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The effects of link format and screen location on visual search 
of web pages 
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Navigation o f web pages is of critical importance to the usability of web-based 
systems such as the World Wide Web and intranets. The primary means of 
naviga tio n is through the use of hyperlinks. However, few studies have examined 
the impact o f the presentation format of these links on visual search. The present 
study used a two-factor mixed measures design to investigate whether there was 
a n effect of link format (plain text , underlined , bold, or bold a nd underlined) 
upon speed and accuracy of visual search and subjective measures in both the 
naviga tion a nd content a reas of web pages. An effect of link format on speed of 
visual search for both hits a nd correct rejections was found . This effect was 
observed in the navigation and the content a reas. Link format did not influence 
accuracy in either screen location . Participants showed highest preference for 
links that were in bold and underlined, regardless of screen area. These results are 
di scussed in the context of visual search processes and design recommendations 
are given. 

1. Introduction 
Navigation accounts for 90% of all recorded web browser actions (Tauscher and 
Greenberg 1997). The most common method for navigating web pages is through the 
use of hypertext links (hyperlinks) . Hyperlinks offer a significant advance over 
paper-based media as they allow users to decide upon whether and how they interact 
with a web page (Treloar 1999). Moreover, usability issues require serious 
consideration because when faced with a difficult to use web site, users are likely 
to abandon these sites in favour of sites which are more usable (Nel et al. I 999, 
Nielsen 2000). This reaction is predictable: some difficult to use websites may be so 
because of poor screen design and this can in turn result in decreased task 
performance by users in terms of both speed and accuracy (Nasanen et al. 200 I, 
Streveler and Wasserman 1984). 

Researchers, such as Galitz ( 1997) have outlined some of the user interface design 
parameters that may a ffect use of visual display systems. However many of these, 
particularly those related to the display of text , have yet to be investigated 
systematically. This is a significant fl aw: only a small amount of empirical research 
on the use of web sites has been published (e.g., Diaper and Waelend 2000, Sears 
2000). Such resea rch has shown support for the idea that web pages designed 
according to cognitive principles lead to higher level s of comprehension than those 
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that a re no t (Da la l et al. 2000). The current stud y foc uses on the parameters used to 
fo rmat hyperlinks. 

In o rder to exploit full y the potentia l o f hyperlinks in web sites , lin ks need to be 
fo rmatted so tha t task performa nce a nd user experience is max imized . Therefo re, an 
importa nt foc us of resea rchers' a ttempts to improve the usa bility of web sites should 
be upon the fo rmat o f these links. Links may be loca ted in the naviga tion areas of 
web pages (e .g., in fra mes) as well as within the ma in , co ntent, area o f the page. Such 
link s a re o ften incorpora ted in the midst o f no rma l tex t a nd provide users wi th 
opportunities to move to o ther loca tions to obtain fur ther in fo rma tion a bout a 
pa rticular topic. Although some resea rchers have examined some of the fac tors 
influencing use rs' interacti ons with web links (e.g. , Ling a nd van Scha ik 2002), few 
have investiga ted the way in which links a re represented in web pages, a nd none have 
focused on whether links placed within the content area of a web page a re utilized in 
the same way as those placed within the naviga tion area . 

Links may ex ist in a va rie ty of fo rmats. The most commo n convention is for web 
page designers to use the colour blue fo r hyperlinks, sometimes underlining these 
blue link s as well as, less frequentl y, presenting these lin ks as bo ld text. Although 
users may prefer the applica tion of such conventions (Nielsen 1999a , Gee 200 1), 
current guidelines gove rning the product ion of web pages are only ra rely based on 
empirica l research (Tullis 1997, Nel et al. 1999, Venkatra ma n 2000). 

Although some va ria bles, such as colour, ca n be used to enha nce the effecti veness 
of graphica l di splays (Christ I 975, Murch I 985), va rying the fo rma t o f hyperlin ks 
has received little empirica l foc us (Nielsen 1999b). Gee (200 1) recommend s that all 
links should be underl ined to enable ease of navigat ion. One researcher has gone 
further a nd suggests tha t such links can be colour coded to give extra topic-rela ted 
info rma ti on to use rs naviga ting a page (Bernstein 1999). However o ther resea rchers 
suggest that such a n approach ri sks giving a ' fruit sa lad ' loo k to the web page which 
may lead to decreases in perfo rmance (M arcus 1997, M urch 1985). 

In fo rmat ion retri eva l is a key acti vity in using the Web. T his activ ity invariably 
involves visual sea rch, which consists o f two basic stages (Sco tt 1993 , Wolfe 1994). 
Initia lly a ll screen loca ti ons are processed in para llel, bu t only a limi ted a mount of 
in fo rma tion is ex tracted . Subseq uently, a second stage rest ricts itself to a reas of the 
visua l fi eld tha t a re of interest. Visua l conspicuit y is one fac to r that influences the 
process o f selecting objects or words. Conspicuity can be defined as a combination of 
an object' s pro perties, re lative to its background, which attracts at tention a nd is 
therefore seen. Conspicuity can be based on colour, shape , size, orientation a nd 
other properties of the di splay. If a ta rget object is made visua ll y conspicuous, sea rch 
time can be up to 83% fas ter (Nygren 1996) . 

