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Abstract: This study applied the principal-agent model to interpret the impact of routine biased technological
change (RBTC) on the structure of employment relations. RBTC increases the proportion of routine tasks in
work activities, due to their fixed procedural nature, routine tasks reduce uncertainties in the principal-agent
problem. Employers, being able to predict work contingencies and to verify employee efforts, find the benefit
of offering standard labor contracts is reduced, thereby increasing the ratio of non-standard employment. This
study applied logistic regression based on the Program for the International Assessment of Adult
Competencies (PIAAC) survey data to verify this framework. The results indicated that with each standard
deviation increased in routine task intensity, the odds ratio of non-standard employment increased by 13.6%.
This effect was heterogeneous in various institutional contexts. This study expends the toolkit for analyzing
employment relations problems, and extends the scope of RBTC to employment relations.

Keywords: routine biased technological change; principal-agent model; non-standard employment;
routine task

Introduction

From the late 20t to the early 21st century, developed countries experienced a labor market
polarization, which was characterized by a dual decline in both the job opportunities and income of
the middle-income group (Autor et al., 2006; Goos and Manning, 2007). A rising theoretical
framework, RBTC, interprets this trend through the lens of the biased nature of technological change
(Autor, 2010; Goos et al., 2014; Cortes, 2016). During the same period, the structure of employment
relations has been changed as well. The ratio of standard employment decreased sharply, and the
proportion of various forms of non-standard employments increased (Kalleberg, 2000, 2003).
Although foundings of RBTC effectively explained the mechanisms behind the labor market
polarization, literature so far falls short in discussing changes in the structure of employment
relations. Considering that the employment and wage structure have been changed dramatically, the
structure of employment relations is hardly remaining unchanged. Since the middle-income group
such as accountants, bank tellers, and blue-collar workers constitutes the core of standard
employment, it could be inferred that if RBTC has impact on middle-income group’s employment
and wage structure, the structure of employment relations should be also affected by RBTC. Has the
RBTC was one of the reason of shifting of non-standard employment? This study is trying to answer
this question.

We built a framework through the principal-agent model to explain the rise of non-standard
employment based on RBTC. We proposed that for work dominated by routine tasks, employers are
well-prepared with protocols for emergency responses and effort assessments even before the
beginning of work. This preparedness diminishes uncertainties, reducing the cost happened with
employees’ morality hazard, therefore lessening the necessities of motivating and constraining
employees through standard labor contract. The technological change increased the proportion of
routine tasks, therefore, it leads to a reluctance among employers to offer standard labor contracts,
and the ratio of non-standard employment was rising.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The marginal contributions of the study are:

1. Through the principal-agent model, this study constructed a framework to illustrate the
impact of technological change on employment relations, and using quantitative method to check it,
which expend the toolkit for employment relations analyzing.

2. While RBTC researches have an outstanding achievement to illustrate the impact of
technological change on job and wage structures, this study is the first one that extending the scope
of RBTC’s impact on employment relations.

The remainder of this study is structured as follows. Section two provides literature review and
Hypothesis, discussing how RBTC and non-standard employment are interconnected under the
principal-agent model. Section three describes the data and methods. Section four presents the
regression results and robustness check. Section five offers conclusions, implications and future
directions.

Literature Review and Hypothesis
Task Approach and RBTC

It is widely accepted that a job can be viewed as a bundle of tasks (Wong and Campion, 1991;
Lazear, 1995; Autor et al., 2003; Acemoglu and Restrepo, 2018). By definition, a task is “the smallest
unit of work activity” (Acemoglu and Autor, 2011)(pp. 19). Autor et al. (2003) introduced the task
approach, categorizing tasks into routine/non-routine and cognitive/manual. They suggested that "a
task is routine' if it can be accomplished by machines following explicit programmed rules
(pp-1283)." Based on the task approach, RBTC posits that technological progress has transformed
more tasks into routine tasks, which are predominant in the jobs of middle-income groups. Routine
tasks are more easily to handle by machine or off-shored to cheaper foreign workers, leading to a
reduction in job opportunities and wages for these groups, resulting in labor market polarization
(Autor et al., 2006; Ebenstein et al.,, 2014; Cortes, 2016; Barany and Siegel, 2018; Acemoglu and
Restrepo, 2022). Economists have described and explained labor market polarization in various
countries based on the logic of RBTC (Goos et al., 2014; Akcomak et al., 2015; Fernandez-Macias and
Hurley, 2017; Fonseca et al., 2018; Reijnders and de Vries, 2018).

