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The Graphic Information Research Unit played a key part in British 
research on legibility and information design in the late 1960s and 
the 1970s. Based at the Royal College of Art (rca) in London, it devel-
oped a particular approach to research that grew out of cooperation 
between two designers, Herbert Spencer and Brian Coe, and myself 
as a psychologist and information scientist.1 Herbert Spencer was a 
distinguished designer, photographer, writer and editor,2 and Brian 
Coe was a typographer who had been taught by Anthony Froshaug 
at Watford School of Art. Herbert Spencer died in 2002 aged 77, 
and Brian Coe died an untimely death in 1999. As the only surviving 
member of the team, I offer this retrospective and re-evaluation of its 
work.3

From ‘Readability of print’ to ‘Graphic information’

The Graphic Information Research Unit began as the Readability of 
Print Research Unit. It was set up by Herbert Spencer at the Royal 
College of Art in 1966 with a two-year grant from the International 
Publishing Corporation (ipc).4 The brief was to investigate prob-
lems of legibility in what was called information publishing, and the 
results were published in 1969 in The visible word: problems of leg-
ibility (Spencer 1969) (figure 1, overleaf  ). Herbert designed The visible 
word himself, in accordance with the results of the research on leg-
ibility that he had summarised in the book. I think it is fair to say that 
this is now regarded a classic work, to be found on the bookshelves of 
many professional designers and still much referred to by students of 
typography. The ipc contract was followed by a commission from the 
Post Office (as it was then called) to look at various aspects of the leg-
ibility of telephone directories, including the implications of the addi-
tion of postcodes and the effects of using tinted papers. 

Then, in 1971, the Unit began work on a series of studies for the 
Office of Scientific and Technical Information (osti, later to become 
the British Library Research and Development Department, or 
blr&dd). Our work for the next 10 years was funded mainly but not 
exclusively by the British Library. In 1976 Brian Coe left the Unit to 
become Senior Tutor in charge of the newly-established ma course 
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in graphic information at the rca, and Herbert Spencer ceased full-
time involvement with the Unit in 1978 when he became Professor 
of Graphic Arts. I continued the work of the Unit as Senior Research 
Fellow until 1982, when funding from the British Library ceased.

In the course of our research for osti/blr&dd we were fortunate 
to be able to call on the advice of several key figures from the worlds 
of psychology, publishing, and library science. Patricia Wright, a 
psychologist, was then working with the Medical Research Council’s 
Applied Psychology Unit in Cambridge, and was particularly inter-
ested in the design of technical information. James Hartley, also a 
psychologist, was based at Keele University and was investigating the 
design of instructional materials. Their active interest in problems 
of legibility and information design led to a very fruitful dialogue. Sir 
John Brown of Oxford University Press gave a publisher’s perspective 
on our work, and Philip Bryant of the Catalogue Research Unit at the 
University of Bath provided guidance on library science issues and 
enabled us to better understand the implications of our research for 
librarians and information scientists.

Our work for the British Library included experimental studies on 
topics as diverse as the relative legibility of alternative letter shapes, 
the effectiveness of different forms of typographic coding, various 
aspects of image quality in printed scientific and technical informa-
tion, typographic and spatial coding in bibliographies and library cat-
alogues, and the presentation of data in microform library catalogues. 
We also carried out major survey studies and literature reviews, which 
included a study of the legibility of information in microform for the 
blr&dd, a major study on the legibility and readability of videotex 

Figure 1. A double-page spread 
from The visible word (Spencer 1969, 
pp. 42–3).
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displays for the Post Office, studies on the presentation of bibliogra-
phies on microfiche and on videotex for the blr&dd, and the current 
state of directional signing and labelling in libraries and museums, 
again for the blr&dd. The directional signing project led to the 
publication of a book for librarians on directional signing (Reynolds 
and Barrett 1981) (figure 2), which was published by the Library 
Association – though disappointingly we lost control of the design of 
the book itself. 

