
As Web-based psychological research increases with 
the proliferation of access to the Internet, benefits and 
limitations associated with conducting traditional labora-
tory research online must be considered (see Reips, 2000, 
for an overview). Some benefits include the ability to have 
data collected continuously without the need for constant 
experimenter supervision, as well as having access to 
large heterogeneous samples. A potential major limita-
tion is loss of laboratory control. Although this limitation 
would appear to be an obvious concern, numerous studies 
have found that Web-based research can often replicate 
lab-based results with little drawback (Birnbaum, 2004; 
Dandurand, Shultz, & Onishi, 2008; Huang, 2006; Krantz 
& Dalal, 2000; McGraw, Tew, & Williams, 2000; Metzger, 
Kristof, & Yoest, 2003; Musch & Klauer, 2002).

In uncommon cases where Web-based experiments do 
not replicate their laboratory counterparts, it has been sug-
gested that the differences themselves can be informative 
(e.g., Krantz & Dalal, 2000). In most instances, the dif-
ferences are not due to lack of laboratory control, but in-
stead can be attributed to more meaningful causes, such as 
changes in social attitudes (Buchanan, 1998–1999), or an 
interaction between task type and research location (Stern 
& Faber, 1997). Therefore, examination of why some 
types of research do not replicate online is as important to 
the growing area of Web-based research as determining 
which types can be reproduced.

The present article adds to this line of investigation 
by examining the effect of research location (laboratory 
vs. online) in two image norming experiments in which 

object familiarity ratings and object visual complexity 
ratings were collected. Although use of the Web for nor-
mative data collection afforded us the benefits associated 
with online studies—namely, automated data collection 
and a large sample of participants—it also begged the 
question whether or not normative data collected online 
would look like data collected in the lab. We believed the 
data would be similar, but thought other factors, such as 
the type of normative task, would have to be considered. 
Therefore, the purpose for this research is twofold: (1) to 
show that online data collection is a viable means for ob-
taining image norming data, and (2) to determine whether 
any differences exist in the data, and if so, to provide an 
explanation for those differences.

The first experiment examined the effect of research lo-
cation on object familiarity ratings. Participants were ran-
domly assigned to participate either in the lab or online,1 
and were asked to rate the familiarity of objects presented 
as photorealistic images on a computer screen. Both loca-
tions used a Web-based version of the experiment to ensure 
that all details of the user experience were identical (e.g., 
user interface, instructions, stimulus display). On the basis 
of the breadth of previous findings replicating lab-based 
research online, we predicted that overall object familiarity 
ratings collected via the Web would be comparable to the 
ratings collected in-lab (e.g., objects rated as highly famil-
iar in the lab would also be rated as highly familiar online). 
However, we also hypothesized that we would find differ-
ences in response latencies, and environmental context ef-
fects of research location, on the familiarity rating task.
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and also rated as the most familiar object in-lab, but with a 
significantly different average rating of 7.5). Alternatively, 
if differences were found not attributable to environmen-
tal context, but to something else—say, noise due to lack 
of laboratory control—no correlation and random differ-
ences in the ratings between conditions would be expected 
(e.g., the dog image would be rated as most familiar in one 
location but not in the other, with significantly different 
mean ratings). A high correlation and no difference be-
tween means would suggest that the data were identical in 
both conditions (e.g., the image of the dog is rated as most 
familiar, with a rating of 9 in both locations).

EXPERIMENT 1

The first experiment was designed to collect and com-
pare normative data in two research locations: online and 
in-lab. Specifically, object familiarity ratings were col-
lected for 593 photorealistic images.

Method
Participants. Students from an introductory psychology class at 

the University of Toronto Scarborough participated in the experi-
ment for course credit (N  103) by signing up for an image norm-
ing experiment through the University of Toronto’s online Experi-
mental Participation System (EPS:online).

Design. The interface of the experiment was created using Adobe 
Flash (previously Macromedia Flash), with the majority of the 
programming done in ActionScript 2.0. All files were hosted on a 
Linux-based computer running an Apache Web server and MySQL 
database. The PHP scripting language was used for communication 
between Flash and MySQL to facilitate organization and storage of 
the data. Both the laboratory and online version of the experiment 
ran within a Web browser using the Flash plug-in, and communi-
cated with the same database (i.e., both versions of the experiment 
were identical, with physical location being the only manipulation). 
Latency was measured client-side by the Flash program for both 
location conditions.