However, these studies focused primarily on job and income structures, but did not discuss the
impact of technological change on employment relations. While the job and income structures have
dramatically changed, the structure of employment relations is expected to be reconstructed as well.

Technological Change and Non-Standard Employment

Since the late 20t century, the proportion of non-standard employment had increased sharply
in developed countries (Kalleberg, 2000; Connelly and Gallagher, 2004; Harvey et al., 2017).
Technological change is also considered a key impetus. Non-standard employment primarily refers
to those employees with limited attachment to their employers in terms of time, space, and
subordination (Pfeffer and Baron, 1988). These limited attachments makes non-standard employment
more flexible than traditional standard employment. Technological change has accelerated the
deindustrialization process, and the work in the third industry, e.g. the service industry, is more
flexible and fragmented, which has led to an increase in requirement of non-standard employment
(Lee, 2005; Barbieri and Scherer, 2009; Kollmeyer, 2018). Even within industrial sectors, the growing
demand for flexible production has similarly driven the increase in non-standard employment
(Taplin, 1995; Blair, 2001; Kalleberg, 2003).

These research findings are substantial, but mainly focusing on observing the fact of changing
flexibility, overlooking the changing nature of work activities, which should be the origin of changing
flexibility. It leads to fall in digging out the mechanism between technological change and
employment relations. Routine tasks, due to their lower uncertainty, reduce instances of moral
hazard behavior in the workplace. Even with minimal connection between employees and employers,
employer’s interests could be ensured. Although Taplin (1995) interviewed managers of textile firms
in North Carolina, identifying the routinization of work due to technological change as one of the
reasons for the rise in non-standard employment (pp.432), the mechanism was not illustrated clearly.
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The Principal-Agent Model, Routine Tasks, and Research Design

The principal-agent model provides a framework for understanding the interactions between
routine tasks and non-standard employment. The model suggests that the uncertainties during the
work activities may give employees an informational advantage over employers. Since the interests
of employers and employees often do not align, employees with an informational advantage may
intentionally or unintentionally harm the employer's interests, leading to moral hazard and incurring
additional costs (Cahuc et al., 2014) (pp. 328). Therefore, employers (principals) often choose to offer
long term or fixed term contracts - which is a standard labor contract - to employees (agents). These
contracts emphasize a subordinate relationship between employer and employee. When
uncertainties arise, such as unexpected events or unverifiable work efforts, the advantage of labor
contracts lies in their ability to motivate and regulate employees to align their actions with the
employer's interests, thereby reducing the costs associated with moral hazard.

However, the concept of routine task challenges the assumption that all works involve
uncertainties. The procedural and systematic nature of routine tasks implies that any unexpected
event during the work process has predetermined solutions. These solutions should explicitly
enough to be executed by machines following fixed procedures. The outcomes of routine tasks should
be necessarily explicit enough to be identified and calculated by fixed procedures; otherwise, any
uncertainties that require human intervention may break the fixed procedure executed by machines.
The content of routine task could be complicated, but has to be extremely logical and explicit for
computer comprehension. It means that for routine tasks, employers are fully aware of the context,
handling methods, and results of all the activities in the work before it even begins. Therefore,
Assumption 1 was raised :

Assumption 1: The routine task intensity (RTI) measure the uncertainties during the work
(inverse).

In the scenario of high RTI, the uncertainty in work significantly decreases, reducing the
necessities of offering standard labor contract, leading to a increasing of non-standard employment.
Research has found that RBTC reduces employees’ discretion in their work, and various institutional
contexts play a significant role (Holman and Rafferty, 2018). From the perspective of the task
approach, lower discretion is equivalent to a higher proportion of routine tasks. Therefore,
Hypothesis 1 was proposed :

Hypothesis 1: An increase in the RTI would raises the ratio of non-standard employment.

