What limit the research productivity of universities? A case study of a Chinese University
Appendix 1: Interview record
Interview question: How many papers have you published in the previous two years? What motivate you? What kind of difficulties di you come across? What’s your future plan to publish more, both personal plan and university policy suggestion?
Faculty 1: 从入职上贸到现在，论文发表情况是：以第二作者，通讯作者发表3篇，SCI、EI和CSSCI论文各一篇。
职称评定、科研考核、学术发展三个因素促使着论文发表
投入时间：就这个因素，上课，管理服务、家庭照顾，占去了很多时间。
加强科研时间投入, 加强与学者合作, 
Performance evaluation, promotion, academic career development, lack of time
More research time input, collaboration with others
Faculty 2: 录用一篇C刊，促进因素主要是个人兴趣和激励机制，阻碍因素主要是创新观点不足，预期措施主要是多调研、多做实验
Personal interests, simulation, lack of innovation
More investigation and experiment
Faculty 3: 发表论文0，阻碍因素是上课太多，完全没有空余时间，未来要提高发表，唯一路径是减少shangke
Too much teaching workload
Faculty 4: 追求自己的发展是发文章的动力。阻碍的话是学校的科研规定文件，必须要在目录里面发文章，还有只要在学校就一堆杂事要处理，分心。未来发文章就是降低课时量，少做点杂事
Personal development, limit on the publication journal list, daily things
Less teaching and sundries
Faculty 5: 10篇；单位里科研考核及合作者科研成果展现；考核达标、科研合作效果不理想及科研经费不足；加强科研合作效果，加拨科研经费
Performance evaluation, collaborators’ achievement
Inefficiency of collaboration, lack of research funding
More collaboration and research funding input
Appendix 2: Original Data of BUPT
	year
	faculty
	Professor
	High Quality Publications
	Projects
	Funding

	2008
	1167
	505
	950
	728
	290822

	2009
	1294
	597
	1025
	846
	315153

	2010
	1320
	551
	1802
	1062
	347892

	2011
	1396
	561
	359
	1235
	410819

	2012
	1393
	557
	1793
	1388
	404972

	2013
	1394
	555
	640
	1282
	465088

	2014
	1377
	546
	897
	1638
	478533

	2015
	1369
	545
	922
	1275
	253741

	2016
	1332
	509
	971
	1378
	248247

	2017
	1400
	465
	1022
	1569
	351247


Notes: Data is collected from the Compilation of scientific and technological statistical data of Universities in Mainland, China from 2008 to 2017. (website: http://www.moe.edu.cn/ ) 

