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Abstract. In order to assess the qualitative properties of large displays, 
compared to smaller displays we conducted an experiment using a mental 
rotation task and a large, 230 inches, tiled display and compared it to 
performance on a 14.1 inches laptop computer. We also investigated the effect 
of expectation about the novel technology among the participants. We found 
that females rotated objects faster than men on the large display with wider field 
of view. Furthermore, we found that females were influenced by the expectation 
that the large display should give better performance, since such a positive 
expectation yielded a faster performance only among females, with no apparent 
sacrifice of accuracy. 
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1   Introduction 

Display sizes for computers and TVs have grown in the last couple of decades, 
spawning an interest in the subject of display size and its effect on cognitive tasks, 
especially spatial tasks. The introduction of larger displays is among others based on 
an assumption that a larger screen improves the problem solving process. Based on 
the assumption of equality between genders, little attention has been paid to possible 
differences between the sexes. We investigated the effect of screen size on the 
perceptual task of mental rotation [1] by comparing performance on a large 230 
inches display with that on a regular 14.1 inches laptop display. The “mental rotation” 
task has been repeatedly shown to yield robust differences between men’s and 
women’s performance (e.g., [2]) favoring the former over the latter. The present work 
was motivated by an endeavor to introduce a very large, high-resolution display called 
a Display Wall [3] into the medical domain of Radiology [4]. Our choice of the 
mental rotation task for studying the effects of the large display on cognitive tasks 
was based on the analogy between this laboratory task and expert visual inspection of 
images in a Radiology Department. That is, images of slices of the body are studied 
and compared in sequences (e.g., inspecting MRI slices of the human brain, for 
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instance). Intuitively, visual comparisons between organs or their parts (e.g. healthy 
models and pathological “objects”), is not unlike what is done in the mental rotation 
task, where an object is mentally rotated to “fit” or “align” with the other. The 
somewhat scant research that exists on the cognitive effects of display size suggests 
that females can gain certain advantages from wider screens that allow a significant 
increase in the field of view (FOV) [5], [6], FOV meaning the amount of our visual 
field that is occupied by the display.  

2   Method and Experimental Setup 

Participants. 22 men and 18 women participated in the study (age range: 18 - 43 
years; mean age = 29.9, SD 6.2). All participants participated voluntarily and they 
were offered two lottery tickets for their participation. Written inform consent was 
obtained from each participant. Two persons were not Norwegians, and therefore they 
were given instruction in English. Another foreigner comprehended Norwegian well. 
All participants had normal, or corrected-to-normal, eyesight. Stimuli and Apparatus.  
The present ‘display wall’ consists of 28 projectors, back-projecting an image onto a 
screen surface (Fig. 1. shows an example of the display wall in use). There are 
7x1024 horizontal pixels and 4x768 vertical pixels, seven by four tiles, on the large 
screen, totaling approximately 22 million pixels. The physical visible screen size of 
the large screen is 230 inches. Within the color spectrum there are 22 million pixels of 
red, green and blue. The small screen setup featured a 14.1 inches screen on a laptop 
computer, a Dell D600 with a native resolution of 1400 x 1050 pixels and a 24 bit 
color spectrum. 

The SuperLab software was running on the laptop computer, while the image was 
transferred to the display wall using a 100MB Ethernet interface and a Java 
implemented display-server running on the Virtual Network Computing (VNC) server 
on a Dell PowerEdge 2800, with 2 Xeon 3.8GHz/2MB 800FSB, 8GB Dual Rank 
DDR2 Memory (4x2GB), 146GB SCSI Ultra320 (15,000rpm) 1in 80 pin Hard Drive 

 

 

Fig. 1. MR Figures on Display Wall 
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x 2 with the RedHat Linux operating system. The computer cluster feeding the 
projectors is comprised of 28+1 Dell 370 PCs with P4 Prescott, 3.2GHz, 2GB RAM, 
1Gbit Ethernet and a 48 port HP switch. The SuperLab interface (stimuli) was 
transferred to the display and enlarged to fit the larger display area of the wall. As a 
consequence, the number of pixels was held constant between the displays, along with 
the aspect-ration (4:3). As for the screen width and consequential retinal size of the 
images projected (visual angle of screen), the projected screen (display area covered 
by Superlab) was measured using a laser-meter to 404cm and 28,5cm for the small 
screen.  

