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ABSTRACT: 16 

Few studies provide conceptual frameworks that help teachers make decisions about 17 

the scaffolding they will offer their students in project-based learning (PBL) processes. 18 

To address this deficiency, an adaptation of the motivational development selfsystem 19 

model was used and a PBL experience involving high school students who had to 20 



create an electric vehicle that used solar energy was analysed© . Applying a multi-21 

group analysis with structural equations, in general, it was observed that the continued 22 

support of the teacher in the project activities strengthened the association of students’ 23 

self-determination with their affective and cognitive engagement. The data suggest that 24 

scaffolding can compensate for deficits in self-efficacy, relationship and autonomy of 25 

the group of students. This study provides a model that can bevalidated in 26 

experimental investigations in which the level of selfdetermination of students is 27 

controlled. 28 

Keywords: Project-based learning; preuniversity education; engineering education; scaffolding; 29 

group autonomy 30 

1. Introduction 31 

Project Based Learning (PBL) is generally considered an alternative to traditional, 32 

teacher- led instruction (Chen, Kolmos, and Du 2020). PBL arises from the needs of 33 

educational praxis at the beginning of the 20th century. Education expert William H. 34 

Kilpatrick made the concept famous through: “The Project Method” (1918). This 35 

methodology allows students to acquire key knowledge and skills by developing 36 

projects that respond to reallife problems. 37 

The PBL approach translates into a student-centred©environment with greater engage- 38 

ment and motivation (Sukerti, Yuliantini, and Susana 2018; Robinson 2013). Research 39 

has shown that student engagement is positively related to achievement, and that 40 

disen- gagement leads to poor academic outcomes in a variety of subjects (Fredricks, 41 



Blumenfeld, and Paris 2004). However, a project-based approach does not always 42 

produce higher engagement and results (Johnson and Delawsky 2013). In PBL students 43 

work on projects independently and academic staff are available at the request of 44 

students as a human resource (Chowdhury 2015). So, teachers need to support learning 45 

by scaffolding instruction and guiding students to make tasks more manageable 46 

(Blumenfeld et al. 1991). Some studies have highlighted the relevance of the teacher’s 47 

role (e.g©. Chowdhury 2015) in the initial and critical phases of the process, providing 48 

feedback and support (Lee et al. 2016), making students feel effective and facilitating 49 

group collaboration (Zhang, Xie, and Li 2018). 50 

However, for the instructor, one of the challenges of project-based learning is 51 

determining how much support to apply (van. Rooij 2009). But to make this decision it 52 

is necessary to have comprehensive frameworks that provide information. The 53 

objective of this study was to provide a conceptual framework that helps teachers to 54 

regulate the application of scaffolds. 55 

The authors using (a) the self-system theory of emotional development (Skinner et al. 56 

2008) that postulates the direct effect of student self-efficacy, relationships and group 57 

autonomy on engagement to the learning task, and (b) the premise that scaffolding 58 

does not directly influence commitment, they posed the following hypothesis: the 59 

amount of teacher support during the development of the project will moderate 60 

(strengthen or weaken) the effect of self-efficacy, communication between peers and 61 

the autonomy of the group on the commitment of the students. 62 

In pursuit of this objective an experimental framework was developed by designing a 63 

PBL model focused on environmental sustainability. The methodological practices of 64 



the Sustainable Urban Race (SUR) Project were analysed. The principal idea of the SUR 65 

project is to encourage students in pre-university educational levels in the southwest of 66 

the Iberian Peninsula to study scientific and technical education. In this project, the 67 

students must create, during the academic year, an electrical vehicle that uses solar 68 

energy. 69 

2. Background 70 

2.1. Student engagement and self-determination 71 

Student engagement is a construct that describes malleable aspects of conduct that are 72 

beneficial for learning and adaptation within the school context. It functions as a 73 

project started by the student towards the achievement of academic/educational goals 74 

(Jang, Kim, and Reeve 2012; Ladd and Dinella 2009; Lippmann 2013; Rocca 2010). 75 

Student engagement is a multidimensional construct comprised by interconnected 76 

aspects that are mutually reinforced. Some reviewers have suggested that it is useful to 77 

distinguish affective, behavioura©l, and cognitive forms (Christenson, Reschly, and 78 

Wylie 2012; Fredricks, Blumenfeld, and Paris 2004; Fredricks et al. 2016; Wang et al. 79 

2016). The under lying assumption is that high-quality learning is the result of 80 

behaviours and emotions, such as exertion, persistence, interest, and enjoyment that 81 

reflect a motivation to development the project. Likewise, from a processual approach, 82 

there are studies that haves hown internal dynamics between the dimensions of 83 

engagement (E. Skinner et al. 2008), showing that emotions feed behaviours in the 84 

classroom. This evidence empirically reinforces the assumptions of theories such as 85 

self-determination (Deci and Ryan 1985) that suggest that emotions such as interest 86 

and enthusiasm fuel behaviours such as effort and persistence.  87 



To understand the mechanisms that explain student engagement in relation to aca 88 

demic performance, the Self-System Model of Motivational Development (SSMMD). 89 

Skinner et al. (2008) based on previous findings (Connell and Wellborn 1991; Deci and 90 

Ryan 1985; Skinner and Wellborn 1997) through a longitudinal study with elementary 91 

school students in public schools in the United States, showed the interest of this model 92 

for delving into the personal and learning context factors associated with changes in 93 

engagement. In this model, “the developing person is viewed as an active partner in 94 

the construction of the self-system from the first moments of life. The self-system is 95 

viewed as a set of appraisal processes whereby the individual evaluates his or her 96 

status within particular contexts with respect to three fundamental psychological 97 

needs: competence, autonomy and relatedness” (Connell and Wellborn 1991, 51). In 98 

school contexts, as these three needs are satisfied, the functionality of the class 99 

improves, and a psychological wellbeing develops, motivating the students to become 100 

engaged with learning (Jang, Kim, and Reeve 2012). 101 

2.2 Project-based learning (PBL) and teacher scaffolding 102 

PBL is an educational method grounded in general theories of knowledge such as 103 

situated learning (Lave and Wenger 1991), which states that knowledge must be 104 

presented in an authentic context, using seĴings and applications that would normally 105 

involve that knowledge, and includes social interaction and collaboration to solve 106 

complex problems (van van Rooij 2009). PBL tends to be a group activity with a 107 

timeline, milestones and other formative evaluation steps. The process replicates the 108 

commonly used systemic approaches to resolving problems or meeting challenges that 109 

are encountered in real life (Donnelly and Fiĵmaurice 2005). In PBL, unlike similar 110 



methods (e.g©. problem-based learning), the central focus of the task is for students to 111 

develop and apply knowledgeto produce some final product (Prince and Felder 2007). 112 