It would be more straightforward if employment is just an economic agreement between
employers and employees. Under ideal conditions, the employer would package routine tasks and
allocate them to non-standard employees, while assigning all non-routine tasks to standard
employees. As the RTI increase, more non-standard employees would be hired. However, the
prevailing labor laws and institutional settings predominantly hinge on the paradigm of standard
employment (Barley et al.,, 2017). In many countries, a formal labor contract is closely linked to a
range of labor market policies such as labor protection, labor union threshold, social welfare, or
employment subsidies (Holman and Rafferty, 2018). It means that the institutional social significantly
influences how employers hire, which may affect non-standard employment ratio and the impact of
RTI on non-standard employment. Therefore, Hypothesis 2 and 3 were raised :

Hypothesis 2: The non-standard employment ratio is different in various social contexts.

Hypothesis 3: the social contexts have a heterogeneous effect of the impact of RTI on the ratio of
non-standard employment. !

Data and Methods
Data

PIAAC is a large-scale international survey conducted by the OECD in 2012. The advantages of
using the PIAAC database are: 1. The PIAAC database includes multiple questions about the task

1 To illustrate this intuition clearly, a simple formula derivation of Assumptions and Hypothesis was raised in Appendix A in
the end of the text.
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characteristics. Economists have used this database to construct an effective cross-national RTI
(Marcolin et al.,, 2019; Rica et al.,, 2020), which facilitates this study?; 2. PIAAC datasets collect
information from various countries, which is beneficial for testing Hypothesis 2 and 3.3

The study constructed a dummy variable as the response variable: workers who have not had a
long-term or fixed-term labor contract, are considered to be non-standard employees. In total of
73,993 employee (gets a salary or wage from an employer or a temporary employment agency)
samples of 24 countries were gathered from PIAAC datasets. The RTI was constructed as the core
independent variables. As shown in Table 1:

Table 1. Components of RTI .

Components of routine

Describe N mean std. min max
tasks
How often Does your Job
Teaching People usually involve instructing,
73,993 3437 1529 1 5
(inverse) training or teaching people,
individually or in groups?
How often Does your Job
usually involve making
Presentations (inverse) speeches or giving 73993 4163 1244 1 5
presentations in front of five
or more people?
o How often Does your Job
Advising People . .
. usually involve advising 73,993 2561 1589 1 5
(inverse)
people?

How often Does your Job
usually involve planning 73993 2109 1563 1 5

your own activities?

Planning Own
Activities (inverse)
o . How often Does your Job
Organizing Own Time . -
. usually involve organizing 73,993 1976 1548 1 5

(inverse) )
your own time?
To what extent can you
choose or change the 73,993 2.701 1.285 1 5

sequence of your tasks?

Sequence Tasks

(inverse)

To what extent can you
Flexibility (inverse) choose or change how you 73,993 2663 1255 1 5

do your work?

2 Some studies applied U.S. datasets O*NET to calculate RTI (Autor and Dorn, 2013; Cortes, 2016). However, task data from
O*NET was gathered from few incumbents or experts (around 20-50) based on working information merely in U.S.. Further
more, O*NET RTI was hinged on U.S. occupation code SOC, while PIAAC data used ISCO occupation code. There might be
loss of accuracy when transforming occupation code if applying O*NET RTL Since the study aims to test a universal impact
of RTI on employment relations and to test heterogeneous effect of various social contexts, the author decided not to use
O*NET and to use PIAAC to calculate RTL

3 PIAAC also has datasets in 2014 and 2017. However, numbers of survey countries are much lower: 9 in 2014 and 6 in 2017,
compare to 24 in 2012. Though the data is relatively old, recent studies used it for it high quality (Hamal&dinen et al., 2021; Van
Nieuwenhove and De Wever, 2022). Therefore, the study uses 2012 datasets to test Hypothesis.
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The study controlled a series controls to avoid omitted variable bias. The control variables are in
three level: individual, organizational and country. Individual control variables include gender
(Casey and Alach, 2004; Booth and van Ours, 2013), education (Biemann et al., 2012), age (Loughlin
and Barling, 2001; Macdonald and Giazitzoglu, 2019), income (Uzzi and Barsness, 1998; Kalleberg,
2000), marital and offspring status (Horemans, 2016), migrant and native speaker (Anderson, 2010),
parents education background (Caro et al., 2015), education and skill mismatch (Esposito and
Scicchitano, 2022, 2023), and other task information from PIAAC, 23 individual controls in total. Table
2 presents descriptive statistics of dependent variable, RTI and individual control variables:

