
PPuurrppoossee::  A randomized unblinded controlled trial was used to
assess the utility of electronic questionnaires in a survey of Canadian
anesthesiologists.
MMeetthhooddss::  Postal or electronic questionnaires were sent between
November 2001 and March 2002 to 1,333 anesthesiologists regis-
tered with the Canadian Anesthesiologists’ Society. The primary
outcome measure was the difference in response rates between
electronic and postal questionnaires. Secondary outcome measures
included a comparison of demographic characteristics, cost, and
knowledge and practice regarding prophylactic perioperative beta
blockade.
RReessuullttss::  The overall response rate was 52%. E-mail participants
were half as likely as postal participants to respond to the question-
naire (35% vs 69%, relative risk = 0.51, 95% confidence interval
0.45–0.58). Respondents who provided an e-mail address were
younger and more likely to be affiliated with an academic institution.
There were no significant differences in responses to knowledge
and practice questions. The electronic arm was faster than the
postal arm and the cost per reply was one-third the cost of the
postal arm ($2.50 vs $8.02).
CCoonncclluussiioonnss::  Electronic surveys are a means of acquiring informa-
tion from a large number of individuals in a rapid, efficient and cost-
effective manner. This methodology may be particularly valid and
useful in surveys of participants with similar backgrounds and inter-
net access. However the lower response rates achieved as com-
pared with postal surveys indicates a need to use vigilance when
generalizing results to a broader population.

Objectif : Nous avons utilisé une épreuve randomisée, contrôlée et
ouverte pour évaluer l’utilité de questionnaires électroniques lors d’une
enquête auprès des anesthésiologistes canadiens.

Méthode : Des questionnaires postaux et électroniques ont été
envoyés entre novembre 2001 et mars 2002 à 1 333 anesthésiolo-
gistes membres de la Société canadienne des anesthésiologistes. La
principale mesure a été la différence du taux de réponses aux envois
postaux et électroniques. La seconde comprenait une comparaison
des caractéristiques individuelles, du coût, et des connaissances et de
la pratique en regard du bêta blocage périopératoire préventif.

Résultats : Le taux de réponse général a été de 52 %. Les partici-
pants par courriel ont été deux fois moins nombreux que par la poste
à répondre au questionnaire (35 % vs 69 %, le risque relatif a été de
0,51, l’intervalle de confiance de 95 % 0,45–0,58). Les répondants
par courriel étaient plus jeunes et plus souvent affiliés à une institution
universitaire. Il n’y a pas eu de différence significative de réponses sur
les connaissances et la pratique. Le groupe du courriel a répondu plus
rapidement que le groupe de la poste et le coût par réponse a été le
tiers du coût postal (2,50 $ vs 8,02 $).

Conclusion : Les enquêtes électroniques permettent d’obtenir de
l’information d’un grand nombre de personnes d’une manière rapide,
efficace et économique. Cette méthodologie peut être particulière-
ment valide et utile auprès de participants dont les connaissances sont
comparables et qui ont accès à Internet. Cependant, les taux de
réponses plus bas obtenus en comparaison avec les enquêtes postales
indiquent la nécessité d’être vigilant au moment de généraliser les
résultats pour une importante population.
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In Canada, anesthesiologists are less likely to
respond to an electronic, compared to a paper
questionnaire
[Au Canada, les anesthésiologistes sont moins enclins à répondre à un 

questionnaire électronique qu’à un questionnaire sur papier]
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HE electronic questionnaire can be an effi-
cient, inexpensive means of doing survey
research, but a review of the literature indi-
cates that response rates are poor1–4