Lab participants used PCs running Microsoft Windows XP as the 
operating system and Internet Explorer as the Web browser with 
the Flash Player plug-in. Online participants were free to use any 
computer they chose, as long as it was Internet-capable and had the 
Flash Player plug-in for the Web browser of their choice.

Location of the experiment was not advertised within the ex-
periment details. Instead, participants received one of two possible 
 e-mails following sign-up. The “lab-based” version of the e-mail 
informed participants of the room where the experiment would 
take place on campus, and the “Web-based” version of the e-mail 
provided students with a link to the experiment Web site. Location 
condition was randomly assigned with an approximate 3-to-1 ratio 
in favor of the online condition.2

Procedure. Participants were told that images of a variety of ob-
jects would appear individually on the screen and that they should 
rate each object’s familiarity on a scale from 1 to 9, to answer the 
question “How often do you come in contact with or think about the 
concept referred to by this picture?” A rating of “1” indicated that 
the concept was not familiar and a rating of “9” indicated that the 
concept was extremely familiar. A participant who did not recognize 
an object was told to press the “Don’t Know” button on the familiar-
ity scale. The numbers 1–9 were arranged in a circle with the “Don’t 
Know” button at the bottom; the mouse pointer always began in the 
center of the circle. Participants responded by moving the mouse 
pointer to one of the numbers, clicking to select the value, then mov-
ing back to the center of the circle to click “submit.” This ensured 
that it required an equal amount of effort to respond with each value, 

First, we believed that participants’ response latencies 
would be greater when objects are rated online. With re-
searcher scrutiny absent in the online condition, it was 
assumed that participants would be more likely to take 
their time or divide their attention while rating objects; we 
expected, therefore, to see a significant difference in the 
time participants took to rate object familiarity between 
conditions.

Second, familiarity ratings were predicted to be com-
parable between conditions, but not identical, due to the 
effect of environmental context. Specifically, we pre-
dicted that the participants’ location would influence how 
they rated the objects. To understand this prediction, it is 
important to discuss the processes involved in making a 
judgment of familiarity.

Familiarity ratings are likely based on several types of 
information, some of which are consciously available, 
some not. For example, participants very likely assess the 
number of examples they can consciously bring to mind, 
from memory, in which they have encountered the object 
being displayed. In the developmental literature, it has 
been shown that children can make use of environmental 
context—such as a familiar environment—to assist in task 
performance (Acredolo, 1979) and to employ sophisticated 
cognitive strategies to their task (Ceci & Bronfenbrenner, 
1985). There is also the possibility that participants in the 
online condition could make use of their familiar environ-
ments to help consciously recall more examples of the 
objects being presented.

Other types of information not as consciously accessi-
ble probably also contribute to the familiarity assessment 
(e.g., the ease with which one can process the object in the 
image). In the memory literature, it has been demonstrated 
that people’s feelings of familiarity are influenced by the 
fluency of processing (Jacoby & Dallas, 1981; Jacoby & 
Whitehouse, 1989; Joordens & Merikle, 1992; Whittlesea, 
1993). In some of these studies, manipulations are designed 
to increase fluency, leading participants to be more likely 
to rate a stimulus as “old” in recognition memory tasks. 
It is quite possible that something similar happens with 
familiarity ratings. More recently, Whittlesea and Wil-
liams (2000, 2001a, 2001b) have illustrated a discrepancy-
 attribution hypothesis, which posits that feelings of fa-
miliarity can be influenced less by fluency and more by 
the discrepancy detected between the expected and actual 
processing of a stimulus. Although these theories of how 
familiarity works may not fully agree, they do suggest that 
feelings of familiarity are based on expectations and can 
be dependent on context. A familiar environment could 
give the participant a global feeling of familiarity, which 
could color the rating computed for each object, leading to 
ratings that differ in a familiar environment (online) from 
those in an unfamiliar environment (the lab).

To summarize: If familiarity data are comparable but 
influenced by environmental context effects between 
conditions, we would expect to see data highly correlated 
across conditions but with a significant shift in the mean 
familiarity rating (e.g., an image of a dog is rated as the 
most familiar object online, with an average rating of 8.5, 
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latency distributions, where obvious signs of divided at-
tention might be expected. To explore this further, we ex-
amined the bottom 10% of the response latency distribu-
tions for both conditions and still found nothing to suggest 
that participants were behaving differently in the online 
condition. It is possible, therefore, that the differences we 
found were caused by something other than differences in 
participant attention.