Table 2. Descriptive statistics*

VARIABLES N Mean Std. Min Max
non-standard

employment 73,993 0.102 0.302 0 1
RTI 73,993 2.849 1.039 1 5
male 73,993 0.513 0.500 0 1
living_with_partner 73,993 0.756 0.429 0 1
child 73,993 0.669 0.471 0 1
less_than_high_school 73,993 0.109 0.311 0 1
above_high_school 73,993 0.489 0.500 0 1
high_school 73,993 0.402 0.490 0 1
working_hours_40less 73,993 0.373 0.484 0 1
working_hours_40_50 73,993 0.498 0.500 0 1
working_hours_50_60 73,993 0.085 0.279 0 1
working_hours_60more 73,993 0.043 0.204 0 1
age_25less 73,993 0.095 0.293 0 1
age_25_54 73,993 0.749 0.434 0 1
age_55_65 73,993 0.156 0.363 0 1
income_less10 73,993 0.093 0.291 0 1
income_10_25 73,993 0.150 0.357 0 1
income_25_50 73,993 0.304 0.460 0 1
income_50_75 73,993 0.217 0.412 0 1
income_75_90 73,993 0.133 0.340 0 1
income_90more 73,993 0.103 0.304 0 1
father_edu 73,993 1.718 0.746 1 3
mother_edu 73,993 1.619 0.725 1 3
numeracy 73,993 1.577 1.217 0 6.050
reading 73,993 1.914 1.054 0 7.021
migrant 73,993 0.099 0.299 0 1
native_speaker 73,993 0.918 0.275 0 1
overskilled 73,993 0.838 0.369 0 1
underskilled 73,993 0.339 0.473 0 1
overeducated 73,993 0.197 0.397 0 1
undereducated 73,993 0.106 0.307 0 1
shareinfo 73,993 4.312 1.164 1 5
problemsolv 73,993 3.867 1.308 1 5
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complex 73,993 2.796 1.305 1 5
physical 73,993 3.038 1.811 1 5
finger 73,993 3.780 1.709 1 5
cooperate 73,993 3.454 1.417 1 5

a:the definition of all variables are shown in appendix Table B1. b: Marital
status may affect employment status. The datasets have no marital status,

“living with partner” was applied as a proxy.

The sample has a nearly balanced gender distribution, with a slight male majority (51.3%).
Education levels indicate a fairly educated sample with a tilt towards high school and over. The
predominant age group is 25-54 years, which corresponds to prime working age. Most samples are
living with partner (75.6%), two third of samples are having child (66.9%). Samples work between 40
and 50 hours per week, and the income distribution suggests moderate economic diversity.

For organizational controls, the study uses 4 variables, which are the firm size (Uzzi and
Barsness, 1998; Kalleberg and Marsden, 2005), the ownership of the firm (Olsen and Kalleberg, 2004),
part time job (Busilacchi et al., 2024) and manage status. For country level controls, the study uses 9
controls that may affect labor relations: strictness of labor protection, union density, social
expenditure and whether the country is developed country (Holman and Rafferty, 2018), GDP per-
capita, CPI, unemployment rate, unemployment duration, internet permeability. The descriptive
statistics of organizational and country controls are shown in appendix Table B2 and B3. Furthermore,
different industry may have different characters that impact the ratio of non-standard employment
(such as flexibility which was mentioned before), the study controls the two-digit industry fixed
effect.

To test Hypothesis 2 and 3, the study categorizes all countries into five groups - Anglo Saxon,
South West Europe, Middle East Europe, East Asia, and Nordic. Each of them has its unique
institutional, economy, cultural and social context. Given the variation in the structure of routine
tasks among different EU countries (Hardy et al., 2018), EU countries was separated into South West
Europe and Middle East Europe. Table 3 shows the country groups:

Table 3. Country groups®

Group Countries Group  Countries
New Zealand Denmark
Anglo . . .
United Kingdom Nodic Norway
Saxon
United States Sweden
Czech Republic Austria
Estonia Belgium
Middle Hungary Germany
East Lithuania South France
EU Poland West Greece
Slovak Republic EU Ireland
Slovenia Italy
East Japan Netherlands
Asia Korea Republic Spain

a: Detail statistics of non-standard employment and RTI of

each groups are shown in Appendix Table B4.

