Serifs slow RSVP reading at very small sizes, but don’t matter at larger sizes 
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In Rapid Serial Visual Presentation (RSVP), words are presented rapidly at a fixed location on a video display. This reading without eye-motion supports speeds up to 3-4 times faster than normal, Rubin et al. (1992) In addition, RSVP facilitates reading on limited screen real-estate, e.g. on small displays or on large displays by low-vision readers who require very large type (Rubin et al. (1994)). There is a long history of the impact of font differences on reading, beginning with many studies of Patterson and Tinker summarized in Tinker (1963). These works generally found little difference in legibility among typefaces with normal reading methods, and most carefully controlled studies since then are in agreement with these results. Here we report a study of the effect of serifs on RSVP reading performance.

Under many suboptimal reading conditions—notably very small type—there are documented font effects, some of which can be attributed more to spacing than to letter shape. Mansfield et al. (1996) reported that with letters below the subject’s critical print size—the smallest print that can be read at maximum reading speed—normal and low vision subjects read Courier Bold up to twice as fast as the Times font when x-heights were equal.  Reading acuity—the smallest size that could just be read—was, on average, 12% larger for Times than for Courier in normally-sighted subjects, and 23% larger for low vision subjects Arditi et al. (1990) reported that reading speeds were faster for a Times-Roman font with fixed-width spacing compared to proportional spacing for the same font when character size was close to reading acuity limits.  Arditi and his co-workers manipulated the inter-character spacing when comparing reading rates for the same font style.  The fixed-width spacing was created by adding space around the thinner letters so that each character occupied the same amount of horizontal space as the upper-case ‘W’. Although letter shapes remained the same, the resulting non-uniform stroke-to-stroke distance is not characteristic of standard typography. The authors attribute their result to crowding effects for the small proportionally spaced font, absent in their scheme for creating the fixed-width font.

A recurring typographic myth is that serifs provide a line for the eye to follow during normal reading. This is unlikely to be true because reading saccades are guided by the shapes of words, hence by low, not high spatial frequency information as is represented by serifs. Saccade planning during reading is mediated mostly by location of the center of the word adjacent to fixation (Rayner et al. (1989)) Serifs are largely below acuity thresholds when not near the point of fixation and invisible due to saccadic suppression during saccades. Indeed, although somewhat controversial, some have argued vision defects in the low frequency channels of the vision system—which also mediate shift of attention—can interfere with reading. Summarizing typographic wisdom (but not performance data), Long et al. (1996) advance three reasons for claimed superiority of seriffed faces: “First, serifs link the letters together to form word units. … Second, serifs help maintain adequate spacing between letters and emphasize the separation of words. Third, serifs help to avoid confusion by enhancing letter differentiation.” All of these would predict superiority for seriffed faces in RSVP reading, a result that we do not find. 

The eminent Dutch type designer Gerrit Noordzij attributes the serif to nothing more—or one should say nothing less— than the Burgundian humanistic handwriting. In that script, according to Noordzij, the serifs were provided to open the otherwise crowded letterforms that had developed. The adaptation of this artifact to printing in 1470 by Nicolas Jenson gave the new reading public a type style that was familiar as fine handwriting. (Noordzij (2000)) Half a millennium later, it remains preferred because familiar, not because it is more legible.

The Lucida-RSVP fonts.  Contrary to a common belief that only significant difference between seriffed and sans-serif type is the presence or absence of serifs, many other differences exist For example Times Roman and Helvetica differ in the heights of lower-  and upper-case letters, the thickness of stems, lengths of ascenders and descenders, character widths, and the ratios of thin to thick stroke widths (called by designers the modulation). Even the underlying geometrical proportions, including the shapes of forms as simple as the ‘o’, are different. This huge variance along many axes makes it quite difficult to make meaningful comparisons of sans-serif to seriffed type forms per se using standard typographic designs.

The fonts specially designed for our studies have only one major and one minor formal variation. The major variation is the presence or absence of serifs. The other geometrical and metric features of the fonts are identical. The minor variation is that the presence of serifs adds a small amount of additional black area to the overall image, because the character widths and heights and main forms remain the same. The seriffed font will therefore in aggregate make a slightly darker gray tone in text. We believed it would be more important to hold all the other variables constant, and allow this one to vary with the presence or absence of serifs. To maintain average white/black ratios between the faces—the DC component in the spatial frequency spectrum—would have forced us to alter several of the other parameters. The experimental fonts are a modification by Bigelow & Holmes of their well-known Lucida typeface family. We chose Lucida for three reasons.

