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1. Introduction 
To assess and evaluate a college’s capacities to bring about transformational change in its efforts 
to promote student success, the college can be viewed as a complex sociotechnical organization 
[1] with two subsystems at work – a social subsystem consisting of people including key 
stakeholders such as URM students, faculty, staff, and administrators, and a technical subsystem 
consisting of all elements that can impact capacity building, including goals, policies, processes, 
programs, data, technology, and knowhow. A sociotechnical systems analysis reveals catalysts in 
the social system to enable people capital so we can leverage and connect these catalysts in the 
social system with the catalysts in the technical system to enable resources like money and 
knowhow. We can then strengthen the processes and structures either already in place or to be 
created anew for meeting expressed and latent unmet needs, and for delivering transformative 
experiences for students. Using a systems lens to view and analyze the dynamics of the social 
and technical system in a college, can help generate views of the organization that integrate both 
structural resources, needs and constraints on capacity, and grassroots efforts, resources, needs 
and constraints on capacity. The social and the technical subsystems in an organization are 
interdependent – that is, one does not have a purpose without the other, so both will need to be 
examined and designed jointly. The sociotechnical systems theory[2] was one of the first to use a 
group, instead of an individual as the unit of analysis. Sociotechnical systems analyses include 
modeling the responsible autonomy of the stakeholders involved, adaptability to changing 
external conditions, and aligning the performance of systems to meaningful goals and tasks. 
Sociotechnical systems approach has been used to understand many research problems[3] 
including knowledge management[4], organizational learning[5]–[7], learning and teaching[8]–
[10], innovation[11], and process improvement in higher education[12], [13]. 
 
2. Project Objectives 
The overall objective of this project funded by the NSF-IUSE program is to employ a 
sociotechnical systems lens and framework and identify and evaluate organization-wide 
capacities and change catalysts in a predominantly white institution's college of engineering. The 
college of engineering is viewed as a sociotechnical organization with social and technical 
subsystems. The social subsystem models who talks to whom about what. The technical 
subsystem models the main activities and programs in the organization.  
 
The specific project goals are to assess and evaluate the organization’s capacities for enabling 
URM student success, and identify catalysts that can improve the organization’s capacity. The 
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specific goals and aims of the project are threefold: (1) to assess and evaluate the technical 
system’s capacity to support recruitment and retention through a technical system analysis; 
(2) assess and evaluate the social system’s capacity to support recruitment and retention through 
a social system analysis; and (3) generate systemwide catalysts by bringing together the technical 
capacity analyses and the social system analyses. 
 
3. Project Activities in Year 1 
In year 1 of the project, the following two main data collection and analyses activities have been 
accomplished and continue to be in progress: 
 
1. Participant Interviews: after IRB approval, 38 interviews have been completed and 

transcribed to inform technical and social system analyses. Each interview lasted about 40 
minutes on an average. Interviewees include students, faculty, administrators, and staff from 
various departments and student service organizations in the college of engineering, and staff 
and administrators from organizational entities outside the college of engineering who 
routinely interact with the students, faculty and staff in the college. 

2. After transcription, the interviews have now undergone preliminary qualitative analyses and 
coding. These codes and themes generated represent preliminary outcomes for technical 
system analysis and social system analysis. 

3. The investigator team continues to code the data for generating the sociotechnical system 
themes to model both the social and technical system barriers and enablers from the 
perspectives of the main stakeholders including students in the college, faculty who interact 
with the students, administrators in the college, and staff members in the college. The 
preliminary findings have been used to develop the SEISS framework to represent the 
findings using the sociotechnical systems lens. Additionally, the perspectives of the staff and 
administrators outside the college are being coded to identify their key interaction points with 
the college.  

4. The investigator team is now in the process of harvesting the main findings from the 
interviews so that the key attributes and operations and the barriers and enablers (technical 
model), and the key roles and the nature of the interaction within these roles (social systems 
analysis with the focal role network model and the GAIL model), can be generated.  

 
4. Results Obtained in Year 1 
Briefly, from interviews with URM students, the following major themes emerged: 
 
Social system barriers 
The main social system barriers were interactions with peers in classroom environment (leading 
to a sense of isolation and a lack of belonging), interactions with faculty and staff especially in 
relating to URM student needs and being empathetic, and familial concerns and being able to 
support their family financially. 
 
Social system enablers 
Interactions with their friends was the top social system enabler for URM students in PWI 
environments. Friends provided not only emotional support but also helped identify professional 
opportunities and networking for internships and jobs. Friends also helped them overcome their 
sense of isolation. Interactions with faculty also emerged as an enabler. Many participants 



appreciated faculty members who pushed them to excel in math and science classes and helped 
them balance their workload. Finally, family support was reported as an enabler. Family 
provided them comfort and solace while attending to the rigors of college. They also felt that 
living at home would alleviate some of the financial burdens they faced. 
 
Technical system barriers 
The lack of numbers (and hence the lack of diversity and identity), curricular and instructional 
methods, and high school preparation were cited as the most important technical system barriers 
URM students faced. Students felt the low numbers of URM students in the college contributed 
to either feeling hypervisible or being isolated. They also felt that they felt underprepared for 
their classes especially compared to their white student counterparts. They felt part of this was 
due to poor high school preparation. 
 