(21%–34%). Electronic surveys yielding better response
rates tend to be targeted at convenience or self-selected
samples rather than random samples of the population
being studied.5 Selection bias is likely to exist not only
due to the inadequacy of such sample designs, but also
due to the “digital divide,” which is thought to have
developed along age, racial groups, income levels, and
geographic settings (http://www.ntia.doc.gov/ntia-
home/net2/falling.html). Therefore, a frequently cited
disadvantage of electronic surveys is representativeness,
yet few studies have systematically assessed the repre-
sentativeness of respondents to electronic surveys.6 The
purpose of this study was to assess the utility of elec-
tronic questionnaires in a survey of Canadian anesthesi-
ologists. The primary objective was to assess the
difference in response rate between electronic and
postal questionnaires. The secondary objective was to
compare demographic characteristics between
Canadian Anesthesiologists’ Society (CAS) members
with and without an e-mail address registered with the
CAS, and to compare knowledge and practice regard-
ing prophylactic perioperative beta blockade and cost
between the two survey methods. To our knowledge
this is the first randomized trial in medicine that assess-
es, in a systematic fashion, the outcomes of electronic vs
paper questionnaires with respect to response rate and
internal validity.

MMeetthhooddss
Following approval from the University’s Research
Ethics Board, and permission from the CAS, the CAS
membership list of specialist trained anesthesiologists
practicing both within Canada and abroad was used as
the sampling frame (n = 1634). Sample size calcula-
tions were carried out for the purpose of the original
study relating to anesthesiologists’ knowledge and
practices regarding prophylactic perioperative beta
blockade7 (post hoc power calculation provided in the
results). As a subcomponent of the original study, and
for the purpose of this article, anesthesiologists were
stratified into those who provided the CAS with an e-
mail address (n = 1033) and those who did not (n =
551). The physician data provided by the CAS were in
a Microsoft Excel spreadsheet. The data were divided
into two files based on whether or not an e-mail
address was present. A column of random numbers
was generated in each database for the purpose of ran-
dom sampling. The columns were sorted in ascending
order, thereby generating a randomized list. The first

300 anesthesiologists in the database of those who did
not provide an e-mail address were sent a postal ques-
tionnaire. An additional random sample of 300 anes-
thesiologists who provided an e-mail address were also
sent postal questionnaires. This latter group was
selected to assess for potential differences in postal
respondents with and without an e-mail address regis-
tered with the CAS. The remaining anesthesiologists
with an e-mail address registered with the CAS were
sent an e-mail containing a cover letter identical to the
postal cover letter, but with instructions on how to
complete the electronic questionnaire and a link to the
web page containing an identical electronic version of
the questionnaire (n = 733).

The questionnaire comprised 21 closed-ended ques-
tions dealing with knowledge, belief and practices
regarding prophylactic perioperative beta blocker admin-
istration in patients with risk factors or known coronary
artery disease. Demographic characteristics, practice
characteristics, and information regarding internet and e-
mail use were also included in the questionnaire. A copy
of the questionnaire can be found elsewhere.7 Response
categories in the electronic questionnaire were provided
in drop-down lists if only one response was required, and
as check boxes if more than one response could be select-
ed. The web page was created using active server pages
(®Microsoft Inc., Richmond, VA, USA) as the develop-
ment tool. When the participant completed the survey
and hit the submit key, the questionnaire responses were
processed into a Microsoft Access (®Microsoft Inc.,
Richmond, VA, USA) database. The structure was such
that all processing was done by the web server. Both ver-
sions of the questionnaire took approximately five min-
utes to complete.

Both questionnaire formats were sent out on the
same day. Non-responders were followed using a
modified version of the Dillman technique.8 The elec-
tronic group was sent a follow-up e-mail with a link to
the questionnaire at approximately one week, two
weeks and three weeks after the initial mailing (Table
I). Non-respondents to the postal questionnaire were
sent a follow-up postcard at four and 12 weeks, and
another copy of the questionnaire at 18 weeks. Data
analysis included frequencies, percents, Chi square
and relative risk (RR) to assess for differences in
demographic and computer use characteristics
between respondents who provided an e-mail address
to the CAS and those who did not. Frequencies and
percents were used to assess for differences in response
rate between postal and electronic questionnaires.
Cost analysis included total cost, cost per returned
questionnaire and theoretical cost per returned ques-
tionnaire assuming a 100% response rate. Electronic
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responses were merged with the postal in a Microsoft
Excel (®Microsoft Inc., Richmond, VA, USA) spread-
sheet. SPSS (®SPSS, Chicago, IL, USA) was used to
calculate frequencies, percents, Chi squares, and P val-
ues. EpiInfo was used to calculate RR and 95% confi-
dence intervals (CI). RR was used to assess for the
likelihood of responding between the two groups.

