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Abstract 
Workplace stress is a common problem with broad effects in professional life. This study aimed to 
understand how workplace stressors affect job satisfaction among biologics development profes-
sionals. A cross-sectional survey was conducted at a biologics development organization. Multiple 
linear regression analysis was performed using years of experience, ambiguity, job conflict, per-
ceived control, social support, job demands, self-esteem, and self-rated workplace stress as inde-
pendent variables and job satisfaction as dependent variable (response). The regression model 
indicated that the workplace stressors and their two-level interactions significantly predicted 
employees’ job satisfaction, which explained 89% of the variance in level of job satisfaction (R2 = 
0.89, F(17, 16) = 7.251, p = 0.0001). The interaction between perceived control and job demand 
and interaction between self-rated stress and job conflict had the biggest effect size on job satis-
faction. This model was further used in Monte Carlo simulation to predict the outcome of job sa-
tisfaction under different work conditions. The findings will help the management to develop 
strategies to improve employee job satisfaction. 
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1. Introduction 
Workplace stress has long been recognized as a common problem with broad effects. Its high prevalence is as-
sociated with costs to individuals and organizations [1] [2]. There are a variety of factors that cause stress 
(stressors) at the workplace, which include work load, responsibility, job insecurity, role ambiguity, conflict,  
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lack of control, emotional needs, lack of support, irregular working schedules, undefined roles, and lack of re-
ward [3]-[7]. Based on the widely accepted stress theory, stress occurs based on the body’s subjective appraisal 
of environmental situations, when one perceives that the demands from the environment cannot be met by 
available resources [8]-[10]. The demand control and support model states that workplace stress occurs when the 
job demands are high and the employee’s latitude of control and received support on work is low [11] [12]. This 
model emphasizes the social determinants of workplace stress and attributes stress primarily to the structural and 
organizational aspects of the work environment. Workplace stress has broad adverse effects on both individuals 
and organizations. It reduces work performance, lowers job satisfaction and self-esteem, increases the risk of 
absenteeism and accidents, and negatively affects employees’ health [6]. Different people may respond diffe-
rently to the same stress conditions [13]-[15]. It is important to gain a better understanding on work stress and its 
effects on employee job satisfaction. 

The purpose of this study was to measure workplace stress, and to assess how workplace stressors affect em-
ployee job satisfaction among professionals working at a biologics development organization. A research model 
(Figure 1) was proposed based on the demand control and support model. In the proposed model, the workplace 
stressors (exogenous observed variables) were grouped into five categories (or dimensions, which include job 
demand, ambiguity, job conflict, perceived control, and social support as latent variables), which were further 
grouped into two big categories (secondary latent variables), demands and resources. Demands are the working 
conditions that potentially lead to workplace stress, when they are excessive beyond one’s personal limits and 
abilities [8]-[10]. Resources are the working conditions that potentially lead to workplace stress when they are 
insufficient or lacking. The endogenous observed variable in the proposed model was job satisfaction. A cross- 
sectional survey was conducted among biologics development professionals to measure the different workplace 
stressors, reflected in demands and resources, as well as self-rated stress and job satisfaction. This group of pro-
fessionals is involved in developing biological drugs and providing support in drug manufacture and approval 
throughout the lifecycle of the product. The survey results were analyzed statistically to determine the relation-
ship between the workplace stressors and job satisfaction. 
 

 
Figure 1. Schematic illustration of the proposed research model of workplace stress and job satisfaction.                   
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Evidence from previous studies revealed negative association between workplace stressors and job satisfac-
tion in professionals such as nurses [3] [5] [7], teachers [4], and civil aviation workers [6] [16]. This study aimed 
to evaluate the effect of workplace stressors on job satisfaction among professionals working at a biologics de-
velopment organization. With a work force of 110, this organization is actively involved in process development, 
assay development, product characterization, outsourcing management, and manufacturing support. The find-
ings of this study would help the management at this organization to develop mitigations strategies to adjust 
working conditions in order to improve employee job satisfaction. 

2. Methods 
2.1. Sample 
A cross-sectional survey was conducted to measure workplace stressors and job satisfaction. Participants were 
recruited from a biologics development organization with 110 employees. The questionnaire was built online at 
the eSurv website (http://esurv.org), and distributed electronically to the participants. All employees working 
part-time or full-time at this organization at the time of survey were qualified study participants. The exclusion 
criteria included temporary service contractors, such as janitors, consultants, etc. The study proposal was re-
viewed and approved by the A.T. Still University Institutional Review Board prior to study initiation. 

