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22 Abstract 

 

23 Background: Exposure to teamwork and collaborative projects in engineering education is crucial 

 

24 for preparing students for engineering jobs. Several universities are adopting Project-Team Based 

25 Learning (PBL) to deliver work-ready graduates required in technically complex inter- 

26 organizational project environments. However, the use and levels of adoption of project 

27 management techniques and tools (e.g., charters) and the multi-level nature of team science for 

28 engineering education and workforce development are not well-investigated in the literature. 

29 Purpose: This study investigates whether the level of compliance with using a project charter at 

30 individual and team levels throughout project delivery enhances team performance (i.e., group 

 

31 potency, team viability, and team cohesion) in engineering education settings, such as classroom 

 

32 and extracurricular projects. 

 

33 Design/Method: We examined relationships using multilevel modeling (MLM), which means 

 

34 examining teams at both student (individuals) and team levels (groups). We utilized qualitative 

 

35 insights to guide model specification and interpretation. 

 

36 Results: The findings revealed that consistent use of project charters, assessed through perceived 

 

37 compliance, was linked to significant improvements in group potency, team viability, and team 

 

38 cohesion. Compliance effects were observed at both individual and team levels, with generally 

 

39 comparable contributions to group potency, team viability, and team cohesion. Furthermore, the 

 

40 link between individual compliance and performance tended to be weaker in teams with high 

 

41 performance. Our MLM analyses also revealed that classroom teams scored lower at baseline on 

 

42 group potency, team viability, and team cohesion compared to extracurricular project teams. 

 

43 Future studies should delve deeper into these differences by examining factors such as work 

 

44 environment, modality of education (e.g., classroom versus extracurricular, for pay versus for 
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45 grade or experience), team composition (e.g., level of education, experience, and skill 

 

46 heterogeneity), project nature, and prior relationships among team members. 

 

47 

 

48 Keywords 

 

49 Engineering education; Multilevel analysis; Project team-based learning; Project Charter; Team 

 

50 compliance 

 

51 

 

52 
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53 1. Introduction 

 

54 The traditional curricula-based methods of engineering education are becoming less effective as the 

 

55 profession evolves. Project-Team Based Learning (PBL) is becoming more popular in fostering both 

 

56 technical and professional skills in engineering students (Mandal, 2018a). Traditional engineering 

 

57 education and PBL vary in terms of delivery and evaluation. Several universities have adopted PBL 

 

58 approaches supported by laboratory studies and industry-focused projects in the US to deliver work- 

 

59 ready graduates required in technically complex inter-organizational project environments (Shah & 

 

60 Gillen, 2023). With PBL, students learn by doing, which helps them apply theoretical knowledge to 

 

61 real-world problems (Seidel & Godfrey, 2005). Exposure to teamwork and collaborative projects in 

 

62 engineering education is crucial for preparing students for engineering jobs. With respect to 

 

63 sustainable construction engineering projects, where energy and materials utilization needs lower 

64 environmental impacts, timely project completion is especially challenging (Hwang & Ng, 2013), 

65 thus the need for strategic use of project management tools. 

66 

67 While PBL offers significant educational benefits, it also introduces challenges similar to project 

68 team environments of the industry, particularly in terms of resource allocation, coordination, 

69 monitoring, and assessment. To overcome such challenges, charters, as project management tools, 

70 can be adopted in both education and workforce settings (Courtright et al., 2017). Charters provide 

 

71 a formal guiding platform for self-monitoring team members’ behaviors and progress toward 

 

72 achieving team goals. Project charters are best utilized when co-created by team members 

 

73 collaboratively and can help create milestones, divide the responsibilities among team members, set 

 

74 up communication and conflict resolution terms sand means (Mandal, 2018b); and eventually help 

 

75 improve coordination among team members, prioritize tasks upfront, and reduce ambiguities within 
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76 a project team (Kirkpatrick et al., 2022). Project charters have been extensively used in engineering 

 

77 education (Johnson et al., 2022a; Mandal, 2018a), but the impact of their systematic use is yet to be 

 

78 explored. Understanding the influence of systematic use of project charter on team performance and 

 

79 dynamics can guide engineering project team formations and project team interactions, eventually 

 

80 leading to improved project outcomes. Such a tool can especially be helpful when time pressure is 

 

81 high in a project team, deliverables are complex and innovative, and/or team members lack an 

 

82 established and/or shared baseline for collaborative work. 

83 

84 Most studies on PBL have primarily focused on individual-level factors that influence performance 

85 and overall project success. However, there is a noticeable lack of attention to team-level factors and 

86 interactions between individual and team-level factors in PBL and student-team research. Multilevel 

87 analysis is especially valuable in fields like education, psychology, and organizational research, 

88 where it is crucial to understand the complex interplay between individual and contextual factors to 

 

89 advance both theory and practice (Ganotice Jr et al., 2022). Therefore, further research is needed to 

 

90 examine both team/group-level and individual/student-level factors to offer a more comprehensive 

 

91 understanding of the facilitators and barriers affecting engineering project outcomes, such as task 

 

92 completion, team effectiveness, and overall team performance. Click or tap here to enter text. 