Technical system enablers 
Technical system enablers students identified included the professional development 
opportunities they had, their participation in student organizations, particularly in identity-based 
organizations such as NSBE, SHPE and WISE, and how that helped them forge new contacts 
and provided emotional support during their study. They seemed to prefer participating in 
identity-based organizations more than they did in professional discipline-based student 
organizations.  
 
Our preliminary results have also generated interesting insights about how faculty, administrators 
and most importantly staff members who interact with URM students view the barriers and 
enablers they experience in the college with respect to URM student success. A more detailed 
analyses of the main themes that emerge is ongoing, but from the initial analysis some important 
observations include the following:  

• recognition among the administrators and the staff working with URM students that 
diversity is important in the student body. 

• recognition among administrators and staff that the mission of enabling URM student 
success is important but that the mission is somewhat poorly defined and understood. 

• Indications that URM student success efforts and the learning that may be involved in 
goal setting, communicating about these goals and strategies to achieve them, and 
monitoring and rewarding achievement of these goals are just beginning in the college. 

• there is no one unified strategy for recruiting undergraduate students and in particular 
URM students into the college, with the departments either self-navigating the 
recruitment without college resources, or not actively recruiting URM students given the 
fairly centralized admissions and recruitment structure. 

• a need for recognition and celebration of staff efforts for promoting student success 
particularly when their work involves URM students. 

• departments in the College have taken several initiatives in the past year to promote DEI 
- some of these efforts including participating in a college DEI council, ensuring that 
faculty hiring committees have a DEI council representative during the hiring process, 
and having interested faculty undergo diversity training. 

• the need to revisit how the student recruiting and college admissions interact with the 
university admissions and recruiting and strategizing and rethinking centralized structures 



for admissions while at the same time recognizing all the tradeoffs involved and that 
staffing resources can be increased for this purpose.  
 

5. Acknowledgments 
This project was supported by the National Science Foundation (NSF) Award Number DUE-
2042363 to all the authors of this work. 

 
6. References 
[1]  J. C. Taylor and D. F. Felten, Performance by design: Sociotechnical systems in North  

America. Prentice Hall, 1993. 
[2] A. Majchrzak and K. J. Klein, “Things are always more complicated than you think: An 

open systems approach to the organizational effects of computer-automated technology,” 
J. Bus. Psychol., vol. 2, no. 1, pp. 27–49, 1987. 

[3] E. Trist, “The evolution of socio-technical systems,” Occas. Pap., vol. 2, no. 1981, p. 
1981, 1981. 

[4] W. Pasmore, C. Francis, J. Haldeman, and A. Shani, “Sociotechnical systems: A North 
American reflection on empirical studies of the seventies,” Hum. Relat., vol. 35, no. 12, 
pp. 1179–1204, 1982. 

[5]  S. Assegaff and A. R. C. Hussin, “Review of Knowledge Management Systems As 
Socio-Technical System,” p. 6. 

[6] E. Molleman and M. Broekhuis, “Sociotechnical systems: towards an organizational 
learning approach,” J. Eng. Technol. Manag., vol. 18, no. 3–4, pp. 271–294, Sep. 2001, 
doi: 10.1016/S0923-4748(01)00038-8. 

[7] T. Reiman and P. Oedewald, “Assessment of complex sociotechnical systems – 
Theoretical issues concerning the use of organizational culture and organizational core 
task concepts,” Saf. Sci., vol. 45, no. 7, pp. 745–768, Aug. 2007, doi: 
10.1016/j.ssci.2006.07.010. 

[8] S. Winter, N. Berente, J. Howison, and B. Butler, “Beyond the organizational ‘container’: 
Conceptualizing 21st century sociotechnical work,” Inf. Organ., vol. 24, no. 4, pp. 250–
269, Oct. 2014, doi: 10.1016/j.infoandorg.2014.10.003. 

[9] E. A. Erichsen, L. DeLorme, R. Connelley, C. Okurut-Ibore, L. McNamara, and O. 
Aljohani, “Sociotechnical Systems Approach: An Internal Assessment of a Blended 
Doctoral Program,” J. Contin. High. Educ., vol. 61, no. 1, pp. 23–34, Jan. 2013, doi: 
10.1080/07377363.2013.758553. 

[10] T. Herrmann, “Learning and Teaching in Socio-technical Environments,” in Informatics 
and the Digital Society, vol. 116, T. J. van Weert and R. K. Munro, Eds. Boston, MA: 
Springer US, 2003, pp. 59–71. doi: 10.1007/978-0-387-35663-1_6. 

[11] K. T. Upadhyaya and D. Mallik, “E-Learning as a Socio-Technical System: An Insight 
into Factors Influencing its Effectiveness,” Bus. Perspect. Res., vol. 2, no. 1, pp. 1–12, 
Jul. 2013, doi: 10.1177/2278533720130101. 

[12] F. W. Geels, “From sectoral systems of innovation to socio-technical systems,” Res. 
Policy, vol. 33, no. 6–7, pp. 897–920, Sep. 2004, doi: 10.1016/j.respol.2004.01.015. 

[13] B. Whitworth and R. S. Friedman, “Full access and review: applying socio-technical 
practice to academia,” in Proceedings of the 9th ACM SIGITE conference on Information 
technology education - SIGITE ’08, Cincinnati, OH, USA, 2008, p. 231. doi: 
10.1145/1414558.1414615. 