The variety of projects that we were undertaking led to the change 
of name in 1979 from the Readability of Print Research Unit to the 
Graphic Information Research Unit. This variety engendered curios-
ity about our work in a number of different interest groups and led to 
requests for articles and talks, and sometimes ultimately to further 
research. Our reviews of legibility research and our own experiments 
on legibility were of interest to printers, publishers, and librar-
ians, among others. The library catalogue work led subsequently to 
research on computer-generated keyword indexes for the Centre for 
Catalogue Research at the University of Bath (Reynolds 1985). Our 
studies on the use of colour on videotex displays resulted, some ten 
years later, in a query from the Civil Aviation Authority about colour 
for air traffic control displays and thence to a substantial research 
contract – though this was several years after the demise of the 
Research Unit (Reynolds 1996). The videotex and microform studies, 
although apparently technology-specific, had a much wider relevance, 
contributing as they did to on-going discussion about the influence 
of technology on the presentation of text (e.g. Reynolds 1980). Our 
work on signage in libraries and museums led to requests from both 
of those interest groups for talks, and for practical courses on sign 
design (run in collaboration with The Library Association). The Unit’s 
activities also came to the attention of people working in medical data 
processing and presentation (Reynolds 1979a, Reynolds, Spencer and 
Reneman 1979, and later Reynolds 1989) and medical illustration; in 
the latter case a collaboration with the medical illustration depart-
ment at the Royal Postgraduate Medical School at Hammersmith 
Hospital resulted in the book Presentation of data in science (Reynolds 

Figure 2. A page from Signs and guid-
ing for libraries showing suggested 
dimensions for sign panels in terms 
of multiples of the x-height of the 
type (Reynolds and Barrett 1981, 
p. 99).
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and Simmonds 1981), the most recent version of which was published 
in 1994 (Simmonds and Reynolds 1994).

It is the Unit’s experimental work that is perhaps of greatest 
interest today. This is partly for methodological reasons, and partly 
because some of the issues we investigated addressed the relation-
ship between visual perception and typography and are therefore still 
relevant. There are two groups of studies that I think represent our 
approach to experimental work. One group is about image quality 
issues, and the other is about typographic and spatial coding in  
complex lists such as bibliographies.

Studies of image quality

Rationale

In the early 1970s the British Library was concerned about the effects 
of poor reproduction and multiple-generation copying on the legibil-
ity of scientific and technical material. Our image quality studies were 
intended to re-create these conditions in a controlled way and mea-
sure their effects on legibility.

Our concern was always to create experimental situations that were 
valid for the documents under investigation, that is to say as close as 
possible to the normal conditions of use, but that at the same time 
would give reliable quantitative results. For the image quality studies 
we needed a valid and reliable way of measuring the legibility of con-
tinuous text. We rejected the idea of comprehension testing because 
comprehension is affected by many factors in addition to the visual 
qualities of the text, and it was only the latter that we were interested 
in. We decided instead to use a scanning task, where participants 
would be asked to scan a text passage in search of target words.5 This, 
we felt, was relevant to how readers scanned scientific and technical 
papers looking for mention of specific concepts. 

We used a series of geography texts that were carefully matched for 
difficulty using the Dale-Chall readability formula6 (Dale and Chall 
1948). Target words were then selected using a stratified random sam-
pling method, to ensure that all sections of the passage and all posi-
tions on the line (beginning, middle, end) were fairly represented (fig-
ure 3, opposite). We also wanted to look at the legibility of numerals. 
Initially we used a transcription task where participants were asked  
to copy sequences of digits, writing them beside the printed version  
(figure 4). But this task was not entirely satisfactory, as we shall see.

The effects of image quality and background ‘noise’ on four  
different typefaces

In the first experiment of this group (Spencer, Reynolds and Coe 
1975 revised 1977) we looked at the effects of thinning-down and 
thickening -up of the printed image, and the introduction of visual 
‘noise’ into the background, as might happen with poor quality print-
ing or photocopying. These effects were compared on four different 
Monotype typefaces: Times New Roman 327 (as an example of an 
old face seriffed type), Baskerville 169 (a transitional seriffed type), 
Rockwell 371 (a slab serif  ), and Univers Medium 689 (a sanserif  )  
(figure 5, overleaf  ). Image degradation was created photographically 

5. Scanning tasks were used successfully 
by Poulton (as described in Poulton 1969, 
for example), and Hartley et al. (1975) 
found these kinds of task to be among 
the more reliable methods of measuring 
legibility.

6. The formula provides a means of 
estimating text difficulty based on average 
sentence length and percentage of diffi-
cult words (defined as words not included 
in a list of words designated by Dale and 
Chall as ‘familiar’).
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Figure 3. One of the texts used in the 
image quality studies. The words 
on the left are the target words that 
participants were required to find. 
(Spencer, Reynolds and Coe 1975, 
revised 1977, Appendix 2).

