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This study describes a Laplace transfer-based citation 
model proposed for the actual citation process among 
journals. The actual citation process is a dynamic 
physical system which includes two continuous 
processes of ageing and publishing of cited articles. By 
deducing the Laplace transfer function for these two 
processes, we have established the input–output func-
tion for the actual citation process. Considering the 
subject of ‘automation and control systems’ as an  
example, time parameters associated with the ageing 
process were identified from the input–output func-
tion to examine the obsolescence characteristics for 
the subject. Experimental results show that the ageing 
time parameter calculated by the Laplace transfer-
based citation model is a good expression on the obso-
lescence of the field. The field shows a moderate age-
ing rate and a shortened obsolescence tendency on the 
whole. Most of the articles cited annually in this field 
are articles published 5–10 years ago. There is a mo-
notonic decreasing dependence between the increment 
of IF and the increment of time parameter T1,  
although IF always increases regardless of whether 
the ageing tends to prolong or shorten. 
 
Keywords: Citation process, dynamic physical system, 
impact factor, journal articles, obsolescence. 
 
OBSOLESCENCE of articles is usually considered as the 
decrease in the validity of information with time; it is  
also known as literature ageing. In order to measure the 
speed and degree of scientific literature obsolescence, and  
reveal obsolescence law quantitatively, researchers have 
put forward some main measures such as cited half-life1–5, 
price index6, prospective price index7, and the other useful 
indicators from different perspectives8–14. Obsolescence 
from both the synchronous and diachronous perspectives 
has been widely discussed in the literature15–18. 
 In fact, obsolescence of scientific literature is not only 
an objective social phenomenon, but also a complex  
dynamic process. The observed citing process of periodi-
cals includes the dissemination process of cited papers, 

the ageing process of cited papers, and the publishing 
process of citing papers19. That is to say, when an article 
A is cited by an article B, the delay of citation actually  
involves the dissemination process and the ageing process 
of article A, and the publication process of article  
B. However, we are accustomed to calculating the cita-
tion age of one cited article from its publication time till 
the publication of the citing article; publication delays 
thus exist in the citation distribution of the cited article. 
Egghe and Rousseau19 proposed a research–citation cycle 
to examine the role of publication delay on the citation of 
an article. Yu and co-workers proposed a physical model 
to simulate the research–citation cycle and deduced the 
expression of periodical average publication delay20–23. 
Based on these works, this article describes a Laplace 
transfer-based citation model proposed for the actual cita-
tion process and the universal input–output function  
deduced for it. By taking the universal input–output func-
tion to simulate the actual cumulative citation distribu-
tion, the time parameters associated with the ageing 
process were identified to describe the obsolescence of 
journal articles. Taking the field of ‘automation and con-
trol systems’ as an example, we discuss the application of 
this Laplace transfer-based citation model on examining 
the obsolescence characteristics of articles. 

Method 

Egghe and Rousseau19 have reported that the actual citation 
process of articles includes three steps as mentioned ear-
lier. As the citation activities among journals or subjects 
are actually based on the mutual citation relationship be-
tween micro-articles, the actual citation process among 
journals or the higher aggregated level of subjects should 
also include these three processes of dissemination of the 
cited periodical (subject) articles, ageing of the cited pe-
riodical (subject) articles and publishing of the citing pe-
riodical (subject) articles. Figure 1 shows a sketch for the 
actual citation process among journals (subjects). 
 The dissemination process of articles refers to the pro-
cedure by which they enter into the bibliographic reposi-
tory and can be retrieved by the readers. The process has 
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Figure 1. Sketch for the actual citation process among journals/subjects. 
 
 

 
 

Figure 2. Laplace transfer-based citation model. 
 