The survey response was collected from April 15 to May 15, 2013. At the closing date of the survey, 42 res-
ponses were obtained from 110 employees. This represented a response rate of 38%. Sample demographics are 
summarized in Table 1. Among the 42 respondents, 59% were males, 79% were between the ages 31 and 50, 
74% were individual contributors without supervisory responsibilities, and 50% had up to 10 years of working 
experience. This was consistent with the population demographics from which the samples were derived. 
 
Table 1. Sample demographics.                                                                             

  Frequency Percent Valid Percent Cumulative Percent 
Gender 

Valid 
Female 15 36 37 37 

 Male 25 59 62 100 
 Total 40 95 100  
 Missing  2 5   
 Total 42 100   

Age Group 

Valid 

21 - 30 4 9 10 10 
 31 - 40 18 43 44 54 
 41 - 50 15 36 37 90 
 51 - 60 4 9 10 100 
 Total 41 98  100  
 Missing  1 2   
 Total 42 100   

Role 
Valid 

Contributor 31 74 74 74 
 Manager 11 26 26  100 
 Total 42 100 100  

Years of Experience 

Valid 

0 - 10 21 50 52 52 
 11 - 20 17 40 42 95 
 21 - 30 2 5 5 100 
 Total 40 95 100  
 Missing  2 5   
 Total 42 100   

Function 

Valid 

Analytic 15 36 37 37 
 Document 3 7 7 45 
 Process 20 48 50 95 
 Project/ 2 5 5 100 
 Total 40 95 100  
 Missing  2 5   
 Total 42 100   

“Percent” refers to the percentage of total responses that includes both valid and missing responses; “Valid Percent” refers to the percentage of valid 
responses; “Cumulative Percent” refers to the cumulative percentage of valid responses. 

http://esurv.org/
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2.2. Instrument 
The survey instrument was an abbreviated version of the National Institute of Occupational Safety and Health 
(NIOSH) General Job Stress Questionnaire [17]. This survey instrument had been validated in previous studies 
to measure workplace stress [18] [19]. The instrument was modified to focus on the following workplace stres-
sors: role ambiguity, job future ambiguity, intragroup conflict, intergroup conflict, role conflict, quantitative 
workload, variance in workload, mental demand, responsibility for people, skill underutilization, task control, 
physical environment control, resource control, decision control, social support from supervisor, social support 
from co-workers, social support from family/friends, and self-esteem. In addition, the items on job satisfaction 
were included. Self-rated stress was measured using the stress items in the Depression Anxiety Stress Scale-21 
(DASS21) Questionnaire [20]. Both survey instruments were in the public domain, and permissions were not 
needed for use, as long as sources were appropriately referenced. The scores were computed based on the scor-
ing keys of the instruments [17] [20]. 

2.3. Reliability 
Internal reliability of the items was verified by computing the Cronbach’s α, which is summarized in Table 2. A 
value of 0.6 or higher is generally considered acceptable for early stage research [6]. Resource control and task 
control have low Cronbach’s α values, −0.37 and 0.57, respectively, while all other variables have Cronbach’s α 
values above 0.6. The reference data from nurses [17] and the general adult population [21] were also summa-
rized in Table 2. 
 
Table 2. Descriptive and reliability statistics of measured results.                                                   

