually communicated in terms of money spent to sup-
port libraries and money returned to the community 
as a result of this expenditure. “Every $1 invested in 
the library returns $X to the local community” is the 
normal sort of phrasing, and while it’s an eye-catching 
way of justifying library spending, in my opinion, it is 
also a dangerous one. ROI is by its nature an economic 
measure and one rooted heavily in the concept that 
money is to be invested for return rather than used 

to generate public and civic good. If libraries lean too 
heavily on the rhetoric of profit and return, we lose 
the messaging of generalized public good, of raising 
communities to be better than they were, of trying 
to approach greater goods like equity, justice, and an 
informed and educated populace. 

It is also dangerous because, of course, if you 
accidentally create targets rather than measures, as 
Goodhart so pithily put it, you run into trouble.3 By 
relying only on numbers like ROI, you are only ever 
allowed to go up, and dips in those numbers must be 
explained. Rather than being understood as a com-
munity good, you are a community investment, and if 
that investment is depreciating, then it must be fixed 
in some manner. If libraries have more robust descrip-
tive stories to tell about their impacts, especially if we 
can tell those stories with quantitative data and do not 
fall prey to simple economic measures, I believe we 
will be far more able to thrive, even in economically 
turbulent times. 

So what can we measure instead? What sorts of 
numbers should we be reporting? I don’t think there 
is a single answer to those questions just yet, but the 
goal of this issue of Library Technology Reports is to 
illustrate what some potential answers might look 
like. Much of what’s now possible to measure is due 
to the rise of inexpensive connected sensors and other 
technologies. Let’s take a look at those and what they 
might enable us to gather and report.

Technology

The statistics most commonly used to judge a library’s 
success can be collected in an automated fashion. This 
only makes sense, as automated counts are collected 
without staff attention being necessary and can be 
collected over long periods of time, allowing for com-
parative analysis that is more difficult with other col-
lection methods. The progress of technology enabling 
more and more data to be collected automatically is a 
big part of the new potential for “smart” spaces and 
buildings in libraries. The incredible rise of the mobile 
phone as the primary computing platform for the 
world has helped to drive down the cost of a number 
of technologies and enable the measurement of things 
in the world in ways that would have been science fic-
tion only a few years ago. 

Modern smartphones are a wonderland of differ-
ent sensors. Accelerometers that measure movement, 
light and infrared sensors that see light levels and dis-
tances, microphones that measure sound levels and 
cancel extraneous noise, cameras that can take incred-
ibly detailed images for later analysis, and much more 
are in a modern smartphone. The explosive adoption 
of mobile phones also means that the cost of these 
individual components has fallen through the floor 
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and that they are available for other projects at a very 
reasonable cost. Combine one or more of these sen-
sors with an inexpensive microcomputer or microcon-
troller platform like the Raspberry Pi, the Beaglebone, 
the Arduino, or one of a dozen more, and you’ve got a 
data collection device. All of these are now so cheap 
that it’s almost trivial to work with them, and hard-
ware is almost never the limiting expense for comput-
ing at this point in history.

Raspberry Pi
https://www.raspberrypi.org

Beaglebone
http://beagleboard.org/bone

Arduino
https://www.arduino.cc

Internet of Things

The current shorthand for the sorts of devices we’re 
talking about is the Internet of Things, where the 
ultimate state of being is that computing and com-
munications device costs go to nearly zero, which 
enables every object in the world to be connected to 
the internet. This would have the effect of making 
every object in the world a sensor, enabling every-
thing from your water bottle to your pencil to report 
to a server somewhere its current status, location, and 
the like. If this sounds like a dystopia to you, I’m not 
sure you’re wrong, but that’s definitely where Moore’s 
Law is pushing us.4

Every microphone is also a speaker, and every 
camera is also an interface. It is often the case that 
something we consider a sensor can also act upon the 
world and that the things we put out are not only pas-
sive collectors of data but can also relay actions to 
other systems that make those systems more efficient. 
This is at the core of the idea of a smart building, where 
the structure itself has a robust set of sensors and con-
trollers that are all interconnected and inform the 
holistic management of the building. If you’re reading 
this and are over the age of about twenty, you proba-
bly remember your first interaction with automatic or 
motion-activated lights that come on when you enter a 
room and go off after not sensing movement for a pre-
set amount of time. These were the early, early prede-
cessors of the smart building, where the environment 
automagically adapts itself to the presence of a person 
or people in it. This technology expanded quickly into 
heating and air conditioning units, where the presence 
of people determined whether a space was heated or 
cooled. It’s not a surprise that these were the first few 

bits of a building that were automated, in that lights, 
heat, and cooling are all at the top of expenses for 
upkeep of a building. Managing them more efficiently 
is a huge cost savings to building managers. 