Note that projectors working together to produce a single coherent and continuous 
image (one “desktop”, if you will) have the unique feature that, if aligned correctly, 
they can produce one image without the bezels that ordinary displays (LCDs) do 
when aligned in a matrix. There will, however, be small color-variations between the 
different projectors, but the resulting “image” is remarkably coherent. Stacking either 
projectors or lcd-displays together like this, one can produce an almost unlimited 
sized display with a number of pixels proportional to the number of display devices in 
the configuration. Measuring an exact viewing distance was difficult, since the 
participants were instructed to maintain “comfort viewing distance” from their chair 
and table. Nevertheless, the table remained at the same point at all times, and was 
placed 370 cm from the large screen. As a result, viewing distance from large and 
small screen respectively, hence, was 370 cm and 65 cm. The viewing angle for large 
and small screen in our experiment was as shown in Table 1. Total visual angle means 
the visual angle provided by the display in question, while angle between objects 
refers to the approximate angle from the person to the midpoints of the two objects.  

The experiment took place in a room with a Display Wall at the Department of 
Computer Science, University of Tromsø, Norway. Temperature was set at 20° C and 
light setting to dark.  All participants were tested in the same room with the same 
equipment within a time period of two months. Each participant was pseudo-
randomly assigned to groups that began testing with the small screen versus the large 
conditions. In addition, within each of these groups, an equal amount of participants 
were assigned to a group that received prior information about the experiment’s 
hypothesis. This could either be positive or negative. The “positive hypothesis” was a 
short verbal description accompanied by a graph informing the subject that previous 
research has shown that a larger-than-normal screen causes people to perform better 
(at mental rotation tasks). In contrast, the “negative hypothesis” stated the opposite; 
i.e., worse performance with the large screen than with the regular screen. Pseudo-
random assignment consisted in alternating the conditions to balance the set with 

 
Table 1. Visual Angles of Between-Objects Distance 

� Large display Small Display 

Total visual angle display 57.0°� 24.7°�

Angle Between objects 27.3°� 11.8°�
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gender, hypothesis and first trial-run condition (large or small screen). This was done 
to counter-balance for the practice effect in within-subjects design [2]. Experimental 
sets were also counter balanced for gender, so that one fourth of the females was 
given the small screen negative hypothesis, one fourth the negative hypothesis and 
large screen and so forth. The same setup was used for males.  

The participants were given 4 training samples before the start of the experiment to 
ensure that the participant understood the task. The first two training trials included 
feedback whether the objects were similar/not similar. The task itself was self-paced 
and each object remained on the screen until the participant made a decision by 
pressing one of the two keys “.” or “Z” to indicate that the shapes were either the 
same or different. The computer recorded the result for each key press by use of 
SuperLab© 2.0 software. There were a total of 266 trials for each subject in each of 
the two screen conditions. 

Both small-screen and large-screen conditions took place in the same room, each 
participant sat at the same table, in the same position, in order to try to keep the 
environmental variables constant. When both conditions were completed, the 
participants were given the questionnaire that collected some biographical 
information: Sex, age, years of education and type of education, line of work and 
whether they played computer games regularly. Participants were also asked whether 
they already had a preference for either large or small screens. All participants were 
left alone in the room, with the door closed. 

We used a mixed design where Sex (female/male) and Expectation (for/against the 
hypothesis) are between-subjects factors and Screen (large/small) and Angle (0°, 30°, 
60°, 90°, 120°, 150°, 180°) are within-subject factors. An additional between-subjects 
factor was Order (large first/small first). Data were analyzed using Statview® (5.0) 
and SPSS® (v.15).  