Measurement Number of Items Mean SD 
Cronbach’s α 

This Study Reference Dataa 

Role Ambiguity 6 2.94 0.81 0.85 0.74 

Role Conflict 8 3.34 0.71 0.79 0.82 

Intragroup Conflict 8 2.78 0.68 0.74 0.86 

Intergroup Conflict 8 3.08 0.78 0.86 0.85 

Job Future Ambiguity 4 3.27 0.99 0.76 0.65 

Resource Control 2 3.25 0.54 −0.37 0.82 

Task Control 8 3.19 0.51 0.57 0.85 

Physical Environment Control 2 3.03 0.90 0.64 0.79 

Decision Control 4 2.67 0.90 0.82 0.74 

Support from Supervisor 4 4.02 0.80 0.83 0.88 

Support from Peer 4 3.84 0.71 0.64 0.84 

Support from Family/Friends 4 4.44 0.56 0.67 0.85 

Quantitative Workload 11 3.79 0.67 0.87 0.85 

Variance in Workload 3 3.59 0.92 0.92 0.86 

Skill Underutilization 3 2.74 1.04 0.82 0.73 

Responsibility for People 4 2.70 1.09 0.86 0.62 

Mental Demands 5 4.16 0.74 0.72 0.75 

Self-esteem 4 3.97 0.61 0.82 0.85 

Workplace Stress 10 2.37 1.00 0.91 0.93b 

Job Satisfaction 7 3.73 0.98 0.77 0.83 

All measurement results were converted to 1 - 5 scale, based on a method reported in “Transforming different Likert scales to a common scale,” by IBM 
[21]. Reference data of Cronbach’s α were from a700 Newfoundland nurses [17] or b1794 general adult UK population [21]. 
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2.4. Data Analysis 
All measurement results were converted to a 1 - 5 scale, based on a method reported by IBM [22]. The data type 
of year of experience was changed from nominal to scale by taking the midpoint of the categories, namely 5, 15, 
and 25 years were used for people with 0 - 10, 11 - 20, and 21 - 30 years of experience, respectively. None of 
the employees had over 30 years of experience. The data were analyzed using SPSS Statistics software version 
22.0 (IBM, Armonk, NY) or JMP software version 10 (SAS Institute Inc., Cary, NC). The workplace stressors 
(observed exogenous variables) and derived latent variables (job demands, ambiguity, job conflicts, social sup-
port, and perceived control) were used as independent variables in data analyses, and the dependent variable 
(response) was level of job satisfaction. The demographic information served as control variables to compare the 
results from the different population groups, based on gender, age group, role in organization, years in the in-
dustry, and primary functional area. 

The data were analyzed using descriptive statistics such as mean, standard deviation, standard error of mean, 
95% confidence interval, percentage, and frequency. Data were fitted using two-tailed Normal fitting first. The 
Normality was checked using Shapiro-Wilk W test. The null hypothesis (Ho) posited that the data was from the 
Normal distribution; a p-value smaller than or equal to the significance level (0.05) rejects Ho. If the goodness- 
of-fit test failed (p < 0.05), other continuous fitting was performed. The fitting with the smallest AICc (Akaike 
information criterion with correction of sample size) was selected. Inter-correlations of the variables were as-
sessed using pairwise correlation analysis, and the resulting Pearson (product-moment) correlation coefficients 
were summarized in a correlation table (Table 3). Outliers were identified using Jackknife distance analysis. 

The research hypothesis was tested with multiple linear regression analysis, which not only tested the statis-
tical significance (p-value) of the effect, but also quantified the effect size of the independent variables and their 
interactions on the responses. Multiple linear regression analysis was used to construct statistical models, using 
the independent variables as factors and dependent variables as responses. Model fit was assessed by both 
goodness of fit (R2 and adjusted R2) and lack of fit indices, with significance (p-value) set at 0.05. Model signi-
ficance was tested by multivariate ANOVA. Each factor and interaction pair was correlated with an estimated 
regression coefficient to form a term in the regression model. The significance of each term as a factor of the 
model was evaluated by t-test comparing the estimated coefficient to the standard deviation of that coefficient. 
Model terms with significant effects on the measured response were identified by a p-value of less than 0.05 of 
getting a greater t-ratio by chance. The model was refined to keep only the terms that have statistically signifi-
cant effects (p-value less than 0.05). The collinearity was assessed by the variable inflation factor (VIF), and the 
terms with VIF values of 8 and above were removed to avoid over fitting. Based on the regression model, pre-
diction profiles were plotted to discern factor importance (indicated by the steepness of a trace), interactions (in-
dicated by changes in trace slope or curvature in response to shifts in other parameter settings), and conditions 
that achieved a desired response.  

