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Introduction and Key Findings
The shortage of personnel in Israeli hi-tech has been the main challenge facing the industry over recent years. The rapid growth of the industry over recent decades has led to a rise in demand for human capital at a pace that the supply end has struggled to meet. By way of example, in April 2022 there were some 33,000 unfilled positions in Israeli hi-tech, two-thirds of which were technological positions. The total number of graduates of computer science departments in Israel is just 7,500 a year.[footnoteRef:1]  [1:  Statistics from the Report on Human Capital in Israeli Hi-Tech: Update 2021-2022, SNPI.	] 

Accordingly, one of the main challenges for the growth of hi-tech is to increase the supply of workers with the necessary skills for technological positions. A successful response to this challenge requires the optimal exhaustion of human potential in Israel through appropriate and life-long training – from schools through the higher education system and onto vocational training. 
An essential condition for maximizing potential is to understand the connection between education and employment in the hi-tech sector. In this review we will focus on studies and training in the computer sciences, including a distinction between the types of training (academic / non-academic, degree, institution) and employment in hi-tech (including breakdown by type of company and the clusters of positions in which the worker was absorbed).
We believe that policy-makers, academic institutions, and training bodies, as well as anyone interested in Israeli hi-tech, will be interested in the conclusions of our review. People wishing to choose an appropriate training track will also find some interesting insights as they plan their career track.
The review is based on a database of 1.6 million Israeli workers registered with the LinkedIn platform. This is the first in a series of publications that aim to analyze the connections between types of education, companies, and positions within companies. We believe that such an analysis can only be undertaken on the basis of a breakdown of current data on workers and positions (from LinkedIn), cross-referenced with data on the companies (based on the Start-Up Nation Finder website). As noted, this review examines training for the computer professions; subsequent reviews will examine channels of entry to hi-tech positions that do not include higher education in computer studies.
Key Findings
	72% of computer studies graduates were employed in hi-tech companies at some stage in their career.
	Among those with higher education in computer studies, there is a gap in favor of the universities in terms of integration in hi-tech: 78% of university graduates, compared to 69% of college graduates. However, the gap between the two groups is smaller than the variance within each group; some colleges, such as the Academic College of Tel Aviv-Yaffo, have a higher rate of integration than most universities.
	One solution for integration in hi-tech is through extra-academic programming courses (hereinafter – coding bootcamps). At present, 9% of hi-tech employees in Israel are graduates of bootcamps. A breakdown of graduates by year of completion of studies shows that this figure has risen gradually from 3% in 2005 to 13% in 2019.
	Almost half (46%) of the graduates of coding bootcamps also hold an academic degree. Of these, some 20% have previous education in computer studies (and may have undertaken the bootcamp by way of additional practical training); 12% have previous education in science and engineering, excluding computer studies; while the remaining 68% have previous academic education in a different field, so that the bootcamp constituted a tool for vocational retraining. 


The Connection between Types of Education and Integration in Industry
In this section we will examine the connection between the acquisition of higher education in computer studies and integration in industry.[footnoteRef:2] The base population for this section comprised 95,000 individuals who acquired an education in computer studies at a recognized academic institution through the end of 2021. On the basis of this population, the study on which the review in this section is based was constructed, comprising graduates of Israeli universities and colleges (approx. 83,000 individuals).  [2:  Integration in hi-tech is examined across the worker’s employment experience, i.e., whether a position in a hi-tech company was recorded at some stage on the LinkedIn platform.] 

We divided the academic study subjects into three groups:
	Computer studies – computer science, computer engineering, mathematics, in addition to other fields of engineering categorized as part of computer studies based on a review of the syllabus. Of individuals who studied these subjects, 72% later integrated in hi-tech.
	Science and engineering other than computer studies – science and engineering subjects, excluding the above-mentioned computer studies fields; 55% of graduates of these courses integrated in hi-tech.
	Other academic studies - other degrees. The proportion of graduates integrating in hi-tech in this group was naturally relatively low – not more than 36%.

The following diagram illustrates the breakdown of workers in hi-tech by type of academic training, showing that a majority of hi-tech workers completed computer studies. However, almost half of the workers studied other fields.
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Figure 1: Distribution of Hi-Tech Workers by Type of Education
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Current employees in hi-tech companies as defined by the Startup Nation Finder; distribution by most recent type of education. 