The PBL approach could mean a student-centred environment with greater engage- 113 

ment and motivation (Sukerti, Yuliantini, and Susana 2018; Robinson 2013). However, 114 

a project-based approach does not always produce higher engagement and results 115 

(Johnson and Delawsky 2013). PBL is generally a less structured approach than 116 

traditional, teacher-led classroom learning and can be conducive to student autonomy 117 

and choice within unsupervised work time (Lee et al. 2016). However, working in non- 118 

or low- structure environments can entail significant side effects. In such an 119 

environment, it is difficult for students to clearly identify project design-flow phases. 120 

Furthermore, coopera- tion and collaboration levels are difficult to control, which leads 121 

to the lack in clarity of individual work, mentoring and evaluation (Milentijevic, Ciric, 122 

and Vojinovic 2008). 123 

Successful implementation of PBL in the classroom lies in the teacher’s ability to 124 

effectively scaffold student learning, motivate, support, and guide students along the 125 

process (Kokotsaki, Menzies, and Wiggins 2016). Some studies have highlighted 126 

defining the role of the teacher (e.g.  Chowdhury 2015) in the initial and critical phases 127 

of the process providing feedback and support (Lee et al. 2016), making students feel 128 

effective and facilitating autonomy and group collaboration (Zhang, Xie, and Li 2018). 129 

Therefore, on the one hand, a key feature of PBL is learner control of the process, 130 

affording team members the opportunity to design, develop and execute their own 131 

vision of what the project processes as well as the final product should be. On the other 132 

hand, it is the instructor’s job to provide the appropriate amount of scaffolding to 133 



motivate learners, reduce task complexity, provide structure and reduce learner 134 

frustration. Based on the concept of zone of proximal development (Vygotsky 1978), 135 

scaffolding refers to a process in which the instructor provides assistance to students 136 

for tasks or concepts that they are initially unable to grasp on their own. Once the 137 

student masters the task or concept, the instructor begins the process of “fading”, or 138 

the gradual removal of the scaffolding, which allows the student to work 139 

independently and collaboratively. Therefore, the amount of scaffolding will depend 140 

on the status of the group, i.e. of their competence and capacity for autonomous 141 

learning. 142 

3. Hypotheses 143 

Currently, there is a lack of a theoretical framework that provides robust indicators to 144 

teachers to know under what circumstances to provide a greater or lesser amount of 145 

scaffolding. The SSMMD and knowledge of the dynamics of engagement provide a 146 

conceptual framework in which scaffolding can behave as a moderator of the relation- 147 

ship between competence and student autonomy with engagement. In other words, the 148 

greater the competence, autonomy and bonding of the group, the less scaffolding will 149 

be necessary to increase the affective and cognitive engagement of the students. To test 150 

this claim, the authors presented the following empirical arguments. 151 

Although there are numerous evidences that show the relationship between the 152 

components of the self-system (autonomy, relationships and self-efficacy) and engage- 153 

ment, there are few studies that aĴempt to show it in PBL contexts. Kolmos´ (2010) 154 

findings suggest that for learning to be successful it is crucial to pay aĴention to 155 

students’ perceptions of the learning process and environment in PBL. Giving students 156 



autonomy, allowing projects to be driven by them and actively involving them in the 157 

process, has been empirically shown to bring different benefits to learning 158 

(Grassberger and Wilder 2015; Thomas 2000). Among the reported benefits of active 159 

participation is increased student engagement and satisfaction (Graham and Crawley 160 

2010). The SSMMD posits that increases in engagement and decreases in discontent can 161 

be predicted by students’ self-perceptions (i.e. satisfaction of self-efficacy, autonomy 162 

and relationship needs) (Skinner et al. 2008). All of this leads to the following 163 

hypotheses: 164 

H1. There is a significant and positive association between the self-efficacy perceived 165 

by the students and their affective (H1a) and cognitive engagement (H1b) in learning 166 

tasks. 167 

H2. There is a significant and positive association between the relationship and their 168 

affective (H2a) and cognitive engagement (H2b) in learning tasks. 169 

H3. There is a significant and positive association between autonomy and their 170 

affective (H3a) and cognitive engagement (H3b) in learning tasks. 171 

The student’s engagement is a meta-construct comprised by interconnected constructs 172 

that are mutually re-enforced (Fredricks et al. 2016; Wang et al. 2016) and is associated 173 

with positive academic outcomes (Fredricks, Blumenfeld, and Paris 2004). 174 

There are studies that have shown internal dynamics between the dimensions of 175 

engagement (Skinner et al. 2008), showing that emotions feed behaviours in the 176 

classroom. This evidence constitutes the basis of the following hypothesis: 177 



H4. A high degree of affective engagement will be positively related to a high degree of 178 

cognitive engagement. 179 

Many researchers agree that the real strength of PBL lies in the effects of the approach 180 

on student engagement (Chowdhury 2015; Kolmos 2010). If students are motivated 181 

and engaged, they learn more (Schaddelee and McConnell 2018). Taking into account 182 

this evidence, the following hypotheses were proposed: 183 

H5. A high degree of affective engagement will be positively associated with a high 184 

degree of technical learning. 185 

H6. A high degree of cognitive engagement will be positively associated with a high 186 

degree of technical learning. 187 

Once the analytical and conceptual framework was established, the authors started 188 

from the definition of scaffolding as a process in which the instructor provides 189 

assistance to the student and once that the student masters the task, the instructor 190 

begins a gradual removal of the scaffolding, which allows the student to work 191 

independently and collaboratively (Zhang, Xie, and Li 2018). Therefore, the scaffolding 192 

must be lower as students acquire competence, and the group acquires autonomy. The 193 

hypothesis formulated was the following: 194 

Categorical moderation hypothesis. The relationship between self-determination and 195 

student engagement will be strengthened when teachers provide support, so that 196 

deficits in group self-efficacy, relationship, and autonomy can be overcome with 197 

teacher scaffolding. 198 

 199 



4. Method 200 

4.1. Learning context 201 

This study was based on an educational project aimed at pre-university students, 202 