Range of use. Lucida fonts have been used in a wide variety of electronic and publishing applications, including magazine and book publishing, office software, and computer user interfaces. These applications cover a broad range of imaging and rendering media and technologies, including digital typesetting, high-speed printing, and CRT and LCD computer displays. From this practical experience, we made the assumption that the basic Lucida designs could be adapted to a new presentation format, RSVP.

Design. Lucida fonts conform to certain basic principles of Latin type design that were established by Italian printers in the late fifteenth century, and refined by a later generation of French printers in the middle of the sixteenth century. We made the assumption that one component of legibility is familiarity, so it seemed reasonable to base the design of experimental fonts on traditional forms.

Technical format. Bigelow & Holmes designed the Lucida fonts for digital technology. Because the original digital data was at hand, precise control of all modifications according to exact parameters was possible.

Lucida fonts differ from traditional fonts in some respects. The x-height, and hence the height of the other lower-case letters, is relatively large in comparison to the “em” square (total body size). If the same word is set in lower-case letters at the same size in each of these three typefaces, the word will look largest in Lucida, next in Times Roman, and smallest in Bembo
 (with ratios of x-height to em of 0.53, 0.50, and 0.40 respectively). The development of typefaces over the past several centuries has shown a tendency toward increased x-heights. This was particularly true in the twentieth century. Lucida follows that trend. The stem weight—the thickness of vertical stems in letters like ‘n’ or ‘l’—is slightly heavier than that of traditional book faces.  In Lucida normal weight, the ratio of stem to body is 0.096. In other words, the thickness of a stem is approximately 1/10 of the em or body size.

The widths of characters and the amount of white space allocated between characters is carefully tuned by type designers to give a pleasing pattern of alternating dark strokes and white voids or “counters” as designers call the white spaces.  Although the precise definition of “pleasing” depends on the aesthetic sense of the designer and the purpose of the typeface, it can be said that with proportionally spaced type, the general intent is to regularize spacing to the effect that the spatial frequency content of text is such that when letters are combined into words, each word seems roughly to have the same spectrum as other words, with an amplitude peak arising from this regularity.  On the other hand, in a fixed-pitch (monospaced) font, words like “illicit” and “mummers” will have widely different amplitude spectra, and for an entire line of type the lack of a distinguished spectral peak is even more dramatic (cf. Rubinstein (1988), Morris (1988) ).

Traditional seriffed faces have a high degree of modulation between the thin elements, like serifs and hair-lines, and the thick elements, like vertical stems. This ratio of thin to thick will usually be in the range of 1/3 to ¼, compared to a range of ¾ to 7/8 more characteristic of sans-serif faces. Hence, a seriffed face with serifs removed will tend to look light and spindly, whereas a sans-serif face with serifs added will tend to look dark and crude.

In developing a serif/sans-serif pair of fonts for the experiments, Bigelow & Holmes did not simply take a seriffed font and cut the serifs off, nor take a sans-serif font and add serifs.  To slice the serifs from a seriffed font would result in an appearance too open and loosely spaced. To add serifs to a sans-serif font, would produce a face too cramped and tightly spaced. 

With these matters in mind, an intermediate style of typeface was designed with letters fitting slightly tighter than for traditional seriffed designs, but slightly looser than for traditional sans-serif designs. Similarly, the modulation of thick to thin is less than that of traditional seriffed designs, but greater than that of common sans-serif designs. 

Next, the designers crafted simple, slab serifs that were in most cases, simple rectangles. This avoids the curved bracket serif forms of older traditional faces. There are many variations of these, and slab serifs avoid design bias toward any particular historical style.  The slab-serifs emphasize the horizontal, because the upper edges are horizontal and parallel to the lower edges.

Finally, the designers produced a seriffed and sans-serif pair whose underlying forms are identical in stem weights, character widths, character spacing and fitting, and modulation of thick to thin. The only difference is the presence or absence of serifs, and the slight increase of black area in the seriffed variant.

