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Introduction 

Groundbreaking research challenging 

established paradigms often sparks debate, 

yet its growth dynamics and long-term 

impact are underexplored. Using SciSciNet  

data, we measure research novelty with  the 

atypical combination index, assess long-term 

impact via the WSB model, and gauge 

recognition time with the beauty coefficient. 

Applying OLS regression, we analyze how 

innovation strategies influence recognition 

speed and impact. Findings show that bolder 

knowledge combinations take longer to gain 

recognition but yield greater impact. 

Paradigm-shifting innovations require the 

longest recognition time but achieve the 

highest impact, highlighting the rewards of 

high-risk research. The results revealed by 

this study have rich implications for 

innovation polices. 

Research Design 

To investigate the recognition timeline and 

impact of novel ideas, we employ the beauty 

coefficient (SB_B) introduced by  Ke et al. 

(2015), to assess the duration required for a 

study to gain recognition. Additionally, we 

apply the WSB model (Wang et al., 2013) to  

evaluate the ultimate impact of research and 

the atypical combination indicator (AC) 

(Uzzi et  al., 2013) to quantify research 

novelty. By incorporating control variables 

that may affect research impact and using 

ordinary least squares (OLS) regression, we 

quantitatively analyze the relationships 

between dependent and independent 

variables to elucidate the growth dynamics 

and long-term impact of novel idea. 

The Dependent Variables 

We introduce two dependent variables: 

(1) The SB_B index, which quantifies the 

time required for a study to gain peer 

recognition, defined as follows: 

𝑆𝐵_𝐵𝑖  =  ∑

𝑐𝑡𝑚
− 𝑐0

𝑡𝑚
∙ 𝑡 + 𝑐0 − 𝑐𝑡

max{1,   𝑐𝑡
}

𝑡𝑚

𝑡 =0

(1)  

 

 

In this equation, B = 0 for papers with 𝑡𝑚 =
0. Papers with citations growing linearly with  

time ( 𝑐𝑡 =  ℓ𝑡 ) have B =0, B is the 

nonpositive for papers whose citation 

trajectory 𝑐𝑡  is a concave function of time.  

 

(2) WSB model is introduced to quantify the 

ultimate impact one paper may have in the 

future, which enable papers to move beyond 

current impact, which can be defined as: 

𝑈𝐼𝑖
∞ = 𝑚(𝑒𝜆𝑖 − 1) (2)  

Where the UI predicts that the total number 

of citations acquired by a paper during its 

lifetime, which depends on the relative 

fitness 𝜆 of each paper. 
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The Independent Variables 

Our study investigates how novel ideas shape 

their ultimate impact and recognition 

timeline. We utilize the atypical combination 

(AC) indicator to assess idea novelty and 

examine its influence on recognition time and 

impact. The A C is calculated as 

follows:

𝑧 =
𝑜𝑏𝑠 − 𝜇

𝜎
(3)  

 

Where obs is the observed frequency of the 

journal pair in the actual W OS, while the 𝜇 is 

the mean and 𝜎  indicate the standard 

deviation. Frequently, the 10th percentile and 

median z-score are used to describe the 

novelty of paper from different perspectives . 

The Control Variables 

Drawing on  prio r research, we identify  

variables that simultaneously affect u ltimate 

impact and recognition time, potentially  

introducing endogeneity with our variab le. 

We include citation count (CC), reference 

count (RC), funding (FD), atypical 

combination pairs (AP), and team size (TS) 

as control variables, with publicat ion year as 

a fixed effect. 

The Evaluation Model 

Based on the previous analysis, we design the 

regression model to implement further 

evaluation: 

𝐷𝑉𝑖 = 𝛼𝑖 +  𝛽1 ∗ 𝐴𝐶_10 𝑖  
+ 𝛽2 ∗ 𝐴𝐶𝑀 𝑖 

+ 

𝛽4 ∗ 𝐶𝑂𝑁𝑇𝑅𝑂𝐿𝑖 + 𝑌𝑡 + 𝐹𝑖 + 𝜀𝑖
(4)  

In this equation, 𝐷𝑉𝑖 is the dependent 

variables employed in this study, 𝑌𝑡  is the 

fixed effect for the publication year, 𝐹𝑖  is the 

fixed effect of the discip line, and the 𝜀𝑖 

indicates the random error. 

Empirical Study 

Data Source and Preprocessing 

We leverage the comprehensive SciSciNet  

dataset, spanning all disciplines. However, 

due to challenges in  data quality, disciplinary  

heterogeneity, document-type variability, and 

the need for sufficient citation h istory, not all 

data are suitable for analysis. We thus focus 

on physics, a well-studied field, analyzing 

733,648 records from 1892 to 2011. 

Main Results 

Novel ideas are more prone to delayed 

recognition (Fig. 1). Analysis of Fig. 1 

reveals that 59.15% of h ighly delayed papers 

are novel, compared to only 38.44% of 

instantly recognized papers. This suggests 

novel ideas face greater delays in recognition, 

whereas conventional studies are more likely  

to gain immediate recognition. 

 

 
Figure 1. The distribution of SB_B and 

novelty. 
 

Novel ideas tend to achieve greater ultimate 

impact. Figure 2 shows that novel ideas have 

higher impact, with moderately novel 

research (AC_7) exhib iting a greater 

likelihood of high impact compared to  the 

most radical ideas (AC_1 and AC_2). 

 

 
Figure 2. The distribution of novelty 

and UI. 
 

Research with high ultimate impact is more 

likely to experience delayed recognition. 

Figure 3 shows that 33.42% of h ighly cited 

papers face significant delays in  recognition, 

whereas low-cited papers rarely exh ibit  

delayed recognition, suggesting that 

impactful ideas may  face in itial challenges 

but ultimately gain substantial recognition. 
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Figure 3. The distribution of SB_B and 
impact. 

 

We classify innovations into four quadrants 

based on AC_10 and A C_M. Figure 4 reveals 

that paradigm-shift ing ideas (top 5% A C_M, 

not top 5% AC_10) exh ibit significantly  

greater ultimate impact than other innovation 

types but are most likely  to experience 

delayed recognition. This suggests that high-

impact ideas, which propose novel 

explanations for existing problems, o ften 

challenge established paradigms, facing 

resistance from mainstream adopters and 

resulting in prolonged recognition timelines. 

 

 

Figure 4. Four types of research and its SB 
and UI. 

Conclusion 

By analyzing extensive publicat ion data, our 

study reveals: (1) Novel research typically  

experiences longer recognition times and is 

more likely to be a "sleeping beauty" than 

conventional research. (2) Moderately novel 

ideas have the highest probability of 

achieving high impact compared to highly  

radical or conventional research. (3) Most 

high-impact research faces delayed 

recognition, suggesting that the path to 

success can be challenging. Further, we 

derive the following insights: (1) Research 

evaluation should extend beyond immediate 

impact to consider long-term scientific 

contributions. (2) The academic community  

should foster greater inclusivity toward 

novel, paradigm-shift ing ideas that challenge 

mainstream theories, as breakthroughs often 

stem from bold innovations. 
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