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Mu LtidiscipLinary coMMittees routine Ly  make 
strategic decisions, rule on subjects ranging from 
faculty promotion to grant awards, and rank and 
compare scientists. Though they may use different 
criteria for evaluations in subjects as disparate as 
history and medicine, it seems logical for academic 
institutions to group together mathematics, computer 
science, and electrical engineering for comparative 
evaluation by these committees. 

These evaluations will be more frequent as the 
number of scientists increases. Since funding sources 

grow more slowly, and research prac-
tices vary among different subjects, us-
ing the same criteria in different areas 
may produce notable injustices. The 
ongoing discussion on CS research 
evaluation4,6 builds the case for the CS 
community defending itself from ex-
pected injustices in its future compara-
tive evaluations. 

The traditional assessment criteria 
are based on Thomson Reuters’ Web of 
Science (WoS) indexing service, quanti-
fying the production and number of ci-
tations of individual scientists, univer-
sity departments (such as was covered 
in Torres-Salinas et al.5), whole univer-
sities,2 countries,7 and scientific areas. 

Computer scientists have an in-
tuitive understanding that these as-
sessment criteria are unfair to CS as a 
whole. Here, we provide some quanti-
tative evidence of such unfairness. 

We define researchers’ invisible 
work as an estimation of all their scien-
tific publications not indexed by WoS 
or Scopus. Thus, the work is not count-
ed as part of scientists’ standard bib-
liometric evaluations. To compare CS 
invisible work to that of physics, math-
ematics, and electrical engineering, we 
generated a controlled sample of 50 sci-
entists from each of these fields from 
top U.S. universities and focused on the 
distribution of invisible work rate for 
each of them using statistical tests. 

We defined invisible work as the dif-
ference between number of publica-
tions scientists themselves list on their 
personal Web pages and/or publicly 
available curriculum vitae (we call their 
“listed production”) and number of 
publications listed for the same scien-
tists in WoS and Scopus. The invisible 
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Most of a computer scientist’s production 
can go uncounted if a standard bibliographic 
service is used. 
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 key insights
    on average, 66% of a computer 

scientist’s published work is not 
accounted for in Wos.

    this rate is much higher than for physics 
and math researchers.

    researchers in the various subareas 
within cs have different rates, relatively  
higher for those in ai, architecture, and 
systems. 
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work rate is the invisible work divided 
by number of listed production. Note 
that our evaluation of invisible work 
rate is an approximation of the true 
invisible work rate because the listed 
production of particular scientists may 
not include all of their publications. 

Wos and scopus 
Thomson Reuters WoSa is the most 
traditional citation-indexing service 
and standard in most bibliometric re-
search. In 2008, WoS indexed 393 jour-
nals in CS. The CS community is well 
aware of WoS limitations: 

Incomplete coverage. Before 2008, 
WoS did not include conferences other 
than those published in Springer’s Lec-
ture Notes in Computer Science series. 
Even though in mid-2009 Thompson 
Reuters introduced a new service that 
indexes around 12,000 conference 
proceedings, it is unclear today if most 
science-evaluation bodies will use (and 
pay for) this new service; 

Missing important titles. WoS does 
not include journals considered impor-
tant in the field, including Transactions 
on Algorithms and Journal of Experimen-
tal Algorithms, both from ACM; and 

Not all CS. WoS includes within CS 
some journals most of the CS commu-
nity would not consider CS journals, 
including the Journal of Chemical Infor-
mation and Modeling, which published 
222 articles in 2008 compared to the 
Journal of the ACM, which published 28 
articles in 2008.b 

a http://www.isiknowledge.com
b Data from Journal of Citation Reports 2008; 

http://admin-apps.isiknowledge.com/JCR/
JCR?PointOfEntry=Home

For this article, we collected data 
for both the standard WoS indexing 
(here called “WoS”) and the new WoS 
with Proceedings (here called “WoS-
P”). Elsevier developed Scopusc, a re-
cent competitor of WoS, including 
849 CS journals and 162 conferences 
in 2009d. Some articles compare the 
differences in coverage and citation 
counts between WoS and Scopus.1,3 In 
particular, Bar-Ilan1 indicated that for 
CS, the h-index calculated using Sco-
pus is on average 13% higher than the 
one calculated using WoS, based on a 
sample of 12 highly cited Israeli CS re-
searchers. 