Methods.  In order not to measure rendering artifacts, words were displayed with an x-height of approximately 40 pixels for one size and 160 pixels for the other. Subjects viewed the screen in a darkened room at a distance of 4 meters, resulting in retinal x-heights of approximately 12 arc-minutes and 48 arc-min. of visual angle, respectively. This corresponds roughly to 4-point and 16-point type at normal reading distance of 40 cm. Display was a Sony Trinitron monitor controlled by a Macintosh G3 computer. We used a staircase method to estimate reading rates of 27 subjects under several conditions. Custom software designed by Morris presents words serially on the display at controlled speed while the subject reads aloud. The experimenter signals whether any word was in error and if so, the next sentence is presented at a rate 1/sqrt(2) slower, otherwise it is sqrt(2) faster. The subject need not—and at high speeds usually does not—finish uttering the sentence before the last word has left the screen. When ready, the subject initiates the next presentation with a press of the mouse button. When four reversals have taken place, the trial stops and the error-free reading rate is taken as the geometric mean of the rates at reversal. Each subject repeated five trials at two sizes and for two fonts, in this case the serif and sans-serif Lucida variants described above. Using the number of words read correctly per unit time has long been accepted as a reliable measure of reading performance (Rubin et al. (1992); Legge et al. (1985); Legge et al. (1989)). Sentences were artificially constructed but meaningful English, unconnected to one another, and of approximately the same length. Each subject sees sentences from the same set and no sentences are seen twice by the same subject. In a given trial, each word is presented for the same length of time, even if it is a small word. In related experiments Aquilante et al. (2001), duration was a function of word size and, not unexpectedly, this increased reading performance. Although we have not tested this, we do not expect that it would increase performance differentially across typefaces.

Conclusions. We tested 27 native English readers, comparing their reading performance with sans and seriffed face at nominal 4-point and 16-point high-resolution digital type.  The data were analyzed by applying a t-test to the logarithm of the ratio of the sans to the seriffed face at each size. Exponentiating the resulting confidence intervals provides an estimate for the performance advantage of the task with sans- to that with seriffed type. (See Mitrinovic (1964) for a discussion of transforming confidence intervals by concave functions). For the 4-point faces, the probability exceeds .95 that the advantage of sans over seriffed Lucida is between 1.16 and 1.24. For the 16-point face the probability exceeds .95 that this ratio is between 0.98 and 1.02. In short, serifs interfere only at very small sizes and provide nothing toward sentence-based word recognition as revealed by RSVP reading. 

The graph in Figure 1 summarizes our results. Although the analysis does not do so, the graph omits subject 6 as a display convenience: that subject read 4-point sans almost 4 times faster than 4-point seriffed, compared to an average for all subjects of 1.2 times. At the larger size, about half our readers did a little better with the serif and half with the sans face. (We note in passing—though without experimental data— that Lucida designs are much more robust than many at small sizes and this may be accounted for by some of the design decisions described above. The reader skeptical of the readability of 4-point Lucida, and who has it on their computer, may want to start with an 8-point paragraph and print it at half-size on a 1200 dpi laser printer. The results will be tolerable, but slow, to read.)

Discussion and summary. Both normal and low-vision readers exhibit a logistic curve of reading rate with increasing size of type, assuming a constant typeface. The two sizes represented in this study are typical of sizes that are just off each shoulder for many readers. A more detailed study would add two sizes in between. In fact, finding, as we do, an advantage of sans at small sizes, we would speculate that such as study would not find a “size-like” logistic, but rather a sudden loss of the effect at some size. We might expect this if the serifs are contributing to the same crowding effect speculated by Arditi et al. (1990) when comparing small size fixed-width to proportionally spaced type. Finally, by intent we controlled rendering artifacts by choice of viewing distance—in effect providing a high resolution display. RSVP reading, which could be useful for e-books
, eases the bonds of screen real estate and so perhaps the motivation for rendering with insufficient pixels. However, our results suggest that anyone addressing this problem by grayscale might do well to sharpen the high-pass cutoff at high image spatial frequencies more than they might otherwise. In other words: successful rendering of serifs at small retinal sizes may be counterproductive.
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Figure 1. White bars represent nominal 16-point type, black bars nominal 4-point type. Data above the origin denotes an advantage for sans-serif, below for serif. Most readers show an advantage for sans at 4-point, but for 16-point, the pool is equally divided. See text for details.
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		GM		499.9995481194		613.1253524349		432.4127066226		580.0331759533		1.1563017008		1.0570522133