Figure 4. Extracts from a numerals 
test sheet. Participants were asked 
to copy the sequences of numerals, 
writing them beside the printed 
numerals (Spencer, Reynolds and 
Coe 1975, revised 1977, Appendix 2).
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and consisted of three levels of thinning-down and three levels of 
thickening-up, plus a normally printed version, giving seven levels of 
image quality. Four levels of visual noise (including a zero level) were 
created by spraying a fine mist of black ink at different densities (a 
skill that required practice). This gave 112 different conditions (fig-
ures 6 and 7). As we wanted each participant to work with each of the 
four typefaces, we also needed four different texts so that participants 
would not become familiar with the position of the target words. 
The result was 448 different pieces of test material. The material was 
printed using offset lithography, by a technician who was bemused at 
our insistence that such degraded text be printed consistently and to 
a high standard.

To enable us to work out how many participants would be needed, 
and what conditions of image degradation each of them should see 
and in what order, we sought statistical advice from the Imperial 

Figure 5. The four typefaces tested 
in the image quality experiments 
(Spencer, Reynolds and Coe 1975, 
revised 1977, figure 16).
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College of Science and Technology. The experimental design required 
128 participants, most of whom were students of librarianship. 
Selecting the correct pieces of test material for each participant 
required great care and concentration (see figure 8). The participants 
were tested in groups of between twenty and thirty at a time. They 
were given one minute for each of their four texts in which to find and 
underline as many target words as possible, and one minute for each 
column of numerals in which to transcribe as many numbers as they 
could. To our surprise, all of the participants attempted to read even 
the most degraded material without comment or complaint.

The results are shown in figure 9, and enlarged examples of 
degraded text and numerals in figure 10. The legibility of Baskerville 
decreased rapidly with thinning-down, but was less affected by thick-
ening-up than the other three typefaces. Rockwell, on the other hand, 
was badly affected by thickening-up. Times and Univers withstood 
both kinds of degradation to some extent, and were likely, therefore, 
to be good choices when the nature of any degradation was unpredict-
able. The results for the numerals showed a broadly similar pattern 
but the effects on legibility were not as noticeable at lesser levels 
of degradation. This was probably because the transcription task 
was not sensitive enough to pick up differences until the degrada-
tion became more extreme. The fall-off in legibility was then rapid 
because of the lack of contextual cues in the case of numerals. The 
effects of increasing levels of background noise were apparent with 
thinned-down texts, but less so with thickened-up texts, presumably 
because the thinned letter forms were more vulnerable to distortion 
by coincident noise than their thicker counterparts. The legibility of 
the numerals was hardly affected by different noise levels. The lack 
of contextual cues to help with numeral recognition may have meant 
that if a given level of image degradation rendered numerals illegible, 
increasing levels of background noise could not render them more so.

Figure 9. Graphs showing the 
number of words correctly under-
lined within the texts (left), and 
the number of digits correctly 
transcribed from the numeral lists 
(right) (Spencer, Reynolds and Coe 
1975, revised 1977).

Figure 8. Brian Coe selecting items 
of test material to make up into 
booklets to be presented to par-
ticipants in the tests described in 
Spencer, Reynolds and Coe 1975, 
revised 1977.

Figure 10. Enlargements of text and numerals (Spencer, Reynolds and 
Coe 1975, revised 1977, figure 17).
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Other image quality experiments

Similar techniques were used subsequently to investigate other 
aspects of text and numeral image quality. In these later experiments, 
we aimed to increase the sensitivity of the numerals task by eliminat-
ing the need for participants to write anything down. A scanning task 
was used instead, in which participants were asked to circle a pair of 
target digits within a two-line block of 45 digits. 

The effects of different kinds and intensities of background noise 
were compared using four different densities of a flat tone, a fine 
regular screen, a coarse regular screen, and a random dot screen 
(Spencer, Reynolds and Coe 1977a). The results indicated that, over-
all, the nature of the background had a greater effect on legibility than 
its density. The coarse regular screen was the most disruptive, while 
the effects of density were most marked on the coarse regular and 
random screens (figure 11). 

We also investigated the effect of image-background contrast 
and polarity (Spencer, Reynolds and Coe 1977b). This was relevant 
at the time in relation to the grey printouts typically obtained from 
microfilm or microfiche reader/printers. Ten positive and ten nega-
tive images were produced, using a scale of five values from white to 
dark grey in various combinations (figure 12). Once again, the results 
showed amazing tolerance on the part of participants in the experi-
ment. Legibility was not greatly affected by most of the conditions 

Figure 12. Extracts from material 
used in the image-background  
contrast and polarity test, as 
described in Spencer, Reynolds  
and Coe (1977b).

Figure 11. Extracts from numerals 
test sheets (random at top, regular 
beneath it). Participants were asked 
to find and circle a two-digit target 
sequence within the corresponding 
two-line block of numerals (as in, for 
example, Spencer, Reynolds and Coe 
1977a, Appendix 2).
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tested, but there was a significant fall-off in reading performance 
somewhere below a contrast level of 10 per cent.