called the SUR project, which aims to increase interest in technology and science. SUR 203 

is carried out in the southwest of the Iberian Peninsula and aims to promote scientific 204 

and technical careers among pre-university students, also trying to bring science, 205 

technology and innovation closer to society in general. A network of secondary 206 

education centres participates in the SUR project with the goal of creating a vehicle that 207 

allows transporting at least one person in an urban environment.  208 

The project seeks to develop engineering skills and transversal skills such as creativity, 209 

collaboration, decision-making, work organisation and time management, among 210 

others. The phases of the project were as follows 211 

 212 

Figure 1. Hypotheses tested. 213 

Technical Conferences. Organised by the university promoting the project, they were 214 

the first point of contact with the teachers involved. The act consisted of the 215 

presentation of the norms and regulations, the tests to be carried out, the evaluation 216 



criteria and the improvements compared to previous editions. Finally, a series of 217 

training courses were presented to update the knowledge of the participating teachers 218 

and support their tasks.  219 

Vehicle construction. Participants in this phase must build a 3 or 4 wheeled solar 220 

vehicle capable of transporting one person. Furthermore, they must solve some 221 

proposed technical challenges, such as the design of a telemetry system. The beginning 222 

of this phase started with the visit of project technicians to each school to deliver a 223 

development kit (engine, solar panels and other components) and advise participating 224 

teachers on topics related to the construction of the vehicle. 225 

Until the date of the race, several visits to schools were made to assess the development 226 

of their projects. These visits were useful to solve problems with the construction of the 227 

vehicle and with the use of Arduino, the programming platform employed. In some 228 

cases, the construction of the vehicle was part of regular classroom subjects, in other 229 

cases the project was approached as an extracurricular activity. 230 

Public competition between vehicles. At the end of the academic year, all teams from 231 

each school aĴend this event, held at the university campus, with their prototypes. 232 

4.2. Data collection and participants 233 

The data collection process was carried out in the academic year 2018–2019. The 234 

sample was comprised of 83 students, from which 32,5% were at the Compulsory 235 

Secondary Education level, 32,5% were in Baccalaureate and 35% were at the 236 

Vocational Training level. Moreover, 33% were aged between 14 and 16 years, 60% 17 237 

to 19 years old and 7% were aged 20 years or more. In terms of gender, 67% were male. 238 



The data collection was performed as follows: in the first phase of the project, during 239 

the technical conferences, the teachers were clearly informed about the objectives of the 240 

study. The measuring instrument was provided to the students on the day of the race. 241 

It was administered through an online form available on computers in the computer 242 

room.  243 

Participation was voluntary and anonymity was guaranteed. Five educational centres 244 

participated in the study, and each school team had between 13 and 20 participants. 245 

4.3. Measurement 246 

4.3.1. Measurement of Scaffolding 247 

To measure scaffolding the scale by Project Management Institute (2004) was utilised. 248 

A five-point response scale was used, which ranged from 0 (it was not done), 1 (the 249 

teacher did it), 2 (we did it with the teacher’s help), 3 (it was done in consultation with 250 

the teacher) to 4 (we did it all ourselves). 251 

Items used were: “at the start of the project, the scope was described: materials, 252 

characteristics . . . ”, “the project was broken down into phases”, “work modules were 253 

specified”, “activities were specified in each module”, “in each activity the person 254 

responsible was specified”, “in each module/activity the end date was established”, 255 

“we had to investigate”, “new ideas had to be generated”, “new solutions had to be 256 

sought”, “we used templates to control number and percentage of completed tasks” 257 

and “we used templates to control the team’s work rate”. To verify the consistency of 258 

the scale, we obtained the Cronbach´s Alpha (α), which was .89 and the average 259 

variances extracted (AVE) was .48. 260 



Measurement of Self-determination, the research model was composed of three 261 

constructs. (Deci and Ryan 1985): 262 

● Self-Efficacy (SEL) referring to the need of human beings to feel competent in 263 

their interactions with the environment through a 3-item scale drawn from the PaĴerns 264 

of Adaptive Learning Survey’s academic efficacy measure (Midgley et al. 2000), with 265 

responses on a 4-point Likert scale from not at all true to very true. The scale had good 266 

reliability (α = .86). The scale used had the following items: “during the course of the 267 

project, I felt that I could perform all the tasks that were proposed to me”, “I have been 268 

sure that I mastered all the contents of the project” and “I thought I did it well even in 269 

the most difficult tasks”. 270 

● Relationship (RE) refers to the need that people have to feel that they belong to 271 

a particular project using a scale designed and validated by Mikami, Boucher, and 272 

Humphreys (2005) and recently used by Ruzek et al. (2016) showing the predictive 273 

validity of the measure on behavioural engagement reported by students. The scale 274 

developed showed acceptable reliability (α = .74). The scale used contained 2 items: 275 

“how many colleagues from the team respected and listened to your opinions?” and 276 

“with how many colleagues from the project did you get along?” were also used. 277 

Student replies were arranged on a 4-point Likert scale ranging from everybody to 278 

nobody. 279 

● Autonomy (AU) notes the level to which students performed tasks 280 

autonomously in their classroom through an adaptation of the scale used Ruzek et al. 281 

(2016) with α = .80. The predictive validity of this measure with observed student 282 



participation and self- reported student participation has been demonstrated by 283 

previous research (Hafen et al. 2012). The scale designed for this project had moderate 284 

reliability (α = .65) and was comprised of items such as “we make decisions on how to 285 

develop it”, “we decided how to carry out group activities”, and “we had very 286 

stimulating discussions”. For the answers, a 4-point Likert scale was used ranging from 287 

not at all true to very true. 288 

4.3.2. Measurement of Engagement 289 

To measure this multi-dimensional construct, the scales by (Fredricks, Blumenfeld, and 290 

Paris 2004; Fredricks et al. 2016) and Wang et al. (2016) were used. 291 

The dimensions measured were affective engagement (AE) (e.g. “I liked participating 292 

in the project”, “I enjoyed learning new things about the subject”, “I wanted to 293 

understand what we did during the project” and “I felt good when we were working”), 294 

and cognitive engagement (CE) (e.g. “I reviewed the work to make sure it was okay”, 295 

“I thought of different ways to solve a task”, “I was trying to connect what we did with 296 

what I already knew” or “I tried to learn from my mistakes when something went 297 

wrong”). These dimensions were measured through four-point scales that ranged from 298 