Methods
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The logistic model is suitable for analyzing dummy response variable:
LOglt (NSE) = ﬁo + ﬁlz_RTIi + Bin + ﬁSOi + ,B4,Ci + ﬁslndustryi (1)

In equation (1), NSE = ln(%

has no long-term or fixed-term labor contract. z_RTI; represents the standardized form of the RTI of
individual i. X; represents individual controls, 0; represents organizational controls, C;

Yywhere P;(NSE) indicating that the probability of an employee

represents country controls, Industry; represents industry fixed effects. According to Hypothesis 1,
it could be expected a significant positive value of f;, meaning the RTI is positively correlated with
the odds-ratio of non-standard employment.

Logit (NSE) = By + B1z_RTI; + 5, X; + B50; + B,C; + BsIndustry; + $,G; + B,G; - z_RTI; + ¢;

(2)

In equation (2), G; represents the country group. We interact G; and RTI to analyze the
heterogeneous of the impact of RTI on the ratio of non-standard employment. According to
Hypothesis 2 and 3, it could be expected a significant ¢ and S, but the direction is not assure.

Results and Robustness Check
Regression Results

Table 4 represents the regression results of equation (1). Columns 1-5 respectively represent
results by one independent variable RTI, controlling individual variables, controlling organizational
variables, controlling country variables, and controlling industry fixed effect. For ease of reading, the
results are displayed in the form of indices, which interpret the odds ratio of non-standard
employment (the probability of the individual is a non-standard employee over standard employee).
For ease of reading, the results of control variables was omitted, the complete results are shown in
Appendix Table B5. The regression results of control variables are constant with the findings of
related literature, indirectly validate the effectiveness of regression.

Table 4. Regression results (Eq.1).

VARIABLES (1) (2) (3) 4) (5)
z_RTI 1.264%** 1.144%** 1.124%** 1.133*** 1.124%**
(0.015) (0.019) (0.020) (0.024) (0.025)
Constant 0.111%** 0.049*** 0.037*** 1,598.894*** 821.78***
(0.001) (0.005) (0.004) (567.486) (316.595)
Individual Controls \ \ \ \
Organizational Controls \ \ \
Country Controls V V
Industry Fixed Effect V
Observations 73,993 73,993 73,993 73,993 73,993
Pseudo R2 0.008 0.064 0.085 0.398 0.408
LL -24112.1 -22735.72  -22239.47 -14634.66 -14380.49
AIC 48228.19 45537 .44 44560.93 29371.33 29038.97

seEform in parentheses; *** p<0.01, ** p<0.05, * p<0.1; the VIF of all independent variables are less
than 10. In the e-form of coefficient, the result minus 1 is the changing odds-ratio of dependent

variable for every change of independent variable.

The findings of Table 4 are :

(1) With the increase in the number of control variables (especially country control variables),
the Pseudo R2 increases, the log likelihood (LL) increases (the base number is -24298.36), the AIC
indicator decreases, indicating that the effectiveness of the regression equation is improving. After
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controlling industry fixed effects, the Pseudo R2 is 0.408, means that 40.8% of the variation of non-
standard employment could be explained by the equation.

(2) RTI has a significant positive impact on the odds ratio of non-standard employment. The
regression results are positively significant in Columns 1-5, the RTI increases one standard deviation,
the odds ratio of non-standard employment increases by 12.4%-26.4%. In column 5, after controlling
for all control variables, the odds ratio of non-standard employment increases by 12.40%. The result
is consistent with Hypothesis 1.

Table 5 represents the regression results of equation (2).

Table 5. Regression results (Eq.2).