The final test in this group looked at the effects of show-through in 
double- and single-sided printing (Spencer, Reynolds and Coe 1977c). 
The show-through was either directly aligned with the lines being 
read, or between them. The results confirmed the traditional wisdom 
of imposing lines of text in precise alignment on backed-up pages. 
Show-through between lines of text presumably obscures ascenders 
and descenders and thereby interferes with letter and word recogni-
tion.

Studies of typographic and spatial coding in lists

Another area of major interest for the British Library was the visual 
presentation of bibliographies and library catalogues. In the 1970s, 
locally prepared bibliographies were typically printed, though video-
tex technology,7 such as Prestel, was also being introduced. For library 
catalogues, computer-generated microforms, paper printouts or 
videotex displays were replacing traditional card catalogues. Each of 
these presented its own particular problems of typography and layout, 
but the basic issues were the same for all.

Bibliographies and catalogues were of particular interest to the 
Research Unit because their structures are similar to those of other 
lists and directories. They all consist of ordered sequences of entries 
(usually alphabetical, sometimes numerical), each of which contains 
a set of standard elements. Searching (as opposed to casually brows-
ing) within these materials involves two distinct sub-tasks: finding the 
required entry in the sequence, and then extracting the relevant data 
from it. It was the relationship between these sub-tasks that we were 
keen to explore.

Bibliographies

In the early 1970s many libraries were still producing bibliographies 
using a standard typewriter, so our first study in this area was an 
attempt to find the most effective way of presenting typewritten lists 
of books arranged alphabetically by author (Spencer, Reynolds and 
Coe 1973). Ten alternative styles were tested (figure 13, overleaf). Each 
style has either spatial coding, typographic coding, or a combina-
tion of both, and the coding may serve to distinguish either between 
entries, or between the first word of each entry and the rest of the 
entry, or both. Each style was represented by a different two-page bib-
liography; these were carefully edited and matched for consistency of 
content. We devised a look-up task in which participants were asked 
to search a bibliography for a randomly-ordered list of twelve authors 
and to underline the price of the relevant book,8 working against 
time. The task thus required them to search both between and within 
entries.

7. Computer-generated text viewed on a 
television screen. Characters were mono-
spaced and each was constructed from 
a nine-by-seven dot matrix; horizontal 
spacing was in units of whole characters, 
and vertical spacing was in units of whole 
lines.

8. We were aware that underlining the 
price of the book in each target entry 
allowed participants to see which entries 
they had already visited and may have 
made the search task easier. On the other 
hand, this was true for all ten layouts, and 
it eliminated the need for participants to 
spend time transcribing the price.
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Each of the ninety participants worked with all ten styles, pre-
sented in an order determined from a series of nine ten-by-ten Latin 
squares.9 Brian Coe was fascinated by Latin squares, and had learned 
that if the number of rows and columns in the square is equal to a 
prime number minus one (ten, for example), the design has special 
properties that are particularly useful in controlling the order in 
which treatments are presented to participants in this kind of experi-
ment (figure 14, opposite). 

The most effective style was number 7 with hanging indents (see 
figure 13). As well as making a clear distinction between entries, it 
emphasised the first word of each entry spatially and so is likely to 
have facilitated the alphabetical search process. Style 7 had the advan-
tage of being economical in its use of space and required no type 
variants (such as bold, italics, capitals) in addition to those available 
on a standard typewriter. The four next best styles were 9, 10, 4 and 8. 
These too make a clear distinction between entries, either spatially or 
typographically or both, and, with the exception of style 8, they also 
clearly distinguish the first word of each entry, either spatially or typo-
graphically. However, they all require more space than style 7 or, in 
the case of style 4, an additional type variant. It is of particular interest 
that style 9 appeared to offer no advantage over style 7, though one 
might have expected the clear spatial distinction between entries to 

Figure 13. Extracts from the ten  
bibliographical styles tested in  
1973 (Spencer, Reynolds and Coe 
1973, Appendix 1).