 

93 2. Literature Review 

 

94 2.1 Project team-based learning 

 

95 The shift in engineering education from traditional discipline-based curricula to more integrated, 

 

96 project-based, and team-based learning approaches is driven by the evolving needs of the 

 

97 engineering profession, which now demands cross-disciplinary knowledge and skills due to the 
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98 increasing complexity of technological systems (Seidel & Godfrey, 2005). Many studies reported 

 

99 that PBL effectively develops non-technical and technical skills among engineering graduates. PBL 

 

100 is more suitable for engineering education because it provides students with practical, hands-on 

 

101 experience that better prepares them for industry roles (Noordin et al., 2011). A study by Kwan 

 

102 (2016) evaluating the effectiveness of PBL in civil engineering education concluded that PBL 

 

103 enriched students’ learning experience by enabling them to integrate theory into practice, understand 

 

104 industry design processes, and acquire practical skills (Kwan, 2016). 

105 

106 Even though PBL and education for sustainable development share common learning principles, 

107 their practice presents challenges in fully integrating sustainability due to constraints such as 

108 balancing interdisciplinary knowledge and offering insights into potential improvements for 

109 curriculum design (Guerra, 2017). Fishlock et al. (2023) addressed the growing issue of e-waste by 

110 adopting the PBL pedagogy in a pilot study to train undergraduate design engineers in sustainable 

 

111 product design. They observed the effectiveness of integrating PBL into first-year engineering 

 

112 education students with high student engagement and intentions to implement sustainable design 

 

113 practices in the future (Fishlock et al., 2023). A study by Zhang (2023) adopts PBL in engineering 

 

114 mechanics courses to enhance student engagement and learning outcomes. Results indicate that the 

 

115 intervention positively impacted exam scores overall, with female students exhibiting higher 

 

116 participation rates and greater improvement, suggesting the importance of offering flexible, learner- 

 

117 centered approaches like PBL to accommodate diverse learning preferences (Zhang, 2023). Another 

 

118 recent study examining the effectiveness of PBL on civil engineering students shows that despite its 

 

119 time-consuming nature, students perceive PBL as effective, relevant, and motivating for promoting 

 

120 independent learning (Azam et al., 2024). However, one common challenge observed in PBL is that 



7  

121 the students indulge in various course assignments simultaneously and often fail to complete the 

 

122 project tasks on time. The post-pandemic dynamics of virtuality and uncertainty have introduced 

 

123 new coordination challenges for all teams, especially for higher education student teams working on 

 

124 real-world sustainability engineering projects. In addition to team member characteristics—such as 

 

125 academic background, prior experience with similar projects and organizations, and cultural 

 

126 background—project management tools and interventions also play a crucial role when teams are 

 

127 required to work on multiple projects across various teams. 

128 

 

129 2.2 Project charter as a project management tool and Team performance 

 

130 Most of the failures in engineering projects are due to poor planning and a lack of project 

131 management skills (Okereke, 2017). Struggles in student and workforce development settings that 

 

132 facilitate PBL are no exception. Pereira and Diaz, (2021) address procrastination among university 

 

133 students by utilizing GanttBot, a Telegram chatbot resulting in a significant reduction in overdue 

 

134 days compared to the control group by integrating alerts, advice, automatic rescheduling, 

 

135 motivational messages, and references to previous projects to aid students in managing their time 

 

136 effectively and meeting deadlines (Pereira & Díaz, 2021). Project charters take the time management 

 

137 aspects of project management and add co-creation of team communication and conflict resolution 

 

138 elements as well as work division and resource allocation layers and provide a unique platform for 

 

139 improving team performance within engineering project-based education. Beyond simple guidelines, 

 

140 they provide a structured framework that helps team formation by setting clear expectations, aligning 

 

141 efforts, and fostering mutual accountability (Johnson et al., 2022b). 

 

142 
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143 Team formation can be crucial for team performance (Cox & Bobrowski, 2000). While the 

 

144 investigations on the importance of project performance increased, team performance and its 

 

145 relationship with project performance is not emphasized. Given that team members’ coordination 

 

146 and functioning develop along with the project, their performance is a solid foundation for project 

 

147 performance (Mathieu & Rapp, 2009). Setting baseline rules can be critical to team performance. 

 

148 Generally, project management tools, like project charters, are provided to teams to foster systematic 

 

149 planning against deliverables (Hackman & Katz, 2010). A project charter can motivate team 

150 members to schedule their tasks and interim milestones, which, in turn, paces their activities in 

151 coherence with scheduled tasks and milestones. Moreover, consistent use of a project charter can 

152 help teams manage conflicts well (Johnson et al., 2022). Although sparse and disparate, previous 

153 research on implementing project charters in PBL for sustainability engineering suggests that project 

154 charter improves the coordination among team members and results in the timely completion of 

155 tasks (Mandal, 2018) (Siddiquei et al., 2022). However, most of these studies focused on 

 

156 investigating the impact of project charter use on team cohesion or project performance, but limited 

 

157 research investigated the impact of its systematic use. 