VARIABLES 1) @) 3) (4)
z RTI 1.145* 1.428%* 11364+ 1.435*
(0.025) (0.096) (0.026) (0.098)
Anglo_Saxon 0.017%%* 0.017%% 0.016%* 0.016***
(0.004) (0.004) (0.004) (0.004)
Middle_East EU 0.01%** 0.01%** 0.01%** 0.01%**
(0.003) (0.003) (0.003) (0.003)
East_Asia 0.016*** 0.017** 0.013** 0.014***
(0.004) (0.005) (0.003) (0.004)
South_West_EU 0.01%** 0.011%* 0.013** 0.013***
(0.002) (0.002) (0.003) (0.003)

Nordic (referee group) - - - -

Anglo_Saxon_z_RTI 0.764%** 0.765***
(0.057) (0.057)
Middle_East_EU_z_RTI 0.818*** 0.787***
(0.063) (0.061)
East_Asia_z_RTI 0.7871*** 0.767***
(0.060) (0.060)
South_West_EU_z_RTI 0.797*** 0.788***
(0.057) (0.057)
Constant 918,833.084***  870,234.058***  1825478.453*** 1740741.184***

(635,962.156)  (604,061.379)  (1287979.406)  (1231838.829)

Individual Controls V l l V
Organizational Controls V l l V
Country Controls V l l V
Industry Fixed Effect l V
Observations 73,993 73,993 73,993 73,993
Pseudo R2 0.41 0.411 0.419 0.419
LL -14329.11 -14322.05 -14120.41 -14113.36
AIC 28768.21 28762.09 28526.81 28520.71

seEform in parentheses; *** p<0.01, ** p<0.05, * p<0.1

The findings of Table 5 are :
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(1) By adding country group variables, the pseudo R2 and LL keep increase, and AIC indicator
keep decrease. The explanation power of regression are keeping rising. The column 3 shows that after
controlling social context controls, every increase of the standard deviation of RTI may lead to the
odds-ratio of non-standard employment increase by 13.6%, which is still constant with Hypothesis 1.

(2) In Column 1-4, compared to Nordic countries, the odds ratio of employees in other groups
are significant lower. In column 4, it shows that Anglo Saxon is about 98.4% lower; Middle East
Europe is about 99.1% lower; East Asia is about 98.7% lower ; and South West EU is about 98.66%
lower. This huge gap may coming from the Nordic countries’ typical social, institutional and even
geographic context. The result is consistent with Hypothesis 2.

(3) In Column 4, the impact of the RTI on non-standard employment is heterogeneous in various
groups. In Nordic countries, every standard deviation increase in the RTI raises the odds ratio of non-
standard employment by 43.5% (first row), in Anglo Saxon countries by 9.9% (calculated by
1.4354x0.7654), in Middle East EU countries by 13%, in East Asian countries by 10.1%, in South West
EU countries by 13.2%. Compared to the results in Column 3 (13.6%), Nordic countries have a positive
heterogeneous effect, Anglo Saxon and East Asia countries have a negative heterogeneous effect,
while South West EU and Middle East EU countries have a slightly negative heterogeneous effect.
The result is consistent with Hypothesis 3.

Robustness Check

Employers would always prefer non-standard employment for it’s lower cost, but non-standard
employment could generate more cost in non-routine task. Employers offer different types of
contracts based on the characteristics of various tasks. Workers may accept or reject these offers.
However, regardless of what the workers' personal preferences are, they will ultimately choose a
contract that maximizes their utility, thereby becoming employees. The employees’ choices reflect the
relationship between task characteristics and the employment relations. Therefore, the self-selection
bias has limited effects in the model.

Firstly, Marcolin et al. (2019) built another equation to calculate routine task intensity based on
PIAAC data. The study changed the method of calculating the RTI followed Marcolin et al. (2019),
with everything else remaining unchanged. The results changed very little, as shown in appendix
Table B6. Secondly, the study applied the binary probit regression instead of logit regression to run
the model. The results are shown in Table B7, which are constant with Hypothesis 1, 2 and 3. Lastly,
the study used liner probability model (LPM), and Oster test to check the endogenous of omitted
variables (Oster, 2019). The results of LPM are shown in Table B8, which are still constant with
Hypothesis 1, 2 and 3. The result of Oster check is shown as Table 6:

Table 6. The result of Oster test.