1 (strongly dis- agree) to 4 (totally agree.). 299 

In terms of Cronbach’s Alpha analysis and average variance extracted, EE α was .91 300 

and AVE was .81. and CE α was .85 and AVE was .74. 301 

4.3.3. Measurement of Self-reported Technical Learning (STL) 302 

To measure the level of technical learning (TEL) the learning objectives set by the 303 

project’s organisers were used. In this sense, a four-point response scale was used, 304 



which ranged from 1 (nothing) to 4 (a lot). Items such as “I have learned to design and 305 

build a reliable prototype, capable of transporting a person, without breaking”, “use of 306 

specific software for structure design”, “design and build simple electronic circuits”, 307 

“install vehicle wiring”, “install the photovoltaic panels and connect them”, “install 308 

baĴery connection terminals”, “handle tools” or “apply basic programming principles 309 

through the ARDUINO platform” were used to measure TEL. In TEL Cronbach´s 310 

Alpha was .91 and AVE was .62. 311 

Appendix shows he results of the analysis of validity and reliability of each construct. 312 

4.4. Data analysist 313 

The hypothesis was tested using structural equation modelling (SEM) with AMOS 314 

software (Figure 2). According to this method, each theory consists of a group of 315 

correlations, and if the theory is valid, the correlation paĴerns (assumptions) can be 316 

reproduced through empirical data (Byrne, 2013). 317 

Simultaneously analysing all the variables and their relationships, the SEM statistically 318 

tests the theoretical model analysed©, to verify the consistency of the proposed model 319 

with the data. The model supports the plausibility of the relationships presented, if the 320 

goodness of fit is adequate; however, if it is not adequate, the plausibility of the model 321 

is rejected. The usual indices of the three fit categories of the model were used to 322 

measure the goodness of fit of the model (Hair et al. 2006) (absolute, parsimonious and 323 

incremental). Following the recommendations of Hair et al. (2006) the following 324 

adjustment criteria were established: for N observed variables ≤ 12 and N < 250. The 325 

root means square error of approximation (RMSEA) was used (0< RMSEA<0.08). For 326 

the incremental measurement of fit, the comparative fit index (CFI) was used (CFI ≥ 327 



0,97). Lastly, for the measurement of parsimonious fit, the normed χ2 (χ2/df) was used 328 

(1< χ2/df<2). 329 

 330 

Figure 2. Images of the SUR project. 331 

 332 

 333 

Figure 3. Relationship structure of the basic model. Note: Numbers in parentheses represent indirect 334 

associations. *p ≤ 0.5, ** p≤ 0.01, **p ≤ 0.001 335 



To test the categorical moderation hypothesis, a multigroup analysis was performed to 336 

test the invariance (equivalence) of the model parameters. This type of analysis allows 337 

us to identify the moderating effect while controlling the groups of students according 338 

to the amount of teaching support received. Two groups were created for analysis. To 339 

create the groups, a variable was created with the mean value of the “scaffolding” 340 

scale, in such a way that mean values ≥ 3 – which implied greater autonomy of the 341 

student – were coded with 1, and the values means < 3 – which implied a greater 342 

teacher presence – were coded with 2. The groups were called “weak support” and 343 

“strong support”. The “weak support” group consisted of 39 students and the “strong 344 

support” group consisted of 44 students. 345 

Table 1 shows the composition of the groups. In the analysis of the percentages in the 346 

different activities of the project, it can be observed that the weak scaffold group used 347 

to act autonomously and in consultation with the teachers, while the strong scaffold 348 

group in almost all the project activities acted mainly with the help of the teacher. 349 

Measurement invariance refers to the degree to which the parameters of the 350 

measurement model are similar in both groups and was evaluated at its low levels: 351 

structural weights (i.e. invariance of H1 (a & b), H2 (a & b), and H3 (a & b) and 352 

structural intercepts (invariance of affective and cognitive engagement, and technical 353 

learning). To analyse the invariance the tests recommended by Byrne (2013) were used, 354 

starting from the determination of a good fit for the multigroup configurational model, 355 

this model will serve as the basis for analysing the rest of the more restrictive models. 356 

Previous research studies have used the Chi-square difference (Δχ2) test to compare 357 

restrictive models. However, given the sensitivity of χ2 to sample size and non-358 



normality (Hair et al. 2006), Cheung and Rensvold (2002) proposed the increase in CFI 359 

(ΔCFI), to determine whether the compared models are equivalent. In this sense, when 360 

the difference between the CFI of the two models is greater than 0.01, the less 361 

restrictive restricted model is accepted and the other rejected. Therefore, if the 362 

invariance were confirmed, the moderation hypothesis would be rejected. 363 

 364 

Table 1. Percentages of activity in the project according to strong and weak scaffolding.  365 

5. Results 366 

Firstly, a statistical analysis was carried out to examine the assumption of normality of 367 

the variables used in the structural equations model. In addition, asymmetry and 368 

kurtosis analyses were performed (see Table 2). According to Curran, West, and Finch 369 

(1996) these analyses establish the limits, in absolute values, until the behaviour can be 370 

considered close to normal, for values between 2 for asymmetry and 7 for kurtosis. As 371 

the results showed that the values of both statistical tests complied with this rule, the 372 

normality condition was accepted. 373 



Second, the descriptive results showed that the mean values of the variables of the 374 

construct of self-determination, engagement and self-reported learning outcomes were 375 

higher in the group that acted with more autonomy than in the group with more 376 

constant support. 377 

To improve the good fit of the model, a re-specification of the original model was 378 

performed, eliminating variables whose factor loads did not exceed the minimum 379 

required value of 0.50. So that the RE variable was modified and lost one item. 380 

 381 

Table 2. Descriptive results of the constructs and discriminant validity analysis. 382 

5.1. Basic model 383 

Figure 3 show the regression indices for all the associations established in the model, as 384 

well as the variance explained for affective and cognitive engagement, as well as 385 

technical learning. Table 3 also shows the indirect effects that indicates the effect of a 386 

determinant variable on another one, through its effect on other variables that 387 

intervene in the model. Indirect effects analysis can provide new information needed 388 

for a more detailed under- standing of the relationships between the variables in the 389 

model. 390 



Likewise, the model explained 57% of the variance found in affective engagement, 68% 391 

in cognitive engagement, and 35% in technical learning 392 

 393 

Table 3. Direct and indirect associations in basic structural model. 394 

After testing the validity of the causal structure for the basic model, the indices of 395 

adjustment obtained were acceptable: χ2/df = 1.834, IFI = 0.983 and CFI = 0.983. 396 