RReessuullttss
The first mailing took place on November 2, 2001.
The last follow-up on the electronic arm was sent
November 28, 2001 and the website was shut down
December 20, 2001. The last follow-up on the postal
arm was sent March 2, 2002. One hundred and sixty-
five anesthesiologists on the electronic arm were
excluded after the initial mail out, due to invalid elec-
tronic addresses. Table I outlines the response rates
obtained in the three arms of the study. The overall
response rate for the study was 52%. Participants in
the e-mail group were half as likely as participants in
the postal arm to respond to the survey (RR = 0.51,
95% CI 0.45–0.58). The response rate for postal par-
ticipants who provided an e-mail address was 72%
compared to 65% for the postal participants who did

not provide an e-mail address. The results of a post
hoc power calculation indicate that a sample size of
1,168, a criterion of significance (alpha) of 0.05, and
a two-tailed test, result in 100% power to detect a dif-
ference in response rate of this magnitude (0.69 vs
0.35). Using a power of 90% and a sample size of
1,168, the smallest significant detectable effect would
be a 9% difference in response rates between the two
methods.

The distribution of responses over time can be found
in Table II. The first questionnaire was returned within
an hour of the electronic mail out. The overall response
rate was lower at each mailing in the electronic arm
compared to the postal arm. With respect to returned
questionnaires, 53% (n = 106) of the 200 returned elec-
tronic questionnaires arrived before the first follow-up
reminder (one week). Of the postal questionnaires that
were returned 36% (n = 150) arrived before the first fol-
low-up reminder (one month).

Table III presents demographic characteristics of
study participants, stratified by whether or not they
provided the CAS with an e-mail address. The major-
ity of the participants were male (76%) and over 40 yr
of age (77%). Sixty-three percent were affiliated with
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TABLE I Response rate for electronic and postal questionnaires

Group No. surveys No. valid No. Response Chi P value RR (95% CI)
sent addresses responded rate % square

Postal (physicians (300) (300) (196) (65)
without e-mail)
Postal (physicians (300) (300) (216) (72)
with e-mail)
Total postal 600 600 412 69* 1.00
E-mail 733 568 200 35* 130 0.00 0.51 (0.45–0.58)
Overall 1333 1168 612 52

*Chi square and RR refer to the difference in response rate between the total postal and e-mail groups; (brackets) indicate breakdown of
postal response rates. RR = relative risk; CI = confidence interval.

TABLE II Distribution of response rates by questionnaire follow-up period

Group No. % of % of Cumulative Days from
returned returned mailed % initial mailing

Postal (n = 412) (n = 600)
Initial mailing 150 36 25 25 0
1st follow-up 158 38 26 51 32
2nd follow-up 59 14 10 61 80
3rd follow-up 45 11 7.5 69 122

E-mail (n = 200) (n = 564)
Initial mailing 106 53 19 19 0
1st follow-up 41 21 7.2 26 11
2nd follow-up 48 24 8.4 34 19
3rd follow-up 5 2.5 1.0 35 26



an academic institution. Eighty percent reported using
both e-mail and the internet frequently or daily. The
likelihood of providing an e-mail address to the CAS
decreased significantly with increasing age (P2 for
trend = 4.06, P = 0.04). Anesthesiologists who pro-
vided an e-mail address were more likely to be affiliat-
ed with an academic institution than anesthesiologists
who provided a postal address only (88% vs 51%) and
were also more likely to use the e-mail (92% vs 54%)
or internet (90% vs 58%) frequently or daily (P2 = 115,
P = 0.00 and P2 = 84, P = 0.00).