methodology 
Selection of scientists and their listed 
production. Based on the 2009 ranking 
of the best graduate schools in the U.S. 
as determined by U.S. News & World 
Reporte, we selected the universities 
ranked sixth to 10th in physics, math, 
CS, and electrical, electronic, and com-
munications engineering. The ratio-
nale for skipping the top five is they 
could have specific features in their re-
search culture that would place them 
as outliers within their field. Well-
ranked departments probably reflect 
a balanced distribution of researchers 
in the subareas in physics, math, EE, 
and CS and are, hopefully, representa-
tive of the balance of these subareas in 
the general research population. We 
randomly selected 10 faculty members 
from each department with up-to-date 

c http://www.scopus.com
d http://www.scopus.com/scopus/source/

browse.url?subjectArea=1700
e http://www.usnews.com/sections/rankings

“Publications” sections on their Web 
pages, totaling 200 researchers, 50 
from each area. For these researchers, 
we counted the number of publications 
(excluding technical reports) from 
2000 to 2007, inclusive, considering 
this number to be a researcher’s listed 
production. Of the CS researchers, 10 
divided their production into journal 
papers, conference papers, and other 
forms of production, for which we re-
corded the partial totals as well. 

We collected the WoS and Scopus 
data in October 2009 and the WoS-P in 
February 2010. 

Indexing services data. To collect the 
WoS data, we used the Author finder 
option in the basic search; for the Sco-
pus data we used the Author search 
option. Since data collection involved 
subjective decisions, particularly relat-
ing to homonyms, at least two authors 
of this article independently collected 
the data for each researcher and dis-
cussed these subjective decisions un-
til there were no discrepancies. For 
each service, we collected the number 
of journal and conference papers for 
each researcher, considering this sum 
to be the researcher’s total production. 
Scopus alternates its classification 
of LNCS papers, sometimes labeling 
them as a conference and sometimes 
as a journal publication. To identify 
and count the number of journal ar-
ticles from a particular CS researcher, 
we excluded all papers published in 
LNCS. The number of conference pa-
pers is total number of publications 
minus number of journal articles. 

Metric. We defined the invisible 
work rate for a researcher as 

Boxplots of the invisible work rate for each scientific area based on Wos, Wos-p, and scopus data.
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invisible work rate = 
(number of listed papers − number  
of papers in indexing service) 
÷ number of listed papers 

and analyzed the distribution of invis-
ible work rates for the various scientific 
areas. The number of listed papers is 
the number of publications research-
ers publicly listed as their scientific 
production. An invisible work rate of 
1 means none of a scientist’s publica-
tions are accounted for in the indexing 
service. A rate of 0 is generally under-
stood to indicate that all of a scientist’s 
publications are represented in the in-
dexing service, but the practical mean-
ing is less clear; the number of publica-
tions listed by a researcher is the same 
as the number of entries in the bib-
liometric service. Some works on a re-
searcher’s list of publications may not 
be represented in the service, but the 
number is balanced by the same num-
ber of references in the service but not 
in the researcher’s list of publications. 

There is no consensus among re-
searchers regarding which publications 
to list on one’s Web pages; for example, 
some CS researchers do not include 
editorials, invited papers, or other non-
peer-reviewed material. However, an 
indexing service may not make such 
a distinction. Similarly, researchers 
in other areas may not list conference 
papers, but some conferences are in-
dexed by WoS-P and Scopus. Research-
ers may thus have papers attributed to 
them by the service that are not listed 
on their publication pages. Also, some 
researchers, especially the more-prolif-
ic ones, may truly forget to add one or 
another paper to their lists of publica-
tions. We also discovered that one of 
these services had made at least one er-
ror—duplication of the same paper ti-
tle attributed to two different journals, 
with only one correct. 