9. Latin squares provide a means of 
determining the sequence of treatments 
in an experiment so as to minimise bias. 
They are matrices with an equal number 
of rows and columns, each row repre-
senting a participant and each column 

representing a position in the sequence 
of treatments. The number of rows and 
columns is determined by the number 
of treatments, each treatment occurring 
once in each row and once in each col-
umn.
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have helped with the location of the price element within the entry. It 
may be that the alphabetical search aspect of the task was easier with 
the entries closer together, masking any advantage that style 9 may 
have had in locating elements within the entries.10

While standard typewriters were still popular for preparing bib-
liographies, some libraries were experimenting with the ibm 72 
Composer, or ‘golfball’ typewriter.11 This enabled them to produce 
proportionally spaced type and to use italic and bold styles, result-
ing in output that appeared to be typeset rather than typewritten. 
However, each change of type style meant changing the golfball, so 
keying-in a bibliography using a mixture of (for example) roman and 
italic type could be a time-consuming process. The British Library 
wanted to know whether the additional time taken in producing 
output that included italic and bold styles was justified in terms of 
improved ease of use for the reader.

To investigate this, we devised an experiment (Spencer, Reynolds 
and Coe 1974) in which three systems of typographic coding (using 
capitals, italic and bold) were combined with six systems of spatial 
coding (using indents and line spacing), creating eighteen differ-
ent styles in all (figure 15, overleaf). Eighteen carefully selected and 
edited bibliographies of forty entries each, arranged alphabetically 
by author, were compiled from British Library data and randomly 
assigned to the eighteen styles. Each participant looked up thirteen 
entries in all of the eighteen bibliographies, working against time. 
One group of participants was searching for names of authors and 
underlining them in the bibliographies; their task, therefore, was 
primarily an alphabetical search on the first element of each entry. 
A second group of participants was searching for and underlining 
thirteen titles in each bibliography; the titles were not, of course, in 
alphabetical order, so their task involved searching for and checking 
an element embedded within each entry. The order in which partici-
pants worked on the eighteen bibliographies was again determined 
by a Latin square design. Eighteen, like ten, is a prime number minus 
one, so we were able to achieve a satisfactory experimental design 
using only eighteen participants in each of the two groups.

The results showed that regardless of whether participants were 
searching for authors or titles, the most effective spatial coding 
systems were those that made a clear distinction between entries, 
whether by indentation or the addition of space between entries 
(spatial coding systems 4, 5 and 6). The results for typographic cod-
ing indicated an advantage for authors’ surnames in capitals when 

Figure 14. A coloured version of 
a Latin square based on a prime 
number minus one, showing how 
each colour occurs once in each 
position horizontally, and follows 
every other colour immediately once, 
next-but-one once, next-but-two 
once, and so on. This square was let-
terpress-printed by Brian Coe.

10. As a footnote to this study, a group 
of ma Information Design students in 
the Department of Typography & Graphic 
Communication at the University of 
Reading recently carried out a small 
(unpublished) experiment in which they 
compared four layouts for typeset bibli-
ographies. These were comparable with 
styles 2, 7, 8 and 9 as shown in figure 13. 
Twenty-four participants were asked to 
search through four bibliographies of 
forty entries each (arranged alphabeti-
cally by author) to find fifteen randomly 
ordered target entries and underline 

the price of each book, working against 
time. As in our earlier study, the results 
indicated that indentation had a more 
powerful effect than space. Performance 
was significantly improved by indentation 
regardless of whether space was used but, 
if an indent was used, performance was 
not significantly improved by the addition 
of space.

11. The ibm 72 Composer employed a 
removable spherical head that carried 
the letterforms and resembled a golfball. 
Heads were available for several different 
type styles and sizes.
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Figure 15. Extracts from the eighteen bibliographic styles tested in 1974  
(Spencer, Reynolds and Coe 1974, p. 6). The four elements of each typographic 
coding (A, B, C) refer to the four consecutive elements of a single bibliographic 
entry. 
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searching for authors, and a more marked benefit from titles in bold 
when searching for randomly ordered titles embedded within entries. 
But most interesting was the observation that the advantages of typo-
graphic coding were greater when combined with the less effective 
spatial coding systems, and of no great advantage when spatial cod-
ing was adequate. This suggested that if space was not limited, per-
fectly adequate bibliographies could be produced without spending 
the extra time required by frequent changes of golfball. But if space 
was at a premium and indents or line spaces between entries were not 
possible, then typographic coding would be worthwhile. So this study 
helped to solve a practical problem, and pointed to an interesting 
relationship between spatial and typographic coding in complex lists.

Library catalogues

The look-up task methodology was carried over into a series of experi-
ments on computer-generated library catalogues in microform. 
Although microforms have mostly been replaced by on-line cata-
logues, the results still have interesting implications from the point 
of view of accessing data. Some libraries used microfiche12 and some 
used roll film, but visual presentation issues were essentially the 
same.