3   Results 

We first calculated descriptive statistics for each participant, obtaining mean response 
times (RTs) for correct responses and mean % accuracy rate for each combination of 
the variables (Screen Size, Match, Angle). Preliminary analyses showed no main 
effects or interactions in either accuracy or RTs for Order as a factor. Hence, we 
ignore Order as a factor in the analyses presented below. 

Response Times. We selected the mean RTs for correct responses for the ‘same 
shape’ Match conditions, since angular difference for the ‘different shape’ condition 
are inherently arbitrary (i.e., there is, by definition, no zero point of perfect 
alignment). We first performed a repeated-measures ANOVA with Screen 
(large/small) and Angle (0°, 30°, 60°, 90°, 120°, 150°, 180°) as the within-subject 
factors and Sex (female/male) and Expectation (for/against the hypothesis) as the 
between-subjects factor. This analysis was aimed at directly evaluating our 
predictions that females would perform relatively better with the large than the small 
screen and/or relatively better than the men. 

We found two significantly reliable effects: A main effect of Screen, F(1,36)= 
10.41, p= .00, and an interactive effect of Sex with Screen and Expectation, F(1,36)= 
4.15, p= .04. The classic effect of a positive linear trend in RTs with increasing 
angular disparity was also replicated, F(1,6)=78.8, p<.00.  
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Fig. 2. Interactive Effect of Sex with Screen and Expectation 

Fig. 2. illustrates the interactive effect of Sex with Screen and Expectation. 
Women who had been given prior expectations in favor of the large screen showed no 
increase in RTs in the large screen condition; whereas all of the other groups showed 
an increase in RTs in the large screen condition and for the men regardless of prior 
expectations. 

The fact that women who had prior expectations that the novel situation (display 
wall) would lead to better performance did indeed respond faster in such a condition 
raises the possibility that they were simply trading accuracy for speed. In order to 
assess this, we computed the overall mean RTs and the overall mean accuracy for each 
participant. We then performed a simple regression with accuracy as the regressor and 
RTs as the independent variable.  We found no evidence for the presence of a speed-
accuracy trade-off in the whole group (N=40), since R2 = .04; F(1,38)= 1.4, p= 0.24. 
Moreover, the slope’s coefficient was negative (-45.7), suggesting that RTs tended to 
be shorter with increasingly accurate performance. When we repeated the same 
regression analysis on the group of women expecting the display wall to improve 
performance, there was no evidence for a speed-accuracy trade-off in this specific 
group either, since the slope’s coefficient was larger and still negative (-189.7) and the 
correlation was now significant: R2 = .42; F(1,7)= 5.1, p= .05. 

As also shown in Figure 2 there was a general slowing of performance with the 
large screen. However, we had specifically predicted an overall advantage with the 
large screen for women compared to men. To evaluate the presence of such an effect 
we computed the 95% confidence interval (C.I. = 523 ms) by using the formula of 
Loftus and Masson [7] for within-subject designs. Women were indeed 603 ms faster 
on average in the large screen condition than men (Women: mean RT= 5975;  
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Fig. 3. Mean RTs for both genders in the two display-size conditions 

SD= 2736; Men: mean RT= 6578; SD= 3828). As Figure 3 also illustrates, the sex 
difference in mean RTs exceeded that of the 95% confidence interval. There was little 
difference between men and women with the small screen, while with the large screen 
there was a clear trend for males towards slower RTs. Finally, one should also note 
that the interaction of Sex with Screen and Angle approached significance,  
F(6,216)= 2.04, p= .06.  