Bound
. Inputs from Regressions Other Inputs
Estimate
delta Coeff. R2 R_max Beta
Uncontrolled 0.02186 0.005
1.07815 0.8 0.1

Controlled 0.00498 0.357

Table 6 shows that after controlling all the controls in LPM, the explanation power of model is
increased (R2 increased from 0.005 to 0.357). In the assumption of the model could explain 80% of the
variation of the dependent variable at most (input R-max=0.8), and under the premise that the
adjustment coefficient is 0.1 (input beta=0.1), the estimation results are still robust even if the potential
omitted variables are considered (delta>1), which means that the model is robust after considering
the endogenous of omitted variables.

Conclusions, Implications and Future Directions

Conclusions
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This study suggests that there is a positive correlation between routine task intensity and non-
standard employment. This impact is heterogeneous in various institutional contexts. This study
builds a framework to illustrate this correlation based on the principle-agent model, and applying
the PIAAC database to test it. Regression results explain the trend of non-standard employment from
the perspective of RBTC, which expending the toolkit for analyzing employment relations problem.
And this study is the first one that illustrates the changing structure of employment relations by the
RBTC framework, expending the scope of RBTC into employment relations.

Implications

The implications of this study include two aspects: 1. From a micro perspective, firms should
choose employment relationships properly based on the level of routine task intensities. Although
non-standard employment is prevalent, non-routine tasks without the constraints of standard labor
contracts may incur potential moral hazard costs that exceed the savings from not offering a standard
labor contract. 2. From a macro perspective, the government should not force companies to complete
routine tasks in the form of standard employment. It would lose efficiency and reduce the
competitiveness of domestic firms. To better protect employees, the government should incorporate
the density of routine tasks in major jobs in society into its decision-making process, and develop
corresponding regulations based on the different types of tasks that employees engage in.

Future Directions

Directions for future studies include: 1. This study found that institutional contexts have a
heterogeneous effect on the relationship between routine task intensity and non-standard
employment, but did not clarify the underlying mechanisms. Future analyses could reveal how the
specific contextual factors, such as culture or labor law regulations, affect the costs associated with
moral hazard. 2. RBTC literature provides a method to measure the potential impact of Al techniques
on the labor market (Frey and Osborne, 2017; Eloundou et al., 2023; Korinek, 2023). Analyzing and
predicting how the application of Al technologies, such as ChatGPT, affects standard and non-
standard employment by changing the routine task intensity, could outline how Al technologies will
influence employment relations in the future.

Appendix A: The Formula Derivation of Intuition

Denoting the uncertainties inherent in the work process is ¢;, which could only be addressed by
labor. The cost associated with managing uncertainties of standard employment and non-standard
employment are denoted by Csz(¢;) and Cysg (), which are the monotonically increasing function
of ¢&;. The fixed costs of contracts are F;(SE) and F;(NSE). Therefore, Assumption Al was raised:

Assumption Al: F;(SE) > F;(NSE).

Assumption Al illustrates that the legal, textual, and social costs of offering standard
employment contracts are usually higher than non-standard employment contracts (Tilly, 1991;

George and Chattopadhyay, 2015). Therefore,
0Csg(gj) < aCNSE(Ej)'
ogj dej
Assumption A2 illustrate that when uncertainties arise, the cost of morality hazard are different
between various employment relations. By emphasizing the employer's control over employees
during unexpected events, standard employment has an advantage in reducing costs associated with
moral hazard compared to non-standard employment.

Therefore, the probability of non-standard employment, P;(NSE), hinges on the trade-off

Assumption A2:

between the costs of uncertainties and the fixed costs associated with each type of contract. As shown
in Figure Al:
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C P;(NSE)
Cse 1
F;(SE)
F;(NSE)
0 £ £; 0 £ £}

Figure A1. The probability of non-standard employment and uncertainties.

From 0 to ¢, it is shown that when the cost of drafting a labor contract is higher than the
advantages it brings in dealing with uncertainties. In this scenario, non-standard employment has a
cost advantage relative to standard employment. When & > &, offering a labor contract reduces the
cost of uncertainties to a greater extent than it of drafting the contract, giving standard employment
a cost advantage relative to non-standard employment. Figure Al illustrate the logic of trading-off
between standard and non-standard employment.