The established regression model was used in Monte Carlo simulation to predict the level of job satisfaction 
with independent variables set under different scenarios. Two scenarios were simulated to illustrate the applica-
tion of model. The first scenario was the current work condition, where the mean values and standard deviations 
of independent variables from the survey data were used. To compensate for the uncontrolled variations, the  
 
Table 3. Pearson correlation of the variables (n = 42).                                                            

 1 2 3 4 5 6 7 8 9 
1. Years of Experience -         
2. Ambiguity −0.271 -        
3. Job Conflict 0.076 0.225 -       
4. Perceived Control 0.203 −0.164 −0.341* -      
5. Job Demand 0.066 0.150 −0.267 0.038 -     

6. Social Support −0.088 0.274 0.190 −0.111 −0.368* -    

7. Self-esteem 0.209 −0.206 −0.183 0.050 0.306 −0.108 -   

8. Workplace Stress −0.070 −0.003 −0.140 −0.196 0.208 0.016 −0.254 -  

9. Job Satisfaction −0.207 0.148 0.149 −0.046 0.092 −0.014 0.153 −0.336* - 
*Statistically significant correlation (p < 0.05, two tailed). 
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standard deviation of the model residuals was added in the simulation as a random noise. The mean value of re-
sponse (job satisfaction) of the observations obtained from the survey was used as the low limit in the simulation. 
The number of simulation runs was set at 10,000 to improve the prediction accuracy. The simulation results 
gave the distribution of predicted response, desirability to achieve the expected outcome, and failure rate to meet 
the limit, either in percentage or ppm. The second scenario analyzed using the regression model was the work 
condition to achieve the highest level of job satisfaction. This was done by select “Maximize Desirability” func-
tion and the condition was automatically picked by JMP software.  

3. Results 
3.1. Variable Distribution and Intercorrelation 
Scores from each item of the measurements (exogenous observed variables) were transformed into a com-
mon scale of 1 - 5, and were averaged to give the results of each measurement. Table 2 lists the number of 
items of the measurements, means and standard deviations of the transformed measurement results, as well 
as the internal reliability results of the measurements.  

The descriptive statistics of the variables are summarized in Table 4, which include sample size, mean, 
standard deviation, range, and 95% confidence interval (CI) of the mean. Correlation of the variables (Pear-
son’s r) are summarized in Table 3, with the statistically significant correlations (p < 0.05) labeled. The re-
sults revealed that negative correlation occurred between social support and job demand (r = −0.368, p < 
0.05), perceived control and job conflict (r = −0.341, p < 0.05), and job satisfaction and self-rated stress (r = 
−0.336, p < 0.05). 

3.2. Linear Regression Model and Hypothesis Testing 
Multiple regression analysis was used to test if workplace stressors significantly predicted employees’ job satis-
faction. A regression model was constructed using the independent variables (or factors, which include years of 
experience, ambiguity, job conflict, perceived control, social support, job demands, self-esteem, and self-rated 
workplace stress) and their two-level interactions. The regression model was refined to contain only statistically 
significant terms (independent variables and their two-level interactions) using a backward stepwise approach. 
The regression is illustrated in the Actual by Predicted Plot in Figure 2. The regression is shown as a red solid 
line, with the 95% confidence interval as red dashed curves. The mean of the response (job satisfaction) was 
3.80 from the 34 observations, which is shown as a horizontal blue dashed line. The distance to the horizontal 
blue dashed line (response mean) represents the residual to the baseline model, and the distance to the red solid 
line (regression line) represents the residual to the fitted model. In this case, the red dashed curves (95% confi-
dence interval of the regression) crossed the horizontal blue line (response mean), which implied that the regres-
sion model was statistically significant in explaining the variation of the data. The regression results indicated  
 
Table 4. Distribution of variables.                                                                           

 n Mean SD Sample Range 95% CI 

Years of Experience 40 10.25 5.99 5 - 25 8.34 - 12.16 

Ambiguity 41 3.11 0.75 1.33 - 4.61 2.87 - 3.34 

Job Conflict 42 3.07 0.58 2.00 - 4.49 2.89 - 3.25 

Perceived Control 40 3.05 0.53 1.94 - 4.16 2.88 - 3.22 

Social Support 40 4.10 0.50 3.08 - 5.00 3.94 - 4.26 

Job Demands 41 3.40 0.44 1.97 - 4.24 3.26 - 3.54 

Job Satisfaction 42 3.73 0.98 1.50 - 5.00 3.43 - 4.04 

Self-Esteem 42 3.97 0.61 2.70 - 5.00 3.78 - 4.16 

Workplace Stress 41 2.37 1.00 1.00 - 5.00 2.05 - 2.68 

Demands 40 3.19 0.38 2.32 - 4.20 3.07 - 3.31 

Resources 38 3.73 0.30 3.16 - 4.38 3.63 - 3.82 

n = sample size; SD = standard deviation; CI = confidence interval. 
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Summary of Fit 