Table IV presents a selection of questions partici-
pants were asked to respond to with respect to knowl-
edge and practice regarding prophylactic perioperative
beta blockade.7 No statistically significant differences
were found with respect to knowledge and practice
between electronic and postal questionnaires. Similar
findings were identified when only postal question-
naires were stratified by whether or not the participant
provided an e-mail address to the CAS (data not
shown). The cost analysis of the survey is presented in
Table V.

DDiissccuussssiioonn
Compared to postal questionnaires, electronic ques-
tionnaires were found to be a rapid, efficient and rela-
tively inexpensive means of conducting a survey to
assess the knowledge and practices of anesthesiologists.
Response rates in the postal arm were approximately
double that of the electronic arm, yet responses to ques-
tions about knowledge and practice patterns were not
significantly different between the two groups. The cost
of the electronic arm was one-third the cost of the
postal arm. Participants who provided an e-mail address
to the CAS tended to be younger and to be affiliated
with an academic institution. In spite of differences in
demographic characteristics, responses to knowledge
and practice based questions did not differ between the
postal and the electronic questionnaires. However, we
are reluctant to imply that this finding can be general-
ized to all surveys. In order to assess the validity of elec-
tronic questionnaires, future electronic surveys should
consider including a postal component for data valida-
tion purposes.
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TABLE III Demographic characteristics of survey respondents stratified by whether they provided the CAS with a postal address only or
a postal and an e-mail address

Total E-mail and postal Postal only
provided (n = 413) provided (n = 184)

No. (%) No. (%)* No. (%)* P2 P value

Age under 40 137 (23) 104 (25) 33 (18)
40–49 258 (43) 177 (43) 81 (44) 4.06† 0.04
50+ 202 (34) 132 (32) 70 (38)

Sex male 455 (76) 323 (78) 132 (72) 2.94 0.09
female 142 (24) 90 (22) 52 (28)

No. years in anesthesia
< 10 178 (30) 133 (32) 45 (25)
10–19 257 (43) 175 (42) 82 (45) 3.95† 0.05
20+ 162 (27) 105 (25) 57 (31)

Academic institution
Yes 375 (63) 282 (68) 93 (51) 16.6 0.00
No 221 (37) 131 (32) 90 (49)

Use e-mail
Daily/frequently 477 (80) 378 (92) 99 (54) 115 0.00
Occasion/never 119 (20) 34 (8.2) 85 (46)

Use internet
Daily/frequently 479 (80) 373 (90) 106 (58) 84 0.00
Occasion/never 117 (20) 40 (10) 77 (42)

Preferred method
for professional
communication

Postal 226 (38) 109 (27) 117 (64) 34 0.00
Electronic 216 (36) 184 (45) 32 (18)
Internet site 13 (2.2) 10 (2.4) 3 (1.6)
Doesn’t matter 140 (24) 109 (27) 31 (17)

*May not add up to 100% due to rounding. †Chi square for trend. CAS = Canadian Anesthesiologists’s Society.



Some of the weaknesses of this study relate to poten-
tial generalizabilty and include low response rate, exclu-
sion of anesthesiologists who are not members of the
CAS and lack of information about non-respondents. A
comparison of demographic characteristics with a
recent census of Canadian anesthesiologists found a
similar male to female ratio and age structure, but there
was greater representation from academic centres in our
study compared to the census.9

Strengths of this study include the systematic
approach to comparing electronic and postal ques-
tionnaires, the use of random sampling to select
potential study participants, the random allocation of
e-mail and postal questionnaires, and the consistent
and comparable follow-up process. All of these aspects
allow for comparison between the two arms while
minimizing bias. Few studies in the literature have
compared these two methods in this way and as a

result suffer to an even greater degree from selection
bias than does our study.