In light of these facts, the bibliomet-
ric services count some papers that do 
not appear on a researcher’s publica-
tion list, potentially leading to a nega-
tive invisible work rate. We kept the 
negative rates in our research since 
our goal was to estimate the number 
of published CS papers left out of the 
standard indexing services, and the dif-
ference between what each area consid-
ers “published work” is part of the vari-
ability across different areas. 

Statistical analysis. We say “signifi-
cant” to indicate the differences are 
statistically significant with 95% confi-
dence. If not indicated, we determined 
significance was determined by non-
paired t-test and report only the p-value 
of the test. In a few cases, where indicat-
ed, we used a paired t-test to compare 
the change in the average CS invisible 
work rate between two different index-
ing services and a one-way ANOVA test 
to compare the invisible work rate of as-
sistant, associate, and full professors. 

results 
The boxplots in the figure here outline 
the distribution of the invisible work 
rate for each area using WoS, WoS-P, 
and Scopus data, respectively; a boxplot 
shows the lower quartile (the value cut-
ting off the lowest 25% of data), the me-
dian, and the upper quartile of a distri-
bution (the box part of the plot), and the 
maximum and minimum (the  and ⊥ 
lines). Outliers in a boxplot, shown as 
circles, are defined as data lying more 
than 1.5 IQR below the lower quartile 
or 1.5 IQR above the upper quartile, 
where IQR is the interquartile range, 
or distance between the lower and the 
upper quartiles. Table 1 lists the data in 
the figure as the mean (with standard 
deviation in parenthesis) of the invis-
ible work for each area and service. 

For WoS, as expected, fewer of the 
physics and math researchers’ papers 
were unaccounted for. The average in-
visible work rate for CS is significantly 
higher than for physics (p-value < 2.2e-
16) and math (p-value = 8.1e-12). EE 

had a higher invisible rate than CS, but 
the difference was not significant (p-
value = 0.1725). For WoS-P, the CS aver-
age invisible work rate was significantly 
higher than physics, math, and EE (p-
value = 1.163e-09, p-value = 0.001776, 
and p-value = 0.0005013, respectively). 
For Scopus, CS was significantly higher 
than physics and EE (p-value = 1.789e-
05 and p-value = 0.02799, respectively) 
but not than math (p-value = 0.38). 

For all four areas, WoS-P was better 
than WoS, and Scopus was better than 
WoS-P in representing the work of re-
searchers. Within CS, the invisible rate 
significantly improved when we used 
WoS-P instead of WoS (paired t-test 
p-value = 2.229e-14). It also improved 
significantly when we used Scopus in-
stead of WoS-P (paired t-test p-value = 
0.0001222). 

One expected reason for the large 
invisible rate in CS was the emphasis 
CS puts on publishing in conference 
proceedings. We evaluate the invisible 
work rate for conferences and journals 
separately in the following sections, 
exploring whether researchers in the 
subareas within CS and at different mo-
ments in their careers have different in-
visible work rates. 

Conferences vs. journals. Following 
the 10 CS researchers who partitioned 
their publications between confer-
ences and journals, we calculated the 
invisible work rate for conferences and 
journals separately; Table 2 lists the 
distribution of invisible work for con-
ferences and journals using the three 
services. Over 80% of the conference 

table 1. mean (and standard deviation) of the invisible work rate for all areas and  
all services. 

Wos Wos-p scopus

physics 0.23 (0.22) 0.15 (0.25) 0.13 (0.22)

math 0.34 (0.22) 0.32 (0.23) 0.29 (0.23)

ee 0.71 (0.12) 0.31 (0.16) 0.25 (0.13)

cs 0.66 (0.29) 0.46 (0.20) 0.33 (0.23)

table 2. mean (and standard deviation) of the invisible work rate for different venues 
within cs. 