Appendix 3: Model documentation
Top-Level Model:
Accumulated_Publicaitons(t) = Accumulated_Publicaitons(t - dt) + (Publishing_Rate - Outdating_Rate) * dt
    INIT Accumulated_Publicaitons = Publishing_Rate*Influence_Period
    UNITS: paper
    INFLOWS:
        Publishing_Rate = Yearly_Publications/year
            UNITS: paper/year
            DOCUMENT: inflow of accumulated publications, equals to yearly publications
    OUTFLOWS:
        Outdating_Rate = Accumulated_Publicaitons/Influence_Period
            UNITS: paper/year
            DOCUMENT: the outflow of accumulated publications, calculated by accumulated publications over influence period
Actual_Research_Productivity(t) = Actual_Research_Productivity(t - dt) + (change_in_ARP) * dt
    INIT Actual_Research_Productivity = Normal_Research_Productivity
    UNITS: paper/person
    DOCUMENT: the actual research productivity, adjusted towards research productivity
    INFLOWS:
        change_in_ARP = (Research_Productivity-Actual_Research_Productivity)/Adjustment_Time
            UNITS: paper/person/year
            DOCUMENT: adjust actual research productivity towards research productivity
Professors(t) = Professors(t - dt) + (Assimilation_Rate - Attrition_Rate) * dt
    INIT Professors = Initial_Professors
    UNITS: person
    DOCUMENT: experienced faculties
    INFLOWS:
        Assimilation_Rate = Rookies/Assimilation_Time
            UNITS: person/year
            DOCUMENT: rookies over assimilation time
    OUTFLOWS:
        Attrition_Rate = Professors*Actual_Fractional_Attrition_Rate
            UNITS: person/year
            DOCUMENT: professors over actual fractional attrition rate
Rookies(t) = Rookies(t - dt) + (Recruitment_Rate - Assimilation_Rate) * dt
    INIT Rookies = Initial_Rookies
    UNITS: person
    DOCUMENT: young faculties
    INFLOWS:
        Recruitment_Rate = MIN(Attrition_Rate+Desired_Workforce_Adjustment, Maximal_Recruitment)
            UNITS: person/year
            DOCUMENT: a minimal function between maximal recruitment and desired workforce adjustment plus attrition rate
    OUTFLOWS:
        Assimilation_Rate = Rookies/Assimilation_Time
            UNITS: person/year
            DOCUMENT: rookies over assimilation time
Actual_Fractional_Attrition_Rate = Effect_of_Total_Workload_Ratio_on_Working_Years*Average_Fractional_Attrition_Rate
    UNITS: 1/year
    DOCUMENT: average fractional attrition rate multiply effect of total workload ratio
Adjustment_Time = 2
    UNITS: years
    DOCUMENT: estimated based on observation, It takes time to full reveal the potential productivity, as there are minimal time length needed to publish
Assimilation_Time = 20
    UNITS: year
    DOCUMENT: estimated based on observation
Average_Fractional_Attrition_Rate = 0.08
    UNITS: 1/year
    DOCUMENT: estimated based on observation
Average_Funding = 264500
    UNITS: RMB/People
    DOCUMENT: calculated based on report of education department
Average_Publications = Accumulated_Publicaitons*year/Influence_Period
    UNITS: paper
    DOCUMENT: the accumulated publications over influence period
Desired_Workforce = Total_Workload_Ratio*Total_Researchers
    UNITS: person
    DOCUMENT: desired workforce is calculated based on total workload ratio and total researchers, it is intended to decrease total workload to normal level
Desired_Workforce_Adjustment = (Desired_Workforce-Total_Researchers)/Recruitment_Time
    UNITS: person/year
    DOCUMENT: desired workforce adjustment close the gap between desired workforce and total researchers
Effect_of_Funding_Ratio_on_Research_Productivity = GRAPH(Funding_Ratio)
(0.000, 0.6000), (0.500, 0.8000), (1.000, 1.0000), (1.500, 1.1000), (2.000, 1.2000)
    UNITS: unitless
    DOCUMENT: estimated based on observation
Effect_of_Rookies_Fraction_on_Research_Productivity = GRAPH(Rookies_Fraction)
(0.000, 1.300), (0.250, 1.200), (0.500, 1.000), (0.750, 0.750), (1.000, 0.700)
    UNITS: unitless
    DOCUMENT: estimated based on report of education department
Effect_of_RWPR_on_Research_Productivity = GRAPH(Research_Workload_Per_Researcher_Per_year)
(0.00, 0.000), (2.50, 0.500), (5.00, 0.900), (7.50, 1.200), (10.00, 1.400)
    UNITS: unitless
    DOCUMENT: estimated based on observation
Effect_of_Total_Workload_Ratio_on_Working_Years = GRAPH(Total_Workload_Ratio)
