
Vol.:(0123456789)

Scientometrics (2020) 124:1529–1552
https://doi.org/10.1007/s11192-020-03533-2

1 3

Discovering types of research performance of scientists 
with significant contributions

Yu‑Wei Chang1,2 · Dar‑Zen Chen3 · Mu‑Hsuan Huang1 

Received: 6 February 2020 / Published online: 28 May 2020 
© Akadémiai Kiadó, Budapest, Hungary 2020

Abstract
This study compared the longitudinal research performance of 50 biological scientists who 
received the National Medal of Science (NMS) between 1995 and 2014 and who shared 
the honor of receiving a fellowship from the American Academy of Arts and Sciences. 
Fifty NMS scientists were categorized based on their annual number of publications 
(research productivity) and their annual average number of citations received per publica‑
tion (research influence). These categories covered all their articles, conference papers, and 
review articles before 2018 indexed by databases of Web of Science, divided into three 
periods. Results demonstrated that the primary type of research productivity was the same 
as that of research influence, indicating an upward trend in the first period but a decreasing 
trend in the second and third periods. Few scientists had their influential scientific contri‑
butions being practically applied and presented in the format of a book. Research perfor‑
mance among 50 NMS scientists varied at the individual level. However, no aggregate and 
statistically significant differences were identified between groups of 50 NMS winners with 
respect to characteristics related to research performance. Although no clear relationship 
was identified between research performance and scientific contribution, research produc‑
tivity had a weaker association with scientific contribution than did research influence.
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Introduction

Excellent scientists are the focus of scientific communities, and they can be identified from 
their receiving of prestigious scientific awards and notable research performance in their 
respective fields. Prestigious scientific awards acknowledge scientists with immense con‑
tributions to the advancement of science knowledge. The higher the level of the award, the 
fewer the winners. In fact, numerous studies have preferred the simple and efficient quan‑
titative measure of research performance for identifying outstanding scientists, and even 
academic institutions used it for making decisions related to promotion, employment, and 
incentive wages (Abramo et al. 2011). Research performance encompasses research pro‑
ductivity and research influence. Indicators for measuring research productivity are based 
on the number of publications, and those for measuring research influence focus on the 
number of citations received for publications. Publications indicate scientists’ contribu‑
tions and research findings. Through publications, scientists can improve their visibility. 
Accordingly, the higher the number of publications, the higher the possibilities for enhanc‑
ing visibility, indicating that time affects research productivity and research influence.

Academic awards recognize scholarly research achievements and their research influ‑
ence. Award recipients are considered to have higher research productivity and research 
influence than nonrecipients in terms of substantial numbers of publications and citations. 
This image of scientists winning prestigious awards has been strengthened by empirical 
research findings highlighting the relation between awards and research performance (de 
Arenas et  al. 2008; Lee et  al. 2019; Slutsky and Aytac 2018). Compared to nonrecipi‑
ents, award recipients share similar characteristics in terms of research performance over 
the course of their academic career. Therefore, we assume research performance as the 
basic criterion for an academic award. However, according to the assessment criteria of 
distinguished scientific awards, the scope of scientific contribution is considered an essen‑
tial factor for successful publication rather than research performance. The gap between 
higher research performance and remarkable scientific contribution became the focus of 
this study. If similar research performance is noted among individual excellent scientists, 
this may imply that research performance is an essential factor for indicating their scientific 
contributions. However, if dissimilar research performance is noted among these scientists, 
this may imply that the scientific contributions that are noticed by award reviewers cannot 
be reflected substantially through research performance. This may also imply that excellent 
scientists have various types of research performance with diverse characteristics.

Moreover, not all awards and honors share the same prestigious status (Zheng and Liu 
2015). The more prestigious the awards and honors, the fewer the number of recipients and 
the greater the scientific contribution of the recipients. The large number of nonrecipients 
of a specific prestigious award indicates that the sample of nonrecipients directly affects 
the differences in research performance between recipients and nonrecipients. To deter‑
mine whether excellent scientists have noteworthy research performance, we assessed the 
research performance of scientists bestowed different levels of prestigious academic awards 
and honors. To examine the effect of the level of prestigious awards on the research perfor‑
mance of excellent scientists, the nonrecipients (the control group) in this study were also 
excellent scientists who were recipients of other prestigious awards and honors.

The extant literature has overlooked the research performance of scientists with notable 
scientific contributions over the course of their academic careers. Moreover, we observed 
that in previous studies, award winners were categorized under the same group regard‑
less of the differences in their research performance (Borjas and Doran 2015; Chan et al. 
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2014; de Arenas et al. 2008; Liu et al. 2018; Slutsky and Aytac 2018). Therefore, this study 
primarily examined whether scientists with excellent scientific contributions have similar 
research performance in terms of research productivity and research influence during their 
entire academic career at the individual level. This study also analyzed whether scientists 
who have received a specific prestigious award have better research performance than sci‑
entists without that award. Our results further our understanding of the association among 
research performance, scientific contributions, and prestigious awards.