 

158 

 

159 2.3 Individuals and Groups: Multilevel Perspective of Team Science 

 

160 Project teams in civil engineering inherently operate across multiple levels, with individual members 

 

161 working together to achieve shared goals. This multilevel nature is essential to team sciences, as 

 

162 outcomes are shaped not only by characteristics at each level but also by their interactions (Klein & 

 

163 Kozlowski, 2000). Research has shown that individual performance or scores are influenced by the 

 

164 team to which a student belongs, meaning their performance is not independent of the group (Strijbos 

 

165 et al., 2007). However, there is limited research on the effects of factors at multiple levels within the 
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166 context of civil engineering project teams working on real-world projects. Multilevel models (MLM) 

 

167 account for the nesting of team members within teams in calculating standard errors and allow for a 

 

168 broader set of research questions, including those at the individual and team levels as well as the 

 

169 cross of the two. (Ganotice Jr et al., 2022; Ko & Law, 2024; Raudenbush & Bryk, 2002). Given 

 

170 MLM’s focus on nested data structures (such as individuals within teams), PBL studies in 

 

171 construction and engineering should incorporate MLM to better account for these complexities. 

 

172 

173 3. Point of Departure 

 

174 Reviewing the literature revealed that various assessment methods exist to improve engineering 

 

175 students' performance and teamwork (Aaron et al., 2014; Hunsaker et al., 2011; Johnson et al., 

 

176 2022b). While the relevance of these methods is clear, there is limited investigation of temporal 

 

177 changes related to student performance in sustainability engineering projects at multiple levels (i.e., 

 

178 individual versus team-level). Previous research investigates the impacts of project charter use rather 

 

179 than the impacts of its consistent exposure on team and project performance (Johnson et al., 2022b; 

 

180 Mandal, 2018b). Moreover, PBL in engineering education can be done via classroom projects or 

 

181 extracurricular activities like outreach or engagement projects to train engineering graduates for 

 

182 workforce development. An overarching investigation on studying the impact of consistent use of 

 

183 project charters in PBL applied to AEC projects can provide useful insights into the most important 

 

184 factors that impact team and project performance. To be precise, the literature fails to evaluate the 

 

185 effectiveness of using (and not just exposure to) a project charter throughout project delivery on 

 

186 team performance, especially in the context of engineering education and workforce development. 

 

187 
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188 To address this gap, this study investigates whether the level of compliance with project charter use 

 

189 at individual and team levels throughout project delivery enhances team performance (i.e., group 

 

190 potency, team viability, and team cohesion) in engineering education settings, such as classroom and 

 

191 extracurricular projects. We examined these relationships using multilevel modeling to examine both 

 

192 student (individuals) and team levels (groups). Specifically, this study addresses the following 

 

193 research questions (RQs): 

 

194 RQ1: Does using a project charter throughout project delivery, as measured by perceived 

195 compliance, enhance team performance (i.e., group potency, team viability, and team cohesion)? 

196 RQ2: Are there impacts of perceived compliance at individual and team levels on team 

197 performance? 

 

198 4. Methodology 

 

199 4.1 Scope 

200 The study focuses on classroom and extracurricular student engineering projects in a higher 

 

201 education institution setting in the Midwest US. The classroom project is an integral part of 

 

202 Sustainable Civil and Environmental Engineering Systems, an interdepartmental course for juniors 

 

203 or seniors in Applied Engineering Sciences, Civil Engineering, Environmental Engineering, or 

 

204 minoring in Energy. In this classroom project, students engaged in evaluating the real-world 

205 challenges related to the environmental impacts of transportation. Utilizing multi-criterion decision 

206 analysis, they assessed economic, social and environmental criteria to develop sustainable solutions. 

207 

208 The extracurricular project refers to the industrial assessments conducted year-round by Industrial 

209 Assessment Centers (IAC) at higher education institutions across the US (MSU-IAC, 2024). These 
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210 centers offer no-cost technical assessments to small and medium-sized manufacturers, supporting 

 

211 their clean energy transition by helping them save energy, improve productivity, and reduce waste. 

 

212 Most students participating are Environmental Engineering and Civil Engineering majors who 

 

213 receive specialized IAC training to conduct these assessments. Students often remain involved with 

 

214 IAC over multiple semesters, taking on roles that include both leading and participating in the 

 

215 assessments. Both the classroom and the extracurricular projects span over eight to nine weeks and 

 

216 are conducted by teams of three to six members. 

217 A project charter (MSU, 2024), as a project management tool, was provided to both classroom and 

218 extracurricular project teams in the above-mentioned settings, along with a training video (Training 

219 Video, 2024) to assist students with its collaborative use. The charter includes sections on project 

220 definition and team composition, vision, milestones, roles and responsibilities, and preferred 

221 communication methods and conflict resolution strategies (Mollaoglu et al., n.d.). 

222 

 

223 4.2 Data Collection and Measures 

 

224 Our research team collected data for over two years (between the Summer of 2022 and the Spring 

 

225 of 2024), targeting two different offerings of the course in the fall and spring semesters for classroom 

 

226 project teams and the year around operations of the IAC for extracurricular project teams (i.e., that 

 

227 spiked in number of projects during summer and fall semesters). At the beginning of each semester, 

228 our research team presented to the target populations explaining the study's scope and the 

 

229 Institutional Review Board (IRB) process emphasizing voluntary participation. Incentives were 

 

230 provided to encourage participation, and a survey was distributed at the end of the recruitment 

 

231 presentation to obtain students’ consent to participate. 