In the laboratory condition we kept computer hardware, 
Web browser, and operating system constant while ensur-
ing no programs other than the experiment were running 
on the computers. In the online condition, participants 
were able to use any hardware/software combination they 
wanted. In addition, even if participants fully attended to 
the experiment, they may have had programs running in 
the background. Consequently, the differences found in 
timing may be due to differences in physical computer 
setup (e.g., differences in hardware, software, or computer 
load) rather than to diminished participant attention. Rei-
mers and Stewart (2007) also found small timing differ-
ences in their examination of online versus in-lab Adobe 
Flash studies, and suggested that the differences might be 
attributed to physical differences between locations.

Interestingly, we found that the correlation for familiar-
ity ratings between the two conditions was near perfect. 
Rank order of object familiarity was almost identical be-
tween locations. This finding supports our hypothesis that 
familiarity data collected online are comparable to data 
collected in-lab. Neither condition differed in the number 
of “don’t know” responses made by participants, lend-
ing further support to the notion that both groups were 
responding comparably to the objects presented.

Finally, we found that object familiarity ratings in the 
online condition were significantly higher (at a rate of 0.7 
units on a scale of 1–9) than those in the lab. This finding, 
combined with our near-perfect correlation of familiarity 
ratings between conditions, demonstrates that there were 
no discernible random differences in the data, only a sys-
tematic increase in object familiarity in the online condi-
tion. This supports the prediction that ratings would be 

while also avoiding the possibility of the same value being repeat-
edly pressed as a means of responding faster.

In the practice phase, 10 sample images were presented to accli-
mate participants with the interface used for rating image familiarity. 
In the experimental phase, 593 images were presented individually 
to participants in a successive, nonspeeded manner. After a famil-
iarity rating was submitted for an image, the next image to be rated 
would appear. The task took approximately 1 h to complete.

Results
Response latencies. Participants in the online condi-

tion were on average significantly slower at submitting 
image familiarity ratings (M  3.08 sec, SD  0.40) than 
their laboratory counterparts (M  2.84 sec, SD  0.50) 
[t(1184)  10.10, p  .001].

Familiarity ratings. Ratings for images correlated 
highly between laboratory and online conditions [r(591)  
.97, p  .001; see Figure 1A]. Mean familiarity ratings for 
images were significantly different between location con-
ditions [t(1184)  7.06, p  .001], with online familiar-
ity ratings higher (M  5.50, SD  1.60) than lab-based 
familiarity ratings (M  4.80, SD  1.80; see Figure 1B).

“Don’t know” responses. No difference was found be-
tween the laboratory condition (M  3.82%, SD  8.60) 
and the online condition (M  3.38%, SD  6.60) in mak-
ing a “don’t know” response [t(1184)  0.99, n.s.].

Discussion
As predicted, participants were slower at rating images 

online than in-lab. We expected this finding because we 
thought unsupervised participants in the online condition 
would be more likely to have their attention divided be-
tween the task at hand and other distractions while run-
ning through the experiment (e.g., surfing the Web, in-
stant messaging), thus increasing their overall rating time. 
It should be noted, however, that although significant, 
the difference in response latencies between conditions 
was quite small (about 24 msec, on average). Millisec-
ond differences hardly seem attributable to participants’ 
multitasking, but it is possible that larger time differences 
would be noticeable only at the slow end of the response 
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Figure 1. (A) Average familiarity ratings for 593 images ranked from least familiar object (gnu) 
to most familiar object (clock), showing a highly consistent relationship between ratings assigned 
in the lab-based and online conditions. (B) Although consistent, average familiarity ratings were 
systematically higher in the online condition.   **p  .001.
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laboratory or online condition, and the same Adobe Flash-based user 
interface for the experiment was run across conditions.

Procedure. Participants were told that images of objects would 
appear on the screen and that they should rate the images’ visual 
complexity on a scale from 1 to 9 around the question “How visually 
complex is this picture?” Instructions stated that visual complexity 
was referring to the amount of detail, or the intricacy of the detail 
in the image, and that complexity of the actual image itself should 
be rated, not the real-life object that the image represents. A rating 
of “1” indicated that the image was very simple, and a rating of “9” 
indicated it to be very complex.

In the practice phase, 10 sample images were presented to ac-
climate participants with the interface used for rating image visual 
complexity. In the experimental phase, 593 images were presented 
individually to participants in a nonspeeded manner. After a com-
plexity rating was submitted for an image, the next image to be rated 
would appear. The task took approximately 1 h to complete.

A final question was added to the second experiment that asked 
participants to rate the amount of attention they gave throughout 
the experiment on a scale of 0% (no attention) to 100% (full atten-
tion). The addition of this question was intended as a way to account 
for potential differences between location conditions. Of particular 
interest was whether or not reported attention was related to differ-
ences in response latencies.