Due to the time factor affecting the research performance, individual scientists’ research 
performance was tracked along their entire academic careers. The longitudinal research 
performances of scientists with significant scientific contributions can help to explore 
the differences between research performance and scientific contributions. Changes in 
the annual number of publications and the annual average number of citations received 
for each publication determined the types of research productivity and academic influence 
for each scientist. The differences between the types of research productivity and that of 
research influence further formed the various types of research performances. This study 
addressed the following research questions:

1. Do excellent scientists have similar types of research productivity?
2. Do excellent scientists have similar types of research influence?
3. Do excellent scientists receiving prestigious scientific awards have higher research per‑

formance than other nonrecipients?

Literature review

We divided relevant studies into three categories according to their particular focus regard‑
ing the research performance of prestigious award recipients. Studies in the first category 
have measured only on the research productivity of scientific award winners (de Arenas 
and Arenas 1999; Yair et al. 2017) or have focused on both their research productivity and 
the number of citations received within a specific period (de Arenas et al. 2008; de Arenas 
and Arenas 1999; O’Connell and Rugman 2013; Slutsky and Aytac 2018). These stud‑
ies featured with a limited of results; only revealed basic figures such as total numbers of 
publications and citation counts. Although a few focused on comparing the differences in 
publication productivity and scholarly influence between groups of subjects, most related 
studies within this category had no further analyses. For example, de Arenas et al. (2008) 
only presented the total number of papers and citations received by papers indexed by Web 
of Science (WoS) between 1995 and 2006. They categorized 68 scientists who received the 
National Prizes for Sciences and the Arts in Mexico into groups by field and age to attain 
their figures. Slutsky and Aytac (2018) highlighted the number of publications, average 
total number of citations per recipient, and average h‑index per recipient from three pres‑
tigious awards in the field of chemistry based on published works between 1992 and 2016. 
No statistical methods were used by either of these two studies to indicate whether signifi‑
cant differences existed between groups of recipients.

Studies in the second category assessed the impact of prestigious awards on research 
performance by comparing changes in the research performance of excellent scientists 
before and after they had received awards. Liu et  al. (2018) tracked the research per‑
formance of 83 Chinese researchers who were granted the 2005 Cheung King Scholars 
award. Substantial increase and significant differences were identified in number of papers, 
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average number of citations per paper received, number of coauthors per paper, based on 
two 10‑year periods before and after this award. Moreover, these recipients were found to 
shift to first authors and corresponding authors after receiving this award. Erfanmanesh and 
Moghiseh (2019) targeted the changes in research performance of 26 recipients of Derek 
de Solla Price Medal. They compared the differences in the numbers of publications, cita‑
tions received, research collaborators, and the impact factor of journals in which their arti‑
cles were published between 5‑year before and after this medal. Although increases in vari‑
ous indicators were observed, no significant differences between pre‑award and post‑award. 
However, winners of prestigious awards were not always to present greater research influ‑
ence than pre‑award. Borjas and Doran (2015) indicated the decline in publication rates 
among Fields Medal winners. The Fields Medal is the most prestigious award in the field 
of mathematics, and it is awarded every 4 years to mathematicians aged below 40 years. 
The scientists’ age and award status affect their publication productivity.

Relatively few studies were found for the third category that comprised studies high‑
lighting the differences in characteristics in research productivity and research influence 
between recipient and nonrecipient scientists of a specific award. Borjas and Doran (2015) 
compared the research productivity of two groups of excellent mathematicians: 47 Field 
Medal recipients and 43 scientists with other major mathematics awards. Before the age of 
40 years, both groups of mathematicians had a similar average productivity per year. Chan 
et al. (2014) observed that obtaining prestigious awards increases citation and publication 
performance when they obtained awards early in their academic careers. A significant dif‑
ference in research performance was identified between 27 economic researchers receiving 
prestigious academic awards of the John Bates Clark Medal (JBCM) and non‑JBCM recip‑
ients. Three control groups were formed with consideration of the year of PhD attainment, 
ranking of the university where the PhD degree was granted, year the first paper was pub‑
lished in a top economic journal, and appointment as a Fellow of the Econometric Society. 
Lee et al. (2019) compared research influence and collaborative research practice between 
three groups of professors in the College of Engineering at Texas A&M University. The 
group of professors who had received prestigious awards demonstrated the highest research 
performance in terms of the citation counts of their top‑cited articles, total number of pub‑
lications and citations, and h‑index among the three groups of professors.

The aforementioned studies demonstrated that the receipt of awards was associated with 
better research performance. Recipients of more prestigious awards had better research per‑
formance than those of less prestigious awards. However, scientific contributions were not 
discussed in relation to research performance. Moreover, interindividual differences in the 
research performance of scientist recipients of prestigious awards have not been assessed.

Methodology

To measure the research performance of excellent scientists, we first defined the excellent 
scientists. Next, we decided the indicators for measuring research performance. Finally, we 
determined the data source for collecting data related to research productivity and research 
influence.
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Data collection

We defined recipients of the National Medal of Science (NMS) as excellent scientists in this 
study. NMS was established by the US Congress in 1959 and is currently administrated by 
the National Science Foundation. Since 1963, the medal’s winners have been selected based 
on their field and have been awarded their medals by the US President. In the beginning, only 
award winners in four fields, namely biology, engineering, mathematics, and physics, were 
granted. Two fields (behavioral and social sciences, chemistry) were not established until 
1985. Fifty biological scientists who had received the National Medal of Science (NMS) dur‑
ing a recent 20‑year period (1995–2014) were selected as the subject of this study. The last 
year of winners was 2014 because no NMS winners are announced after 2015.