Severa l resea rchers have suggested that screens sho uld be structured in an 
o rganized ma nner to improve visua l sea rch a nd therefore usabili ty (Graf and 
Krueger 1989, Comber a nd Maltby 1997, Galitz 1997, Marcus 1997, Tu ll is 1997) and 
some resea rch has indica ted that elemen ts such as colour ca n be used to enhance the 
effecti veness of graphica l d isplays (Christ 1975, M urch 1985). However, the effect of 
varying the fo rma t of hype rlin ks has received li tt le empirica l focus (Nielsen 1999b). 

The choice of link for mat used in web pages shou ld be determined by the 
pe rceptua l a nd cogniti ve constra in ts o f users as we ll a s their preferences, rather 
tha n so lely the preferences of web designers. Well -chosen formats wi ll enhance 
performa nce, poorl y chosen ones wi ll decrease performance and could increase the 
proba bili ty of visua l fat igue (Ga litz 1997). Web lin ks can be specified in a variety 
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of for ma ts, including colo ur, fo nt a nd use o f underlining o r bold tex t. It has been 
a rgued tha t the use o f pa rti cul a r co lo urs will improve di scrimination (C hri st 1975, 
Marcus 1997), a nd thus the visua l impact o f a n interface; for example black tex t 
wi ll sta nd o ut when placed o n a white background. Use o f these in a web page 
may enable users to perceive tex t mo re easil y through the presence o f clea r 
di ffere nti a l contrast , a nd therefo re enha nce visua l sea rch, in compari son with other 
combina ti ons o f colo urs. Simila r results may be found for variatio ns in link 
fo rma t, a ltho ugh a ny prefe rences o f use rs fo r pa rti cula r fo rma ts may no t 
necessa ril y be co rrela ted with tas k perfo rma nce. It is possible tha t so lo ng as 
there is a suffic ient di ffe rence between the fo rmat o f the link and the surrounding 
tex t, the links will sta nd o ut a nd be immedia tely o bvio us to someone scanning a 
page (see Treisma n a nd Gelade 1980, fo r a n expla na tio n of thi s phenomenon). If 
thi s is the case, then it sho uld no t matter how simila r the form ats of no rma l tex t 
and hyperlinks a re (e .g. , sa me fo nt , level o f bo ld , use of underlining), so long as 
they differ o n a single dimensio n they will rema in easy to di scriminate. This is 
currentl y the case in web b rowse rs where the default co lo urs a re black fo r norma l 
text a nd blue fo r links. A n impo rta nt issue is whether such a defa ult is the best 
way to present a com bina tio n o f link a nd no rmal tex t in forma tio n in the content 
a rea of a web page. In additio n, it is unclea r whether the current defa ult of blue 
pla in-tex t link s presented in the naviga tio n area is the optima l method o f 
presenta tio n . If a ltering the properties o f links by cha nging the style sheet tha t is 
applied to a ll the pages in a web site d oes improve sea rch time o r acc uracy by 
giving higher levels o f conspicuity, then in terms o f web designers ' time, thi s wo uld 
be a ve ry low cost way o f improving we b usability. 

The use o f co lo ur in navigatio n frames has a different purpose to tha t in the 
content area ofa web page. Genera ll y, the background sho uld not be 'emphasized ' in 
screen compo nents. However, a higher co ntras t sho uld be rese rved fo r sc reen 
compo nents to which a ttentio n sho uld be dra wn (G a litz 1997), such as in the case o f 
an initia l scanning of a naviga tio n fra me when a user first a rri ves a t a site. Thi s use o f 
co ntrast (such as underlining, it a lics, bo ld) wo uld a id visua l sea rch o f links to key 
topics in a web site, pa rticula rl y if thi s sea rch is a ided by (a) clea r delinea tio n 
between naviga ti o n a nd content a rea, (b) the effec ti ve use of fo rma t to draw 
a ttenti o n towa rd s a specific a rea o f the screen, a nd (c) permitting a user to scan 
thro ugh the info rmatio n p resented in the naviga tio n a rea to find the informa ti o n 
sought quickl y. Resea rch has sho wn tha t higher cont ras ts between text a nd 
backgrou nd colo ur in the naviga tio n a rea lead to fas te r sea rching a nd a re a lso ra ted 
mo re favo ura bly (Ling a nd va n Scha ik 2002). 