 
been greatly reduced with the application of internet and 
database technologies, and so it can be ignored through-
out the total citation lifecycle of articles. The ageing 
process refers to the procedure by which the content of 
scientific literature becomes obsolete with its ‘time of 
life’ increasingly, as the value of the literature decreases 
simultaneously. This ageing process will be reflected in 
the citation distribution of the cited articles. The publica-
tion process gives the publication delay for citing articles 
between submission and publication. This delay is also 
hidden in the citation distribution of the cited articles. 
 Laplace transform is a fundamental tool for analysing 
variable systems, which has been widely used in various 
linear or nonlinear systems24–26. The actual citation 
process can be regarded as a physical system; the output 
of the system changes with the change in the input. Based 
on the actual citation process shown in Figure 1, a  
Laplace transfer-based citation model has been proposed 
for the actual citation process as shown in Figure 2, 
where X(T) is the input of the system, S the Laplace oper-
ator, X(S) the Laplace transform of the input X(T). C(T) 
the output of the system, and C(S) is the Laplace trans-
form of the output C(T). W1(S) is the transfer function 
model of the ageing process of cited articles and W2(S) is 
the transfer function model of the publishing process of 
citing articles. 
 The input X(T) of this transfer function model is the  
total citation rate to one cited journal (subject) A, and 
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T refers to the age of articles in journal (subject) A. The 
Laplace transfer of input X(T) is 
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S
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The articles in journal (subject) A are systematically  
exported through the actual citation process, including 
their own ageing process and the publishing process of 
the citing articles. 

Transfer function of the ageing process 

The classical Bernal negative exponential model de-
scribes the ageing of the literature, as shown in the fol-
lowing equation 
 

 f (T) = K ⋅ exp(–αT), (3) 
 

where T is the age of the literature, K a constant and α is 
the aging coefficient. 
 Based on eq. (3), the cumulative citation distribution 
function can be obtained 
 

 C(T) = 1 – e–αT, (4) 
 

C(T) is the output function of X(T), that is a step  
response. Suppose T1 is the ageing time parameter in this 
process, and T1 = 1/α. Based on the Laplace transform 
theory, the transfer function W1(S) of the ageing process 
should be 
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Transfer function model of the publishing process 

Yu and co-workers have proposed the continuous model 
for dynamic periodical publishing process and deduced a 
group of partial differential equations to express publish-
ing process at the steady state20–23 
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where T is the literature age, t a time variable, X(t) the 
accepted contribution flux of publications, τ the pure time 
delay caused by the review process, N(t) the deposited 
contribution quantity, n(T, t) the age distribution of the 
deposited contribution, Y(t) the published literature flux, 
Y(T, t) the age distribution of the published literature flux 
and P(T, t) is the age distribution of the literature publish-
ing probability. 
 At the steady state, the various parameters for a period-
ical will tend to a dynamic equilibrium state after some 
time. The adopted contribution flux is a constant and is 
equal to the published literature flux. The deposited con-
tribution quantity is also a constant. All the factors do not 
change with time, and so we have n(T, t) = n(t), y(T, 
t) = y(T), P(T, t) = P(T). Then the model of periodical 
publication delay at steady state is 
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Supposing the literature is published with equal pro-
bability, then we have 
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Let TS = N/Y, we obtain 
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The cumulative distribution function of publishing 
process can be obtained by integral operation of eq. (10) 
in the delay interval of [0, T] 
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Suppose 0( ) ( ( )d )/TG T y T T Y= ∫  we can get the cumulative 
probability distribution function of the publishing process 
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Then the transfer function W2(S) could be obtained by the 
Laplace transfer of eq. (12) 
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Combining the Laplace transfer functions of W1(S) and 
W2(S), the universal Laplace transfer function of the  
actual citation process can be obtained 
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The Laplace transfer C(S) of output C(T) can be easily 
deduced based on X(S) and W(S). 
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Using the inverse Laplace transform of C(S), the cumula-
tive citation rate distribution function C(T) of journal 
(subject) A is obtained 
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where T1 is the ageing time parameter related to the obso-
lescence of articles in journal (subject) A, which refers to 
the average ageing rate of all articles in it A which were 
cited in one collection year. TS is the publishing time con-
stant related to the average publication delay of citing  
articles. τ is the publication pure delay related to the  
review delay of citing articles. 
 Based on the cumulative citation rate distribution func-
tion C(T) in eq. (16) and the actual cumulative citation 
distribution of one journal (subject), we can easily calcu-
late the three time parameters. The time parameter, T1, 
identified from the ageing process, can be used to charac-
terize the obsolescence of articles. 
 From C(T) in eq. (16), the formula of the cited half-life 
can also be deduced. Let C(T0.5) = 0.5; then the cited half-
life T0.5 would satisfy the following expression 
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Equation (17) can be rewritten as follows 
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Thus, by establishing the Laplace transfer model on the 
actual citation process among journals (subjects), we can 
not only identify the ageing time parameter of T1, but also 
the ageing parameter of the cited half-life. As shown in 
the calculation process, all the citations have been incor-
porated when calculating T1, which makes it more accu-
rate than the cited half-life to describe obsolescence 
characteristics of the journals. In this study, the time  
parameter of T1 was mainly used to characterize the obso-
lescence of ‘automation and control systems’. 