Accuracy. In the analysis of mean % Accuracy we included all correct responses 
for both ‘same shape’ and ‘different shape’ trials; however, we ignored angular 
difference. We then performed a repeated-measures ANOVA with Screen 
(large/small) and Match (different/same) as the within-subject factors and Sex 
(female/male) and Expectation (for/against the hypothesis) as the between-subjects 
factor.  The analysis revealed no main effects of Sex on accuracy (Females: Mean % 
accuracy = 80.3; SD = 11.7; Males: Mean % accuracy = 86.0; SD = 11.2) and no 
interactive effects of this factor with the others. There was only one marginally 
significant (main) effect of Match, F(1,36)= 8.4, p= .006; that is, ‘same’ trials were 
performed more accurately (mean % accuracy =86.1; SD= 12.8) than ‘different’ trials 
(mean % accuracy = 80.8; SD= 13.4).  

The preference data collected subsequently to the experiment was also in line with 
the findings above. 61% of the women reported that they preferred the large display to 
the small, while 65% of the men preferred the small display for the mental rotation 
task. These findings also lead us to suspect that the hypothesis presented to the 



 Spatial Tasks on a Large, High-Resolution Tiled Display 239 

participants influenced their preferences, but a chi-square analysis revealed that both 
males’ and females’ preference was apparently not influenced, as χ2 = 0.012 for 
females and χ2 = 0.220 for males when testing for dependency between hypothesis 
and screen preference. 

4   Discussion 

We hypothesized, based on the relatively scant research that exists on spatial tasks 
and display size that women would perform better on a large display relative to men. 
Indeed we found support for our hypothesis. However, we also found that specific 
predictions about the effect of large displays may be strongly influenced by prior 
“positive expectations” about new techniques, methods (as suggested by the 
“Hawthorne effect”). Moreover, the effect of gender appears to interact with such 
expectation effects, as shown in our results. That is, women who expected the display 
wall to be more effective than a standard computer screen were indeed able to 
outperform men in speed of mental rotation during the display wall condition, while 
keeping the same level of accuracy shown with the standard screen. Such finding is 
remarkable per se, given that the mental rotation task has typically revealed a robust 
sex difference favoring men [8], [9].  

A possible explanation of our finding could be that women benefit from displays 
that occupy a larger part of the visual field – for instance in that they have a higher 
sensitivity to other objects of distraction that are visible with a smaller display. 
Another possibility in this regard is that women might be more efficient than men in 
spreading or dividing their attention over a larger portion of the visual field. However, 
Feng and Spence investigated this issue recently in [10], incidentally testing only 
females, and found no apparent difference in performance between center vision and 
periphery. Previous work by Feng, Spence and Pratt (including both genders), also 
report of related null findings [11]. In their studies they used counting of individual 
objects (enumeration task) and useful-field-of-view (UFOV) tasks, respectively, while 
mental rotation and our specific use of the original Shepard and Metzler task, using 
comparison between two objects, arguably is different. Lastly, we note that in Feng, 
Spence and Pratt’s work with videogame training (ibid. p. 853) discovered that the 
female control group did show signs of improvement in both the UFOV and the MR 
task, further indicating the potential importance of expectation. One could, thus, 
hypothesize that positive expectations enhance the ability of women to expand their 
functional field of view, which in turn has beneficial effects on spatial tasks like the 
mental rotation task. Men may be less susceptible to generalize their expectations 
from one task (or condition) to another. 

It is also interesting to note that negative information had little impact on 
performance with either sex, while positive information had an effect with females and 
not with males. In this context it is worthwhile noting that previous research has shown 
that presenting, or stressing the gender difference among participants does have an 
effect on the mental rotation task [12]. However, in this work, Moè and Pazzaglia 
found that both men and women were susceptible to react to awareness of superior 
performance of their own gender and the opposite gender – and that men in particular 
were more sensitive to this information. Their results were reported on accuracy and 
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with no mentioning of response time, and in contrast to the results of Moè and 
Pazzaglia, our study did not inform participants about gender biases in the task. The 
above mentioned finding is also referred to as “stereotype threat”, which is when one’s 
behavior will conform to a stereotype for a group with which one identifies. A recent 
study conformed such an effect on the MR task [13], while also proving that self 
affirmation diminishes the gender bias and removes the stereotype threat. Stereotype 
threat generally affects performance in a negative way, and depends on knowledge 
about the stereotype, either conscious or unconscious.  As mentioned before, we did 
not inform participants about any superior group for the mental rotation task and the 
fact that there was no difference in performance between males and females in the 
small screen condition also contradicts the presence of such an effect. 