Participants were given the following example to help them cal-
culate the amount of attention they should report:

If you gave your full attention to the experiment the entire 
time, your estimate would be 100%—if you split your atten-
tion between the experiment and watching TV, you might esti-
mate 50%. Or if you gave your full attention during half of the 
experiment, and then divided your attention between Instant 
Messaging and the experiment for the other half of the time, 
your estimate would be around 75%.

It was also emphasized that attention reports would not adversely 
affect course credit, so participants should be as honest as possible.

Results
Response latencies. Participants in the online con-

dition were significantly slower at submitting image vi-
sual complexity ratings (M  3.10 sec, SD  0.40) than 
their laboratory counterparts (M  2.90 sec, SD  0.50) 
[t(1184)  10.10, p  .001].

Complexity ratings. Ratings for images corre-
lated highly between laboratory and online conditions 
[r(591)  .97, p  .001; see Figure 2A]. There was no 
significant difference between mean complexity ratings 
for online (M  4.32, SD  1.67) and lab-based (M  
4.56, SD  1.66) location conditions [t(1184)  2.51, 
n.s.; see Figure 2B].

Reported attention. The mean attention level reported 
in the lab-based condition was 87.35% (SD  11.61) and 
the mean attention level reported in the online condition 
was 87.40% (SD  11.76).

Discussion
Once again we found that response latency was signifi-

cantly greater in the online condition than in the lab-based 
condition by an average of 20 msec. This was expected, on 
the basis of the findings from the first experiment. It was 
suggested earlier that this significant difference could be 
due either to different levels of participant attention across 
conditions or to something else, such as physical computer 
setup. To discriminate between these alternative solutions, 

different across location conditions. This difference could 
be attributable to participants’ ability to make use of their 
environment and consciously recall more examples of the 
objects displayed in the images. Alternatively, there may 
be some ease-of-processing effect in a familiar environ-
ment that is misattributed to the familiarity of the objects 
displayed, leading to higher ratings in the online condi-
tion. In either case, we believe that the resulting context 
effects are unique to a task dependent on familiarity, and 
would not result for tasks that do not involve familiarity.

There are, of course, alternative explanations for the 
significant differences found. It is possible that there is 
something different about participating online that gener-
alizes to any task performed. Consequently, any rating task 
being carried out online would always lead to systemati-
cally higher ratings. One could imagine that a participant 
sitting at home while rating items would be much more 
comfortable than one sitting in the lab. Accordingly, that 
participant might be more inclined to give higher ratings 
based on comfort level (consciously or unconsciously) in 
any task that required ratings.

If being in a familiar location increased baseline famil-
iarity ratings for online participants because of the famil-
iarity task itself, changing the task from one dependent 
on familiarity to another task type unrelated to familiarity 
should eliminate the mean differences found in ratings 
across condition. On the other hand, if there were some-
thing about being in a familiar location that generalized 
to any rating task, increased mean ratings would be ex-
pected, even on a task unrelated to familiarity.

To test this hypothesis, a second experiment was run, 
using a similar procedure to the familiarity task but using 
visual complexity rating as the task. We predicted that the 
results from the second experiment would be similar to 
those found in the first (i.e., a high correlation of ratings 
between conditions and a slower response latency in the 
online condition). But it was also predicted that the mean 
rating differences found in the familiarity task would be 
eliminated because of the change in task type.

EXPERIMENT 2

The second experiment was designed to collect and 
compare normative data in two research locations: online 
and in-lab. Specifically, object visual complexity ratings 
were collected for 593 photorealistic images. Moreover, 
change in normative task from the first experiment (fa-
miliarity to visual complexity) was implemented as a hy-
pothesized way of eliminating context effects dependent 
on familiarity.

Method
Participants. Students from an introductory psychology class at 

the University of Toronto Scarborough participated in the experi-
ment for course credit (N  98) by signing up for an image norming 
experiment through the University of Toronto’s online Experimental 
Participation System (EPS:online).

Design. The interface and implementation of the second experi-
ment were nearly identical to those of the first experiment, with 
only minor modifications to reflect the changes in task instructions 
and procedures. Participants were randomly assigned to either the 
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rable to data collected in-lab. We also intended to find 
an explanation for any differences found in the obtained 
data between location conditions. We believe we have ac-
complished both; our two experiments have shown not 
only that collecting image norming data from the Web is 
reliable, but also that a simple change in a research ques-
tion can significantly affect the outcome of results. Spe-
cifically, we found that familiarity ratings are affected by 
environmental contexts such as research location, whereas 
visual complexity ratings are not.