Wos Wos-p scopus

conferences 0.82 (0.13) 0.47 (0.30) 0.32 (0.31)

Journals 0.32 (0.12) 0.32 (0.12) 0.16 (0.17)
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publications of CS researchers were not 
represented in the standard WoS (with 
little variation among the researchers). 
The invisible rate drops significantly 
(paired t-test, p-value = 0.0003920) 
when using WoS-P, but the further 
decrease using Scopus is not signifi-
cant (paired t-test p-value = 0.1512). It 
should be noted that the sample size 
is only 10, so the difference might also 
be significant with a larger sample size. 
Note, too, that almost 33% of journal 
publications of the 10 CS researchers 
was not accounted for in WoS. 

Subareas of CS. We grouped the 50 
CS researchers into seven subareas: 
artificial intelligence, architecture, in-
terdisciplinary research, security, sys-
tems, theory, and visual computing. 
Interdisciplinary research involves the 
interface between computing and the 
natural sciences (biology, chemistry, 
and physics); security involves mainly 
cryptography; systems is a broad area 
involving distributed systems and 
networks; and visual computing com-
bines computer vision and computer 
graphics. We classified each researcher 
into only a single group, but seven re-
searchers could not be classified into 
any of subarea. Table 3 summarizes the 
number of researchers, the mean, and 
the standard deviation of the invisible 
work rate for the researchers in each 

subarea, for WoS, WoS-P, and Scopus, 
respectively. 

Any analysis using subarea data can 
identify at most possibly interesting 
phenomena. The number of research-
ers in each group is too small for any 
meaningful statistical analysis and too 
dependent on our subjective choices 
of research-group associations. The 
data shows the relatively younger CS 
subarea of interdisciplinary research 
differs from the other CS subareas, 
with its researchers apparently pub-
lishing much more in journals, partic-
ularly in WoS-indexed journals, than 
the rest of CS. 

The theory subarea, perhaps due to 
its proximity to math, also publishes 
more in journals and is particularly 
homogeneous regarding its publica-
tion practices. Other interesting sub-
groups are architecture researchers 
and to a lesser extent visual-computing 
researchers, who seem to form cohe-
sive communities regarding publica-
tion practices. Finally, the subareas of 
systems and security show both high 
values of invisible work and high vari-
ance, indicating that on average pub-
lications of members are not well-rep-
resented in the bibliographic services 
and the community as a whole lacks 
uniform publication practices. 

Researcher position. We also calcu-

lated invisible work rate based on CS 
researcher positions as assistant, as-
sociate, and full professor, though we 
had no information for three research-
ers. Table 4 lists mean and standard 
deviation of the invisible work rate for 
WoS, WoS-P, and Scopus, respectively, 
with no significant difference of invis-
ible work rate (ANOVA p-value=0.854 
for WoS, p-value=0.4492 for WoS-P, and 
p-value= 0.1651 for Scopus). The differ-
ence in publication practices among 
researchers in different stages of their 
careers does not seem to be significant. 

conclusion 
When CS is classified as a science (as 
it was in the U.S. News & World Report 
survey), the standard bibliometric 
evaluations are unfair to CS as a whole. 
On average, 66% of the published work 
of a computer scientist is not account-
ed for in the standard WoS indexing 
service, a much higher rate than for 
scientists in math and physics. Using 
the new conference-proceedings ser-
vice from WoS, the average invisible 
work rate for CS is 46%, which is higher 
than for the other areas of scientific re-
search. Using Scopus, the average rate 
is 33%, which is higher than for both 
EE and physics. 

CS researchers’ practice of publish-
ing in conference proceedings is an im-
portant aspect of the invisible work rate 
of CS. On average, 82% of conference 
publications are not indexed in WoS 
compared to 47% not indexed in WoS-P 
and 32% not indexed in Scopus. 

The results regarding the CS sub-
areas are tentative, pointing to results 
needing further investigation, includ-
ing the possible homogeneity of pub-
lishing practices in the architecture, 
theory, and visual computing sub-
groups, as indicated by the low variance 
of the invisible work-rate distributions 
for these subareas. Future research 
should also include more researchers 
in each subgroup in order to identify 
more subtle differences in their publi-
cation practices. 