(0.000, 0.500), (0.500, 0.700), (1.000, 1.000), (1.500, 1.300), (2.000, 1.500)
    UNITS: unitless
    DOCUMENT: estimated based on observation, total workload ratio has positive effect on attrition rate
Effect_of_Work_Quality_on_Research_Productivity = GRAPH(Total_Workload)
(0.000, 2.000), (0.250, 1.500), (0.500, 1.000), (0.750, 0.800), (1.000, 0.600)
    UNITS: unitless
    DOCUMENT: estimated based on observation, total workload has negative effect on research quality, and reduce research productivity
Funding = Projects*Funding_Per_Project/Total_Researchers
    UNITS: RMB/People
    DOCUMENT: projects multiply funding per project
Funding_Per_Project = 298000
    UNITS: RMB/Project
    DOCUMENT: calculated based on report of education department
Funding_Ratio = Funding/Average_Funding
    UNITS: unitless
    DOCUMENT: the ratio to evaluate the sufficiency of funding
Influence_Period = 3
    UNITS: year
    DOCUMENT: estimated based on observation, also as policy lever
Initial_Professors = 505
    UNITS: person
    DOCUMENT: original data from report of Education Department
Initial_Rookies = 662
    UNITS: person
    DOCUMENT: original data from report of Education Department
Maximal_Recruitment = 70
    UNITS: people/year
    DOCUMENT: based on observation, as university turn to recruit limited number every year rather than recruit as much as possible
Normal_Research_Productivity = 1.03
    UNITS: paper/person
    DOCUMENT: calculated based on report of education department
Normal_Total_Workload = 0.8
    UNITS: month/person
    DOCUMENT: it is the total month divided by 12 to normalize the scale, the value is 0.8, about 10 month working and two month holiday
Number_of_Month_in_a_year = 4
    UNITS: unitless
    DOCUMENT: use to normalize the scale of total workload
Projects = Projects_Per_Publications*((1-SW_Publications)*Yearly_Publications+SW_Publications*Average_Publications)
    UNITS: Project
    DOCUMENT: publications multiply projects per publications
Projects_Per_Publications = 1.45
    UNITS: Project/paper
    DOCUMENT: calculated based on report of education department
Recruitment_Time = 3
    UNITS: year
    DOCUMENT: based on observation, as university turn to recruit limited number every year rather than recruit as much as possible
Research_Productivity = Normal_Research_Productivity*Effect_of_Rookies_Fraction_on_Research_Productivity*Effect_of_RWPR_on_Research_Productivity*Effect_of_Work_Quality_on_Research_Productivity*Effect_of_Funding_Ratio_on_Research_Productivity
    UNITS: paper/person
    DOCUMENT: normal research productivity multiply those effects of work quality, research workload, funding and rookie fraction
Research_Workload_Per_Researcher_Per_year = Total_Research_Workload/Total_Researchers
    UNITS: Months/People
    DOCUMENT: it is calculated by total research workload over total researchers
Rookies_Fraction = Rookies/Total_Researchers
    UNITS: unitless
    DOCUMENT: rookies over total researchers
SW_Publications = 1
    UNITS: unitless
    DOCUMENT: Switch control between yearly publications and average publications
Teaching_Pressure_Per_Year = 12
    UNITS: month/person
    DOCUMENT: estimated base on observation, 10 month *40%=4 month
Total_Research_Workload = Projects*Working_Time_Per_Project
    UNITS: Months
    DOCUMENT: project multiply average working time per project
Total_Researchers = Professors+Rookies
    UNITS: person
    DOCUMENT: rookies plus professors
Total_Workload = (Research_Workload_Per_Researcher_Per_year+Teaching_Pressure_Per_Year)/Number_of_Month_in_a_year
    UNITS: month/person
    DOCUMENT: it equals to research workload plus teaching pressure
Total_Workload_Ratio = Total_Workload/Normal_Total_Workload
    UNITS: unitless
    DOCUMENT: it measure the ratio between total workload and normal total workload
Working_Time_Per_Project = 6
    UNITS: month/Project
    DOCUMENT: estimated based on interview
year = 1
    UNITS: year
    DOCUMENT: constant to make unit consistent
Yearly_Publications = Total_Researchers*Actual_Research_Productivity
    UNITS: paper
    DOCUMENT: publications in current year, calculated by total researchers multiplying actual research productivity
{ The model has 48 (48) variables (array expansion in parens).
  In root model and 0 additional modules with 0 sectors.
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