		AVERAGE		502.5		616		443.5		580.75

		RP		440		563		355		701

				479		650		398		591

				502		732		514		607

				372		502		516		692

		GM		445.4087164514		605.562728918		439.9781015302		645.877374352		1.0123429209		0.9375815797

		AVERAGE		448.25		611.75		445.75		647.75

		JB		316		363		281		515

				280		564		302		405

				269		411		291		405

				269		479		243		406

		GM		282.8703439261		448.064737094		278.3255855102		430.3391198241		1.0163289279		1.0411898813

		AVERAGE		283.5		454.25		279.25		432.75

		RM (Bob)		382		258		368		364

				368		891		348		454

				368		322		277		417

				369		368		408		458

				384		449		408		364

		GM		372.1888058936		466.6131070454		355.9138060475		421.4923458216		1.0457273631		1.1070500133

		AVERAGE

		RM		393		807		601		1002

				607		958		612		532

				497		1297		456		726

				405		839		495		869

		GM		468.1102635453		957.7126970108		536.7832851806		761.5246009853		0.8720656482		1.2576254211

		AVERAGE		475.5		975.25		541		782.25

		DM		317		395		394		483

				394		411		324		444

				317		328		292		410

				376		279		411		467

		GM		349.3016585844		349.1236272905		351.8167208041		450.1504716713		0.9928512146		0.7755709463

		AVERAGE		351		353.25		355.25		451

		JA		519		453		453		532

				453		533		388		574

				756		705		405		387

				346		533		352		530

		GM		497.9845437874		548.8269564805		397.8614889317		500.2678456592		1.2516530442		1.0970662241

		AVERAGE		518.5		556		399.5		505.75

		Total Average		231.8403846154		400.9192307692		212.6365384615		391.3115384615		1.0903130115		1.0245525403

		Grand GM		187.6310469987		370.4658982231		160.51565504		361.5396957577		1.1689267751		1.0246894119
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Sheet17

		sa120				se120						sa480				se480

		Mean		233.6446563054		Mean		214.0928155627				Mean		397.7065221043		Mean		386.9520435391

		Standard Error		27.5421858023		Standard Error		28.1639398491				Standard Error		30.5188365471		Standard Error		28.4132810265

		Median		187.2783581886		Median		168.4752878178				Median		347.2473515953		Median		341.5314768359

		Mode				Mode						Mode				Mode

		Standard Deviation		143.1133954832		Standard Deviation		146.3441242801				Standard Deviation		158.5805264622		Standard Deviation		147.6397390429

		Sample Variance		20481.4439667435		Sample Variance		21416.6027112969				Sample Variance		25147.7833730443		Sample Variance		21797.4925446439

		Kurtosis		-0.843837901		Kurtosis		-0.7317643916				Kurtosis		4.8923345125		Kurtosis		0.3892968624

		Skewness		0.692706932		Skewness		0.7337786678				Skewness		1.8790495814		Skewness		1.101332582

		Range		449.4999285398		Range		512.2560925099				Range		777.4131677111		Range		545.589418844

		Minimum		50.4996195796		Minimum		24.5271926707				Minimum		180.2995292997		Minimum		215.9351821414

		Maximum		499.9995481194		Maximum		536.7832851806				Maximum		957.7126970108		Maximum		761.5246009853

		Sum		6308.4057202458		Sum		5780.5060201933				Sum		10738.0760968157		Sum		10447.7051755565

		Count		27		Count		27				Count		27		Count		27

		Confidence Level(95.0%)		56.6138108189		Confidence Level(95.0%)		57.8918454032				Confidence Level(95.0%)		62.7324080627		Confidence Level(95.0%)		58.4043738694





Sheet1

		Bin		Frequency

		0.8720656482		1

		1.448037691		25

		2.0240097338		0

		2.5999817767		0

		3.1759538195		0

		More		1





Sheet2

		logSa120/se120				log sa480/se480

		Mean		0.0659958683		Mean		0.0118357669				1.1641149543		1.0276276163

		Standard Error		0.0227710657		Standard Error		0.0119391644

		Median		0.0453300601		Median		0.0175299388

		Mode				Mode

		Standard Deviation		0.1183219283		Standard Deviation		0.0620377183

		Sample Variance		0.0140000787		Sample Variance		0.0038486785

		Kurtosis		13.3360857721		Kurtosis		-0.7116434579

		Skewness		3.1755272294		Skewness		-0.2540954049

		Range		0.6337050688		Range		0.216982818

		Minimum		-0.0594508206		Minimum		-0.1103784684

		Maximum		0.5742542482		Maximum		0.1066043495

		Sum		1.781888443		Sum		0.3195657069

		Count		27		Count		27





GM

		subjects		sa120		se120				sa480		se480		sa120/se120		sa480/se480				logsa120/se120		log sa480/se480

		GM		57.8999835036		63.7830093796				180.2995292997		225.5868590049		0.9077649999		0.7992465966				-0.0420265661		-0.0973192044

