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Introduction 

Using the corpus of scientific and technical (S&T) publications as evidence, technology 

forecasting (TF) methodologies and indicators can be applied to reduce risks in the 

planning and development of research investment strategies. They complement 

methodologies based on expert opinions. The identification of emerging and 

potentially disruptive technologies is a core TF activity, yet a major challenge exists in 

the development of systematic and structured methods and processes. 

 

We report on a method that operationalizes the S-curve for the purpose of measuring 

technology readiness levels (TRL). This method consists of four steps including arithmetic 

standardization, linear regression, z-score normalization, and visualization using a four-

quadrant bubble chart. In addition to the TRL indicator, we demonstrate with the 

example of another indicator namely R&D momentum that this method can be 

adapted to create new indicators. 

 

We explain the conceptual assumptions underlying the two indicators, and use 

examples to demonstrate how they have been applied to technology forecasting.  

This paper concludes with suggestions of how research can further develop the method 

and validate the indicators. 
 

 

Background 

We reviewed the literature on S&T forecasting and identified two gaps related to TRL 

and emerging technologies, as follows. 

 

Gap 1: While discussion has been made about conceptual models such as the S-curve 

(e.g., Andersen, 1999; Haupt, Kloyer, & Lange, 2007) development of methods to apply 

it in practice is lacking. In particular, no methods have been reported on 

operationalizing the S-curve for measuring TRL. 

 

Gap 2: Evidence-based methods that can overcome the constraint of low publication 

volumes are needed to reliably monitor early signs of emerging technologies, i.e., rising 

topics that are still at the bottom of the S-curve and small in the number of publications, 

as opposed to mature and dominant topics. 
 

 

The Method 

To address the above gaps, a four-step method was developed at the Canadian 

Institute for Scientific and Technical Information, National Research Council Canada. 

This method is typically applied to a time series table of the number of publications with 

regard to a set of subjects, as illustrated in Table 1 below.   
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Table 1 

An Example of a Time Series Table of Publications per Research Subject 

 Year 1 Year 2 Year 3 ... Year n 

Subject A 2 3 12 ... 115 

Subject B 60 61 129 ... 542 

... ... ... ... ... ... 

Subject m ... ... ... ... ... 

 

 

Arithmetic standardization 

Step 1 standardizes the data series (i.e., subjects in the above table) to the same 

starting point, before their trend lines can be drawn on the same chart. This step 

enables correct representation of different subjects in the same coordinate regardless 

of the absolute volume of publications made on each subject. Representing Table 1 

data, Figure 1 shows that, although smaller, Subject A has a standardized trend line that 

indicates higher growth than Subject B. This was not obvious in the original data table. 
 
 

 
 

Figure 1. An Example of a Line Chart of Standardized Data Series 

 

 

Linear regression 

Step 2 quantifies the trend line with the slope of linear regression of the data series. The 

slope of linear regression on the time series has been shown to be able to effectively 

predict upward trends when a number of subjects are monitored (Tseng, Lin, Lee, Hung, 

& Lee, 2009). 

 

Z-score normalization 

Step 3 transforms slope values obtained from linear regression into z-scores in order to 

compare the growth trend of subjects. The transformed scores have a mean of 0 and a 

standard deviation of 1. Each z-score indicates the number of standard deviations a 

slope value is above or below the mean. Therefore, meaningful comparisons can be 

made between slope values in terms of the distance and the direction each value is 

located around their mean. 
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Visualization with four-quadrant bubble chart 

To visually represent the set of z-scores, the last step relies on the feature of a four-

quadrant bubble chart. As Figure 2 illustrates, the X axis, Y axis and bubble diameter of 

a bubble chart can each represent a quantitative property (parameter) of a data 

series, e.g., the normalized slope of a subject representing its growth trend. 

 

 
 

Figure 2. An Illustrative Four-Quadrant Bubble Chart 

 

 

Indicator of Technology Readiness Levels (TRL) 

TRL indicates the maturity level of a given technology. There are two assumptions 

underlying this indicator: first, technologies follow the S-curve in becoming mature; and 

second, for the same technology, the S-curve of patents delays in catching up that of 

research publications. Figure 3 shows how four levels of TRL can be modeled 

theoretically by segregating the lag between two S-curves, one representing the trend 

of research publications and the other the trend of patents. 