 

232 
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233 Data was collected electronically using Qualtrics, an online survey tool, with four surveys 

 

234 administered at the beginning, during, and after completion of the project. These surveys included 

 

235 questions on participants’ demographics, perceived team performance, and perceived level of 
 

236 

 

237 

compliance with charter use. 

 

238 For team performance, our study adopted group potency, team viability, and team cohesion 

 

239 composite measures. Accordingly, the respondents evaluated their perceptions of how their project 

240 team performed through survey items using a 4-point Likert scale between 1 (Strongly Disagree) to 

241 4 (Strongly Agree). The composite measures were calculated as explained below. Cronbach’s alpha 

242 (ranging between 0 and 1) was calculated to assess the reliability of multi-item measure, all 

243 exceeding the acceptable threshold of .7 (Mallery & George, 2000). Pearson correlation was used 

244 for two-item measures, with all values meeting the large effect size threshold of .5 (Cohen, 2013). 

 

245 • Group potency, defined as the collective belief among group members in their ability to work 

246 well together and be effective, was calculated as the mean score of two survey items: “This 

 

247 team can solve any problem it encounters” and “This team can be very productive” (adapted 

 

248 from Guzzo et al., 1993). The Pearson correlation between these two items was .707. 

 

249 • Team viability, defined as specific interpersonal skills essential for effective team 

250 participation, was derived by averaging the scores of three survey items: “I really enjoyed 

 

251 being part of this team,” “I felt like I got a lot out of being a member of this team,” and “I 

 

252 wouldn’t hesitate to participate on another task with this same team” (adapted from Tesluk & 

 

253 Mathieu, 1999; i.e., satisfaction and intention to stay). The Cronbach’s alpha of these three 

254 items was .920. 
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255 • Team cohesion, defined as the team’s shared commitment to the task, was calculated as the 

256 average score of three survey items: “My team had a unified vision for what we should do,” 

 

257 “My team members contributed to the team’s goal,” and “My team members were committed 

 

258 to our team’s goal”, adapted from (Hackman & Katz, 2010) and (MacCoun, 1996). The 
 

259 

260 

Cronbach’s alpha of these three items was .937. 

261 Perceived level of Compliance with charter use measures the degree to which individual team 

262 members perceive compliance with the project charter use during project delivery (Project charter, 

263 2024). We focused on perceived rather than actual implementation because beliefs about compliance 

264 often shape behaviors and interactions within teams. When team members perceive themselves as 

265 following the charter, it improves collaboration and problem-solving, leading to greater productivity 

 

266 (Herrera et al., 2017). These shared beliefs ultimately enhance project performance by ensuring that 

 

267 everyone understands their roles and how their contributions align with the team’s goals. For 

 

268 reliability, Pearson correlation was used as explained above. 

 

269 • We measured this variable at the individual level based on the responses to the following two 

270 survey items, rated on a 4-point Likert scale between 1 (Strongly Disagree) and 4 (Strongly 

 

271 Agree): “My team filled out our project charter together” and “My team revisited our project 

 

272 charter at regular intervals.” The Pearson correlation between these two items was .510. 

 

273 • At the team level, an additive model approach was adopted (Chan, 1998), where the average 

274 score of compliance from all team members (i.e., Average Compliance from here on) was 
 

275 

276 

277 

computed to represent overall team compliance with the project charter use. 
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278 4.3 Data Analysis and Analytic Models 

 

279 A two-level MLM with full maximum likelihood estimation was employed to investigate the impact 

 

280 of charter use compliance on team performance. Unlike traditional regression methods, MLM 

 

281 accounts for dependencies within clusters by partitioning variance into within-group and between- 

 

282 group components, resulting in more accurate estimates and standard errors that reflect dependencies 

 

283 within groups. This approach allowed for examining effects at individual- (Level 1) and team-level 

 

284 (Level 2), with individuals nested within teams. The analysis used HLM 8.2 software (Raudenbush 

 

285 & Bryk, 2021). 

 

286 

 

287 The analysis began with unconditional means models (M0), which did not include any level 1 or 

 

288 level 2 predictors, to quantify baseline variation in the three outcome variables—group potency, 

 

289 team viability, and team cohesion—at both the individual and team levels. These models served as 

 

290 a reference for understanding how variance was distributed across levels. Next, conditional models 

 

291 were specified for each of the three outcome variables. The first set of conditional models (M1) 

 

292 included perceived compliance at the individual level. The second set of conditional models (M2) 

 

293 incorporated the group-mean centered compliance at the individual level and average compliance at 

294 the team level, allowing for a comparison of individual perceptions versus team context. The M2 

295 model equations were defined as follows1: 

296 

297  Level 1 (Individual Level): 

298 𝑌ij = 𝛽0j + 𝛽1j ∗ (𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒ij − -𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒--J) + 𝑟ij 
 

 

1 Note: All model equations (M0 – M3) can be found in Appendix 1. Unless otherwise specified, Compliance 

was grand-mean centered. 
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299 where 𝑌ij represented the outcome variables (i.e., group potency, team viability, and team cohesion) 

 

300 for individual i in team j. The term 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒ij referred to the perceived compliance score for 

301 individual i in team j and -𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒--Jwas the mean perceived compliance for team j. Therefore, 

302 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒ij − -𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒--J represents the individual’s perceived compliance relative to the 

 

303 team average. For example, for an individual whose compliance score was 3 in a team with mean 

304 2, 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒ij − 𝐶--𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒--J =3-2=1. On the other hand, if the team mean was 1 then 

305 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒ij − -𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒--J would be higher: 3-1=2. Correspondingly, 𝛽1j was the slope for 

 

306 team-mean centered compliance in team j, reflecting the change in the outcome variable for a one- 

 

307 unit increase in individual perceived compliance relative to the team. In that context, 𝛽0j was the 

 

308 overall intercept for team 𝑗, indicating the expected value of the outcome variable when the 

 

309 compliance was at its mean for team 𝑗 and 𝑟ijwas the residual error for individual i in team j. 