R2 Adjusted R2 RMSE Response Mean Observations 

0.89 0.76 0.48 3.80 34 
 

ANOVA 

Model Sum of Squares df Mean Square F p 

Regression 28.499 17 1.676 7.251 0.0001* 

Residual 3.699 16 0.231   

Total 32.198 33    

Figure 2. Summary of the linear regression model. Independent 
variables include years of experience, ambiguity, job conflict, 
perceived control, social support, job demands, self-esteem, and 
(self-rated) workplace stress; dependent variable: job satisfac-
tion; RMSE = root mean square error; df = degree of freedom; 
*regression model is statistically significant (p < 0.05); blue 
dashed line = mean of the response (job satisfaction); red dashed 
curves = 95% confidence interval; red solid line = regression 
line.                                                  

 
that the independent variables and their two-level interactions significantly predicted job satisfaction, which ex-
plained 89% of the variance (R2 = 0.89, F(17, 16) = 7.251, p = 0.0001) (Figure 2). The R2 value depicted the 
goodness of fit of the model, and the adjusted R2 was a modification of R2 that adjusted for the number of ex-
planatory terms (factors and two-level interactions used in the model, as listed in Table 5) in the model. In this 
case, both the R2 (0.89) and the adjusted R2 (0.76) are high, indicating good model fitting. The multi-collinearity 
was assessed by the variable inflation factor (VIF); the terms with a VIF value of 8 and above were removed to 
avoid over fitting. In the constructed regression model, all the terms have VIF values below 8 (Table 5). In addi-
tion, the Durbin-Watson value was calculated to detect the presence of autocorrelation in the residuals, which 
was 2.3, between the acceptable range of 1.5 and 2.5 [6]. 

The characteristics of the regression model are summarized in Table 5, which include unstandardized coeffi-
cient (B), standardized coefficient (β), effect size, t-ratio, and p-value of the independent variables and their in-
teractions. The interaction between perceived control and job demand and interaction between self-rated stress 
and job conflict had the biggest effect size on job satisfaction. Though perceived control and self-esteem did not 
show statistically significant effects by themselves, the interactions between them and other variables (such as 
self-rated stress) showed a statistical effect on job satisfaction. The constructed regression model can be used to 
predict employee job satisfaction under different working conditions. 
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Table 5. Regression coefficients and collinearity of independent variables and interactions.                              

Independent Variable and Interaction 
Unstandardized 

Coefficient 
Standardized 
Coefficient Effect 

Sizea t Ratio p VIF 
B SE β 

Intercept −1.161 1.682 0 6.855 −0.69 0.4999  

Years of Experience −0.123 0.021 −0.705 −2.469 −5.77 <0.0001* 2.080 

Self-esteem −0.265 0.201 −0.172 −0.608 −1.32 0.2070 2.386 

Workplace Stress −0.514 0.107 −0.556 −2.054 −4.81 0.0002* 1.865 

Ambiguity −0.419 0.148 −0.335 −1.373 −2.84 0.0119* 1.948 

Job Conflict 0.482 0.196 0.269 1.105 2.46 0.0256* 1.660 

Perceived Control −0.067 0.191 −0.037 −0.148 −0.35 0.7320 1.566 

Job Demand 2.413 0.377 1.116 5.476 6.41 <0.0001* 4.221 

(Years of Experience-10) * (Self-esteem-3.90458) 0.284 0.051 1.141 6.536 5.55 <0.0001* 5.890 

(Years of Experience-10) * (Workplace Stress-2.37255) 0.067 0.023 0.426 2.666 2.88 0.0109* 3.053 

(Years of Experience-10) * (Job Conflict-3.17419) 0.273 0.063 0.769 6.265 4.34 0.0005* 4.358 

(Self-esteem-3.90458) * (Workplace Stress-2.37255) −1.003 0.231 −0.667 −4.613 −4.34 0.0005* 3.285 

(Self-esteem-3.90458) * (Perceived Control-3.01374) −2.250 0.426 −0.782 −5.742 −5.28 <0.0001* 3.053 