 
 

 
 

Figure 3. A Model of Four TRL Using the S-curves of Research Publications and Patents 

 
Following the proposed method, we can now plot technologies in a two dimensional 

coordinate, with the X axis corresponding to the trend of research publications and the 

Y axis the trend of patents, in order to measure their TRL and identify technologies that 

are close to application. Figure 4 provides an example of a completed project, in 

which the bubble size corresponds to the number of publications. In this example, 
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Subject L is being actively researched, but only a few patents have been claimed. 

According to the assumptions described earlier, it is considered to be at a much lower 

maturity level than Subject I, on which research activity has become less active while a 

high number of patent applications have been filed. This indicator addresses gap 1 by 

gauging TRL with the stage of research activity on a subject versus application as a 

developed (patented) technology. 

 

 
Figure 4. An Example of TRL Visualized in a Four-Quadrant Bubble Chart 

 

 

R&D Momentum, an Indicator of Emerging Technologies 

One of the challenges of identifying emerging technologies using publication as data 

lies with the volume of publications as a confounding factor, for the rapid growth and 

evolution of emerging topics tends to be dwarfed by the high volume of established 

ones. Specifically, the notion of “emerging” consists not only in a sharply rising trend line 

but also in a small footage in the body of relevant literature. In naming this indicator 

“R&D Momentum”, we drew an analogy with physics where the momentum of an 

object can be decomposed into its velocity (corresponds to the slope of a subject’s 

trend line) and its mass (corresponds to the cumulated total number of publications). 

 

To address gap 2, an effective indicator should show the publication trend of a subject 

as well as its cumulated publication volume, relative to other related subjects. The two 

parameters can, again, be represented with the two dimensions of a bubble chart. 

 

Figure 5 presents an example using the R&D momentum indicator. The same four-step 

method was employed to produce it. In this example, subjects (e.g., E & R) right to the 

vertical axis experienced higher growth than subjects in the left, but only those below 

the horizontal axis (e.g., Subject R) may be considered as potentially emerging 

technologies because they have not been well established in terms of total 

publications to date (represented also by the size of the bubble). 
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Figure 5. An Example of R&D Momentum Visualized in a Four-Quadrant Bubble Chart 

 
Discussion and Conclusion 

This paper presents one method and two indicators. The method is based on generic 

techniques (statistical normalization and visualization with four-quadrant bubble charts), 

and understanding these underlying techniques would enable adaptation of the 

method for creating new indicators. In the case of our first indicator of TRL, this method 

is applied to two types of data, research publications and patent applications; whereas 

the second indicator relies on just one type of data but separates growth trend and 

cumulated total of publications to be plotted on a bubble chart. In brief, our method 

produces a visualization of two parameters that have been statistically normalized for 

presentation on a two dimensional coordinate, and both indicators effectively offset 

the obfuscating effect of established technologies resulting from higher publication 

volumes than emerging, low volume technologies. 
 

Conceptual modeling is important for devising indicators for technology forecasting. 

This critical step can be clearly seen in the combination of two S-curves for the four TRL 

levels and in the separated considerations of trend and publication number for defining 

R&D momentum. In addition, interpretation of visually categorized data (in four 

quadrants) is critical to the successful implementation of such indicators. 
 

Building upon this paper, future research can be conducted in two directions. First, 

additional statistical techniques may be introduced to modify this method. For 

example, a goodness-of-fit statistic can be used to compare the shape of the S-curve 

(a parameter for the X axis) of technologies that turned out to be disruptive with those 

that did not and to explore any correlated variables (for the Y axis, bubble diameter) 

and explanations. Second, the validity of the two indicators needs to be tested with 

historical data and through application in technology forecasting projects. 
 

References 
Andersen, B. (1999). The hunt for S-shaped growth paths in technological innovation:  

A patent study. Journal of Evolutionary Economics, 9(4), 487-526.  

Haupt, R., Kloyer, M., & Lange, M. (2007). Patent indicators for the technology life cycle 

development. Research Policy, 36(3), 387-398.  

Tseng, Y. H., Lin, Y., Lee, Y. Y., Hung, W. C., & Lee, C. H. (2009). A comparison of methods for 

detecting hot topics. Scientometrics, 81(1), 73-90.  