NMS aims to recognize individuals with outstanding contributions to knowledge to their 
fields. NMS candidates must first be nominated, following which they must submit less than 
10 publications and patents with individual contribution statements. The criteria for selecting 
winners include the influence of the publication and its contributions to the scientific field, 
society, education, industry, and the country (National Science Foundation 2018). The impact 
of individual work on his or her field of science or engineering was valued, which was listed as 
the first consideration. Due to no clear statement, we could not ensure the association between 
the impact of work and the number of citations received by publications. Although the impact 
and influence of work submitted by award recipients relies on their description, we believed 
that at least partial impact of influential publications can be reflected in citations they received.

Because the complete publication lists for each scientist cannot be obtained, the scope of 
publications was limited to publications indexed by two large interdisciplinary databases of 
WoS and the Scopus. To enhance the precision of identifying publications written by 50 bio‑
logical scientists, we first collected their background information. We referred to variations in 
author names and affiliations to examine each publication retrieved from WoS and Scopus. 
By using the winner’s names, affiliations, and their brief statement about winning the medal, 
background information regarding their research output, awards and honors, education, and 
job experience were collected through their curricula vitae, personal websites, and Internet 
resources. Considering the differences in the characteristics of the various types of publica‑
tions, only articles, conference papers, and review articles were deemed as the primary types 
of research publications, thus becoming the sample publications used in this study. The other 
type of documents that were most commonly found were editorial materials. No books were 
retrieved through WoS and only a few books were retrieved from the Scopus for some of the 
scientists. The first year for counting publications from each scientist varied based on their first 
publication, whereas the final year was 2017. The final year for counting the annual number of 
citations received by publications was also 2017. The bibliographical records of publications 
obtained from the two databases were used for related analyses. Each bibliographical record 
included the title, author name and affiliation, document type, publication year, source, and 
total number of citations. The annual number of citations that were received by the sample 
publications were available and collected in a separate file.

Data processing

Seven indicators were used to measure the research performance of each scientist. Three 
indicators were related to research productivity, three were related to research influence, 
and one was related to a combination of research productivity and research influence. 
For the three indicators related to research productivity, the first was the total number of 
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publications during the entire academic career. The second indicator, annual research pro‑
ductivity, was used to demonstrate the annual number of publications for each scientist. 
Each scientist may have variations in length of academic careers and senior scientists are 
believed to take advantage of time and produce higher number of publications than other 
scientists. To reduce the affection brought by time, we focused on the annual number of 
publications. The third indicator—the average number of publications per year—was cal‑
culated to represent the average research productivity for the entire academic career of 
individual scientists. Differences between the annual number of publications and the aver‑
age research productivity indicated whether the average number of publications per year is 
an accurate indicator of research productivity for most years. The average annual number 
of publications per year was not an accurate indicator for scientists with considerable fluc‑
tuations in yearly number of publications.

The fourth and fifth indicators were related to research influence and were the total 
number of citations received by publications and the average number of citations per pub‑
lication, respectively. This figure of average citation per publication hides the most influ‑
ential work with the highest number of citations. To reduce the affection of time in the 
count of citations, the sixth indicator, annual research influence per publication, referred 
to the annual average number of citations received for each publication. For example, if a 
scientist had 10 publications by 2000 and only two of them received 10 citations in 2000, 
then the annual average number of citations in 2000 for the scientist would be five (10/2). 
We assumed that these excellent scientists had at least one work with substantial number 
of citations to present their influence. Although most publications published by a scientist 
may not receive substantial number of citations, the higher annual average number of cita‑
tions per publication is still evident in certain period of time. The annual average number 
of citations received for each publication along a scientist’s entire academic career is a use‑
ful indicator for us to observe the longitudinal change in research influence of a scientist. 
The final indicator, the h‑index, revealed the combination of the number of publications 
and number of citations received (Hirsch 2005).

To collect data related to scientists’ publications and the number of citations they 
receive, citation index databases were considered. Although WoS and Scopus are two large 
interdisciplinary citation index databases, Scopus covers a larger number of journals than 
does WoS. To obtain a more complete list of publications for each scientist, the use of two 
databases is more appropriate than the use of only one database because of the differences 
in database coverage. Because the annual number of citations that were added to individual 
publications was available from WoS for further analysis and Scopus did not provide data 
on citations before 1970, the numbers of publications and citations received by publica‑
tions were collected from WoS instead of Scopus. Moreover, only three primary types of 
scholarly documents formed the sample of publications: original articles, review articles, 
and conference papers.