Data 

‘Automation and control systems’ is a rapidly growing, 
interdisciplinary field of science that applies methods 
from mathematics, information science and computer 
science to solve problems in automatic control science. 
Analysing the citation patterns could help researchers un-

derstand how it has evolved as a dynamic interdisciplinary 
field. Practising information professionals or librarians 
also could utilize the detected citation patterns for under-
standing the users’ needs and developing the collection. 
However, there are only a few studies discussing the cita-
tion pattern of ‘automation and control systems’ subject, 
especially on its obsolescence characteristics. In this 
study, we identify the obsolescence patterns of this sub-
ject using the Laplace transfer-based citation model, with 
the aim to depict the phenomenon of ‘hardness’ or ‘soft-
ness’27 for the articles in this subject27. 
 Analysis of citation life cycles of the seminal journal 
articles is considered a valid approach in scientome-
trics28,29. A longitudinal analysis of the distribution of  
citations to these seminal works should reveal the grow-
ing, stable and declining research trends30. This study  
performs a ten-year longitudinal analysis on the obsoles-
cence of ‘automation and control systems’ subject to  
examine its evolving research trend. Journals under the 
‘automation and control systems’ section in Journal Cita-
tion Reports (JCR) (2008–17) were collected to perform 
this task. In order to clarify whether journals with differ-
ent impact factors (IFs) could have different obsolescence 
characters, we collected journals that are divided into dif-
ferent journal impact factor (JIF) quartiles in each of the 
JCR years (2008–2017). 
 The JIF quartile of JCR is used for early rankings of 
science and social science journals, in the subject catego-
ries relevant to the journals based on their IF data. It is 
the quotient of a journal’s rank in category (X) and the  
total number of journals in the category (Y), so that 
(X/Y) = percentile rank Z. JIF quartile rankings are there-
fore derived for each journal in each of its subject catego-
ries according to the quartile of IF distribution which the 
journal occupies for that subject category. Q1 denotes the 
top 25% of IF distribution, Q2 the middle–high position 
(between top 50% and top 25%), Q3 the middle–low  
position (top 75% to top 50%) and Q4 the lowest position 
(bottom 25% of IF distribution). 
 We collected all the journals under each JIF quartile 
ranking (Q1–Q4) in each JCR year from 2008 to 2017 in 
the ‘automation and control systems’ section. There are 
72 journals indexed under this section by JCR in the ten 
years, with 27, 34, 33 and 30 journals in the JIF quartile 
ranking of Q1, Q2, Q3 and Q4 respectively. In order to 
eliminate the fluctuation of periodical membership to the 
JIF quartile ranking in different JCR years and ensure the 
consistency of the experimental results, periodicals were 
sorted according to their frequency of occurrence in each 
quartile ranking. The periodicals that exist at least six 
times in one JIF quartile ranking in the ten years are  
regarded as the representatives of that quartile. Besides 
the limits on occurrence frequency, journals with incom-
plete citation data in JCR (2008–17) were also eliminated. 
Finally, we obtained a comprehensive consensus list of 
40 journals. Table 1 shows the list journals classified 
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Table 1. Journals classification for the subject of ‘automation and control systems’ 

JIF quartile Journal Abbreviation Frequency 
 

Q1 IEEE Transactions on Industrial Electronics Q1-1 10 
 IEEE Transactions on Automatic Control Q1-2 10 
 Automatica Q1-3 10 
 Journal of Machine Learning Research Q1-4 9 
 IEEE Robotics and Automation Magazine Q1-5 9 
 IEEE–ASME Transactions on Mechatronics Q1-6 9 
 IEEE Control Systems Magazine Q1-7 8 
 IEEE Transactions on Control Systems Technology Q1-8 8 
 Journal of the Franklin Institute–Engineering and Applied Mathematics Q1-9 8 
 International Journal of Robust and Nonlinear Control Q1-10 7 
 Chemometrics and Intelligent Laboratory Systems Q1-11 6 
 