However, the RMSEA values were high, probably due to their sensitivity to the sample 397 

size (e.g. Morata-Ramirez, et al., 2015). 398 

Once the proper adjustment of the model was demonstrated, the resulting relation- 399 

ships were analysed to verify the validity of the hypotheses and thus dictate the 400 

predictive capacity of the model. 401 

First, the model did not support associations of self-efficacy with affective engagement 402 

(H1a) and of relationships with cognitive engagement (H2b). However, an indirect 403 

asso- ciation of the relationships with cognitive engagement mediated by affective 404 

engage- ment was observed (β = .28, p < .001). 405 



In contrast, affective engagement was significantly associated with relationships (H2a) 406 

(β = .59, p < .001) and group autonomy (H3a) (β = .30, p < .001). Likewise, cognitive 407 

engagement was strongly associated with student self-efficacy (H1b) (β = .27, p < .001) 408 

and group autonomy (H3b) (β = .23, p < .01). Group autonomy was also indirectly 409 

associated with cognitive engagement partially mediated by affective engagement (β = 410 

.14,p< .01). Lastly, a strong association between affective and cognitive engagement 411 

(H4) (β = .51, p < .001) was found. Also, the association of affective (H5) (β = .29, p < .05) 412 

and cognitive engagement (H6) (β = .35, p < .01) with learning was confirmed. 413 

However, an indirect association of affective engagement with self-reported technical 414 

learning mediated by cognitive engagement was also observed (β = .16, p < .01). 415 

5.2. Categorically moderate model 416 

The moderate relationship model seeks to verify to what extent the type and amount of 417 

scaffolding strengthens or weakens the effect of self-determination (self-efficacy, 418 

relation- ships and autonomy) on engagement. Table 4 provides the results of the 419 

moderate model by type of scaffold (weak or strong). Figure 4 shows the structure of 420 

relationships. 421 

The multigroup models showed acceptable fit indices: χ2/df = 1.452; RMSEA = 0.075 422 

(90% confidence interval = 0.000, 0.150); IFI = 0.981; and CFI = 0.979. 423 



 424 

Table 4. Hypotheses in multi-group analysis and critical ratio. 425 

 426 

 427 

Figure 4. Relationship structure of the multigroup model. *p ≤ 0.5, ** p≤ 0.01, **p ≤ 0.001. Note: The data to 428 

the left of the bar represents the group with weak scaffolding, the data to the right of the bar represents the 429 

group with strong scaffolding 430 

 431 



Multigroup regression analyses showed a strengthening of the connection between 432 

self-efficacy and cognitive engagement (H1b) when the students acted regularly with 433 

the teacher’s support (βweak = .23; βstrong = .29***). These data suggest that when 434 

students worked more autonomously and in consultation with teachers, they 435 

depended less on self-efficacy to become cognitively engaged in the project. On the 436 

other hand, the less autonomous students to become cognitively engaged depended 437 

more on their self- efficacy, which could be strengthened by the teaching support 438 

received. 439 

Similarly, the effect of autonomy on cognitive engagement (H3b) was strengthened 440 

when there was “strong” scaffolding. I.e. when the group received constant support 441 

from the teachers, the need for the group to feel autonomous to engage cognitively 442 

increased (βweak = .20; βstrong = .31***). Likewise, for students who depended more 443 

on teacher support, self-efficacy and autonomy to engage cognitively were more 444 

decisive than for more autonomous students. The data suggest that frequent teacher 445 

support could compensate for the group’s lack of self-efficacy and autonomy. 446 

Regarding affective engagement, the multi-group analysis showed a strengthening of 447 

the connection of the group’s relationships with affective engagement (H2a) when 448 

there was strong scaffolding (βweak = .44**; βstrong = .66***). Likewise, when there was 449 

strong scaffolding, the connection between autonomy and affective engagement (H3a) 450 

was weakened (βweak = .29 **; βstrong = .17). These data, on the one hand, suggest that 451 

when the group received constant support from the teachers, it was more decisive to 452 

have a strong cohesion to engage affectively than when the group acted with more 453 

autonomy. On the other hand, to get emotionally engaged, for the more autonomous 454 



groups it was more decisive to feel autonomous than for the groups that acted with 455 

more constant support. 456 

Finally, the invariance analysis showed that the regression parameters and the variance 457 

of the affective commitment, cognitive and technical learning variables were not 458 

equivalent. That is, with respect to the regression parameters, both the difference of χ2 459 

(Δ p = .160) and CFI (Δ CFI = .016) exceeded the admissible indices. Likewise, regarding 460 

the variance, also the difference of χ2 (Δ p = .045) as CFI (Δ CFI = .023) had higher 461 

values. Therefore, these data allow us to conclude that the type and amount of 462 

scaffolding moderated the connections between the student’s self-determination (self-463 

efficacy, relationships and group autonomy) and the students’ engagement (affective 464 

and cognitive). 465 

6. Discussion 466 

PBL is a methodological approach that involves the design of meaningful and 467 

stimulating learning experiences for students, that is, that connect with the students’ 468 

maturity level and with their socio-cultural context (Donnelly and Fiĵmaurice 2005). 469 

From this approach, the student is the centre of the learning process, learning in groups 470 

and autonomously (Lee et al. 2016; Robinson 2013; Sukerti, Yuliantini, and Susana 471 

2018). Also, in this learning context, the support of the teacher -scaffolding- may 472 

stimulate the optimal development of these dynamics (Zhang, Xie, and Li 2018). 473 

However, few empirical studies aĴempt to conceptualise©scaffolding in a project-474 

based learning context. 475 

The authors used the self-system model of motivational development (E. Skinner et al. 476 