In the content fra me, hyperlink s a re presented througho ut the tex t, unlike in the 
naviga tio n a rea where they a re often presented as a li st, a nd with no no n-link 
in for ma ti o n competing fo r a ttentio n . These differences in presenta tio n may lead to 
differences in a ttentio na l dema nds; in additi o n to link s, the content frame al so 
contains no rma l tex t tha t needs to be scanned a ltho ugh in the naviga tion a rea , o nl y 
links a re presented a nd no no rmal text. To stand out sufficientl y from the norma l 
tex t in the content a rea, links may need to be mo re no ticeable (e.g., in bold o r 
underlined) tha n in the na viga ti o n a rea , where there is no such need to compete with 
non-link informa ti on. Furtherm o re, more noticeable links may have a la rger 
advantage in content pages beca use a la rger sc reen area needs to be sca nned . Thus, 
the content area may benefit mo re from the use of a more conspicuous format for 
hyperlinks tha n the na viga tio n a rea. 
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Visual di scrimina ti o n a nd choice are component processes of visua l sea rch in web 
usage. In a di scrimina tio n reactio n task, pa rticipants ma ke a respo nse to one 
pa rticular stimulus a nd not to o ther simulta neously presented stimuli (Maye r 1992). 
Thi s type o f task has been used to assess the effects o f cont ras t a nd fram e loca ti on in 
we b pages o n visual sea rch task performa nce (va n Schaik a nd Ling 200 I). Fo llowing 
o n from ea rli er resea rch, the current study employed a cho ice reactio n tas k which 
required o ne respo nse to the presence o f a stimulus and a no ther respo nse to the 
a bsence o f the stimulus. This mimics the use o f we b pages mo re closely, where users 
respond to the presence o f ta rget informati o n in o ne way (fo r exa mple, by fo llowing 
an appropria te link in the web page), but respo nd differentl y to the a bsence o f thi s 
in fo rmatio n (such as go ing back one step in the we b browser). 

Subjecti ve measures ca n be mo re sensitive to di ffe rences in di splay qua lity than 
performa nce measures (Pastoo r 1990) . Therefo re subjecti ve measurement o f di splay 
qua lity is required in additio n to perfo rma nce measurement (see Ling a nd va n 
Scha ik 2002). Furthermo re, Tractinsky et al. (2000) develo ped a nd va lida ted an 
aestheti cs eva lua tion sca le which they used to test the rela tio nship between the 
visua l appea l o f a computeri zed sys tem (a n ATM) a nd it s usa bility. Tracktinsky et 
al. fo und stro ng correla ti o ns between the system 's pe rceived aestheti cs a nd its 
usa bility, which persisted even a fter use rs had made use o f the sys tem. In o ther 
wo rds, they fo und tha t there was a strong link between interface aes the tics a nd ·a 
priori perceptio ns o f ease of use' (T ractinsky et al. 2000 : 140). This sca le has since 
been used fo r the eva lua tio n o f web pages (va n Scha ik a nd Lin g 2003) . The 
investigatio n of whether such a rela tio nship between aes thetic considerations, 
preference and usability (perfo rmance) measures was a furth er a im o f the present 
stud y, which used T ractinsky et a/.' s sca le to eva lua te the subjecti ve qua lity o f the 
di splay. 

In the present stud y, perfo rma nce was compa red in both the navigatio n and 
content area between blue links tha t were either pla in tex t, underlined , bold o r bold 
a nd underlined . Th e present study ai ms to in ves ti ga te whether pa rti cular 
combina tio ns o f link form a t a re associa ted with higher leve ls of perfo rma nce 
(measured in term s o f accuracy a nd speed) , as well as finding o ut whether they a re 
a lso subjecti ve ly superio r. 

2. Method 
2. l . Experimental design 
The ex periment used a two facto r mixed measures design . The repea ted measures 
facto r was the fo rma tting o f blue hyperlinks: with fo ur levels: p la in tex t (no 
underlining, no embo ldening), bo ld text , underlined tex t a nd tex t tha t was bo th bold 
a nd underlined . The independent measures fact o r was the a rea o f foc us o n the web 
page, which a lso had two leve ls: nav iga ti o n a rea a nd content a rea (see below). 

2.2. Participants 
There were 49 participants, consisting o f 42 fema les a nd seven ma les. Of these, 20 
too k part in the sea rch navigatio n area conditio n, a nd 29 took pa rt in the sea rch 
content area condition. Most pa rticipants (57% ) were under 2 1 with a furth er 20% 
between 21 and 25; those remaining were aged between 26 a nd 50. 

All participants had experi ence o f using the Wo rld Wide Web (WWW; see table 
I) . Almost a ll participants had been using the web for more tha n I yea r (96 %) with 
the rest having more tha n 6 mo nths' experience. Frequency o f using the web va ried 
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Length of time 
> 6 months 
> I year 

Frequency 
> I/day 
I/day 
> I/week 
> I/month 
< I/month 

Link format and visual search 

Table I. Familiarity with and frequency of Web use 

Percentage 

4 
96 

26 
27 
30 
2 

14 

911 

from more than once a day to less than once a month , with a majority (53%) using 
the WWW at least once a day . 