Alternative explanations for the rating differences found 
between tasks (e.g., comfort level) were considered, but in 
the end it seems clear that the task dependent on familiarity 
was sensitive to the more familiar environmental context. 
Exactly how this sensitivity arises is something that should 
be examined further. We have suggested that familiarity of 
environment may have helped participants come up with 
examples of objects when rating familiarity, or it may have 
produced an ease-of-processing effect, but a more detailed 
explanation is needed. Knowing what causes this interplay 
between familiarity and research location might be useful 
in determining whether, and what, other tasks would be 
susceptible to these effects. This understanding would be 
valuable to anyone planning to run experiments outside of 
the lab—more specifically, over the Web.

Differences were also found in response latencies across 
conditions for both experiments. Specifically, we found a 
small delay in responses made online. We explored the 
possibility that the cause of these differences was partici-
pants’ dividing their attention in the online condition, but 
after careful examination of the response latency distribu-
tion, and with matching reports of participant attention in 
both conditions, we concluded that the millisecond differ-
ences found between the lab and online conditions were 
most likely due to physical factors of the computer sys-
tems, such as computer load, that were not controlled.

The present study’s use of a randomized design allowed 
for greater experimental control and gave us the ability to 
find reliable differences between data obtained online and 
in-lab. But this design might also be a limiting factor for 

a question was added in the second experiment that asked 
participants to rate on a scale from 0% to 100% the amount 
of attention they gave during the experiment. Given that 
both groups reported astonishingly identical attention lev-
els of just over 87%, plus the fact that the difference in la-
tencies remained quite small, we are inclined to believe that 
physical computer setup was the primary cause of the dif-
ferences found in response latencies between conditions.

The correlation between image visual complexity rat-
ings in the lab-based and online conditions was once again 
nearly perfect. This suggests that rank order of object vi-
sual complexity was almost identical between locations. 
Thus, as was also seen in the familiarity task, an object’s 
position on the visual complexity scale relative to the 
other objects remained the same in both online and in-
lab conditions; this supports our prediction that the visual 
complexity ratings collected online were comparable to 
those collected in the lab.

Finally, we found that visual complexity ratings in the 
online condition were not significantly different from 
those in the lab. This finding, combined with the near-
perfect correlation of visual complexity ratings between 
conditions, demonstrates that the data collected in the 
lab and online were indistinguishable. This also supports 
our prediction that changing the type of task to one not 
dependent on familiarity would eliminate the systematic 
difference in ratings found between conditions in the 
familiarity- dependent task. With these results, we can 
confidently conclude that it was the task dependency on 
familiarity that elicited the environmental context effect 
of research location. Alternative explanations suggested 
for an increase in baseline ratings such as comfort level 
are not likely to have been the cause, since they would 
have also been expected in any online experiment, which 
clearly was not the case in this experiment.

GENERAL DISCUSSION

Initially, we set out to show that image norming data 
could be collected on the Web and that it was compa-
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NOTES

1. Although a Web browser was used to run the experiment for both 
the lab-based and online conditions, throughout the remainder of this 
article the terms Web-based and online will refer exclusively to partici-
pation outside of the laboratory.

2. Because of the ease of online data collection, more participants 
were assigned to the online condition than to the lab-based condition. 
Initially, we set out to compare a subset of the online data with the lab-
based data to maintain consistency between conditions, but we found no 
statistical differences between the reduced subset of data and the larger 
full sample of our online data. Therefore, throughout this article, we 
decided to make use of the entire data set in all of the analyses.
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generalizing these findings to participants who self-select 
where they participate. There is some potential that people 
who choose to participate in experiments online are dif-
ferent from those who do not (Birnbaum, 2004). Although 
this is a possible concern, research has also shown that with 
careful experimental setup, even experiments posted online 
and open to large heterogeneous samples can produce valid 
data (Krantz & Dalal, 2000).

Although many methodologies remain to be tested on-
line, it seems clear that the evidence is growing for the 
validity and reliability of the data collected. The present 
findings highlight the importance of considering the type 
of task and possible effects of research location when Web-
based research is planned. This study also emphasizes the 
point that finding differences in data obtained online ver-
sus data obtained in-lab should not necessarily be regarded 
as a problem; instead, there might be good reason for the 
differences. They can assist in designing new methodolo-
gies, interpreting data, and may even shed light on pro-
cesses previously unnoticed.
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