 

310 

311 Level 2 (Team Level): 

312 The conditional Level 2 equations were formulated by using the Level 1 intercept and slope as 
 

313 

 

314 

 

315 

outcomes.  

 

𝛽0j = 𝛾00 + 𝛾01 ∗ (-𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒--J − -𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒- ) + 𝑢0j 

𝛽1j = 𝛾10 + 𝑢1j 

316 where 𝛾00 was the intercept – the 𝛽0j in a team who had average levels of compliance 

317 (-𝐶-𝑜--𝑚---𝑝-𝑙-𝚤-𝑎--𝑛--𝑐-𝑒- was the grand mean of compliance across all teams); 𝛾01 was the slope for grand- 

 

318 mean centered average compliance, indicating how much the team’s average outcome changed for 

 

319 a one-unit increase in the average compliance; 𝛾10 was the average estimated effect of individual 

 

320 compliance across all teams; and 𝑢0j and 𝑢1j were the random effects for team j. 
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321 Next, scatterplots were generated for each team to explore the relationships between charter use 

 

322 compliance and three team performance outcomes. Examining the scatterplots led to the 

 

323 development of further exploratory research questions and the third set of conditional models (M3) 

 

324 with a focus on the type of project teams in engineering education settings (classroom versus 

 

325 extracurricular). 

 

326 5. Results 

 

327 5.1. Sample Demographics 

 

328 The target population included 89 teams with a total of 345 members. Of those, 43 teams were 

 

329 from the classroom setting with 195 individuals/team members, and 46 teams were with 21 

 

330 individuals/150 team members since individuals were assigned to multiple project teams in the 

 

331 extracurricular setting. However, only 49% of participants who provided valid survey responses 

 

332 regarding perceived team charter compliance were included in the analysis, resulting in a final 

 

333 sample size of 52 teams comprising 169 members. Table 1 below shows the sample demographics 

 

334 for the study. 

 

335 

336 Table 1. Individual-Level Demographics 

Variables N % 

Gender* 

Male 

 

88 

 

52.1 

Female 

Race* 

80 47.3 

White 126 74.6 

Other 

Academic Program 

38 22.5 

Environmental Eng 66 39.0 

Civil Eng 61 36.1 

Applied Eng 33 19.5 

Mechanical Eng 4 2.5 

Other 5 2.9 
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 Variables N % 

Academic Maturity  

Undergrad 

 

163 

 

96.4 

 PhD 5 3.0 

 

Project Team 

Other 1 .6 

 Classroom 131 77.5 

 Extracurricular 38 22.5 

337 *Note: n is below 169 due to missing data. 

338 

339 5.2. Descriptive Statistics 

 

340 Table 2 shows the mean and standard deviations of the variables. The individuals’ average ratings 

 

341 of team performance outcomes - group potency, team viability, and team cohesion - were relatively 

 

342 high on the 1 to 4 scale, with values of 3.22 (SD = .58), 3.05 (SD = .76), and 3.19 (SD = .66), 

 

343 respectively. The mean of individual-level compliance was 2.45 (SD = .75), indicating moderate 

 

344 compliance among individuals. The team-level average compliance was 2.35 (SD = .59), suggesting 

 

345 a slightly lower overall perception of compliance within teams. Significant differences were found 

 

346 between classroom and extracurricular project teams in team viability and individual-level 

 

347 compliance. While extracurricular project teams generally exhibited higher team viability, classroom 
 

348 

 

349 

350 

teams demonstrated higher individual perception of compliance. 
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351 Table 2: Means and Standard Deviations of Independent and Dependent Variables by Team Type  

 

Variables 

Classroom Project 

Teams 

Extracurricular Project 

Teams 
Whole Sample 

 Mean SD Mean SD Mean SD 

Individual Level N = 131  N = 38  N = 169  

Group potency 3.19 .57 3.32 .59 3.22 .58 

Team viability* 2.97 .77 3.32 .65 3.05 .76 

Team cohesion 3.15 .67 3.33 .59 3.19 .66 

Compliance* 2.54 .75 2.14 .65 2.45 .75 

Team Level N = 40  N = 12  N = 52  

Average compliance 2.42 .62 2.13 .44 2.35 .59 

352 *Note: statistically significant differences were observed between team types (p < .05). 