After reviewing the background information of 50 biological scientists, including the 
awards and honors they had received, each scientist was found to have obtained the fel‑
lowship granted by the American Academy of Arts and Sciences (AAAS). Scientists who 
receive the AAAS fellowship are widely considered to be outstanding and influential. 
Moreover, most scientists have received the NMS after they were past the age of 65 years. 
This implies that bulk of their research performance in their academic careers occurred 
before they received the NMS. Therefore, we decided to elaborate the focus of their 
research by observing changes in their research performance during three periods, namely 
before obtaining the AAAS fellowship, after obtaining the AAAS fellowship and before 
receiving the NMS, and after receiving NMS. For example, in Fig.  1, the year when a 
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scientist acquired the AAAS fellowship was marked at 0 and with a normal vertical line on 
the horizontal axis. The point with the bold vertical line denoted the year when a scientist 
received NMS. Three periods observed in this study were clearly separated.

Changes in the annual number of publications (trend in research productivity) and in the 
annual average number of citations received by each publication (trend in research influ‑
ence) were presented for each period. For example, in Fig. 1, the bold horizontal line repre‑
sents the annual number of publications, and the dotted line represents the annual average 
number of citations received per publication. To compare the trends in research productiv‑
ity and research influence for the three periods for each scientist, they are presented in the 
same figure. However, because of substantial differences in the annual number of citations 
received by publications, we could not plot them on a chart. For example, one scientist had 
eight publications by 1983. In 1983, four out of eight publications received a total of 12 
citations. By 2017, this scientist had 486 publications. In 2017, 407 publications received 
a total of 6675 citations, ranging between 1 and 393 citations per publication. The annual 
average number of citations per publication was 1.5 (12/8) in 1983 and 16.4 (6675/407) in 
2017. The conversion of regular numbers into log values fails to reveal large differences 
between numbers (the base‑10 logarithm of 12 is 1.07 and of 6675 is 3.82). After evaluat‑
ing different methods of presenting trends in research influence, we used the annual aver‑
age number of citations per publication instead of the annual number of citations received 
by publications or its logarithm.

The trends in research productivity and research influence during each period deduced 
the specific types of research productivity and that of research influence. Each type was 
labeled with three numbers. Code 0 refers to no change in the trend of research productiv‑
ity/research influence, code 1 refers to an increasing trend in research productivity/research 
influence, and code 2 refers to a decreasing trend in research productivity/research influ‑
ence. As indicated in Fig. 1, a scientist typed as 122 for research productivity and research 
influence has an increasing trend in the first period and a decreasing trend in the second 
and third periods. The specific type of trend was identified immediately for some cases. For 
other cases with several fluctuations during a period, we referred to the trend line added to 
the Excel chart. The samples indicating no trends include figures related to research pro‑
ductivity and research influence that include less than 3 years in a single period.

To further highlight the characteristics of NMS winners and explore the effect of receiv‑
ing NMS on the research performance of scientists, scientists not awarded the NMS (the 
control group) were compared with 50 biologists awarded the NMS. Although studies have 
reported that award recipients have better research performance than nonrecipients, the 

Fig. 1  One example figure for 
type 122
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criteria they used for constructing control groups varied (Borjas and Doran 2015; Chan 
et al. 2014), and considerable variations in this regard for a specific award lead to differ‑
ences in research results. In the present study, the control group included only scientists 
who had received prestigious awards and honors but not the NMS. In other words, they 
were also excellent scientists in terms of the awards and honors obtained. Awards and 
honors differ in academic prestige. Although the AAAS fellowship is a prestigious honor, 
the NMS is even more prestigious. We targeted the differences in research performance 
between recipients of the AAAS fellowship and recipients of both the AAAS fellowship 
and the NMS. To reduce the influence of other factors relevant to individual scientists, 
receipt of the AAAS fellowship, field, nationality, and age were the variables used to select 
the members of the control group.

Members included in the control group were required to be the US citizens, recipients 
of the AAAS fellowship but not the NMS in the same field (biology) and year as recipients 
of both the NMS and AAAS fellowship, and have a similar age to that of NMS winners. 
The requirement of being a US citizen was introduced to reduce the influence of national‑
ity. To reduce the influence of time on research performance, we refrained from comparing 
the research performance of NMS recipients and non‑NMS recipients who differed con‑
siderably in academic career duration or stage. Therefore, scientists in the control group 
were required to have a similar age to that of NMS winners in addition to being recip‑
ients of the AAAS fellowship in the same year. When the number of candidates in the 
control group was higher than that of NMS winners, candidates having the closest age to 
those of NMS winners with the AAAS fellowship in the same year were considered. For 
instance, an NMS winner acquired the AAAS fellowship at the age of 50 years, and two 
scientists acquired the same fellowship at the ages of 53 and 58 years, respectively. The 
scientist acquiring the AAAS fellowship at the age of 53 years was selected as a control 
group member. These requirements for the control group helped us to compare the research 
performance of scientists with similar ages who obtained the AAAS fellowship in the same 
field and year and had the same nationality. Other requirements considered, such as insti‑
tutional affiliation and research interests, were not used because of heterogenous or incom‑
plete data. In addition, one NMS winner was paired with one scientist in the control group 
because a large difference in age existed between a limited of number of American biologi‑
cal scientists acquiring the AAAS fellowship in the same year as NMS winners with the 
AAAS fellowship. Moreover, most of the remaining 27 NMS winners between 1995 and 
2004 lacked qualified control members, they were excluded in the comparison analysis of 
the two groups. Accordingly, 23 members of the control group were paired with 23 NMS 
winners during 2005–2014 for comparing their research performance.