However, when the examination focuses on technological employees in hi-tech, it emerges (as expected) that a large majority have an education in computer studies. This trend has strengthened slightly over the years, as the diagram below shows. These findings illustrate the dominance of the ICT field (information and communications technology) in Israeli hi-tech, and accordingly the need for suitable training for this field in most of the technological positions.
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Figure 2: Most Technological Workers in Hi-Tech Have an Education in Computer Studies
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Distribution of technological workers by education and year of completion of studies: proportion of college and university graduates who integrated / did not integrate in the hi-tech industry by type of education, out of all graduates completing their studies in the same year. Integration in hi-tech was defined as a binary variable: employment in hi-tech in one position during the worker’s life = 1, for all current workers.

The Connection between Type of Institution and Integration in a Technological Position in Hi-Tech
Despite the growth of coding bootcamps in recent years (as discussed in greater detail in the next section), academic education in computer studies is still dominant among technological workers in the industry. This raises the question whether there is a difference between universities and colleges in terms of the integration of their graduates in hi-tech.
The LinkedIn data reflect a gap in favor of the universities: 78% of university graduates integrated in hi-tech, compared to 69% of college graduates. However, an examination of the variance between different academic institutions reveals a more complex picture. The difference between the two groups is smaller than the variance within each group. For example, Academic College of Tel Aviv-Yaffo ranks second in the integration of its graduates in hi-tech.
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Figure 3: Negligible Difference between Colleges and Universities: Leading Institutions in Terms of the Integration of Graduates in Computer Studies in Technological Positions
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Percentage of graduates in computer studies who integrated in hi-tech out of all graduates in computer studies, by institution, 15 leading institutions. Integration in hi-tech was defined as a binary variable: employment in hi-tech in one position during the worker’s life = 1, for all current workers. The ranking of institutions included institutions where over 1,000 graduates have integrated in the industry. 

These figures show that in general university graduates with an education in computer studies are more likely to integrate in the industry than college graduates with the same education. However, the difference between the colleges and universities is smaller than the internal variance in each group. In other words, the distinction between colleges and universities is not necessarily meaningful, since the graduates of some universities integrate in hi-tech less than those of certain colleges. Thus, for example, the rate of integration of graduates of the College of Management Academic Studies who pursued computer studies is 77% – similar to the rate of integration among graduates of the Hebrew University of Jerusalem. 
It is important to emphasize that the rate of integration of graduates in hi-tech should not be regarded as a reflection of the quality of studies at the academic institutions. Firstly, there is no reason to think that graduates who did not integrate in hi-tech are necessarily employed in positions that have lower productivity or are of a lower quality according to some other index. Secondly, the gap between the institutions may suggest that candidates who are inclined to work in hi-tech prefer certain institutions for various reasons. For example, candidates who know in advance that they intend to integrate in hi-tech may prefer to study at an institution whose curriculum includes more practical experience or allows them to combine studies and work.



Coding Bootcamps as a Track for Integration in Hi-Tech
Coding bootcamps offer a shorter alternative to academic studies, or an addition to an existing degree for the purpose of vocational retraining. We will examine below whether this form of training indeed offers its graduates a path for integration in the hi-tech industry.
Approximately 9% of employees in Israeli hi-tech are graduates of coding bootcamps. A breakdown of workers in technological professions in hi-tech by type of training and year of completion of studies shows that the proportion of coding bootcamp graduates who integrated in hi-tech has risen consistently over the past two decades, from a negligible 2.5% in 2005 to 13% in 2019. This figure may reflect the growing presence of the coding bootcamps as an entry path to hi-tech.
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Figure 5: Significant Rise in the Proportion of Coding Bootcamp Graduates Integrating in Hi-Tech
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Proportion of coding bootcamp graduates out of all individuals integrating in technological positions in hi-tech, by year of completion of studies, with breakdown for local and international companies. Hi-tech companies as defined by the Finder; most recent position and education for each worker.

A breakdown of the entire population shows that 46% of coding bootcamp graduates began their bootcamp after prior academic studies: i.e., they either undertook vocational retraining or complemented their previous studies. Of these, 20% had prior academic education in computer studies; 12% had an education in science and engineering, excluding computer studies; and the remaining 68% had an academic education in a different field, so that the coding bootcamps served as vocational retraining for hi-tech.
A further finding is that while an increase in the proportion of coding bootcamp graduates in local companies can be seen – from 3% in 2005 to over 15% in 2019 – in multinational companies the proportion of bootcamp graduates remained in single figures, reaching 9% in 2019. Since the rate of growth in local companies during this period was higher, this gap is even more significant when the absolute figures are examined: over 75% of coding bootcamp graduates in 2019 who integrated in hi-tech were absorbed in local companies. One possible explanation for this phenomenon is that international companies rely on a certificate from a recognized academic institution, which is ranked as an assurance of quality. Another possible explanation is that the academic certificate is regarded as higher quality, and international companies enjoy a relative advantage in the competition for these workers.
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Figure 6: Coding Bootcamp Graduates Integrate in Higher Proportions in Software-Based Sectors
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Percent of employees whose most recent education is a coding bootcamp out of all employees, by sector