Q2 Systems and Control Letters Q2-1 10 
 Mechatronics Q2-2 10 
 Control Engineering Practice Q2-3 9 
 International Journal of Systems Science Q2-4 8 
 International Journal of Advanced Manufacturing Technology Q2-5 8 
 Journal of Chemometrics Q2-6 7 
 Engineering Applications of Artificial Intelligence Q2-7 7 
 SIAM Journal on Control and Optimization Q2-8 7 
 Annual Reviews in Control Q2-9 6 
 International Journal of Control Q2-10 6 
 Robotics and Autonomous Systems Q2-11 6 
 IEEE Transactions on Automation Science and Engineering Q2-12 6 
 

Q3 Journal of Dynamic Systems Measurement and Control –  Q3-1 10 
   Transactions of the ASME 
 Optimal Control Applications and Methods Q3-2 9 
 Discrete Event Dynamic Systems–Theory and Applications Q3-3 9 
 ESAIM–Control Optimization and Calculus of Variations Q3-4 8 
 International Journal of Control Automation and Systems Q3-5 8 
 European Journal of Control Q3-6 8 
 Assembly Automation Q3-7 7 
 Mathematics of Control Signals and Systems Q3-8 6 
 Transactions of the Institute of Measurement and Control Q3-9 6 
 IMA Journal of Mathematical Control and Information Q3-10 6 
 International Journal of Adaptive Q3-11 6 
 

Q4 Journal of Dynamical and Control Systems Q4-1 10 
 International Journal of Robotics and Automation Q4-2 10 
 Automation and Remote Control Q4-3 10 
 Measurement and Control Q4-4 10 
 Intelligent Automation and Soft Computing Q4-5 10 
 Proceedings of the Institution of Mechanical Engineers Part I –  Q4-6 6 
   Journal of Systems and Control Engineering  

 

 
into Q1–Q4 under subject of ‘automation and control sys-
tems’ in JCR. 
 Then the ‘cited journal data’ for individual journals, as 
well as the ‘cited category data’ for ‘automation and con-
trol systems’ in the field level were directly retrieved 
from the JCR website (2008–17). Based on these citation 
data, the ageing time parameters were identified to make 
a longitude analysis of the obsolescence characteristics of 
this subject. 

Results and discussion 

Based on the ‘cited category data’ collected from JCR 
during 2008–2017 for ‘automation and control systems’, 

we calculated the cumulative citation rate distribution for 
this field in each collection year as shown in Table 2. Y 
denotes the year in each row in the table, which is the 
JCR year to collect the citation data. Y – i is the ith year 
before the collection year. Each row in Table 2 presents 
the cumulative citation rate distribution of articles in the 
subject ‘automation and control systems’ in the collection 
year. 
 Figure 3 shows the actual and fitted cumulative citation 
rate distribution curves for articles in ‘automation and 
control systems’. Obviously, the actual cumulative cita-
tion rate distribution in curves each collection year are all 
well-fitted by the cumulative citation rate distribution 
function C(T) in eq. (16). It indicates that the cumulative 
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Table 2. The cited data to articles in ‘automation and control systems’ from Journal Citation Reports (2008–2017) 

Year Y Y-1 Y-2 Y-3 Y-4 Y-5 Y-6 Y-7 Y-8 Y-9 Others 
 

2008 0.01 0.075 0.156 0.242 0.331 0.409 0.477 0.538 0.595 0.642 1 
2009 0.01 0.074 0.167 0.25 0.327 0.404 0.475 0.536 0.591 0.64 1 
2010 0.009 0.07 0.173 0.272 0.355 0.427 0.496 0.561 0.615 0.661 1 
2011 0.012 0.078 0.181 0.278 0.363 0.436 0.496 0.556 0.612 0.658 1 
2012 0.013 0.078 0.174 0.277 0.368 0.441 0.505 0.56 0.612 0.662 1 
2013 0.017 0.084 0.183 0.278 0.373 0.454 0.519 0.575 0.623 0.667 1 
2014 0.016 0.085 0.176 0.27 0.358 0.442 0.512 0.57 0.619 0.661 1 
2015 0.016 0.094 0.197 0.285 0.37 0.446 0.516 0.575 0.622 0.664 1 
2016 0.015 0.09 0.191 0.289 0.364 0.441 0.507 0.572 0.624 0.665 1 
2017 0.028 0.107 0.21 0.312 0.402 0.466 0.531 0.587 0.638 0.683 1 

Y denotes the year in each row in Table 2, which is the JCR year to collect the citation data. Y – i is the ith year before the collec-
tion year. 