2.3. Materials and apparatus 
Web pages were created in HTML and displayed using Microsoft Internet Explorer 
web browser version 6.0 and then saved as graphics image files. The web pages 
consisted of two frames, a larger frame (85%, the content area) and a smaller frame 
(15%, the navigation area) containing five hypertext links, all of which were left­
aligned and matched for length in each of the trials (figure I). The navigation area 
always appeared on the left of the screen. In the content area, links appeared in the 
text in five locations, distributed evenly down the web page from top to bottom . 
Location of the target link (when present) was counterbalanced across the trials, so 
links appeared in all the possible locations an equal number of times. Hypertext links 
were presented in either bold or normal text, with underlining or no underlining, 
although the links were always blue (colour code #0000FF). The rest of the text was 
always black (colour code #000000) and the background in both areas was white 
(colour code #FFFFF F) . The font used for both normal text and hyperlinks was 
Arial 12 . The text used for the content area of the web pages was taken from a source 
with which it was felt all participants would be unfamiliar, the doctoral thesis of one 
of the authors (J.L.). The same web pages were used for both the navigation area and 
content area conditions. 

In the experiment, the images were presented using the SuperLab experiment 
generator software which ran on personal computers (Intel Pentium, 333 MHz, 
64 Mb RAM, Microsoft NT4 operating system, 14 inch monitors). The screen 
dimensions were I 024 x 768 pixels; contrast and brightness were set to optimal 
levels. 

2.4. Procedure 
The experiment was carried out in classrooms with 15 to 20 participants taking part 
concurrently. They first completed a practice series consisting of eight trials , followed 
by a series of 72 experimental trials presented in random order. 

Participants were first presented with a set of on-screen instructions. Participants 
were told that they were going to take part in a visual search task involving mock 
web pages and that they had to try and find a hyperlink in a screen of text. If the 
link was present on the page, they had to press the 'p' key, and if it was absent 
then they had to press 'a'. Depending on the group to which they had been 
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Figure I. Typical web page used in the experiment. 

allocated , they were also instructed to attend to the links in either the navigation 
or the content area. 

After reading the instructions, participants pressed the ' s' key on the keyboard to 
proceed. A series of trials was presented . In each trial a blank white screen (shown 
randomly for IO00, 1500 or 2000 ms with a mean of 1500 ms) was presented , then a 
black target word on a white background (always IO00 ms, in Arial, size 48, in the 
centre of the screen) , followed by a blank white screen (shown randomly for I 000, 
1500 or 2000 ms with a mean of 1500 ms) and then a web page. The target word was 
either present or absent from either the list of links (in the navigation area condition) 
or in the links distributed in the text (in the content area condition). Participants 
responded by pressing the appropriate keys to indicate whether the target was 
present or absent from the web page. A participant's response triggered the start of 
the next trial. If a participant had not responded after 5000 ms , then the next trial 
would start automatically. In the practice trials , the four possible combinations of 
bold and underlining each appeared twice. 

After completion of the experimental trials, participants completed a series of 
questions presented by computer. The questions covered demographic details (age, 
sex, use of the WWW), and preference for link characteristics. For this, using the 
procedure employed by Ling and van Schaik (2002), participants were presented 
with all possible paired combinations of the links , one at a time, and asked to choose 
which they preferred . Participants were also asked a series of seven aesthetic 
questions about each of the link formats. These questions were taken from 
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Link format and visual search 913 

Tractinsky et al. (2000), and prompted participants to evaluate the links in terms of 
bea uty , comprehension, complexity, legibility, meaning, order and overall impres­
sion. Each link format was rated on these dimensions using a 7-point sca le. 
Participants were thanked at the end of the experiment and then fully debriefed. 

3. Results 
For the purpose of analysis , the task performance data were divided into hits and 
correct rejections, which were each examined in terms of accuracy and speed (i.e., 
reaction time). In addition, participants' preference for and judgement of aesthetic 
value of web pages was analysed . Analysis of variance (ANOV A) and tests of simple 
effects were used to assess the effects of screen area and link format in terms of 
differences in mean scores on task performance and subjective measures; post hoc 
analysis was conducted to test for differences between types of link format. 
Furthermore associations between and within performance and subjective measures 
were established. The significance level was set at 0.05 for statistical testing . 

3.1. Analysis of' hits 
3.1.1. Accuracy: A hit was defined as a correct response to a target word that was 
present in the navigation or content frame of a subsequently presented web page and 
the percentage of hits was calculated. Neither link format, F (3, 141) < I, nor screen 
area , F (I , 47) = 2.77, p > 0.05, had an effect on hits (see table 2). However the 
interaction effect between link format and screen area was significant, F (3, 
141) = I 0.03, p < 0.00 I (see figure 2). 