Results

Age of NMS recipients

The average age of NMS winners was approximately 69  years, ranging between 55 and 
90 years. Moreover, the average age was approximately 50 years when they obtained the 
AAAS fellowship, with a wide age range between 29 and 80 years. This finding revealed 
that receiving NMS is a higher achievement than acquiring the AAAS fellowship. Table 1 
shows that most biological scientists were NMS winners at the end of their academic 
careers, indicating that these scientists have contributed their lives to research before their 
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contributions were acknowledged. Only five NMS winners were under the age of 60 years. 
The length of time between receiving the AAAS fellowship and NMS ranged between 1 
and 40 years. Only three scientists in the study sample received NMS before the AAAS 
fellowship. The other 47 scientists received NMS on an average of approximately 20 years 
after the AAAS fellowship. In addition, they were affiliated with 30 institutions. The Mas‑
sachusetts Institute of Technology had the highest number of scientists (six scientists).

Annual average research performance

The number of publications (articles, conference papers, and review articles) of each sci‑
entist covered by WoS ranged between 19 and 1600, as illustrated by the dots on the right 
vertical axis in Fig. 1. The annual average number of publications for each scientist ranged 
between 0.30 and 24.24 (Table 1). Articles constituted an average of approximately 88.2% 
of publications per scientist, ranging between 69.8% and 100.0%. In Fig. 2, one dot repre‑
sents one scientist, and the horizontal axis represents time. The vertical line located at 0 
marks the year in which the AAAS fellowship was received. The location of each dot rela‑
tive to the zero point indicates the specific year in which the respective scientist obtained 
the NMS. The finding revealed that only three scientists received NMS before the AAAS 
fellowship. The scientist with the highest research productivity had 1600 publications and 
received NMS after 33 years with the AAAS fellowship.

Figure 2 depicts the annual average number of publications for each scientist with the 
dotted line. The figure illustrates that the annual average research productivity per scientist 
peaked when scientists have acquired the AAAS fellowship for 20  years. Moreover, the 
bold solid line indicates the annual average number of citations per publication for each 
scientist according to WoS. Excluding the two ends of the bold solid line, similar trends 
were observed between annual average research productivity (the dotted line indicating the 
annual average number of publications per scientist) and annual average research influence 
(the solid bold line indicating the annual average number of citations received for each 
publication). However, considering that the average does not indicate the actual research 
performance of the 50 scientists. Accordingly, different from the focus of previous studies, 
we focused on individual research performance because significant differences in research 
performance may exist at individual levels.

Comparison of research productivity and research influence

Figure 3 shows the types of research productivity and that of research influence for each 
scientist. Wherein the bold solid line refers to research influence measured by the annual 
average number of citations received by each WoS publication, and the dotted line refers to 
the annual number of publications indexed by WoS.

The categorization of research productivity and research influence helped us to deter‑
mine whether a given scientist was classed in the same category for research productivity 
and research influence. Figure 3 shows that the types of research productivity and that of 
research influence were not similar for some scientists at the individual level. Considering 
the changes in the annual number of publications during three periods (before AAAS fel‑
lowship, between AAAS fellowship and NMS, and after NMS), the research productivity 
of 50 biological scientists was categorized into eight types. Similarly, 10 types of research 
influence were generated on the basis of changes in annual average number of citations 
per publication during the three periods. As shown in Table 2, the distributions of the 50 
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NMS recipients across all types of research productivity and research influence revealed 
the primary types. Types 112 and 122 of research productivity were found for 30 scien‑
tists. An increasing trend was observed during the first and second periods for Type 112, 
and a decreasing trend was observed during the third period (i.e., after receiving NMS). 
An increasing trend was observed during the first period for Type 122, and a decreasing 
trend was noted during the other two periods. Moreover, three scientists had low research 
productivity, with no observed trends during the three periods (Type 000). Scientists accu‑
mulate their publications (in the first stage) before receiving the AAAS fellowship. How‑
ever, the difference in length of time affected the direction of the trend line of research 
productivity and research influence in the first stage. For scientists with a longer length of 
time such as over 20 years, a large fluctuation in annual figures led to a decreasing trend in 
research performance. Accordingly, the first period of these cases were changed from code 
2 (a decreasing trend) to code 1 (an increasing trend). Regarding the 10 types of research 
influence, 24 scientists (48%) belonged to Type 122. Type 121 was the second most com‑
mon type (9 scientists, 18%), followed by Type 112 (8 scientists, 16%). Based on differ‑
ences in the types between research productivity and research influence for each scientist, 
we observed that 21 scientists featured the same six types for both research productivity 
and research influence, namely 000, 110, 112, 120, 121, and 122. This indicates that most 
scientists did not have the similar changes in research productivity and research influence 
over time. In addition, although no association was observed between research productiv‑
ity and research influence types for most scientists, some unique combinations of research 
productivity and research influence types were identified, such as 000 and 120.