 
 

 
 

Figure 3. Actual and fitted cumulative citation distribution curves for ‘automation and control systems’. 
 
 
citation rate distribution function deduced by the Laplace 
transfer-based citation model is a good fit to the actual 
cumulative citation distribution. 
 In this way, the three time delay parameters T1, Ts and 
τ were deduced from eq. (16). The half-life of T0.5 was 
calculated using eq. (18), once the three time parameters 
were obtained. Table 3 shows the identified time parame-
ters for the field. The last column in the table gives the 
fitted error in each collection year. Obviously, the errors 
are considerably low, indicating that the time delay  
parameters calculated using the Laplace transfer-based 
citation model could well represent the actual obsoles-
cence characteristics of articles in this subject. 
 Based on the identified ageing time parameters T1 and 
T0.5, Figure 4 further shows the evolving characters of  

obsolescence for the subject articles in the field level. 
Obviously, both T1 and T0.5 show a downward trend dur-
ing the ten-year time period, indicating the accelerated 
trend for obsolescence of ‘automation and control sys-
tems’. This reduced citing delay indicates that the pub-
lished articles in this field have a faster knowledge 
diffusion process, which could be regarded as ‘hardness’, 
a concept used by Price to describe the phenomenon of 
shortened ageing of articles21. Figure 4 also shows that T1 
and T0.5 express a different range of ageing values in each 
collection year, although they both have a downward age-
ing trend during the ten-year time period. As discussed 
above, T1 could provide a more accurate value on the  
obsolescence character of articles than T0.5, because the 
former considers all the citations. From the values of T1 
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in Table 3 and Figure 4, the average ageing rate of  
articles in ‘automation and control systems’ is 7–8 years, 
indicating that most citations would be given to the ar-
ticles published 7–8 years before the collection year in 
the field. 
 We now depict the phenomenon of obsolescence at the 
journal level. The ageing characteristics of journals clas-
sified as different JIF quartiles are investigated to see if 
their obsolescence is still ‘hardness’, just as in the field 
level of ‘automation and control systems’. 
 Following the same procedure, we calculated T1 for 
each journal shown in Table 1 in each collection year and 
analysed the obsolescence characteristics of journals in 
different JIF quartiles. By taking year as the basic time 
unit, we analysed the evolving trend of T1 with time.  
Figures 5–8 show the evolving properties of journal obso-
lescence. 
 Journals show diverse obsolescence properties regard-
less of their JIF quartiles. The value of T1 changes in dif-
ferent years for the same journal, exhibiting different 
obsolescence trend (increasing or decreasing) of the jour-
nal. The obsolescence characters are also different in  
 
 
Table 3. The identified time parameters for ‘automation and control  
 systems’ 

Year T1 Ts τ T0.5 Error 
 

2008 7.825 1.346 0.478 7.379 0 
2009 8.579 1.177 0.273 7.414 0.0005 
2010 7.966 1.18 0.294 7.058 0.0001 
2011 8.131 1.164 0.188 7.06 0 
2012 7.975 1.181 0.215 6.922 0.0001 
2013 7.783 1.186 0.186 6.708 0.0002 
2014 7.914 1.194 0.211 6.829 0.0004 
2015 7.991 1.135 0.113 6.771 0.0001 
2016 8.01 1.147 0.134 6.892 0.0001 
2017 7.729 1.087 0.041 6.527 0.0001 

 
 

 
 

Figure 4. The evolving obsolescence characters for ‘automation and 
control systems’. 

different JIF quartiles. There seems to be an extended 
trend in the ageing of journals from Q1 to Q4, because 
the upper limit of the ageing interval is about 15, 18, 35 
and 20 years for periodicals in JIF quartiles Q1, Q2, Q3 
and Q4 respectively. However, the upper limit of the  
 
 

 
 

Figure 5. The evolving ageing characters for journals in Q1 in ten 
years (2008–17). 