 

353 5.3. Multilevel Results 

 

354 5.3.1 The Unconditional Models (No Predictors): Variance Within and Between Groups 

 

355 We calculated the intraclass correlation coefficient (ICC) (Raudenbush, 2002) based on the 

 

356 unconditional M0 models to examine the initial variations in team performance outcomes. The ICC, 

357 typically from 0 to 1, represents the proportion of total variance in the outcome that can be attributed 

358 to between-team differences versus within-team differences. In this study, 8% of the variance in 

359 group potency was due to differences between teams. In comparison, team-level differences 

360 accounted for 15% of the variance in both team viability and team cohesion. These ICCs fall within 

361 common ranges and suggest attention to modeling at the group as well as the individual levels 
 

362 

 

363 

 

364 

(Westine et al., 2013). 



19  

365 5.3.2 Individual Compliance Effects 

 

366 To answer the first research question, M1 models examined how compliance at the individual level 

 

367 predicted team performance outcomes (see Table 3). 

 

368 

 

369 Significant positive effects of individual perception of compliance were observed on all three 

 

370 outcomes: group potency (𝛾10 = .198, SE = .072, p < .01) team viability (𝛾10 = .321, SE = .082, p 

 

371 < .001), and team cohesion (𝛾10 = .281, SE = .072, p < .001). Team members who perceived higher 

 

372 levels of compliance tended to view their teams as more potent, viable, and cohesive. This finding 

 

373 highlighted the crucial role of individual perceptions in shaping team dynamics. 

 

374 5.3.3 Individual vs. Team Compliance Effects 

 

375 To answer the second research question, the M2 models expanded on the M1 analysis by separating 

 

376 the effects of compliance at two levels: individual perception relative to their team (Level 1) versus 

 

377 the team’s average compliance (Level 2). This approach allowed us to determine whether team 

 

378 performance outcomes were driven more by individual-level compliance perceptions or by the 

 

379 team’s overall compliance level. 

 

380 

381 The results, detailed in Table 3, showed that the positive effects of compliance remained significant 

382 at the individual level (Level 1): .223 (SE = .086, p < .05) for group potency, .364 (SE = .106, p 

383 < .01) for team viability, and .334 (SE = .076, p < .001) for team cohesion. Individuals who perceived 

 

384 higher levels of compliance relative to their teams were more likely to see their teams as more potent, 

 

385 viable, and cohesive. 

 

386 
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387 At the team level (Level 2), there was a significant positive relationship between average perceived 

 

388 compliance and group potency ( 𝛾01 = .227, 𝑆𝐸 = .087, 𝑝 < .05) and team viability ( 𝛾01 = 

389 . 275, 𝑆𝐸 = .119, 𝑝 < .05). Teams with higher average levels of perceived compliance reported 

 

390 greater potency and team viability. However, no significant relationship was found between average 

 

391 compliance and team cohesion (𝛾01 = .206, 𝑆𝐸 = .123, 𝑝 > .05), suggesting that team cohesion 

 

392 may be more strongly influenced by individual perception rather than the overall team compliance 

 

393 climate. 

394 

395 Table 3: Fixed effects (Regression Coefficients) of the Multilevel Models 
 

Group Potency Team Viability Team Cohesion 

 

 

 

 

Intercept, 𝛾00 

 
Compliance Slope, 𝛾10 

 

Level 2: Teams 

 

Average Compliance, 𝛾01 

 
.227* 

(.087) 

 

.275* 

(.119) 

 

.206† 

(.105) 

396 Note: ***p < .001, **p < .01, *p < .05, †p < .10; inside the parentheses are standard errors. 

397 

398 5.4. Exploratory Analysis and Results 

 

399 5.4.1 Relationship Between Team Performance and Compliance Effects 

 

400 To interpret our multilevel models in terms of the experiences of individuals within teams, we 

 

401 generated a unique scatterplot relating compliance to performance for each team. Each figure 

 

402 represented a different outcome, with compliance on the x-axis and the corresponding team 

 

403 performance measured on the y-axis. In these plots, each dot represented an individual, while the 

 M1 M2 M1 M2 M1 M2 

Level 1: Individuals 
 

3.202*** 

 

3.071*** 

 

3.015*** 

 

2.866*** 

 

3.168*** 

 

3.045*** 

 (.045) (.072) (.068) (.098) (.057) (.086) 

 .198* .223* .321*** .364** .281*** .334*** 

 (.072) (.086) (.082) (.106) (.072) (.089) 
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404 lines represented teams. Compliance was group-mean centered to illustrate how everyone’s 

 

405 compliance score differed from the average compliance of their team (indicated by the red vertical 

 

406 dashed line at compliance = 0). For example, a compliance score of -1.0 indicated that the 

 

407 individual’s score was 1 point below their team’s average. 

 

408 

 

409 For group potency (Figure 1), the relationship between intercepts and slopes varied across teams, 

 

410 reflecting distinct relationships between individual compliance deviations (relative to team averages) 

411 and group potency within each team. Teams such as CF (yellow line) and CC (blue line) had 

412 relatively large intercepts but steep negative slopes. A high intercept indicated a high baseline group 

413 potency when individual compliance was at the team average. In contrast, the steep negative slopes 

414 suggested that as individual compliance increased beyond the team-perceived norm, group potency 

415 decreased. This pattern implied that greater deviations in individual compliance were associated with 

416 lower group potency in teams with high potency, potentially reflecting a misalignment between 

 

417 individual compliance and the team’s overall sense of effectiveness. 