		GM		161.3824040571		140.6348059221				361.5032461586		366.732162307		1.1475281883		0.9857418664				0.0597633625		-0.0062367977

		GM		175.651508389		123.5633309607				353.7108854272		276.722247217		1.4215504472		1.2782162944				0.1527622763		0.1066043495

		GM		113.8219517343		101.2778701919				340.2000512861		296.1232010134		1.1238580701		1.1488463252				0.0507114685		0.0602619394

		GM		92.0341276812		91.4257011338				255.7252322016		215.9351821414		1.0066548743		1.1842684905				0.0028806008		0.0734501743

		GM		92.0242085106		24.5271926707				288.1449005706		261.1049180121		3.7519258623		1.1035598363

		GM		192.7382799948		168.4752878178				343.4968882389		319.3174963326		1.1440151401		1.0757221016				0.058431772		0.0317000917

		GM		156.3150814569		142.4607098713				333.9331791553		263.9517735074		1.0972504742		1.2651295148				0.0403057772		0.1021349877

		GM		268.8651748785		185.943832796				395.9710551145		427.4800709305		1.445948332		0.9262912637				0.1601527746		-0.033252432

		GM		163.7209858991		175.737213219				309.3542296697		277.5549473134		0.9316238883		1.1145693228				-0.030759384		0.0471070854

		GM		191.8007029067		188.7530719877				329.8223065907		273.3957702864		1.0161461262		1.2063914019				0.0069561659		0.0814882333

		GM		90.4491974151		67.5787169025				382.2699467044		310.2000995097		1.3384272677		1.2323334109				0.1265947759		0.0907282232

		GM		187.2783581886		152.923606475				292.8964277732		300.1735444593		1.224653031		0.9757569685				0.0880130617		-0.0106583385

		GM		129.5993374791		120.6362962428				347.2473515953		357.6300961577		1.0742980472		0.9709679228				0.0311247863		-0.0127951173

		GM		50.4996195796		38.4227805406				240.0676448844		245.4589023913		1.3143145517		0.9780360074				0.1186993163		-0.0096451559

		GM		194.6573885749		175.3641573287				317.5102517135		341.5314768359		1.1100180991		0.9296661457				0.0453300601		-0.0316729838

		GM		106.4616825622		83.623651669				317.1508336111		378.4032539179		1.2731049223		0.8381292453				0.1048641973		-0.076689005

		GM		175.0704809347		128.8991518189				267.6324598937		278.0825321553		1.3581973075		0.9624209684				0.1329628652		-0.0166349235

		GM		339.3168150597		373.1220665807				557.5743838571		675.6854943244		0.9093989486		0.8251980967				-0.0412455522		-0.0834417824

		GM		452.9545511327		440.2618720575				534.5360867959		566.9502134724		1.0288298394		0.9428272079				0.0123435517		-0.0255678932

		GM		499.9995481194		432.4127066226				613.1253524349		580.0331759533		1.1563017008		1.0570522133				0.0630711644		0.0240964399

		GM		445.4087164514		439.9781015302				605.562728918		645.877374352		1.0123429209		0.9375815797				0.0053276503		-0.0279909337

		GM		282.8703439261		278.3255855102				448.064737094		430.3391198241		1.0163289279		1.0411898813				0.0070342871		0.0175299388

		GM(Bob)		372.1888058936		355.9138060475				466.6131070454		421.4923458216		1.0457273631		1.1070500133				0.0194184722		0.0441672415

		GM		468.1102635453		536.7832851806				957.7126970108		761.5246009853		0.8720656482		1.2576254211				-0.0594508206		0.0995513074

		GM		349.3016585844		351.8167208041				349.1236272905		450.1504716713		0.9928512146		0.7755709463				-0.0031158285		-0.1103784684

		GM		497.9845437874		397.8614889317				548.8269564805		500.2678456592		1.2516530442		1.0970662241				0.09748396		0.0402328444
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log ratio sans/serif reading rate

Serif vs. sans-serif reading performance



		t-Test: Paired Two Sample for Means

				Variable 1		Variable 2

		Mean		144.4594707637		120.7794659405

		Variance		3202.9012782472		2580.0791696724

		Observations		18		18

		Pearson Correlation		0.897768517

		Hypothesized Mean Difference		10

		df		17

		t Stat		2.3282880493

		P(T<=t) one-tail		0.0162477225

		t Critical one-tail		1.7396064322

		P(T<=t) two-tail		0.032495445

		t Critical two-tail		2.1098185243