From 0 to g, shows when the cost of drafting a standard labor contract is higher than the
advantages it brings in. In this scenario, non-standard employment has a cost advantage relative to
standard employment, P;(NSE)=1. When ¢; > ¢, offering a standard labor contract reduces the cost
of uncertainties to a greater extent than it of drafting the contract, giving standard employment a cost
advantage relative to non-standard employment, P;(NSE)=0.Figure Al illustrate the logic of trading-
off between standard and non-standard employment.

Assuming occupation A has two different tasks, j; and j,. These two tasks have different fixed
costs and moral hazard costs, therefore &,; # &, . Denoting &4 =¢; +¢;, as the sum of
uncertainties of the occupation 4, &, , = minlg; , ¢;,]. Whether offering a standard labor contract or
not is depended on the gap between total fixed costs and moral hazard costs.Therefore:

P4(NSE)
P4(SE)

€0.4 €4

Figure A2. The odds-ratio of non-standard employment of an occupation.

The relationship of the odds-ratio of non-standard employment (the probability of non-standard
e
occupation A was shown as Figure A2. Employers consider the sum of uncertainties of each task in
the occupation 4, weight the cost and benefit of each type of employment. As the uncertainties rising,
the costs of moral hazard increases, heightening the need for standard employment to reduce these
costs, thereby reducing the odds-ratio of non-standard employment. If all the uncertainties converge
to gy 4, there are almost no uncertainties the odds-ratio of non-standard employment would be

employment over standard employment) of the occupation A4, and uncertainties of the

extremely high.
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As assumed in the main study, the concept of routine task indicating that routine task has no
uncertainties, the RTI could measure the uncertainties in the work (inverse). Therefore, Hypothesis 1

was raised:
Hypothesis 1: An increase in the RTI would raises the ratio of non-standard employment.
As shown in Figure A3:
P,(NSE)
P4(SE)
\
0 "RTI

Figure A3. The odds-ratio of non-standard employment of an occupation and RTI.

The institutional context significantly influences how employers hire, which may affect non-
employment ratio through changing fixed labor contract costs, leading to a intercept effect. As shown

in Figure A4:
G C;(NSE) P;(NSE)
C;(SE)
GEE
F;(SE) '
F;'(SE)
F;(NSE)
0 gy € £; 0 £y g ﬁgj
P4(NSE) P,(NSE)
P4(SE) P4(SE)
—>
oal €04 €4 0 RTI

Figure A4. Changing fixed costs of standard employment.

In Figure A4 it denoted as F;(SE) and F;'(SE). Then the cost curve C;(SE) moves to C;'(SE),
leads to g;, move to €'y 4. It brings more cost advantages of standard employment, then the odds-
ratio of non-standard employment is decreased. Therefore, Hypothesis 2 was proposed.
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Hypothesis 2: The non-standard employment ratio is different in various social contexts.
aC;(SE) aC;(NSE)

J J
task discretion (Minardi et al., 2023), attitude towards new technologies (Holman and Rafferty, 2018)
or labor law execution (Barbieri and Scherer, 2009). The impact of RTI on odds-ratio of non-standard

employment may heterogeneously between different contexts, leading to a slop effect. As shown in

Similarly, different institutional contexts may affect the through various

Figure A5:
C Ci(NSE) ¢ (sE) P;(NSE)
C;(SE) 1 .
C;"(SE) P
F;(SE)
F(NSE)
0 g 0 £’y & &
P4(NSE) P,(NSE)
P,(SE) | P,(SE)
ﬁ
S”O.A €0.4 €2 0 RTI

Figure A5. Changing cost saving of standard employment.

In some countries, the cost saving of standard employment may lower than other countries. In
Figure A5 it denoted as C;(SE) and C;"(SE), C;(NSE) and C;"'(NSE). The different between 96,

oCj11(NSE)

€j

and

determines the moving direction of €”,, compare to g, 4, then changes the odds-ratio

&j
of non-standard employment. Therefore, Hypothesis 3 was proposed.

Hypothesis 3: the social contexts have a heterogeneous effect of the impact of RTI on the ratio of
non-standard employment.
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