2008) because it is a validated model with a long history of cognitive studies and 477 

applied to the learning context (see Connell and Wellborn 1991). In this model, the 478 

student’s self-determination (competence, social relations and autonomy) is the factor 479 

that directly influences the students’ engagement to the learning task. Likewise, the 480 

scaffolding from the constructivist approach is understood as an interface between the 481 

student (self) and the task (action), making students feel capable of solving the task by 482 

themselves (Zhang, Xie, and Li 2018). This study used a research model that placed 483 

scaffolding as a variable that can moderate (strengthening or weakening) the 484 

connection between self-determination and engagement to the learning task. I.e. this 485 

study uses a notion of scaffolding that considers aspects of the self and complements 486 

the vision of the development potential of students. 487 

This research empirically shows the general capacity of the scaffolding type to 488 

moderate (strengthen or weaken) the connection of self-determination with the 489 

affective and cognitive engagement of students 490 

6.1. Regarding scaffolding and affective engagement 491 

In groups with a more constant scaffolding, communication between peers had a 492 

stronger association with positive emotions than in groups more autonomous. 493 

Therefore, the constant presence of teacher support strengthened the importance of 494 

team relationships in awakening interest in the task. These data suggest that the 495 

teacher’s scaffolding could compensate for the lack of cohesion of the group and 496 

stimulate it affectively. 497 

Also, in groups with constant scaffolding, group autonomy had a weaker connection 498 

with positive emotions than in groups more autonomous. The continued support of the 499 



teacher could reduce the capacity of the autonomy to arouse interest in the learning 500 

task. These data suggest that in conditions in which the group has the continued 501 

support of the teacher, there must be a good relationship between the classmates so 502 

that they feel emotionally engaged. On the other hand, for students who act with more 503 

autonomy and in consultation with the teaching staff, it is especially relevant that they 504 

feel autonomous. 505 

6.2. Regarding scaffolding and cognitive engagement 506 

In groups with constant support, self-efficacy and autonomy have a stronger 507 

association with cognitive action than in more autonomous groups. I.e. the continued 508 

support of the teacher strengthened the association of self-efficacy and autonomy for 509 

students with cognitive engagement. These data suggest that for students who have 510 

constant teaching support to have good results, they must feel effective in carrying out 511 

the project and feel capable of working independently. In any case, teachers must be 512 

vigilant to compensate for the shortcomings of the group of students. 513 

6.3. Regarding scaffolding and student self-determination 514 

The data showed that the variance of affective, cognitive engagement and self-reported 515 

technical learning is notably higher in the group of students who received more 516 

constant support. These results showed that when students worked with the teacher’s 517 

support, the students’ engagement is strongly determined by their self-efficacy with 518 

the task, by their team relationships and by the autonomy of the group. The data also 519 

showed that it was the students with less self-determination who had continued 520 

support during the project, which allows us to suppose that the scaffolding acted 521 



compensating for the deficits of self-efficacy, relationships and the group’s capacity for 522 

autonomy. 523 

In contrast, a weak scaffolding aĴenuates the importance of student self- determination 524 

in the model. It was the students with greater self-determination who worked with 525 

greater autonomy and received teaching support upon request. The data suggest that 526 

for students with greater self-determination there may be other more determining 527 

aspects of the student’s engagement to the project (for example, Ruzek et al. 2016; 528 

Shernoff et al. 2016; Skinner et al. 2008) that do unnecessary ongoing support. 529 

6.4. Regarding scaffolding, engagement and self-reported learning 530 

The results of the multi-group analysis also revealed information on the dynamics 531 

between engagement and self-reported learning outcomes. In the groups that received 532 

weak scaffolding during the project, self-reported learning was directly associated with 533 

the cognitive activity. In contrast, in the groups that received strong scaffolding, self- 534 

reported learning was directly associated with affective engagement and interest of the 535 

students in the task. This data highlights that it is extremely important for groups 536 

operating with constant support to feel good and enjoy the project. In contrast, for 537 

more autonomous groups, affective engagement can be a mediator for them to become 538 

cognitively involved with the learning task. 539 

7. Conclusions 540 

This study uses a research model that places the scaffolding between the subject’s self- 541 

determination (and his/her group) and the action (engagement), providing reference 542 



parameters regarding the scaffolding for the development of stimulating PBL 543 

experiences. 544 

Overall, the data suggest that continued teacher support can strengthen the association 545 

of students’ self-determination (i.e. self-efficacy, positive group relationships, and 546 

autonomous learning ability) with affective and cognitive engagement so that they can 547 

achieve positive outcomes. As a practical consequence, if the levels of self-548 

determination are low, it will be necessary for teachers to include a continued support 549 

to strengthening the competence, cohesion and autonomy of the group, and to 550 

stimulate the affective and cognitive engagement of the students. On the other hand, if 551 

the levels of self- determination of the students are high, teaching support at the 552 

request of the students will be preferable, strengthening the autonomy of the group 553 

and its connection with affective engagement. 554 

The data from this study have shown that the type and amount of adequate scaffolding 555 

may be conditioned by the group’s ability to learn autonomously. This research work 556 

provides a conceptual framework for analysis to deepen the study of scaffolding as a 557 

teaching support with two axes of reference: (a) the state of competence, relationship 558 

and autonomy of the group, and (b) the degree of engagement to the learning process. 559 

8. Limitations and future studies 560 

The study had a few limitations that could guide researchers in the future. In the first 561 

place, the collection of data occurred once, and it would be interesting to conduct 562 

longitudinal studies, in order to know the dynamics over time (Cheon and Reeve 2015). 563 

In the second place, other qualitative records could be complementary, because 564 

personal reports were used in the study to measure the constructs of self-565 



determination, engagement, and learn- ing. Qualitative records of individual actions 566 

(by the teacher and the students) could be made through observations in the classroom, 567 

among other instruments (video records (e.g©. Shernoff et al. 2016); Experience 568 

Sampling Method (e.g©. Zirkel, Garcia, and Murphy 2015)).  569 

The study presented showed that the type and amount of teacher support can 570 

moderate the association of self-determination with engagement and self-reported 571 

learning. The data also showed that the amount of teaching scaffolding is conditioned 572 

by the students’ levels of self-determination. Therefore, future studies should use a 573 

more experimental approach controlling the level of self-determination and including 574 

scaffolding as a qualitative moderating factor in the different phases of the project. 575 

Disclosure statement 576 

No potential conflict of interest was reported by the author(s). 577 

Funding 578 

This work was supported by the Fundación Española para la Ciencia y la Tecnología 579 

[FCT-17-12386]. 580 

References 581 

Blumenfeld, P. C., E. Soloway, R. W. Marx, J. S. Krajcik, M. Guzdial, and A. Palincsar. 582 

1991. “Motivating Project-Based Learning: Sustaining the Doing, Supporting the 583 