It’s a short leap from “turn on the lights” to “adjust 
the temperature” based on whether someone is in the 
room. It’s a longer and harder problem to do more 
finely detailed actions, from customized temperature 
controls based on the number of people in a space, 
to truly individualized services that respond to who 
someone is, not just their raw presence. You can think 
back to various science fiction examples to imagine 
a situation where a room might “know” who some-
one is and adjust lighting and temperature, play music 
(or not), lower the blinds, and the like, based on that 
person’s specific preferences. These sorts of things 
are possible at this point for private residences using 
commercial smart home technology. For example, at 
my own home, when I approach my house in my car, 
the lights on my porch come on and the thermostat 
inside sets the temperature from “away” to whatever I 
have set as comfortable for the time of year. The porch 
lights turn themselves off a few hours after sunset, 
and when I lock my front door, the temperature auto-
matically sets itself to an “away” mode. 

All of these interactions are easily done in a home, 
but public spaces are enormously more complicated. 
While a private home has a known set of users (in gen-
eral), a public space can be used by literally anyone 
in the community. This makes individual personal-
ization very difficult, although for some library types 
some level of this identification could be done. For 
example, I have seen academic libraries where stu-
dents must use their ID cards to enter, and the card 
swipe or tap triggers a sort of “welcome” display on 
a panel in front of the doors. The example I saw at 
the University of Technology in Sydney, Australia, 
welcomed the student by name (“Hello, Jason!”) and 
reminded the student where in the building the mate-
rials specific to his or her major were (“The books on 
biology are on the 3rd floor, to the left, call numbers 
X through Y”). This was several years ago, and I can 
easily imagine an extension of this sort of smart build-
ing where the library could prompt the user for other 
sorts of resources and even maybe adapt to the user’s 
presence. 

New Computing Abilities

The other huge advance in smart systems is the growth 
in computing power over the last decade. Computing 
power gets better on a mostly predictable schedule, 
but we’ve crossed a line in what very inexpensive 
computers can do that seems like a sea change in 
capabilities. Two of these areas that will be transfor-
mative over the next several years are computer vision 

https://www.raspberrypi.org
http://beagleboard.org/bone
https://www.arduino.cc
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and the area of artificial intelligence, machine learn-
ing, and expert systems. These are related, and all of 
them blur in interesting ways, and this is sometimes 
difficult to explain. All of them, however, are focused 
on getting computers to increasingly do things that 
previously were the domain of human judgment. 

Let’s start with the easiest to explain, computer 
vision. Computer vision systems work with still or 
video images and attempt to recognize or classify 
things in the images, creating metadata about what’s 
in them. This is related to a specific type of image 
recognition with which librarians might be famil-
iar—optical character recognition (OCR). OCR sys-
tems take photos of text, recognize the letterforms, 
and transform them into text that can be manipulated 
by computer systems. OCR counts as a form of com-
puter vision, but these days the phrase is used to refer 
to systems designed to be much more general in their 
object identification rather than being limited to just 
text. For instance, the facial identification that most 
popular photo systems use (Apple Photos, Google Pho-
tos, Flickr, Instagram, SnapChat, and more) is a form 
of computer vision. The ability to take multiple pho-
tos and have the computer tell you that these two 
have the same person in them is one type of computer 
vision recognition. 

The more interesting things happening these 
days, though, are when computer vision systems are 
expanded into machine learning systems and aren’t 
programmed directly but instead are trained on exist-
ing photo sets. Let’s say you wanted to have a sys-
tem that would answer the question “Is there a cat in 
any of these photos?” The modern way to tackle this 
would be to feed photos of cats to a computer vision 
and machine learning system and tell the system that 
all the photos have cats in them. The system itself then 
builds an identification system for things called “cats,” 
and when you give it further photos, it should be able 
to label the contents appropriately either “cat” or “no 
cat.” This is far more powerful than having to describe 
painstakingly to the computer what “catness” is. 