A breakdown of the educational background of individuals employed in development by the various sectors (Figure 6) shows that coding bootcamps are less in demand among companies in hardware-based sectors, such as the life sciences and Food-Tech, while the proportion of bootcamp graduates in software-based sectors, such as FinTech and media, is higher. It may be assumed that this difference reflects the focus on software studies in the coding bootcamps. 


Methodology 
Database and Limitations 
This review is based on two main information sources: user profiles from LinkedIn and data on companies from the Start-Up Nation Finder database.[footnoteRef:3]  [3:  For the definition of a hi-tech company used by the Finder, see: https://finder.startupnationcentral.org/about/glossary ] 

Data from LinkedIn for all users registered as workers in Israel (over 1.6 million users) were collected with the help of the Bright Initiative.[footnoteRef:4] We use solely data the platform users choose freely to make public concerning their education and employment history; we ensured strict anonymization and used the data solely for the purpose of statistical analysis. The data in this review are updated to September 2022. [4:  We would like to thank the Bright Initiative, operated by Bright Data, which supported this study by providing the data. The Bright Initiative is a public benefit program that cooperates with leading academic institutions and NPOs in order to promote change around the world. ] 

One limitation of the database is that most of the variables of interest to us (such as “name of degree”) can be completed by users as free text. For the purpose of the analysis we built an algorithm that classifies the input into recognized categories, thereby covering a large majority of the data. However, for each variable an “other” group remained, usually including inputs that were not identified by the algorithm or not completed by the user.
We define the hi-tech sector according to the criteria in the Finder. Most companies have a profile on LinkedIn, which allows us to identify easily a user who reports that s/he worked in one of the companies. 
A second and more important limitation is that the LinkedIn database does not constitute a representative sample of the population. The database provides data for approximately one-third of all Israelis of working age, but we anticipate numerous distortions in age, education, and profession. Thus, for example, we found that 12% of the database (some 207,000 users) are currently working in the hi-tech industry as defined by the Finder – a proportion that is roughly twice that in the total population. In other words, a hi-tech worker is twice as likely as the average person to open a LinkedIn profile. 
The main ramification of the non-representative nature of the sample is that whenever we measure the proportion of workers integrating in hi-tech within a given sub-population, an upward distortion is probably created (due to the over-sampling of those who integrated in this industry). Similarly, when we compare groups, this distortion means that the differences measured within the database are smaller than in the population as a whole. For example, the gap between the integration of computer studies and sociology graduates in hi-tech is probably higher in reality than the measurement for the sample. Throughout the article we emphasize points where the results should be regarded a lower or upper limit for the true value.

Classifications
The fields of study were identified on the basis of free text. Due to their highly diverse character, the entries were classified in three categories for the purpose of this review:
	Computer studies – computer science, computer engineering, mathematics, as well as additional fields of engineering defined as belonging / not belonging to computer studies based on a careful review of the syllabus. 
	Science and engineering, excluding computer studies – other science and engineering subjects not included in the definition of “computer studies.”
	Other academic – including social sciences and the humanities, law, etc., according to the usual division of the Budgeting and Programs Committee.
In addition, approximately 5% of the entries were not classified on the basis of an analysis of the free text, and were defined as “unclassified/NA.”

Worker’s professions were identified on the basis of free text, and due to the high level of diversity were classified into five key categories or “clusters of positions” for the purpose of this review: technology, operations, business, product management, and senior. Of workers currently employed in companies defined as hi-tech, 56% were classified as technology workers, and the remainder as part of the organizational envelope: workers in the business professions, operations, product management, and senior workers – together accounting for 44% of workers.
Each cluster of positions also includes a secondary classification into more specific positions according to the following table: 

Descriptive statistics for the LinkedIn database:
	
	
	No. of entries (user profiles on the LinkedIn platform)
	%

	Total entries (profiles)
	
	1,676,873
	100%

	Currently employed in hi-tech companies
	
	207,545
	12.4%

	Education
	Not reported
	1,035,498
	62%

	
	Unidentified / other (high school / yeshiva / coding bootcamps)
	199,558
	12%

	
	BA / BSc
	325,895
	19%

	
	MA / MSc / MD / MBA
	101,693
	6%

	
	PhD
	14,229
	0.8%
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