Learning.” Educational Psychologist 26 (3–4): 369–398. 584 

10.1080/00461520.1991.9653139. 585 



Byrne, B. M. 2013. Structural Equation Modeling with Lisrel, Prelis, and Simplis. N. Y. 586 

P. Press (ed.). Psychology Press.10.4324/9780203774762 587 

Chen, J., A. Kolmos, and X. Du. 2020. “Forms of Implementation and Challenges of 588 

PBL in Engineering Education: A Review of Literature.” European Journal of 589 

Engineering Education 1–26. doi:10.1080/03043797.2020.1718615. 590 

Cheon, S. H., and J. Reeve. 2015. “A Classroom-based Intervention to Help Teachers 591 

Decrease Students’ Amotivation.” Contemporary Educational Psychology 40: 99–592 

111. doi:10.1016/j.cedpsych.2014.06.004. 593 

Cheung, G. W., and R. B. Rensvold. 2002. “Evaluating Goodness-of-Fit Indexes for 594 

Testing Measurement Invariance.” Structural Equation Modeling: A 595 

Multidisciplinary Journal 9 (2):233–255. doi:10.1207/S15328007SEM0902_5. 596 

Chowdhury, R. K. 2015. “Learning and Teaching Style Assessment for Improving 597 

Project-based Learning of Engineering Students: A Case of United Arab Emirates 598 

University.” Australasian Journal of Engineering Education 20 (1): 81–94. 599 

doi:10.7158/D13-014.2015.20.1. 600 

Christenson, S. L., A. L. Reschly, and C. Wylie. 2012. Handbook of Research on Student 601 

Engagement. Springer. 10.1007/978-1-4614-2018-7. 602 

Connell, J. P., and J. G. Wellborn. 1991. “Competence, Autonomy, and Relatedness: A 603 

Motivational Analysis of Self-system Processes.” In The Minnesota Symposia on 604 

Child Psychology Vol. 23. Self Process and Develoment, edited by M. Gunnar and 605 

L. A. Sroufe, 43–77, Lawrence Erlbaum Associates, . 606 



Curran, P. J., S. G. West, and J. F. Finch. 1996. “The Robustness of Test Statistics to 607 

Nonnormality and Specification Error in Confirmatory Factor Analysis.” 608 

Psychological Methods 1 (1): 16–29. doi:10.1037/1082-989X.1.1.16. 609 

Deci, E., and R. M. Ryan. 1985. “The General Causality Orientation Scale: Self-610 

Determinationin Personality.” Journal of Research in Personality 19 (2): 109–134. 611 

doi:10.1016/0092-6566(85) 90023-6. 612 

Donnelly, R., and M. Fiĵmaurice. 2005. Collaborative Project-based Learning and 613 

Problem-based Learning in Higher Education : A Consideration of Tutor and 614 

Student Role in Learner-Focused Strategies, 0–20. 615 

Fredricks, J. A., P. C. Blumenfeld, and A. H. Paris. 2004. “School Engagement: Potential 616 

of the Concept, State of the Evidence.” Review of Educational Research 74 (1): 59–617 

109. doi:10.3102/00346543074001059. 618 

Fredricks, J. A., W. M. Te, J. Schall Linn, T. L. HoĤens, H. Sung, A. Parr, and J. Allerton. 619 

2016. “Using Qualitative Methods to Develop a Survey Measure of Math and 620 

Science Engagement.” Learning and Instruction 43: 5–15. 621 

doi:10.1016/j.learninstruc.2016.01.009. 622 

Graham, R., and E. Crawley. 2010. “Making Projects Work: A Review of Transferable 623 

Best Practice Approaches to Engineering Project-based Learning in the UK. 624 

Engineering Education 2010.” Inspiring the Next Generation of Engineers, EE 2010, 625 

0052. doi:10.11120/ened.2010.05020041. 626 



Grassberger, R., and S. Wilder. 2015. “Impacting Student Learning Using a Living Case 627 

Study.” Higher Education, Skills and Work-Based Learning 5 (4): 369–382. 628 

doi:10.1108/HESWBL-05-2015-0030. 629 

Hafen, C. A., J. P. Allen, A. Y. Mikami, A. Gregory, B. Hamre, and R. C. Pianta. 2012. 630 

“The Pivotal Role of Adolescent Autonomy in Secondary School Classrooms.” 631 

Journal of Youth and Adolescence 41 (3): 245–255. doi:10.1007/s10964-011-9739-2. 632 

Hair, J. F., W. C. Black, B. J. Babin, R. E. Anderson, and R. L. Tatham. 2006. Multivarite 633 

Data Analysis. (6th ed. NJ: Pearson Prentice Hall. 634 

Jang, H., E. J. Kim, and J. Reeve. 2012. “Longitudinal Test of Self-determination theory’s 635 

Motivation Mediation Model in a Naturally Occurring Classroom Context.” 636 

Journal of Educational Psychology 104 (4): 1175–1188. do©i:10.1037/a0028089. 637 

Johnson, C. S., and S. Delawsky. 2013. “Project-based Learning and Student 638 

Engagement.” Academic Research Interanational 4 (4): 560–571. 639 

Kilpatrick, W. H. 1918. “The Project Method: The Use of the Purposeful Act in the 640 

Education Process.” Teachers College Record 19: 319–335. 641 

Kokotsaki, D., V. Menzies, and A. Wiggins. 2016. “Project-based Learning: A Review of 642 

the Literature.” Improving Schools 19 (3): 267–277. doi:10.1177/1365480216659733. 643 

Kolmos, A. 2010. “Premises for Changing to PBL.” International Journal for the 644 

Scholarship of Teaching and Learning 4 (1): 1–7. doi:10.20429/ijsotl.2010.040104. 645 



Ladd, G. W., and L. M. Dinella. 2009. “Continuity and Change in Early School 646 

Engagement: Predictive of children’s Achievement Trajectories from First to Eighth 647 

Grade?” Journal of Educational Psychology 101 (1): 190–206. doi:10.1037/a0013153. 648 

Lave, J., and E. Wenger. 1991. Situated Learning Legitimate Peripheral Participation. N. 649 

Y. C. U. Press (ed.) 10.1017/CBO9780511815355 650 

Lee, M. J. W., S. Nikolic, P. J. Vial, C. Riĵ, W. Li, and T. Goldfinch. 2016. “Enhancing 651 