(Workplace Stress-2.37255) * (Ambiguity-3.17271) 0.980 0.183 0.759 6.416 5.35 <0.0001* 2.801 

(Workplace Stress-2.37255) * (Job Conflict-3.17419) −1.525 0.317 −0.776 −6.990 −4.81 0.0002* 3.617 

(Workplace Stress-2.37255) * (Perceived Control-3.01374) −1.274 0.306 −0.744 −5.652 −4.16 0.0007* 4.459 

(Job Conflict-3.17419) * (Perceived Control-3.01374) 2.448 0.612 0.697 6.224 4 0.0010* 4.239 

(Perceived Control-3.01374) * (Job Demand-3.34626) 3.245 0.662 0.866 8.169 4.9 0.0002* 4.345 

Dependent variable: Job satisfaction; aeffect size on job satisfaction; *statistically significant effect (p < 0.05); VIF = variable inflation factor. 

3.3. Monte Carlo Simulation 
The constructed regression model was further used in Monte Carlo simulation to predict the outcome of re-
sponse (job satisfaction) under different work condition scenarios. Figure 3 illustrates an example on how the 
simulation was performed with the measured results. The prediction profiler is shown in the top row of graphs 
listed, with each independent variable as the X-axis and the job satisfaction, the response, as the Y-axis. As the 
settings of independent variables (vertical red dashed line) changed, the corresponding response (horizontal red 
dashed line) was predicted by the model. The prediction trace (black solid line) and 95% confidence interval 
(blue dashed curves) are shown in each graph. The desirability profiler is shown in the second row of the graphs, 
with each independent variable as the X-axis and the desirability (for the response), on a scale of 0 - 1, as the 
Y-axis. The horizontal red dashed lines in these graphs depict the desirability for the response, the level of job 
satisfaction. The goal was to maximize the level of job satisfaction. The third row of the graphs illustrates the 
distribution of the independent variables, based on the distribution data summarized in Table 4. In this case, the 
mean values and standard deviations of the independent variables were used to simulate the level of job satisfac-
tion. To compensate for the uncontrolled variations, a random noise of 0.335 was added in the simulation. This 
value was the standard deviation of model residuals. The mean value of job satisfaction of the 34 observations, 
3.80, was used as the low limit in the simulation. The number of runs was set at 10,000. The predicted response 
is shown in the desirability graphs, with predicted distribution of predicted response and desirability. The pre-
dicted mean value of job satisfaction was 3.40, with a standard deviation of 2.06. The defect rate was predicted 
to be 0.59, which indicated that 59% of the employees in the organization would have a job satisfaction level 
below the mean value of 3.80, under the current work conditions. 

Another simulation was performed to find out the work conditions that potentially lead to the highest level of 
job satisfaction, which is illustrated in Figure 4. The simulation suggested that employees with 25 years of 
working experience, under low levels of ambiguity (1.3) and self-rated stress (1.0), and high levels of self-es- 
teem (5.0), perceived control (4.2), job conflict (4.5), and job demand (4.2), would have the highest level of job  
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satisfaction. The predicted mean value of job satisfaction was 27.0, with a standard deviation of 7.91. The defect 
rate was predicted to be 0.00, which indicated that none of the employees in the organization would have a job 
satisfaction level below the mean value of 3.80, under this scenario. This was predicted based only on the re-
gression model from available data, which needs to be verified in real situation. 

4. Discussion 
Workplace stress is a common problem with broad effects in professional life. It is important to gain a better 
understanding of work-related stress and its effects on employee job satisfaction. Although a number of studies 
suggested negative association between workplace stress and job satisfaction, the studies on workplace stress are 
“hindered by lack of understanding of how sources of stress vary between different practice areas, lack of pre-
dictive power of assessment tools, and a lack of understanding of how personal and workplace factors inte-
ract”(p. 633) [9]. To our knowledge, there was no report specifically on biologics development professionals. 
This group of professionals is actively engaged in the discovery, development, manufacture and commercializa-
tion of biologics (medical products made from living systems), such as recombinant proteins, monoclonal anti-
bodies, vaccines, and blood products [23]. This is a rapidly growing industry. Based on the Pharmaceutical Re-
search and Manufacturers of America [24], the US biotechnology companies “are developing 907 biologics tar-
geting more than 100 diseases” (p. 1). Biologics development professionals typically spend most of their time in 
laboratories developing new biological products. Their work involves high levels of challenge and uncertainty. 
Due to the unique nature of their working conditions, it was necessary to tailor the study specifically to this 
group of professionals. This study was the first report that provided comprehensive quantitative analyses on 
workplace stressors and their effects on the level of job satisfaction among biologics development professionals 
at a particular organization. The constructed statistical model allowed us to simulate the working conditions and 
predict the job satisfaction levels under different work conditions. The findings of this study may provide guid-
ance to develop strategies to improve employee job satisfaction in this organization. In addition, this may serve 
to help establish the baseline for further longitudinal studies within the organization. 