Simple effect tests showed that the effect of link format was sign ificant for both the 
navigation area, F(3, 57) = 3.74, p < 0.05, and for the content area, F(3 , 84) = 7.38, 
p < 0.00 I . Further simple effect tests showed a significant difference between 
navigation and content areas for bold links, t (47) = 6.02, p < 0.005. Simple 
comparison tests with Sidak correction showed no significant differences between link 
codes for the navigation area; however, for the content area significant differences were 
found between bold and plain (p < 0.05), and bold and bold-underlined (p < 0.00 I). 

3.1.2. Speed: Reaction times for hits were examined. The effects of link format , F 
(3 , 141) = I 0.63 , p < 0.00 I , and screen area , F (I , 47) = 6.53, p < 0.05, on reaction 
time for hits were significant (see table 3) as well as the interaction effect, F (3 , 
141) = 15.41 , p < 0.001 (see figure 3). 

Simple effect tests showed that the effect of link format was sign ificant for both the 
navigation area , F (3 , 57) = 6.18, p = 0.00 l , and for the content area, F (3 , 
84) = 20. 72, p < 0.00 l. Further simple effect tests showed significant differences 
between navigation and content areas for plain links, t (47) = 3.64, p < 0.005, and 
underlined links, t (47) = 4.21, p < 0.005. Simple comparison tests with Sidak 
correction for the navigation area showed significant differences between plain and 
bold-underlined and between bold and bold-underlined (both p < 0.05); for the 
content area significant differences were found between plain and bold (p < 0.005), 
plain and bold-underlined (p < 0.00 I ), bold and underlined (p < 0.00 I) and 
underlined and bold-underlined (p < 0.00 I) . 

3.2. Analysis of' correc t rejec tions 
3.2 . l . Accuracy: A correct rejection was defined as a correct response to a target 
word that was absent in the navigation or content frame of a subsequently presented 
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914 J. Ling and P. van Schaik 

Ta ble 2. Percentage of targets correctly identified (hits) 

Plain Bold Underlined Bold-underlined O vera ll 

Screen a rea 

Navigatio n 
Content 
Overa ll 

100 -
901 c 

>. 
(,) 

~ 
::, 
(,) 80 
(,) 
<( 

70 

M (SD) M (SD) M (SD) M 

93 .89 (9.86) 97.22 (7.96) 9 1.67 (7 . 10) 88.89 
9 1.1 9 ( 11. 26) 84.29 (6.98) 90.80 ( 10.32) 94.64 
92.29 ( 10.69) 89.57 (9.73) 91.1 6 (9.07) 92.29 

Plain Bold Underlined Bold­
underlined 

Link format 

(SD) M (SD) 

( 11 .40) 92.92 (5 .94) 
(7.04) 90 .22 (5 .28) 
(9 .41 ) 91.33 (5.66) 

- Navigation 

-+- Content 

Figure 2. Interaction between link fo rma t and screen a rea fo r hits. 

Table 3. Reacti on times fo r hits (ms) 

Pla in Bold Underlined Bold-underlined O verall 

Screen a rea M (SD) M (SD) M (SD) M 

Navigation 1433 (386) 1398 (450) 1444 (375) 1555 
Content 1797 (3 13) 1535 (255) 1837 (279) 156 1 
Overall 1648 (386) 1479 (350) 1677 (373) 1559 
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Figure 3. In te racti on between link fo rma t a nd scree n area for react ion times for hits. 
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web page and the percentage of correct rejections was calculated . There were no 
main effects on correct rejections of either link format, F (3 , 141) = 1.20, p > 0.05, or 
screen area , F (I , 47) < I, (see table 4). However, there was an interaction between 
link format and screen area , F (3 , 141) = 2.75 , p < 0.05 . Simple effect tests showed 
that there was no effect of link format for either navigation, F (3, 57) = I. 71 , 
p > 0.05, or content area , F (3, 84) = 2.32, p > 0.05. Further simple effect tests 
showed no difference between navigation and content areas . 

3.2.2. Speed: Reaction times for correct rejections were examined. The effects of 
link format , F (3 , 141) = 6.60, p < 0.001, and screen area, F (I , 47) = 18.97, 
p < 0.00 I, on reaction time for correct reactions were significant (see table 5). The 
interaction effect was also significant, F (3, 141) = 11.82, p < 0.00 I (see figure 4). 

Simple effect tests showed that the effect of link format was significant for the 
content area , F (3 , 84) = 19.30, p < 0.00 I, but was not significant for the navigation 

Table 4. 

Plain 

Screen area M (SD) 

Navigation 98.89 (4.97) 
Content 96.55 (6.02) 
Overall 97 .51 (5.68) 

Table 5. 