Project-Based Learning through Student and Industry Engagement in a Video-652 

Augmented 3-D Virtual Trade Fair.” IEEE Transactions on Education 59 (4): 290–653 

298. doi:10.1109/TE.2016.2546230. 654 

Lippmann, S. 2013. “Facilitating Class Sessions for Ego-Piercing Engagement.” New 655 

Directions for Teaching and Learning 135: 43–48. do©i:10.1002/tl.20063. 656 

Midgley, C., M. L. Maehr, L. Z. Hruda, E. Anderman, L. Anderman, K. E. Freeman, M. 657 

Gheen, et al. 2000. “Manual for the PaĴerns of Adaptive Learning Sciences 658 

(PALS).” In Ann Arbor. University of Michigan Press. 659 

Mikami, A. Y., M. A. Boucher, and K. Humphreys. 2005. “Prevention of Peer Rejection 660 

through a Classroom-level Intervention in Middle School.” Journal of Primary 661 

Prevention 26 (1): 5–23. doi:10.1007/s10935-004-0988-7. 662 

Milentijevic, I., V. Ciric, and O. Vojinovic. 2008. “Version Control in Project-based 663 

Learning.” Computers & Education 50 (4): 1331–1338. 664 

doi:10.1016/j.compedu.2006.12.010. 665 

Morata, M. Á., F. P. Holgado, M. I. Barbero, and G. Mendez. 2015. “Análisis factorial 666 

confirmatorio. Recomendaciones sobre mínimos cuadrados no ponderados en 667 



función del error Tipo I de Ji- Cuadrado y RMSEA.” Acción Psicológica 12 (1): 79. 668 

doi:10.5944/ap.12.1.14362. 669 

Prince, M., and R. Felder. 2007. “The Many Faces of Inductive Teaching and Learning.” 670 

Journal of College Science Teaching 36 (5): 14–20. 10.12691/education-5-1-10. 671 

Project Management Institute. 2004. ANSI Standard #ANSI/PMI 99-001-2004; 2004. A 672 

Guide to the Project Management Body of Knowledge: PMBOK Guide. 3rd ed. 673 

Institute, Project Management. 674 

Robinson, J. K. 2013. “Project-based Learning: Improving Student Engagement and 675 

Performance in the Laboratory.” Analytical and Bioanalytical Chemistry 405 (1): 7–676 

13. doi:10.1007/s00216-012- 6473-x. 677 

Rocca, K. A. 2010. “Student Participation in the College Classroom: An Extended 678 

Multidisciplinary Literature  Review.”  Communication  Education  59  (2):  185–679 

213.  doi:10.1080/03634520903505936. 680 

Rooij, S. W. V. 2009. “Scaffolding Project-based Learning with the Project Management 681 

Body of Knowledge (PMBOK®).” Computers and Education 52 (1): 210–219. 682 

doi:10.1016/j. compedu.2008.07.012. 683 

Ruzek, E. A., C. A. Hafen, J. P. Allen, A. Gregory, A. Y. Mikami, and R. C. Pianta. 2016. 684 

“How Teacher Emotional Support Motivates Students: The Mediating Roles of 685 

Perceived Peer Relatedness, Autonomy Support, and Competence.” Learning and 686 

Instruction 42: 95–103. doi:10.1016/j. learninstruc.2016.01.004 687 



Schaddelee, M., and C. McConnell. 2018. “Analysing Student Perceptions to Enhance 688 

Engagement: An Interdisciplinary, Project-based Learning Programme.” Journal of 689 

International Education in Business 11 (2): 161–177. doi:10.1108/JIEB-09-2017-0034. 690 

Shernoff, D. J., S. Kelly, S. M. Tonks, B. Anderson, R. F. Cavanagh, S. Sinha, and B. 691 

Abdi. 2016. “Student Engagement as a Function of Environmental Complexity in 692 

High School Classrooms.” Learning and Instruction 43: 52–60. 693 

doi:10.1016/j.learninstruc.2015.12.003. 694 

Singh, K., M. Granville, and S. Dika. 2002. “Mathematics and Science Achievement: 695 

Effects of Motivation, Interest, and Academic Engagement.” Journal of Educational 696 

Research 95 (6): 323–332. doi:10.1080/00220670209596607. 697 

Skinner, E., C. Furrer, G. Marchand, and T. Kindermann. 2008. “Engagement and 698 

Disaffection in the Classroom: Part of a Larger Motivational Dynamic?” Journal of 699 

Educational Psychology 100 (4): 765–781. doi:10.1037/a0012840. 700 

Skinner, E. A., and J. G. Wellborn. 1997. “Children’s Coping in the Academic Domain.” 701 

January: 387–422. doi:10.1007/978-1-4757-2677-0_14. 702 

Sukerti, G. N., N. N. Yuliantini, and K. Y. Susana. 2018. “Students’ Voices and Choices 703 

in Project-Based Learning: Driving Engagement through Essay Writing and 704 

Infographic Design.” Advances in Social Science, Education and Humanities 705 

Research 226 (Icss): 607–618. doi:10.2991/icss-18.2018.122. 706 

Thomas, J. W. 2000. A Review of Research on Project-based Learning. CA: Autode. van 707 

Rooij, S. W. 2009. “Scaffolding Project-based Learning with the Project 708 



Management Body of Knowledge (PMBOK®).” Computers and Education 52 (1): 709 

210–219. doi:10.1016/j. compedu.2008.07.012. 710 

Vygotsky, L. S. 1978. “Mind in Society: The Development of Higher Psychological 711 

Processes.” In edited by E. S. M. Cole, V. John-Steiner, and S. Scribner. MA: 712 

Harvard University Press. 713 

Wang, M., F. J. A. Te, F. Ye, T. L. HoĤens, and J. S. Linn. 2016. “The Math and Science 714 

Engagement Scales: Scale Development, Validation, and Psychometric Properties.” 715 

Learning and Instruction 43: 16–26. doi:10.1016/j.learninstruc.2016.01.008. 716 

Zhang, J., H. Xie, and H. Li. 2018. “Project Based Learning with Implementation 717 

Planning for Student Engagement in BIM Classes.” International Journal of 718 

Engineering Education 35 (1): 310–322. 719 

Zirkel, S., J. A. Garcia, and M. C. Murphy. 2015. “Experience-Sampling Research 720 

Methods and Their Potential for Education Research”. Educational Researcher 44 721 

(1): 7–16. doi:10.3102/ 0013189X14566879. 722 


