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Ivan Sutherland’s Sketchpad is one of the most influential computer pro-
grams ever written by an individual, as recognized in his citation for the Tur-
ing award in 1988. The Sketchpad program itself had limited distribution —
executable versions were limited to a customized machine at the MIT Lincoln
Laboratory — so its influence has been via the ideas that it introduced rather
than in its execution. Sutherland’s dissertation describing Sketchpad was a
critical channel by which those ideas were propagated, along with a movie of
the program in use, and a widely-cited conference publication [10]. Copies of
the dissertation were distributed relatively widely, but it was never published
commercially. It is still available in the form of a technical report from MIT,
but we believe it deserves wider readership — hence this electronic archival
publication.

After 40 years, ideas introduced in Sketchpad still influence how every
computer user thinks about computing. It made fundamental contributions in
the area of human–computer interaction, being one of the first graphical user
interfaces. It exploited the light-pen, predecessor of the mouse, allowing the
user to point at and interact with objects displayed on the screen. This antic-
ipated many of the interaction conventions of direct manipulation, including
clicking a button to select a visible object, and dragging to modify it. Smith’s
Pygmalion [9], heavily influenced by Sketchpad, made a more explicit argu-
ment for the cognitive benefits of this kind of direct interaction and feedback,
coining the term “icon”, and making it clear that graphical images could rep-
resent abstract entities of a programming language. Smith was a member of
the team that developed the Xerox Star workstation on these principles; in a
retrospective article [4] they acknowledge that “Sketchpad influenced Star’s
user interface as a whole as well as its graphics applications”, providing a di-
rect link to the commercialization of the Macintosh and Windows interfaces
and widely recognized benefits of direct manipulation [8].

Sketchpad encountered a critical challenge that remains central to human-
computer interaction. Sutherland’s original aim was to make computers ac-
cessible to new classes of user (artists and draughtsmen among others), while
retaining the powers of abstraction that are critical to programmers. In con-
trast, direct manipulation interfaces have since succeeded by reducing the lev-
els of abstraction exposed to the user. Ongoing research in end-user program-
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ming continues to struggle with the question of how to reduce the cognitive
challenges of abstract manipulation [1]. Nevertheless, Sutherland’s attempt to
remove the division between users and programmers was not the only sys-
tem that, in failing to do so, provided the imaginative leap to a new program-
ming paradigm. Nygaard and Dahl’s Simula [7] was the first conventional
programming language incorporating the principles of object orientation, but
Sketchpad’s implementation of class and instance-based inheritance (though
not called objects) predated Simula by several years.

There appears to have been a common influence through the work of Dou-
glas T. Ross, who is mentioned in the acknowledgements of this dissertation
and also cited in the MIT Lincoln Laboratory technical report based on it. Ross
sat on the Algol 68 committee with C. A. R. Hoare in the mid-1960s, where his
previous work on a record-like data structure (called a plex) influenced Hoare’s
own ideas∗ on abstract data types [3], later credited by Nygaard and Dahl as
the origin of the class definition mechanisms in Simula [7].

Alan Kay’s seminal Dynabook project, which led both to the Xerox Star
and to the explosion of interest in object oriented programming through his
language Smalltalk, was directly influenced by Sketchpad. Kay has written of
the fact that the genesis of Smalltalk lay in the coincidental appearance on his
desk of both a distribution tape of Simula and a copy of Sutherland’s Sketch-
pad thesis [5]. Kay recognized that the two systems were based on the same
underlying type concepts (apparently derived via two different routes from
Ross’s plex), and that these could form the basis of a more widely usable pro-
gramming system. In comparing these two routes of influence, Simula was a
far larger project than Sketchpad, rightly recognized as the first object-oriented
programming language, but we hope that the special emphasis of Sketchpad
on supporting abstraction in the user interface itself may yet become viable as
a result of ongoing research efforts [2,6].

As with many early publications of computer science, this dissertation is
also interesting for the way in which it explores important concepts that are
now considered familiar, but which at the time demanded continual small dis-
coveries by every researcher. The first-person account of the history of the
project in Chapter 2 reads almost like an excerpt from an autobiography, as
Sutherland describes how he had to “follow the stumbling trail” towards gen-
erality, through the different versions of Sketchpad. His rather charming pro-
posal that dynamic data structures should be described using the terminology
“hen and chickens” has been a sad loss when compared to the far more prosaic
terminology of linked lists and garbage collection. The struggles of develop-
ing custom hardware while also exploring far-reaching abstractions are also
far removed from current research experiences.

Chapter 9 provides an immediate illustration of how far computer graph-
ics has moved on in the 40 years since Sketchpad’s development. For example,
Sutherland says that “if the almost identical but slightly different frames that
are required for making a motion picture cartoon could be produced semi-
automatically, the entire Sketchpad system could justify itself economically

∗Personal communication with C. A. R. Hoare.
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in another way”. Now, of course, we are used to seeing entire feature films
created from computer graphics. Also, in choosing manipulation of facial fea-
tures as an example, Sutherland has anticipated the sometimes controversial
facilities available in modern photograph editing tools.

Sutherland’s clear writing makes all of these issues a fresh source of en-
joyment to the contemporary reader, and we hope that it will reach a new
audience with the assistance of this electronic edition, continuing the great in-
fluence that Sketchpad has had on both users and programmers.

This Edition

Our aim in preparing this edition has been to create an archival copy of the
Sketchpad dissertation, suitable for electronic access and scholarly reference.
Although created in consultation with current international research efforts in
electronic archival, it is clear that there are, as yet, no common conventions for
electronic archive formats. Our priorities have been that this edition should be
accessible for download using current technology (i.e. in a relatively small file
size), that it should be suitable for electronic search and indexing, that it should
be easy to read both on paper and on the screen, and that it should be faithful
to the original document. These have not been easy criteria to meet, and our
chosen solution (LATEX to PostScript to PDF) has several disadvantages, but is
the best overall solution we could find.

There are some editorial choices that should be explained. We thought it
important to indicate original page numbering, so that citations of the original
dissertation could be traced, but wished to avoid the decreased readability
that would have resulted from simply reproducing the original double-spaced
typescript. We therefore chose not to preserve page breaks and line breaks,
instead marking the positions of the original page breaks (with the ‖ symbol)
throughout the main body of the text, giving the original page number in the
margin (next to the ↓ symbol). For figures, the original page number is noted
in the caption. We also chose not to correct any errors we found in the original
document, in order to provide the textual equivalent of a facsimile edition.
These include a few spelling errors (to Ivan’s embarrassment), and also the
rather idiosyncratic fact that the original dissertation had two pages 106.

An exact facsimile copy of the original dissertation (where the pages have
simply been scanned, not transcribed) can be purchased in hardcopy or PDF
from the Digital Library of MIT Theses at http://theses.mit.edu/. Each
individual page can also be viewed as a GIF image, free of charge, which may
be a useful reference for readers wishing to check the layout of the original.

We are very grateful to Ivan Sutherland, who has encouraged this project,
and who personally proof-read the original scanned text. We are also grateful
to Malcolm Sabin, who kindly loaned us his original copy of the dissertation
for over a year. This work has been supported by the Engineering and Physical
Sciences Research Council, UK.
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