This gives rise to being able to use cameras for a 
variety of statistical data gathering because you can 
now throw the images into a computer vision sys-
tem that will extract from them the data you wish to 
capture. Later in this report we will discuss at length 
the Measure the Future project, which uses computer 
vision to show how library spaces are being used by 
patrons. Systems such as this will be more and more 
prevalent over time, and the use of similar systems will 
likely be a part of smart buildings before much longer. 

The long game for the Internet of Things is far 
stranger than adjusting temperatures and turning 
on lights. It’s also going to be used for far more than 
customizing services to patrons. I’ll go into some of 
the potential for this technology later in chapter 5 
(“Future Directions”).

Iterative Design

One of the goals of better understanding the physi-
cal spaces of the library is to work to improve them 
for patrons, and doing so using sensors and Internet-
of-Things-style data gathering allows for continuous 
data gathering. This approach is in contrast to the 
sampled or staggered data that is used by some librar-
ies now. The huge advantage of continuous data is that 
you can iterate much faster and test the physical space 
in the same way that you can test digital spaces now. 

Amazon, Google, and all of the major websites 
do continuous A/B testing, presenting slightly differ-
ent pages to users as often as every time the page is 
loaded. They track which are more effective, for which-
ever metric they are measuring (buy the item, click 
the button, find the thing faster), and change their 
pages for everyone based on this continuous improve-
ment. Doing this continuous improvement work to 
physical spaces is difficult without appropriate data, 
but of course smart spaces solve this problem. A/B 
testing spaces, even if they are just measuring how 
people react to a new display and then changing it in 
response to the data, could be immensely powerful for 
improving how patrons see and use spaces. 

In This Report

The goal of this issue of Library Technology Reports 
will be to give librarians and other interested parties 
a look into what’s possible in the current state of tech-
nology for smart buildings, as well as to point in useful 
directions for the near future of the Internet of Things 
and other sensor technology. Part of the challenge in 
doing these sorts of projects in libraries, specifically, 
is that libraries have a much higher expectation of 
sensitivity to privacy and personal data than other sit-
uations, such as a corporate environment. The lengths 
that libraries should go to protect patrons from poten-
tial privacy leaks are enormous. Libraries should take 
privacy as a primary position and security of data 
gathering and handling as a duty to the people they 
serve. This makes these sorts of robust data collection 
endeavors very complicated. Data is toxic over time, 
and risks increase as more and more data is gathered, 
as it could be combined in order to de-anonymize 
patrons or otherwise place risk onto those we serve. 
Librarians should think very, very carefully about the 
privacy and security implications for data-gathering 
devices and, when working with commercial provid-
ers or other vendors, should insist that said providers 
have a security plan and have thought through what 
their stance is on data collection and retention.

This report will look at three different projects 
that involved space metrics and analysis in librar-
ies: Virginia Tech; Concordia University Libraries 
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in Montreal, Quebec, Canada; and the Measure the 
Future project. Each is using technological tools to 
analyze library spaces in order to make the environ-
ment better for its patrons. In the case of Virginia 
Tech, the library used furniture movement as a stand-
in for patron activity. Concordia University Libraries 
was interested in helping patrons sort out where they 
wanted to be inside the library, and so it looked into 
monitoring and then displaying the sound levels for 
public areas in the library. Measure the Future is using 
computer vision to see how patrons move around in 
library spaces and derive “attention” measures from 
those movements while doing so with a strong protec-
tion on any sort of identification of patrons. Finally, 
we will look at what the next five to ten years of tech-
nological progress will bring and how that might 
change the possibilities for a smart library.

Library Metrics

Below is a list of papers, websites, presentations, 
news stories, and other resources that have touched 
on the idea of sensors and space measurement over 
the years. While these references aren’t necessarily 
cited in this work, they point towards the concepts 
and ideas that brought this issue of Library Technol-
ogy Reports together. They can provide you with a 
more thorough look at what’s possible, what’s been 
done, and where we should be headed in this area of 
understanding.
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Hyman, Jacob Andrew. Computer Vision Based People 
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Thesis (M. Eng.), Massachusetts Institute of Tech-
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