To explore whether certain factors affect the categorization of research productivity 
and research influence, we adopted two methods for grouping the 50 scientists and then 
performed intragroup and intergroup comparisons of research performance. First, we 
considered the effect of the age of scientists on their research performance. The decreas‑
ing trend in the annual number of publications for scientists receiving NMS after their 
retirement or at the end of their academic careers is standard. Based on scientists’ age of 
receiving the AAAS fellowship and NMS and the length of time between the two hon‑
ors, 50 scientists were divided into six groups. As indicated in Fig. 2, Group 1 comprised 
11 scientists (#1–11), Group 2 comprised 10 scientists (#12–21), Group 3 comprised 7 
scientists (#22–28), Group 4 comprised 6 scientists (#29–34), Group 5 comprised 8 sci‑
entists (#35–42), and Group 6 comprised 8 scientists (#43–50). Scientists in groups 1 

Fig. 2  Annual average research productivity and research influence for each scientist
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Fig. 3  Research performances for individual scientists. Notes Bold lines refer to research influence (annual 
average number of citations received by each publication); dotted lines refer to research productivity 
(annual number of publications); the horizontal axis represents time; the zero point is a reference point for 
conveying the year in which a given scientist received the AAAS fellowship
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Fig. 3  (continued)
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and 2 received the AAAS fellowship before the age of 45 years, which is lower than the 
average age of receiving the AAAS fellowship (i.e., 50 years). Furthermore, these scien‑
tists acquired NMS at least 17 years later. Most scientists receiving the AAAS fellowship 
before the age of 50 years received NMS early (i.e., before the age of 69 years, which is 
the average age of receiving NMS per scientist); however, these scientists had a longer 
time to acquire NMS than other scientists. Most scientists in groups 1 and 2 had the high‑
est research influence in the beginning of their academic careers. Although an increase in 
the annual number of publications was observed, the annual average research influence of 
these scientists did not increase over time.

As presented in the upper section of Table  3, because the six groups were divided 
according to both ages when a scientist received the AAAS fellowship and NMS and the 
length of time between the receiving of the two honors, one‑way ANOVA results revealed 
significant differences between the groups for the aforementioned age and between the 
groups for the aforementioned length of time. However, the groups did not significantly dif‑
fer with respect to the nine research‑performance‑related indicators, namely total produc‑
tivity (total number of publications), average productivity (average number of publications 
per year per scientist), average productivity before the age of 66 years, average productivity 
after the age of 65 years, total influence (total number of citations), average influence (aver‑
age number of citations per publication per scientist), average h‑index (average h‑index 
per scientist), average highest citation (average number of citations between scientists, 
with each scientist having the number of citations had by their most‑cited publication), and 

Fig. 3  (continued)

Table 2  Types of research 
productivity and research 
influence

Type Research productivity Research influence

122 16 24
112 14 8
121 6 9
111 4 3
110 3 2
000 3 1
120 3 1
102 1 0
001 0 1
010 0 1
100 0 1

50 (100%) 50 (100%)
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average number of highly cited publications (average number of publications with more 
than 1000 citations per scientist).

Because of the absence of the difference, we divided 50 scientists into six groups by 
using another requirement: the h‑index, which measures quantity (publications) and impact 
(citations). According to the lower part of Table 3, Group 1 comprised 8 scientists (#4, 10, 
12, 37, 38, 39, 49, and 50), Group 2 comprised 9 scientists (#2, 3, 6, 14, 16, 19, 22, 32, 43, 
and 48), Group 3 comprised 9 scientists (#7, 8, 13, 15, 27, 33, 34, 41, and 42), Group 4 
comprised 8 scientists (#11, 25, 28, 35, 39, 40, 44, and 45), Group 5 comprised 9 scientists 
(#3, 17, 18, 21, 23, 26, 31, 36, and 38), and Group 6 comprised 7 scientists (#1, 5, 9, 20, 
24, 29, and 30). With the exception of the average h‑index, significant differences were 
observed in six indicators, namely total productivity, average productivity, total citations, 
average highest citation, average productivity before the age of 66, and average productiv‑
ity after the age of 65.

Comparison of NMS winners and non‑NMS winners

To examine the effect of NMS, the research performance of the control group consisting 
of 23 non‑NMS winners (Table 4) was compared with that of 23 NMS winners. The 23 
NMS nonrecipients had similar academic backgrounds and careers to those of their NMS 
counterparts, including academic field, nationality, age, and year of receiving the AAAS 
fellowship. Moreover, Harvard University had the largest number of scientists in the con‑
trol group (5 scientists). Table 5 shows that although the average productivity of NMS win‑
ners was higher than that of non‑NMS scientists, no significant differences were observed 
in indicators related to average productivity. Significant differences existed in indicators 
related to research influence, namely average influence, average h‑index, and average num‑
ber of highly cited publications.