 

418 

 

419 In contrast, teams with low intercepts, such as team FR (purple line), showed steep positive slopes. 

 

420 The trend was that in teams where individual compliance deviations were positively correlated with 

 

421 group potency, the average group potency for those teams was lower. Moreover, several teams 

 

422 exhibited relatively flat lines, indicating a weak or nonexistent association between compliance 

 

423 deviation and group potency. In these teams, regardless of how much an individual’s compliance 

 

424 deviated from the team’s average perception of charter use, it had little effect on group potency. A 

 

425 similar pattern emerged in team viability and cohesion, with comparable intercept-slope 

 

426 relationships (Appendix 2). 
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429 Fig 1.Relationship between Group Potency and Compliance Effects 

430 

431 Based on scatterplots, we proposed the following exploratory research questions (ERQs) for 

432 further study: 

433 ERQl: How does a team's overall performance relate to the association between charter use 

434 compliance and team performance (i.e., group potency,team viability,and team cohesion) among 

435 members ofthe team? 

436 ERQ2: Does a team perform better overall when those who are more compliantin charter use also 

437 perceive better performance? 

438 

439 As an initial response, we note the models revealed a strong negative correlation atthe team level 

440 between the intercept(/3。j) and the compliance slope(/31j):-.872 for group potency,-.992 for team 

 

441 viability, and -.995 for team cohesion. These correlations suggested an inverse relationship:the 

442 larger the compliance effect,the lower the interceptfor each team performance outcome. In other 

443 words, teams with a strong positive correlation between compliance and a specific team performance 
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444 outcome (i.e., group potency, team viability, or team cohesion) tend to have a lower average in that 

 

445 respective performance outcome. 

 

446 

 

447 5.4.2 Classroom vs. Extracurricular Project Team Effects 

 

448 From the scatter plot analysis, we identified teams CC, CF, and FR, which exhibited contrasting 

 

449 trends. Upon close examination, we found that CC and CF were extracurricular project teams, while 

 

450 FR was a classroom team. These potential differences between classroom and extracurricular project 

451 teams led us to hypothesize that these teams may vary in their compliance patterns. To explore this, 

452 we introduced the team variable (classroom teams = 1 and extracurricular project teams = 0) at Level 

453 2, extending the M2 models to M3 to assess the team effects on both the intercept and slope2. 

454 
455 Table 4: Fixed Effects (Regression Coefficients) of the Team Effects in M3 

 

 

 

(Intercept), 𝛾00 

 
Compliance Slope, 𝛾10 

 
 

 
Average Compliance, 𝛾01 

 
Team, 𝛾02 

 
456 Note: ***p < .001, **p < .01, *p < .05; inside the parentheses are standard errors. 

457 
458 As shown in Table 4, the results from the M3 models indicated that classroom teams had lower 

 

459 baseline scores compared to extracurricular project teams, as indicated by the negative coefficients 
 

 

 

2 The team variable on the compliance slope was tested but removed due to non-significance. 

Group Potency Team Viability Team Cohesion 

Level 1: Individuals 

3.372*** 

 

3.380*** 

 

3.378*** 

(.101) (.131) (.120) 

.223* .367** .329*** 

(.087) (.106) (.087) 

Level 2: Teams 

.277** 

 

.368** 

 

.266* 

(.089) (.116) (.106) 

-.241* -.485** -.295* 

(.117) (.152) (.139) 
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460 for the team variable: group potency (𝛾02 = −.241, SE = .117, p < .05), team viability (𝛾02 = −.485, 

 

461 SE = .152, p < .01), and team cohesion (𝛾02 = −.295, SE = .139, p < .05). That is, classroom teams 

 

462 scored, on average, .241 points lower on group potency, .485 points lower on team viability, and .295 

 

463 points lower on team cohesion than extracurricular project teams. The compliance effects remained 

 

464 positive and significant at both the individual and team levels in the M3 models, consistent with the 

 

465 trends observed in the M2 models. 

 

466 6. Discussion 

 

467 The present study addresses the knowledge gap relating to the impact of consistent use of project 

 

468 charters on team performance within engineering project-based education. While previous research 

 

469 has demonstrated the benefits of implementing project charters, this study extends these findings by 

 

470 focusing on perceived compliance rather than simply having a charter in place (Aaron et al., 2014). 

471 Our findings reveal that consistent use of project charters in PBL in engineering education and 

472 workforce development settings, as measured by perceived compliance, was crucial for team 

473 performance, improving group potency, team viability, and team cohesion. This focus on perceived 

474 compliance aligns with research emphasizing the importance of perceived psychological contracts 

475 in teams, highlighting the importance of unwritten expectations and obligations in shaping team 

476 dynamics (Johnson et al., 2022b). However, integrating charters into PBL to effectively guide 

477 interactions and develop collaboration skills in engineering settings remains a challenge (Dougherty 

 

478 et al., 2018) due to multi-level (i.e., individual and team levels) and multi-faceted (i.e., individual, 

 

479 dyad, and team dynamics such as demographics, prior experience, and team chemistry) nature of 

 

480 teams, difficulty in optimizing level of exposure to and structured use of project charters in the 

 

481 classroom and larger organizational environment settings, and work context. 
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482 Our study examined perceived compliance with charter use at both individual and team levels, using 