 
 

 
 

Figure 6. The evolving ageing characters for journals in Q2 in ten 
years (2008–17). 

 
 

 
 

Figure 7. The evolving ageing characters for journals in Q3 in ten 
years (2008–17). 
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Table 4. Number of journals with different ageing intervals in different Journal Impact Factor  
 quartiles 

Ageing interval (year) Q1 Q2 Q3 Q4 Total 
 

0–5 1 2 1 0  4 
5–10 7 6 8 5 26 
10–15 3 3 1 0  7 
Beyond 15 0 1 1 1  3 

 
 

 
 

Figure 8. The evolving ageing characters for journals in Q4 in ten 
years (2008–17). 
 
 
ageing interval is affected by the ageing characteristics of 
very few periodicals, which cannot be regarded as an 
overall ageing law. From the distribution of the ageing 
intervals of periodicals in different JIF quartiles, we 
found that the ageing of most periodicals is within the 
range of 5–10 years. Table 4 shows the distribution of 
number of journals in each JIF quartile divided into dif-
ferent ageing intervals of 0–5, 5–10, 10–15 and beyond 
15 years, according to the value of T1. 
 Obviously, the ageing of journals is mostly distributed 
in the range of 5–10 years, irrespective of the JIF quar-
tile. There are 26 journals that meet this criterion which 
accounts for 65% of the total 40 journals shown in Table 
1. The result is consistent with the universal ageing inter-
val of ‘automation and control systems’ in the field level. 
Also, 17.5% of the total number of periodicals were  
ageing in 10–15 years, 10% in 0–5 years, and only 7.5% 
ageing beyond 15 years. 
 Figures 5–8 show the evolving ageing characters of 
journals divided into different JIF quartiles. Among all 
the 40 journals considered here, 12 show a downward 
ageing trend in Figures 5–8, which coincides with the 
overall ageing tendency of the field. The articles in these 
journals would be ageing faster, showing the tendency of 
‘hardness’. However, the remaining 28 journals show an 
increasing ageing trend. The articles in these journals 
seem to become ‘softer’, with a lengthening tendency on 
their citation life. The results show that even in the same 
field, journals would exhibit different ageing characters. 

It should be mentioned that although most journals (28 of 
40), show an increasing ageing trend inconsistent with 
that at the field level, it is still a reasonable conclusion 
because only 55.5% (40/72) of the total 72 periodicals in 
subject were considered in this study for maintaining 
consistency of journals in different JIF quartiles. At the 
same time, different journals would have different num-
ber of publications, which cannot accurately represent the 
ageing trend of the discipline as a whole from the number 
of journals. 
 On the basis of the identified ageing parameter T1, this 
study explored the relationship between ageing characte-
ristics of periodicals and their impact factor (IF). Among 
the 40 journals analysed, only two show a decline in IF 
over the 10-year time period, while the remaining 38 
journals show an increase in IF over the same period. It 
indicates that the ageing characteristics have no effect on 
IF of periodicals, because IF of most periodicals still 
shows an increasing trend regardless of whether the age-
ing is prolonged or shortened. Here, we further examine 
the relationship between the changing tendency of ageing 
parameter T1 and IF of journals to explore whether there 
is any correlation between ageing and IF of journals. We 
calculated the increment of ageing parameter T1 and IF in 
10 years, which is expressed as ΔT1 and ΔIF respectively 
 
 ΔT1 = T1(2017) – T1(2008),  
 
 ΔIF1 = IF(2017) – IF(2008),  
 
Table 5 shows the relationship between ΔT1 and ΔIF in 
different JIF quartiles; each value is the average under the 
conditions defined by rows and columns. For example, 
the value 0.649 in the first row is the mean of ΔT1 for 
journals in quartiles Q1. The value 2.612 in the first row 
is the mean value of ΔT1 for journals in quartiles Q1 with 
ΔT1 > 0. The value 1.45 of ΔIF in the first row is the cor-
responding average increment of ΔIF for these journals 
satisfying ΔT1 > 0 in quartile Q1. The results show that 
ΔT1 and ΔIF both vary in different JIF quartiles. How-
ever, in general, compared with the periodicals in other 
JIF quartiles, the change interval of ΔT1 for the periodi-
cals in Q1 is relatively small, which indicates the relative 
stable development status of these periodicals. At the 
same time, from the perspective of ΔIF, the periodicals in 
Q1 have always maintained the fastest growth tendency 
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Table 5. Relationship between ΔT1 and ΔIF in different JIF quartiles 