Discussion and conclusion

The study results revealed individual‑level differences in annual changes in the research 
performance between 50 biologists who received the NMS between 1995 and 2014. This 
study differs from prior research, which analyzed the research performance of award 
receipts at only the aggregate level (Chan et al. 2014; Erfanmanesh and Moghiseh 2019; 
Liu et al. 2018) and revealed a limited number of results for each scientist (de Arenas and 
Arenas 1999). The age of the 73 scientists in this study ranged between 65 and 105 years in 
2018. We considered their publications before 2018. Therefore, the study investigated the 
research performance of most of the scientists’ entire academic career. A total of 16,928 
WoS publications were published between 1946 and 2017. We analyzed their citation 
counts and examined the yearly decline in productivity after the conventional retirement 
age of 65 years. We also analyzed annual changes in research performance before and after 
the receiving of honors. Of the 50 NMS winners, the annual productivity of 15 scientists 
after the age of 65 years was higher than that before the age of 65 years. Only one scientist 
had the last publication at the age of 64 years. Other 49 scientists continued to publish after 
the age of 65 years. The length of time for publishing articles after the age of 65 years and 
before 2018 ranged between 2 and 45, indicating that most excellent scientists had an aca‑
demic career beyond the age of 65 years.
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The study results are not consistent with those of Chan et al. (2014). Chan et al. (2014) 
observed increased research productivity and research influence among scientists after they 
received prestigious scientific awards. The difference in the study results may be because 
the scientists were awarded NMS during their later years. A study indicated an inverted 
U‑shaped relation between scientists’ age and research productivity (Perlin et  al. 2017). 
The study observed that the scientists were not as productive during the later periods of 
their academic careers. Receiving NMS is considered a higher achievement than acquir‑
ing the AAAS fellowship. Accordingly, scientists were awarded NMS after acquiring the 
AAAS fellowship, excluding three scientists. As per the study results, 26 scientists reached 
the peak of their research productivity after receiving the AAAS fellowship and before 
receiving NMS. Moreover, 20 scientists reached the peak of their research productivity 
before acquiring the AAAS fellowship. Only four scientists had the highest research pro‑
ductivity after receiving NMS. These results indicate that the excellent scientists did not 
reach the peak of their academic careers at a similar age or stage.

The annual average research influence per publication did not reveal the actual research 
influence for most scientists owing to the skewness of citations. Some NMS scientists had 
no substantial research influence during their academic careers; decreasing trends were 
observed in their research influence before receiving NMS. Regarding the research influ‑
ence of each publication, excluding 4 scientists, 26 scientists published at least one arti‑
cle with over 500 cumulative citations until 2017. Two scientists published an article with 
more than 10,000 cumulative citations. The annual average number of citations for the 
publication with the highest cumulative citations among the 26 scientists ranged between 
15 and 2782. This finding revealed that most biological scientists who received NMS are 
highly influential researchers. Although scientific contribution has various definitions, 
Aksnes and Rip (2009) reported a consensus among scientists in natural sciences that cita‑
tion counts validly reflect a publication’s scientific contribution even if scientific contribu‑
tion cannot always be measured by the number of citations. In addition, not all publications 
of these 50 scientists are covered by WoS. The research influence of each scientist was 
undermined.

Among four scientists who indicated low research productivity (annual number of publi‑
cations lower than 4) and low research influence (publications with less than 500 citations), 
two scientists were found to have influential books, based on a substantial number of cita‑
tions obtained from the reference search function provided by WoS. However, books are 

Table 5  Comparison of research performance between NMS and non‑NMS winners

*Refers to p < 0.05

NMS winners Non‑NMS winners p value

Number of scientists 23 23
Average age receiving AAAS 49.6 50.9 0.525
Average productivity 8.2 6.5 0.220
Average productivity before the age of 66 7.9 6.3 0.317
Average productivity after the age of 65 7.3 4.9 0.138
Average influence* 162.5 103.3 0.026
Average h‑index* 109.1 80.3 0.027
Average number of highly cited publications* 6.7 3.0 0.031
Average highest citation 3260.4 1986.6 0.075
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not one of the primary types of research that are indexed by WoS and Scopus. Therefore, 
the research performance of scientists who published books were underestimated. Biologi‑
cal scientists tend to publish journal articles (Bourke and Butler 1996; Mutz et al. 2013). 
Most researchers in the fields of science and technology demonstrate their research results 
and influence through research articles. However, few scientists’ research performance may 
be primarily published through books. Therefore, books must be considered for measur‑
ing the research performance of scientists. Moreover, differences continue to exist between 
the subfields within biology. One biological scientist may specifically focus on underwater 
archaeology, a rare and small profession. This may lead to his books having no substantial 
citations, and therefore, be incomparable with the research influence of other scientists. 
Another biological scientist may alleviate the human hunger problem, and therefore, may 
have contributed substantially to help people around the world. However, this type of con‑
tribution may not be sufficiently reflected in their research publications. Research results 
not only serve the scientific community. Improving the quality of life and resolving social 
problems are goals of scientific research. Therefore, some aspects of research performance 
are not measured using bibliometric indicators related to research performance. This was 
reported by Greehalgh et al. (2016) who reviewed studies on the measurement of research 
impact. They found that research impact is a complex concept and that various approaches 
to measuring research impact are impracticable. Although research influence has been 
explored using a bibliometric perspective, the quantification of research influence is still a 
big challenge for scientometric researchers.