Plain 

Screen area M (SD) 

Navigation 1631 (478) 
Content 2293 (394) 
Overall 2023 (538) 

2400 
2200 -;;;- 2000 .s 1800 
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Q) 1400 Q. 
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Plain 

Percentage of targets correctly rejected 

Bold Underlined Bold-underlined Overall 

M (SD) M (SD) M (SD) M (SD) 

98.33 (4.07) 95.56 (7.56) 96.67 (5.22) 97.36 (3.31) 
97.32 (7.06) 98.85 (3.44) 95.40 (8.14) 97.03 (4.63) 
97.73 (5 .99) 97.51 (5.68) 95.92 (7.06) 97.17 (4.11) 

Reaction times for correct rejections (ms) 

Bold Underlined Bold-underlined Overall 

M (SD) M (SD) M (SD) M (SD) 

1731 (438) 1671 (454) 1649 (505) 1671 (455) 
2101 (328) 2184 (351) 2036 (292) 2154 (322) 
1950 (415) 1975 (467) 1878 (433) 1957 (447) 

■ 
- Navigation 

■ 

Bold Underlined 

Link format 

■ 

Bold­
underlined 

-+- Content 

Figure 4. Interaction between link format and screen area for reaction times for correct 
rejections. 
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area, F (3, 57) = 2.12, p > 0.05. Further simple effect tests showed significant 
differences between navigation and content areas for plain, bold, underlined and 
bold-underlined links, t (47) = 5.29, t (47) = 3.38, t (47) = 4.46, all p < 0.005, and t 
(27.76) = 3.39, p < 0.05 respectively. Simple comparison tests with Sidak correction 
for the content area showed significant differences between plain and bold 
(p = 0.00 I) , plain and underlined (p < 0.05), plain and bold-underlined 
(p < 0.00 I) , bold and underlined (p < 0.05) , and underlined and bold-underlined 
(p < 0.005). 

3.3. Associations between performance measures 
Speed (reaction times) for hits and correct rejections were significantly correlated, 
r = 0.88, r = 0.68, r = 0.85 and r = 0.69, all p < 0.00 I, for plain , bold , underlined 
and bold-underlined links respectively . Hits and correct rejections were weakly, but 
statistically significantly, correlated for bold links, r = 0.29, p < 0.05, but not for 
other types of link format. There was no significa nt correlation between speed and 
accuracy for either hits or correct rejections. 

3.4. Analysis of su~jective measures 
3.4.1. Preference: The percentage of times part1c1pants chose a particular link 
format over the other codings was calculated as a measure of preference. The effect 
of link format on preference was significant, F(3 , 141) = 86.86, p < 0.001 , but not 
the effect of screen area , F (I , 47) = 2.21 , p > 0.05 , (see table 6). The interaction 
effect was close to significance, F (3 , I 15.30) = 2. 71 , 0.05 < p < 0. 10 (see fi gure 5) . 

Screen area 

Navigation 
Content 
Overall 

100 

Cl) 80 
0 
C: 60 Cl) ... 
Cl) 

40 -Cl) ... 
a. 20 

0 

Table 6. Preference (percentage of times preferred) 

Pla in Bold 

M (SD) M (SD) 

8.33 (21.89) 63.33 (28.41) 
5.75 ( 12.81) 71.26 (19 .36) 
6.80 ( 16.64) 68 .03 (23. 53) 

Plain Bold Underlined 

Link format 

Underlined 

M (SD) 

4.47 (0.57) 
4.82 (0. 78) 
4.68 (0 . 72) 

Bold­
underlined 

Bo ld-underlined 

M (SD) 

50.00 (22.94) 
33.33 ( 15.43) 
40 .14 (20.39) 
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-+-Content 

Figure 5. Interacti on between link form a t a nd sc ree n a rea fo r preference. 
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Simple effect tests showed that the effect of link format was significa nt for both the 
navigat ion area , F (3 , 57) = 20.60, p < 0.001 and for the content a rea, F (3, 
84) = 97 .5 1, p < 0.00 I. Further simple effect tests showed a significant difference 
between naviga tion and content areas for underlined links, t (30.68) = 2.84, 
p < 0.05. Simple compa ri son tes ts with Sidak correction fo r the navigation area 
showed significant differences between plain and bold , plain and underlined, plain 
and bold-underlined (a ll p < 0.001 ). Further simple compari son tests for the content 
area showed significant di ffere nces between a ll pairs, p < 0.00 I, except between bold 
and bold-underlined . 

3.4.2. Aesthetic value: The aes thetics sca le was checked fo r reli ability. The 
instrument was fo und to be reliable fo r each of the types of link fo r,1ia t, Cronbach's 
alpha = 0.79, 0.83 , 0.73 and 0.73 fo r plain , bold , underlined and bold-underlined 
links respectively. 

The effect of link fo rmat on aesthet ic va lue was significant, F (3, 141 ) = I I. I 0, 
p < 0.00 I, but the effect of screen area was not, F (I , 47) = 2.97, p > 0.05 (see table 
7). There was a significant interaction effect, F (3, 141) = 3.90, p = 0.0 I (see figure 6). 