A popular layout for computer-generated microform catalogues 
was to present a single sequence of entries in each frame, with the 
various elements of the entries arranged in columns across the frame. 
This often resulted in large gaps between columns, and thus potential 
difficulties in following a single entry across the frame. We wanted  
to investigate the effects of different column spacings and to find 
ways of helping the user to read across accurately (Reynolds and 
Spencer 1979, experiment 1). Two indexes of 640 entries each were 
created, one consisting of an alphabetically ordered column of names 
and an associated column of three-character codes to the right, and 
the other consisting of a column of numerically ordered seven-digit 
numbers and a column of three-character codes to the right. The 
indexes were produced on roll film, with the frames running vertically 
(cine mode). 

In both indexes, column spacings of five, twenty and thirty char-
acters were used in combination with six different line attributes: set 
solid; double spaced; set solid with leader dots between columns; 
set solid with a rule after every fifth entry; set solid with a line space 
after every fifth entry; and set solid with a rule and a line space after 
every fifth entry. This gave eighteen styles in all (figure 16a, overleaf). 
As with the printed bibliographies, there were two groups of eighteen 
participants, one group working with the alphabetical index and one 
with the numeric index. Each participant saw all eighteen styles, in a 
sequence determined once again by a Latin square (figure 16b). For 
each style, participants were given a different list of thirty randomly 
ordered names, or numbers in the case of the numeric index, and 
asked to write down the corresponding three-character codes, work-
ing against time. 

The speed with which participants were able to perform the task 
was significantly affected by column spacing and by line attributes. 
The effects were greatest on the names index. (Here the column 

12. A microfiche was a sheet of film 
measuring approximately four by six 
inches. Magnifications varied somewhat, 
but a computer-generated fiche might 
hold roughly two hundred frames of data, 
arranged sequentially either in columns 
or rows.
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spacing was counted from the end of the longest name, resulting in 
larger overall gaps than with the numeric index.) Overall there was a 
decrease in speed with each increase in column spacing, especially 
for the set-solid and double-spaced versions. However, increased col-
umn spacing had no significant effect on scores for the other four line 
attributes, indicating that they were counteracting column spacing 
effects. The error rate was low throughout. While one might not rec-
ommend leader dots for aesthetic reasons, the study demonstrated 
the value of devices such as space and/or a rule after every few entries 
in this kind of material.

A common alternative to the single-sequence multi-column 
approach was a double sequence of entries in each frame, with each 
entry appearing as a block rather than being spread out across the 
frame. In addition to the issue of a single versus a double sequence in 
each frame, there was the question of whether the frames should run 
vertically (cine mode) or horizontally (comic mode). The four possible 
arrangements are shown in figure 17 (opposite). Logic would suggest 
using a vertical progression with one sequence of entries per frame, 
or possibly a horizontal progression with two sequences of entries per 
frame, and we wanted to test this hypothesis (Reynolds and Spencer 

Figure 16a. The 6 line attributes  
and 3 column spacings that deter-
mined the 18 styles tested in the 
1979 experiment on column spacing 
and line attributes in microform 
indexes (Reynolds and Spencer  
1979, experiment 1).

Figure 16b. The Latin square used 
to determine the sequence in which 
participants were presented with  
the eighteen styles.

Participants
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 6a 3b 2c 1c 6c 2b 1b 4a 5c 5a 3a 5b 4c 6b 3c 2a 1a 4b