Considering the inconsistency among the types of research performance of 50 NMS 
winners, we divided 50 NMS winners into groups. Scientists were grouped according to 
the two criteria of their age when they received both the AAAS fellowship and the NMS 
and the length of time between the receiving of the two honors. However, no statistically 
significant differences in research performance were observed between these newly formed 
groups, indicating that the age when honors are received has no association with research 
performance. Subsequently, we used h‑index to divide 50 scientists into six groups accord‑
ing to their research performance. Significant differences were observed with respect to the 
average number of publications per year (including those published before and after the age 
of 65 years) between half of all possible pairs of the groups, but no significant differences 
were observed with respect to the ages when honors are received. We also grouped 50 sci‑
entists according to other criteria, including age, the number of citations of the scientist’s 
most‑cited article, average number of citations per publication, and age when receiving the 
NMS. No inconsistent findings were obtained for these alternative grouping criteria. This 
consistency implies that research performance plays a minor role in the recognition of the 
scientific contributions of NMS winners. Moreover, we observed that better research per‑
formance did not entail an earlier reception of the NMS.

Award winners tend to excel and have a greater research influence than nonrecipients; 
related studies have reported that award winners had better research performance than did 
nonrecipients (Borjas and Doran 2015; Chan et al. 2014). Because the diverse differences 
in characteristics among a large number of nonrecipients, we compared the research per‑
formance of 23 NMS winners during 2005–2014 at the aggregate level with that of another 
23 biologists who did not receive the NMS. The control group in this study comprised 
scientists who received the AAAS fellowship and other honors. Therefore, they also had 
substantial research performance. The method for selecting scientists in the control group 
is similar to that used by Borjas and Doran (2015), whose comparison group comprised 
excellent scientists who had received major mathematics awards. Our study also consist‑
ently observed significant differences with respect to research influence between scientists 
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with NMS and scientists without NMS. However, NMS recipients had more research 
influence than did non‑NMS recipients. This implies that the NMS is a better indicator of 
whether a scientist is influential relative to the AAAS fellowship. Because scientists who 
receive highly prestigious awards have better research performance, awards have been used 
as an indicator of research performance (Lee et  al. 2019). In addition, we observed that 
most NMS winners obtained many other prestigious awards such as the Nobel Prize and 
Albert Lasker Basic Medical Research Award. By contrast, 23 non‑NMS winners were 
awarded a lower average number of prestigious awards relative to NMS recipients. Sci‑
entists who had higher research influence and other forms of influence, such as social and 
economic influence, have greater opportunity to be recognized by award organizations 
according to the assessment criteria of distinguished scientific awards.

Although research influence and scientific contribution have been matters of concern, 
studies on research influence have not clearly defined the concept. Although we could 
not determine a clear relationship between research influence and scientific contribution, 
our study demonstrated that research productivity has a weaker association with scien‑
tific contribution than research influence does. The substantial scientific contributions of 
notable biological scientists with NMS can be proved based on their highly cited publica‑
tions. Although few publications are influential for most scientists, they have been cited a 
substantial number of times for a long period. Therefore, the average citation per publi‑
cation is not an appropriate indicator for identifying excellent scientists. Various types of 
research productivity and research influence cannot indicate a positive association between 
research performances and awards for each scientist. To enhance the precision of examin‑
ing research performance, books and citations received for books must also be added to the 
measurements.

In conclusion, this study demonstrated the research performance of 50 biological sci‑
entists who had received the AAAS fellowship and NMS. Changes in annual research 
productivity and research influence among individual scientists with substantial scientific 
contributions and in categorizations of research productivity and research influence during 
three periods were monitored and compared. The influence of time on the research per‑
formance of individual scientists was reduced through the use of longitudinal data related 
to research performance throughout their entire academic career. Research performance at 
various stages of scientists’ academic careers was recorded. The time frame of data ana‑
lyzed in this study is greater than that used in previous studies (Borjas and Doran 2015; 
Chan et al. 2014; Erfanmanesh and Moghiseh 2019; Liu et al. 2018; O’Connell and Rug‑
man 2013; Slutsky and Aytac 2018). Although scientific contribution does not entirely rep‑
resent research performance in terms of numbers of publications and citations received, the 
present study addresses the gap between scientific contribution and research performance, 
which few other empirical studies have done. In particular, this study differs from previ‑
ous studies in that it emphasizes interindividual differences in the research performance 
of prestigious award recipients. Various categories of research productivity and research 
influence were identified. Considerable interindividual differences in research performance 
only influenced the results for research performance at the aggregate level. In addition, no 
aggregate or statistically significant differences were identified between groups of 50 NMS 
winners with respect to scientists’ age and h‑index. We further compared the research per‑
formance of NMS recipients with that of scientists in the control group to examine whether 
the receipt of prestigious awards can serve as an indicator for distinguishing scientists 
according to their research performance. In line with relevant research, the present study 
supports that scientist recipients of prestigious awards have better research performance 
than nonrecipients (Borjas and Doran 2015; Chan et al. 2014; Erfanmanesh and Moghiseh 
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2019; Liu et al. 2018). This implies that the receipt of awards can indeed be used as an 
indicator of research performance. However, differences in the research performance of 
recipients of awards of different levels of prestige require further exploration because of the 
large number and diverse characteristics of NMS nonrecipients.
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