As for the “implications for design”, the results we have gotten are ambiguous: the 
effect of display size interacts with the effect of expectation. Specifically, our results 
indicate that when there is a change of display technology in a workplace where spatial 
tasks similar to that of mental rotation may be relevant (i.e., the Radiology department 
in a hospital), there is a difference in how the size of the new display affects the two 
genders, especially when there are positive expectations towards the new technology. 
An example of contemporary views on the relevance of size in regards to selection of 
radiology workstations and software is given by Krupinski and Kallergi [14] where 
they list the “the major criteria” for selecting radiology workstations, based on 
technical and clinical requirements for the system. There is no mentioning of display 
size (only pixel related issues and other qualitative requirements for the display), but 
the ability of zoom and pan is mentioned as important. In addition, the recent interest 
in including radiology and medical imaging into PDA-units within healthcare [15] 
further adds to the relevance of studies regarding object/screen size and cognitive 
issues. As for potential ergonomic issues influencing the current results, there are two 
variables worth mentioning. The first one is related to neck strain, where research has 
shown that a downward viewing-angle of 14° or more reduces neck strain in computer 
users [16]. In the current experiment, participants had a downward angle on the small 
display, while they had an almost level (horizontal) viewing angle with the large 
display. The second issue is the difference in viewing distance, 370 and 65 cm for large 
and small display, respectively. The most influential factor regarding eyestrain in this 
context is the issue of convergence, meaning inward turning of the eyes towards the 
nose when viewing objects up close. The “optimal distance” in this concern is called 
resting point of vergence (RPV), which is the point at which eyes are set to converge 
when there is no object to converge on – averaging of about 45 inches (114 cm) when 
looking straight ahead and 35 (89 cm) inches at a 30° downward angle (see [16] for 
references). Distances beyond RPV do not affect eyestrain. As can be seen from the 
figures above, the large screen condition could result in somewhat more neck-strain, 
while the small screen could induce somewhat more eyestrain, relative to the large 
display. The question remaining is how this should differ between genders to explain 
the present results.  

Even though the results presented in the current article are both interesting and quite 
surprising, it is premature to call for changes in e.g. radiology workstation selection or 
ergonomic guidelines. Firstly, our study has not been specifically conducted with 
radiographers. Secondly, to support ergonomic claims about display size, one would 
have to do clinical studies in situ. Our investigations and results merely point out that 
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more research is needed. However, in designing interfaces for e.g. radiology it could 
prove beneficial to keep in mind that the size of object plays a role in perception, and 
that this might differ between the genders. It is also interesting to note that field of 
view also seems to be an important component, as our findings complement previous 
accounts that only egocentrically performed tasks benefit from physically larger 
displays [17], whereas our results imply that greater FOV might also affect exocentric 
spatial abilities. Our initial results will need to be replicated in order to show whether 
the benefit accrued by women with the large screen is observed only in the context of a 
positive expectation about the use of such a new visual tool. Regardless of which 
variable was more important in our experiment the results obtained point to an 
important possible spurious effect of expectation that may need attention in future 
studies of cognitive effects and behavioral studies of new technology.   

Finally, one comment about the main effect of display size: When transferring the 
visual display of the desktop screen from the laptop computer running Superlab®, 
there happened a variable delay of about 800ms, that we confirmed using a high-
speed camera. Hence – in this context – we should ignore the main effects of display 
size. That is, despite the presence of such a constant delay, our findings on the effects 
of sex and expectation indicate that these variables might both have a substantial 
effect on human performance with large display screens. 
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