Quartile Average (ΔT1) Average (ΔIF) Average (ΔT1 > 0) Average (ΔIF) Average (ΔT1 < 0) Average (ΔIF) 
 

Q1 0.649 1.755 2.612 1.45 –0.867 2.067 
Q2 1.944 1.055 2.451 1.009 –3.635 1.551 
Q3 2.527 0.724 4.881 0.85 –1.204 0.877 
Q4 0.414 0.464 3.269 0.459 –2.441 0.47 

 
 

 
 

Figure 9. Relationship between ΔT1 and ΔIF after four-point average. 
 
 
in IF, regardless of whether the ageing trend is prolonged 
or shortened. Therefore, it seems that the change in JIF 
has no relation to its ageing trend, but only to the JIF 
quartiles of journals. The periodicals in Q1 have relative-
ly fast growth trend of IF, followed by journals in Q2. 
And so on. 
 We deduced the relationship between ΔT1 and ΔIF, 
considering the change in ΔIF as a function of ΔT1 for all 
the 40 journals. Figure 9 shows the relationship between 
ΔT1 and ΔIF. The data are smoothed by a four-point aver-
age. It shows that ΔIF tends to decrease monotonously 
with increase of ΔT1. When the ageing trend exhibits a 
negative growth with ΔT1 < 0, the IF of periodicals in-
creases rapidly; whereas when the ageing trend shows a 
positive growth with ΔT1 > 0, the IF of periodicals  
increases relatively slowly. The negative growth of the 
ageing trend corresponds to the acceleration of the obso-
lescence rate of journals, which indicates that the  
articles published in these journals will lose their value 
faster. Recent publications in these periodicals would win 
more citations, which enhances the growth of IF for the 
periodicals. On the contrary, the positive growth of age-
ing trend corresponds to the extension of the obsoles-
cence rate. The results show that the value of articles 
published in these journals will decline at a slower rate, 
and these articles will have longer citation life than those 
published in journals with ΔT1 < 0. Readers will pay  
relatively more attention to the older articles in these  
periodicals compared with periodicals showing a short-

ened ageing rate, which results in the slow increase of IF 
for these journals. 
 Therefore, although ‘automation and control systems’ 
exhibits a decreasing trend for obsolescence rate in the 
field level, journals in this field show different forms and 
more abundant obsolescence characteristics. These  
diverse changes in ageing characteristics affect the IF of 
journals. When the ageing trend reduces, periodicals will 
show an obvious growth trend of IF. On the contrary, 
when the ageing trend is prolonged, the growth rate of IF 
will be relatively slow. 

Conclusion 

Since the concept of obsolescence was first introduced to 
describe the phenomenon by which scientific publications 
are sparingly used over time, researchers have studied the 
ageing process of scientific literature and also the ageing 
characters in aggregated levels such as journals, subfields 
and fields. This study proposes a Laplace transfer-based 
citation model to identify the obsolescence time parame-
ters expressed by the actual ageing process of articles. By 
taking the field of ‘automation and control systems’ as an 
example, a longitudinal obsolescence analysis of this 
field has been performed. 
 Experimental results show that the obsolescence time 
parameters identified in this study represent the obsoles-
cence characteristics of this field. The subject ‘automa-
tion and control systems’ shows a moderate ageing rate 
and a shortened tendency in obsolescence, representing a  
phenomenon of ‘hardness’ as in the field level. However, 
journals exhibit diversified and more abundant ageing 
characteristics, of which 12 journals show accelerated 
ageing, while the other 28 journals prolong ageing. The 
relationship between T1 and IF shows that the latter will 
increase irrespective of whether the ageing characteristics 
of journals is shortened or prolonged. There is a mono-
tonic decreasing dependence between ΔIF and ΔT1. When 
the ageing trend exhibits a negative growth with ΔT1 < 0, 
the IF of periodicals increases more significantly; whe-
reas when the ageing trend shows a positive growth with 
ΔT1 > 0, IF of periodicals increases relatively slow. 
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