Simple effect tests showed that the effect o f link format was significant for both the 
naviga tion a rea , F (3 , 57) = 3.15, p < 0.05 and for the content area, F (3 , 
84) = 14.68, p < 0.00 1. Further simple effect tests showed a significant difference 
between naviga tion and content a reas fo r bold links, I (47) = 3.20, p < 0.01. Simple 
compa ri son tes ts with Sida k co rrection fo r the naviga tion area showed no significant 
di ffe rences between types of lin k fo rmat fo r the naviga tion area; however for the 
content a rea significa nt differences were fo und between plain and bold (p = 0.001 ), 
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Content 
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T able 7. Aes thetic va lue (7-po int Likert sca le) 
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4. 17 ( 1.00) 4.35 (0 .99) 4 .47 
4.40 (0 .96) 5.26 (0.96) 4.43 
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(SD) M 

(0. 74) 4.88 
(0.99) 5.1 9 
(0.89) 5.06 

Bold­
underlined 

(SD) M (SD) 
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(0.85) 4.68 (0 . 72) 

- Navigation 
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Figure 6. Interacti o n betwee n link fo rma t and screen a rea fo r aes thetic va lue. 
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plain and bold-underlined (p < 0.005) , bo ld a nd underlined (p = 0.00 I) , and 
underlined and bo ld-underlined (p < 0.00 I). 

3.5 . Associations bet1l'een subjective measures and performance measures 
Preference a nd aestheti c value was not correla ted fo r a ny o f the types of lin k fo rmat. 
The foll owing correla ti o ns between subjecti ve measures a nd tas k perfo rma nce 
measures we re significa nt: percentage o f hits with preference fo r pla in links, 
r = - 0.35, p < 0.05, percentage o f hits and preference fo r bo ld-underlined links, 
r = 0.49, p < 0.001 a nd aesthetic va lue a nd reacti o n time fo r hit s fo r bo ld links, 
r = 0.30, p < 0.05. 

4. Discussion 
This stud y examined the effect o f link fo rma t o n visua l sea rch o f web pages. T here 
were several sa li ent findin gs. First, there was no effect o f link fo rma t o r screen area 
o n either accuracy o f hits o r co rrect rejectio ns. Second , there was a n interacti on 
between link a nd sc reen a rea, with accuracy of detec ting bold lin ks in the navigation 
a rea better tha n in the content a rea. Bo ld-underlined links had higher ra tes of 
accuracy tha n either pla in o r bold links in the content a rea . Third , lin k fo rma t had 
a n effect o n speed bo th in the naviga ti o n a nd co ntent a reas. In the content a rea, 
pa rticipa nts were quicker to loca te link s tha t were bo ld o r bo ld-underlined, while in 
the navigation a rea , bo ld a nd pla in fo rma tted link s we re detected fastest. Pla in and 
underlined links we re a lso loca ted mo re slowly in the content a rea tha n the 
naviga tio n a rea. Fo urth , there was a n interactio n between link fo rm a t a nd screen 
loca tion fo r reactio n time fo r correct rejectio ns. with link fo rma t a ffec ting o nl y the 
content a rea. Aga in bo ld a nd bo ld-unde rlined fo rma tting led to fas ter reaction times 
tha n o ther fo rma ts in thi s a rea. As expected , reaction times were q uicker fo r a ll 
fo rmats in the naviga ti o n a rea tha n the content a rea . 

There we re significa nt differences bet ween the levels o f p reference exp ressed fo r the 
different link form ats. Bo ld a nd bo ld-underlined links were mo re highl y ra ted than 
either plain o r pla in-underlined link s, irrespecti ve o f sc reen loca ti o n. A ltho ugh there 
were no differences in pa rticipa nts' aesthe ti c eva lua tio ns o f the different lin k formats 
in the naviga tio n a rea , ra tings did differ in the content a rea. In thi s loca tion, 
pa rticipa nts gave higher ra tings to the bo ld and bo ld-unde rlined fo rm a ts tha n lin ks 
presented in eithe r pla in o r underlined fo rma ts. 

In summa ry, these results a re a consistent se t of fin dings: the effect of li nk format 
is different fo r the naviga tio n a rea from the co ntent a rea. T hi s shows tha t the re is a 
clea r difference in perfo rma nce between the nav iga tion a nd the content a rea 
depending upo n the fo rma t o f the links used . 