Using data from Scopus, as in Table 
3, we were able to verify that the sub-
areas of visual computing and theory 
disagree on invisible rate, but each is 
consistent (low variance) within itself. 
Security, on the other hand, has a high 
variance, reflecting the tendency of the 
publishing practice of its researchers 

table 4. mean (and standard deviation) of the invisible work rate for different positions 
within cs. 

number Wos Wos-p scopus

assistant 15 0.59 (0.19) 0.42 (0.19) 0.44 (0.24)

associate 16 0.68 (0.21) 0.52 (0.22) 0.31 (0.18)

professor 16 0.65 (0.14) 0.42 (0.17) 0.27 (0.24)

table 3. mean (and standard deviation) of the invisible work rate for different subareas 
within cs. 

number Wos Wos-p scopus

ai 4 0.76 (0.14) 0.64 (0.21) 0.36 (0.18)

architecture 4 0.80 (0.05) 0.45 (0.10) 0.33 (0.12)

interdisciplinary 4 0.22 (0.24) 0.14 (0.20) 0.16 (0.21)

security 6 0.68 (0.11) 0.47 (0.19) 0.52 (0.22)

system 14 0.72 (0.13) 0.44 (0.20) 0.40 (0.25)

theory 7 0.54 (0.12) 0.41 (0.09) 0.13 (0.05)

Visual 4 0.69 (0.16) 0.42 (0.15) 0.31 (0.04)
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to vary. This heterogeneity between 
the subareas and within each subarea 
indicates it will be difficult for com-
puter scientists to agree on a single 
bibliometric evaluation criterion:, any 
criterion is likely to generate tension 
between different subareas of CS and 
may even generate tension within a 
single subarea. 

The similarity of the invisible rate 
across academic positions indicates that 
the research area of CS faculty members 
defines their publication practices more 
than the stage of their career. 

The strength of our conclusions de-
pends on the sample’s accurate repre-
sentation of the entire population of 
researchers in the four scientific areas 
and of the researchers in CS. 

Our sample also involved a major 
source of potential bias. All research-
ers in the sample worked in the U.S., 
so some of our conclusions may not be 
valid elsewhere. In other countries, uni-
versity and funding agency reward-and-
evaluation structures may explicitly en-
courage researchers to concentrate on 
publishing their results in journals or 
conferences, so the invisible work rate 
could be different. 

This research deals with the invis-
ible rate in the two main bibliographic 
services from a production point-of-
view; the invisible rate quantifies the 
number of a CS researcher’s publi-
cations not accounted for in these 
services. However, the invisible rate 
in production spills over to citation 
count, which is the more used metric 
in science. CS researchers may publish 
papers that are well cited by others, 
but the papers themselves may not be 
included in their citation counts be-
cause they are not included in the bib-
liographic servers. Alternatively, pa-
pers may be included in bibliographic 
servers, but the number of citations to 
them may be severely underestimated, 
because many CS publications are not 
included in citation-count sources. 

Other bibliographic services are 
specific to CS, including DBLPf, the 
ACM Digital Libraryg, and CiteSeerXh 
so cannot be used to compare CS with 
other scientific areas. There is also 
Google Scholari, which seems to be a 

f http://www.informatik.uni-trier.de/~ley/db/
g http://portal.acm.org/dl.cfm
h http://citeseerx.ist.psu.edu/
i http://scholar.google.com/

general bibliographic service index-
ing both production and citations; we 
didn’t include it here because it is not 
yet adopted (as far as we know) as the 
bibliographic service used for insti-
tutional metrics, probably due to the 
lack of transparency as to how it col-
lects and processes bibliographic data; 
for a review of some of the criticism of 
Google Scholar as a bibliometric tool, 
see Bar-Ilan.1 

Faced with multidisciplinary evalu-
ation criteria, computer scientists 
should lobby for WoS-P, or better, Sco-
pus. Understanding the limitations 
of the bibliometric services will help 
a multidisciplinary committee better 
evaluate CS researchers. 
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