 

483 MLM to differentiate their effects. The findings indicate that personal beliefs and collective team 

 

484 perceptions of charter use both contribute significantly and almost equally to team performance, 

 

485 including group potency, team viability, and cohesion. As an initial exploration of the follow-up 

 

486 exploratory research questions, two main patterns emerged that clarified how a team’s overall 

 

487 performance (i.e., group potency, team viability, and team cohesion) influenced the relationship 

 

488 between compliance and performance among members of the team (Leicht et al., 2009). The 

489 relationship between individual charter use and individual performance varied across teams 

490 depending on the performance of the teams. This suggests that team dynamics may shape the 

491 relationship between compliance and team performance. Specifically, the link between individual 

492 compliance and performance in high-performing teams tended to be weaker. In these teams, 

493 individuals who perceived themselves as more compliant in charter use than other team members 

494 did not necessarily report better-perceived team performance. This finding suggests that individuals’ 

 

495 compliance with charter use alone in high-performance teams may not be the key driver of 

 

496 individuals’ perceived positive team outcomes such as group potency, team viability, and team 

 

497 cohesion (Mathieu & Rapp, 2009). Instead, factors such as team communication composition, 

 

498 communication patterns, leadership style, or the team’s flexibility in responding to challenges play 

 

499 a larger role (Cox & Bobrowski, 2000). While compliance with charter use supports team structure 

 

500 and order, it does not consistently improve individual performance. Future research could investigate 

 

501 how these broader aspects of team context moderate the compliance-performance relationship and 

 

502 under what conditions compliance enhances performance. 

 

503 This study also demonstrated the impact of setting - classroom versus extracurricular – on 

 

504 engineering project-based learning. Classroom teams typically begin with lower levels of group 
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505 potency, team viability, and cohesion compared to teams in extracurricular project teams. This 

 

506 discrepancy can be attributed to the distinct environments in which these teams operate. In classroom 

 

507 settings, students often collaborate in their teams for the first time under rigid deadlines, which limits 

 

508 opportunities for organic team development (Courtney et al., 2007). The short-term nature of 

 

509 classroom projects restricts the time available to build effective working relationships and shared 

 

510 goals, often resulting in a lack of shared mental models (Carraro et al., 2024) and lower initial team 

 

511 performance. In contrast, extracurricular project teams (e.g., competition teams in student clubs, 

512 center teams for training and innovation implementation) consist of members who have prior 

513 experience working together and may participate in repeat projects. This familiarity fosters a more 

514 flexible environment, accelerating team dynamics development (Edmondson & Nembhard, 2009). 

515 With trust and alignment already established, extracurricular project teams generally achieve higher 

516 performance levels from the beginning and require less training on team formation and management 

517 that project charters can reinforce. However, the repetitive nature of extracurricular project projects 

 

518 can lead to compliance fatigue, where individuals familiar with the charters may become disengaged. 

 

519 These findings suggest that workforce development strategies for engineering teams should be 

 

520 tailored to account for these distinctions. While classroom teams seem to benefit from structured 

 

521 guidance to enhance team dynamics, which can be achieved through training with, exposure to, and 

 

522 ways to integrate project charters within assignment execution (e.g., time allocated in the classroom 

 

523 for teams to co-create and maintain project charters, points allocated in assignment rubrics to 

 

524 motivate collaborative use of charters); extracurricular project teams may require strategies to 

 

525 maintain focus, motivation, and coordination over time (e.g., use of a Ganttbot [Pereira & Díaz, 

 

526 2021] for automated reminders of key milestones, recognition programs and incentives for success). 
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527 7. Conclusion 

 

528 This study explored the impact of perceived compliance with project charter use at both the 

 

529 individual and team levels on key team performance outcomes (i.e., group potency, team viability, 

 

530 and cohesion) for engineering student project teams in both classroom and extracurricular project 

 

531 team settings. By employing a multilevel modeling approach, the present study differentiated the 

 

532 effects of individual perceptions from those of the collective team perceptions on these team 

 

533 performance outcomes. 

 

534 The findings revealed that consistent use of project charters, assessed through perceived compliance, 

 

535 is linked to significant improvements in team performance, especially in classroom project settings. 

 

536 Furthermore, in high-performing teams, individuals who perceived themselves as more compliant 

 

537 in charter use than other team members did not necessarily report better individual performance. 

 

538 This finding suggests that in high-performance teams, compliance alone may not be the key driver 

 

539 of positive team outcomes. Future research could investigate how these broader aspects of team 

 

540 context moderate the compliance-performance relationship and under what conditions compliance 

 

541 enhances performance. 

 

542 When interpreting the differences between classroom and extracurricular project teams, it is 

543 important to consider the potential effects of sample size. In the present study, classroom teams 

544 included 131 members across 40 teams, while extracurricular project teams had 38 members across 

545 12 teams. Therefore, we recommend that future studies delve deeper into studying effective ways of 

546 implementing charter use for PBL in various engineering education and workforce development 

547 settings considering work context, modality of education (e.g., classroom versus extracurricular, for 

 

548 pay versus for grade or experience), team composition (e.g., level of education, experience, and skill 

 

549 heterogeneity), project nature, and prior relationships among team members. 
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