2 3b 1c 2b 4a 5a 5b 6b 2a 4b 6a 2c 6c 1b 5c 3a 4c 3c 1a

3 2c 2b 5c 5b 3c 4b 3b 6c 4a 3a 6b 1a 6a 1c 1b 5a 4c 2a

4 1c 4a 5b 2a 6a 6c 5c 4c 1a 3b 2b 5a 6b 4b 2c 1b 3a 3c

5 6c 5a 3c 6a 2b 3a 2a 3b 1b 5b 1a 2c 4a 4c 4b 1c 5c 6b

6 2b 5b 4b 6c 3a 1a 1c 5a 2a 2c 5c 3c 3b 4a 6b 6a 1b 4c

7 1b 6b 3b 5c 2a 1c 3a 4b 2b 4c 6a 4a 3c 2c 5a 1a 6c 5b

8 4a 2a 6c 4c 3b 5a 4b 1b 3c 1c 5b 6a 5c 1a 2b 6b 2c 3a

9 5c 4b 4a 1a 1b 2a 2b 3c 6c 6b 1c 4c 2c 5b 3b 3a 6a 5a

10 5a 6a 3a 3b 5b 2c 4c 1c 6b 6c 3c 2b 2a 1b 1a 4a 4b 5c

11 3a 2c 6b 2b 1a 5c 6a 5b 1c 3c 1b 4b 5a 3b 4c 6c 2a 4a

12 5b 6c 1a 5a 2c 3c 4a 6a 4c 2b 4b 3a 1c 2a 5c 3b 6b 1b

13 4c 1b 6a 6b 4a 3b 3c 5c 2c 2a 5a 1c 1a 3a 6c 4b 5b 2b

14 6b 5c 1c 4b 4c 4a 2c 1a 5b 1b 3b 2a 3a 2b 6a 3c 5a 6c

15 3c 3a 1b 2c 4b 6b 5a 2b 3b 1a 4c 5c 6c 6a 2a 5b 4a 1c

16 2a 4c 5a 1b 1c 6a 1a 6b 3a 4a 6c 3b 4b 3c 5b 5c 2b 2c

17 1a 3c 4c 3a 5c 1b 6c 2c 6a 4b 2a 6b 5b 5a 4a 2b 1c 3b

18 4b 1a 2a 3c 6b 4c 5b 3a 5a 5c 4a 1b 2b 6c 1c 2c 3b 6a
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double
column
format

cine mode      comic mode

Figure 17. The four combinations 
of microfilm frame progression 
and frame layout tested in 1979 
(Reynolds and Spencer 1979, experi-
ment 2), as illustrated in Reynolds 
(1979b, p. 442).

1979, experiment 2). A catalogue containing 640 five-element entries, 
arranged alphabetically by author, was computer-generated on roll 
film in each of the four conditions. Twenty-four participants searched 
for a different set of sixty randomly ordered entries in each condition, 
working against time; the order in which each participant saw the 
four conditions was determined, as ever, by a Latin square design.  
On finding each entry they were asked to write down a three-character 
code given at the end of the entry. 

Results indicated that vertical (cine-mode) frame progression was 
superior overall, and with this mode of progression there was no 
significant difference between one or two sequences of entries per 
frame. With horizontal (comic mode) frame progression, however, 
the layout with two sequences of entries per frame was markedly 
superior to the single sequence. This was almost certainly because 
when moving the film horizontally the single-sequence frames had to 
be exactly centred in the viewing aperture for both the author’s name 
and the three-character code to be visible at the same time, whereas 
the double-sequence frames needed to be centred only to the near-
est half-frame. The greater difficulty in centering whole frames when 
moving horizontally as opposed to vertically accounts for the superior 
performance of the cine mode overall. The two cine-mode versions 
were then tested again with target entries in alphabetical order; the 
intention was to minimise the time spent in locating the entry and 
give a better comparison of the time spent on locating the code at 
the end of each entry. In this case the double sequence per frame was 
significantly more effective than the single sequence. This suggested 
that for alphabetical searching it was beneficial to have the alphabeti-
cally arranged first elements of the entries as close to one another as 
possible for ease of comparison (as was the case with the columnar 
structure of the single-sequence arrangements). For searching within 
entries, however, the block entry shape in the double sequence meant 
that the eyes had less distance to travel (Reynolds and Spencer 1979, 
experiment 2). The choice of columnar versus block entries might 
therefore depend on the likely difficulty of the alphabetical search 
task and the size of the entries.

An application of the work on complex lists

As an example of the relevance of these studies in other contexts, in 
1997 the Department of Typography & Graphic Communication at  

single
column
format

cine mode      comic mode
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the University of Reading was asked by the Health and Safety 
Executive to investigate the usability of the Approved supply list,  
a listing of chemical substances dangerous for supply, and to make 
recommendations for its re-design (see Reynolds 2000/01).

Two of the options tested for a re-designed version were a single 
sequence of entries per A4 page with each element of each entry in 
a separate column (figure 18a), and a double sequence of entries 
per A4 page with each element of each entry beginning a new line 
(figure 18b). Twenty-four participants were asked to search for spe-
cific entries and transcribe data positioned near the end of each 
target entry, working against time. There was no significant differ-
ence between the two layouts in terms of speed and accuracy of use, 
though both were used twice as quickly as the existing design. Given 
the results of the microfilm experiment described above, it could 
be argued that the single-sequence layout (a) may have been better 
for the alphabetical search element of the task, while the double-
sequence layout (b) may have been better for locating information 
within the target entries. The two effects may, therefore, have can-
celled each other out. In using the Approved supply list, efficiency 
in finding specific entries and in locating data within them could 
be seen as equally important, so on that basis the two layouts could 
indeed be regarded as equally effective. The double sequence per 
page was finally chosen for the re-designed version because it would 
allow more elements to be added to each entry if this should be 
required in the future.