Like other empirical studies, this study has a number of limitations. First, this study was limited by the small 
population size in a specific setting. The findings of this study may not apply to the general population of bi-
ologics development professionals. Second, the survey was delivered online with e-mail notification, which has 
the drawback of low response rate and self-selection bias [25]. Third, the Cronbach’s α of perceived control and 
task control has low values. The perceived control in the survey instrument was assessed by only two questions, 
which resulted in low consistency in responses. The low value in task control, on the other hand, may reflect the 
nature of the research and development working environment with a lot of uncertainties. In addition to these li-
mitations, the survey instruments were modified when the survey questionnaires were developed. The modifica-
tions include selection of the stress items in the DASS-21 Questionnaire [20] to measure self-rated stress, exclu-
sion of items unrelated to the studied variables from the NIOSH Questionnaire [17], conversion of the measured 
scores to a common scale of 1 - 5, and change the data type of work experience from nominal to scale. It was 
possible that these changes may affect the overall reliability and validity of the study. Finally, the survey results 
only reflect the situation under the specific conditions at one particular time and setting. Thus, further studies 
with a larger sample size, improved and more specific survey instruments, and repeated measures at multiple 
settings are needed to further understand the workplace conditions that affect job satisfaction among biologics 
development professionals. 

Nonetheless, this study was the first to measure workplace stressors and quantify the effects of such stressor 
on job satisfaction among biologics development professionals within this organization. The results suggested 
that the workplace stressors significantly predicted the level of job satisfaction. The interaction between per-
ceived control and job demand and interaction between self-rated stress and job conflict had the biggest effect 
size on the level of job satisfaction. The simulation results in Figure 4 suggested that experienced employees 
with high self-esteem and low self-rated stress, under working conditions with low ambiguity, high perceived 
control, and challenged with high job conflict and job demand, would have the highest level of job satisfaction. 
This may reflect the characteristics of some highly experienced professionals whose job satisfaction relies on 
meeting the challenges in their daily work. Simulations in Figure 3 and Figure 4 served as two examples to il-
lustrate two scenarios and corresponding levels of job satisfaction. More simulations could be conducted to pre-
dict job satisfaction under other scenarios. For example, the years of experience could be fixed, and other inde-
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pendent variables are varied to find out conditions that maximize the job satisfaction level for employees with 
specific years of experience. The findings of this study helped to establish a baseline to measure the work condi-
tion and corresponding job satisfaction within the organization studied. This may assist management in identi-
fying ways to improve employee job satisfaction.  

Although regression analysis results revealed the correlation relationship between the independent variables 
and dependent variable, the causal relationships among the variables cannot be determined. Thus, it is recom-
mended to verify the findings of this study in real situations, and continue to monitor in longitudinal studies. In 
addition, further studies with increased sample size at different biologics development organizations are needed 
to further elucidate the predictors for job satisfaction for general working population in this industry. 

5. Conclusion 
The results of this study revealed that the workplace stressors have significant effect on employees’ level of job 
satisfaction within the organization studied. Under the current work condition, 59% of the employees in the or-
ganization had a job satisfaction level below the mean value of 3.80. The conditions to achieve the highest level 
of job satisfaction were predicted in Monte Carlo simulation, which include employees with long working expe-
rience, under low levels of ambiguity, self-rated stress, and high levels of self-esteem, perceived control, job 
conflict, and job demand. This was an early stage study due to the limitations; however, it serves to establish a 
baseline to measure the working conditions and corresponding job satisfaction for further longitudinal studies at 
the particular setting under study. The findings may guide the management to develop an environment that sup-
ports improved job satisfaction. Further studies with a larger population at different settings are needed to eluci-
date the predictors for job satisfaction for general working populations in this industry. 
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