Screen design had a significant impact o n tas k perfo rma nce, co nfi rmin g the results 
of other researchers (e.g ., Streveler and Wasse rma n 1984, N i:is~inen et al. 200 I). This 
finding is impo rtant for all web sites- tho ugh these resul ts have pa rticula r 
implica tions for commercial sites. Resea rch has shown tha t commercia l sites that 
a re more difficult to use, have long download times, o r ma ke it d iffi cul t fo r use rs to 
locate required in fo rmation are likely to be less successful (Nel et al. 1999). In the 
present stud y, poorl y form atted links were mo re likely to be associa ted with longer 
reaction times and lower accuracy: if customers o n a commercia l site fi nd thi s 
frustrating, they will be mo re likely to cha nge their strategy in nav iga ting the site as 
suggested by the results o f Gray and Boehm-Davis (2000) o r even a ba ndon the site 
for a more usable competitor. 
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Ta usche r and G reenberg ( 1997) found tha t 90% o f browser acti o ns were 
naviga tio na l. The present resea rch therefore has impo rta nt implica tio ns for the 
design of we b pages as it foc uses o n a n impo rta nt naviga tio na l method , the use o f 
hyperlin ks. These im plica tio ns a re highlighted below. 

Firs t, the resul ts show tha t it is insuffic ient to fo rma t hyperlink s in a different 
colo ur to no rma l tex t a nd ex pect tha t thi s will lead to optima l leve ls o f perfo rma nce. 
It was fo und tha t link fo rma t had a significa nt effect no t o nl y o n the speed with 
which part icipa nts were ab le to fi nd in fo rma tio n, but a lso o n whether they we re a ble 
to di scove r specific in fo rmat io n o n a page a t a ll. Altho ugh colo ur d oes ha ve a n 
impact upo n users' inte ractio ns with we b pages ( Ling a nd va n Scha ik 2002), the 
prese nt res ults a re evidence tha t we b designers a lso need to pay a ttention to o ther 
para me ters invo lved in the presenta ti o n o f tex tua l in fo rmatio n (G a litz 1997). 

Second , the data further indica te tha t nav igatio n a nd co ntent a reas need to be 
trea ted differentl y in terms o f the way tha t links in these loca ti ons a re presented . In 
the content a rea, link s are di stributed th ro ugho ut the no rma l tex t o f a page a nd 
therefo re need to be made mo re sa li ent so tha t they a re easier to detect. In the 
nav iga ti o n a rea there is no such need fo r links to sta nd o ut from a bac kground o f 
no rma l tex t as the o nl y info rma tio n in thi s loca tio n is tha t o f o ther hyperlinks. In 
thi s a rea , therefo re, the emphas is needs to be upo n cla rity o f the link fo rma t, ra ther 
than o n sa lie nce. This result de mo nstra tes tha t the 'one size fits a ll ' approach to 
hyperlink fo rma ts (e.g. , Gee 200 1) need s to be refi ned to ta ke into account the 
contex t o f presenta ti o n, whe re the surro unding in fo rma ti o n may have a signifi ca nt 
impac t upo n the o ptima l link fo rma t. 

The fi nding tha t measures of speed a nd in pa rtic ula r, pre fe rence we re most 
sensiti ve to ex perime nta l ma nipula ti o ns lead s to the reco mmenda tio n tha t these 
measures be used in future resea rch . The recommenda tion o f speed measures is 
further supported by the impact o f use r interface design parameters o n users' 
interactio n strategics: "A ltho ugh milli seco nds may seem too sma ll to ma tter, 
milli seconds added to each low- leve l step of interacti ve behavio ur quickly add up ' 
(Gray a nd Boehm-Dav is 2000: 334). Altho ugh test results fo r speed a nd preferem­
were simila r, the overa ll lac k o f co rrela ti o n betwee n perfo rmance a nd subjecti ve 
measures highlights the need to use measures o f bo th speed a nd preference. 

Es ta blishing the reli a bility o f these results th ro ugh replicatio n is the first necessary 
stage in co nfirming the guidelines deri ved from these data. However, of equa l 
impo rta nce is the need to exa mine whether the current default colo urs of blue link s 
and blac k no rma l tex t is rea ll y the bes t combina tio n o f co lo urs for bo th ease o f 
reading a nd fo r detectio n o f specific (hyperlink) informatio n . Future resea rch could 
employ cascading style shee ts in we b sites to di scover whether pa rticula r co lo ur a nd 
fo rma t combina ti ons lead to better o utcomes tha n o thers. 

In conclusio n, ea rli er research has demonstrated the impo rtance of navigati on 
within we b pages. Thi s stud y has focused o n o ne element of naviga ti on behav iour­
visua l sea rch fo r hyperlink in fo rma ti o n- a nd has shown tha t link forma t is a n 
impo rt a nt pa rt o f bo th success a nd speed o f na vigation ta sks. This novel findin g ha s 
impo rta nt a nd clea r des ign impl icatio ns for web pages. Visual sea rch is just one o f 
the processes that influence informa tion retrieva l in web sites and thus these 
conclusio ns a pply to the cho ice o f design pa rameters that ca n improve visua l search 
as pa rt o f the large r p rocess o f informati o n retrieva l. Future research should explo re 
other processes tha t influence informa tio n retrieval from web sites within the context 
of rea li stic tasks. 
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