Summing up

I would argue that the work of the Graphic Information Research Unit 
has entered the consciousness of a wide range of interest groups, that 
the research was timely and of practical use when it was carried out 

Figure 18. Extracts from two  
of the layouts considered for the 
Approved supply list (Reynolds 
2000/01, pp. 267–81).
(a) Single sequence of entries  
 per page, tabulated.
(b) Double sequence of entries  
 per page, listed.

a

b
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and may have changed the way that certain things were and are done, 
and that a number of the studies are as relevant now as they ever were. 

Some commentators have criticised empirical research on the leg-
ibility and usability of documents, at times with justification (see, for 
example, Lund 1997). One argument put forward is that this kind of 
research has often been carried out by psychologists or others who 
have little understanding of the basics of typography. This was not so 
in our case.

A more interesting issue, in my opinion, is the extent to which 
experimental materials and methods are designed to control 
unwanted variables. The greater the level of control, the more unre-
alistic the materials and task tend to become, but such control may 
offer the possibility of identifying and even quantifying the variables 
underlying any observed effects on legibility or usability. Conversely, 
testing highly realistic materials in realistic situations is clearly more 
relevant to normal use but may make it more difficult to find any 
effects and to attribute them to particular variables. I suspect that 
there are underlying perceptual processes that determine many of 
the responses and behaviours that we see in readers. These responses 
and behaviours may be overlaid by many other factors ‘in the wild’, 
but I believe that there is value in trying to understand what is going 
on underneath. To do this, some degree of control is needed over 
experimental materials and situations, and we always tried to strike a 
balance between realism and control. 

Another dilemma lies in deciding how many variables to test in 
an experiment. There is no doubt that typographic variables tend 
to interact (for example type size, line length and line spacing; see 
Tinker 1963), so it can be difficult or impossible to generalise from 
results that come from varying just one factor and holding all others 
constant. But testing several variables each at several levels can lead 
to large and expensive factorial experiments.13 Another alternative 
is to make a number of changes to a typographic arrangement with-
out testing all factors at all levels.14 This may be the most practical 
approach when testing is used as part of the design process, and it 
can be useful in situations where it is necessary to establish initially 
whether typographic changes are likely to make any difference at all 
to the usability of a document. But finding the reason for any differ-
ences observed will almost certainly require further, more focused, 
experiments. We tended to favour the factorial approach (as far as we 
were able within the limits of our resources), but this is not to say that 
single-variable experiments, or experiments with several variables 
that cannot be isolated, are never appropriate.

No single study can explore every aspect of a problem, and I believe 
there is a place for a range of approaches, each contributing some-
thing different. Those carrying out research have a responsibility to 
publish clear and accurate descriptions of their studies, so that read-
ers can assess for themselves the value and relevance of the results 
and conclusions reported.

13. For example, the study of image 
quality described above and in Spencer 
Reynolds and Coe (1975, revised 1977).

14. For example, the study of ten bib-
liographic styles described above and in 

Spencer, Reynolds and Coe (1973). We 
did not test all possible combinations of 
the spatial and typographic codings that 
we used as this would have resulted in an 
impossibly large experiment.
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In appreciation

The work described here was the unique outcome of a particular mix 
of talents and personalities. The Readability of Print Research Unit 
would not have come into being without the intellectual curiosity and 
vision of Herbert Spencer; his concern for legibility and his almost 
crusading determination to make others aware of its importance were 
key factors in attracting funding and ensuring the Unit’s continua-
tion for some sixteen years. His analytical and aesthetically sensitive 
approach to typography was always apparent in discussions about 
projects and test material, and his calm and supportive team leader-
ship ensured that projects were completed with a minimum of stress 
and to the satisfaction of sponsors. Ken Garland’s obituary (2002) 
sums up the man as I knew him. 

Brian Coe’s approach to typography was in tune with Herbert’s. 
Brian’s first question on being shown any piece of design by a student 
was ‘Yes, but what is it for?’. Herbert and he shared the belief that 
if typography functions efficiently it will also have aesthetic appeal. 
Brian loved logical and mathematical puzzles (hence his fascina-
tion with Latin squares), and he was also an inventor and a skilled 
craftsman – as evidenced by the perspective drawing machine that he 
designed and constructed himself in brass. 

Spencer, Reynolds and Coe worked well and happily together as 
a team, the result of a complementary mix of skills and personality 
traits. Being part of that team was intellectually challenging, reward-
ing and enjoyable. 
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