In spite of the rapid evolution and uptake of elec-
tronic communication, the response rate of 35% in the
electronic group remains consistent with the litera-
ture.3,4,10,11 Response rates for electronic surveys
increase if incentives are provided,12 or self selection or
convenience samples rather than random samples are
used to identify subjects,5 however these methods
result in even greater selection bias. Response rates for
electronic surveys also appear to be on the decline
since they were first introduced in the mid-1980’s.6 In
spite of the low and different response rates and the
differences in demographic characteristics between
electronic and postal questionnaires, knowledge and
practice responses were similar. Hence the demo-
graphic characteristics of electronic survey participants
may not be representative of all potential respondents,
but the response to knowledge and practice questions
may be reflective of the population. This finding is
supported in the literature.13

Major benefits of electronic surveys are reduced
costs, the immediate availability of responses, and the
ability to have data downloaded directly into a database
for the purpose of analyses, thereby reducing delay,
manpower resources and data entry errors. However, a
number of lessons were learned which may be of bene-
fit in future electronic surveys: i) it is important to test
the validity of e-mail addresses before calculating sam-
ple size. One hundred and sixty-five (23%) e-mail
addresses proved to be invalid, but 109 (66%) of these
were due to insolvency declared by a popular internet
provider; ii) provide drop down lists with “select one”
as the default option rather than an actual response, as
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TABLE IV Comparison of electronic and postal responses to questions related to the use of beta blockers in the perioperative period7*

Total Electronic Postal
responses responses
(n = 200) (n = 396)†

No. No. (%)* No. (%)* P2 P value

- Aware of beta blocker (BB) literature 565 191 (96) 374 (94) 0.3 0.6
- Agree with literature 540 183 (92) 357 (90) 2.6 0.6
- Agree with use in patients with known 540 183 (92) 357 (90) 2.6 0.6

coronary artery disease (strongly/mildly)
- Agree with use in patients with risk factors for 473 161 (81) 312 (79) 1.5 0.7

coronary artery disease (strongly/mildly)
- Use in patients with known risk factors for 326 112 (56) 214 (54) 4.3 0.4

coronary artery disease (always/usually)
- Use in patients with risk factors for 240 72 (36) 168 (42) 6.2 0.2

coronary artery disease (always/usually)

*Sample size differs slightly from published data due to the inclusion of anesthesiologists practicing abroad. †Sixteen participants missing
because they indicated on their returned blank questionnaire that they did not provide anesthesia for adults.

TABLE V Cost analysis for the electronic vs the postal survey

Postal Electronic

Research assistant ($25.00/hr) $1500 $50
Computer programming ($22.50/hr)

-  Database management - $45
-  Web development - $135
-  Returned and follow up e-mails - $270

Postage $1738 -
Envelopes/paper $65 -
Total $3303 $500
Cost per reply

Actual cost $8.02 $2.50
With 100% response rate $5.50 $0.88



the latter could create bias; iii) even if only one response
is required, participants must be given the opportunity
to select more than one response or to provide a com-
ment in a text box; iv) provide a progression bar so par-
ticipants can determine how far along they are in the
questionnaire; v) presentation of one question per
screen would simplify the visual field and make the
interface more user-friendly; and vi) as unsolicited e-
mail becomes more common, e-mail surveys may erro-
neously be considered as “junk mail”11 and deleted,
therefore an initial contact is important to the success of
electronic surveys. A postcard sent via regular post,
indicating that an electronic questionnaire will follow
might increase response rates but will also increase the
cost of electronic surveys.

In summary, electronic surveys are a means of
acquiring information from a large number of individ-
uals in an efficient and cost-effective manner. This
methodology may be particularly valid and useful in
multinational surveys of individuals with similar back-
grounds and internet access. The ease and speed at
which electronic surveys can be administered make
them particularly useful for pilot studies. However the
lower response rates achieved as compared with postal
surveys indicates a need to use vigilance when gener-
alizing results to a broader population.
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