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ABSTRACT 
 

The objective of this exploratory study was to describe self-regulated learning (SRL) 

strategies of secondary school students while engaged in a team-based design project. This study 

focuses on students’ task interpretation and its relation to planning, cognitive, monitoring, and 

fix-up strategies for team management-related issues. Two research questions guided the study: 

(1) To what degree was students’ interpretation of team management tasks reflected in working 

plans and selected cognitive strategies?, and (2) How did high- and low-performing teams differ 

in interpreting team management tasks and deploying SRL strategies? 

Twenty-two students enrolled in a Robotics Design class at one high school in the State 

of Colorado participated in this study. They were clustered into seven teams; six teams consisted 

of three students each, one team consisted of four students. Survey questionnaires, web-based 

design journal entries, and design performance criteria were used to assess students’ self-

regulated learning strategies in a team-based design project. Butler and Cartier’s SRL model was 

used as a framework to capture students’ perceptions of their understanding of design task, 

planning, cognitive, and monitoring strategies. Descriptive statistics were used to present 

quantitative analysis of data collected in this study. Students’ design journal entries were coded 

using the SRL model as a complement of the survey questionnaire. In addition, grades provided 

by the instructor were used to represent students’ design performance and reflect SRL strategies.  

The findings suggested that students scored higher on task interpretation which represents 

their understanding of how to do their fair share in an overall team’s effort to complete the 

project, working in team effectively, and learning collaboratively. High-performing teams  

reported greater use of cognitive, monitoring, and fix-up strategies needed to ensure success in 

team management; however, lower-performing teams showed a higher awareness on task 

interpretation and planning strategies.  
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1. INTRODUCTION 

The current study addresses a critical issue of how to improve engineering education in 

grades 9-12. Successful learning depends on having not only adequate knowledge but also 

sufficient awareness and control of that knowledge, known as metacognition. Students with good 

metacognitive skills are more knowledgeable and responsible for their cognition (Pintrich, 2002), 

accomplish cognitive actions more successfully (Paris, 1986), and learn better (Bransford, Brown, 

& Cocking, 2000; Chambres, Bonin, Izaute, & Marescaux, 2002). The research suggests that 

metacognition not only enhances learning outcomes; it also encourages students to be self-

regulated learners who are “metacognitively, motivationally, and behaviorally active participants 

in their own learning process” (Zimmerman, 1989, p. 329). Consistency in employing self-

regulated learning (SRL) strategies is highly correlated with student achievement (Zimmerman 

& Pons, 1986). Students’ development of SRL strategies is particularly essential when working 
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on ill-structured problems such as engineering design tasks, inasmuch as they are more difficult 

to solve and require more cognitive operations than do well-structured ones (Paris & Winograd, 

1990).  

Many studies have successfully revealed students’ self-regulated learning strategies in an 

individual task setting; however, this article focuses specifically on SRL strategies while the 

students interact with each other to accomplish the design project. Moreover, this exploratory 

study was not designed to evaluate statistical tests. It was intended primarily to develop a 

methodological framework for evaluating the extent to which students’ task interpretation of the 

design project is reflected in their working plans, how selected cognitive strategies were 

monitored, and how monitoring efforts were reflected on fix-up strategies. We did, however, 

compute some relevant descriptive statistical calculations. 
 

2. RELEVANT LITERATURE REVIEW 

2.1 Metacognition in a Self-Regulated Learning Framework 

The urgency of metacognition in learning, especially in problem-solving activities has 

been revealed in previous studies (e.g., Georghiades, 2000; Pintrich, 2002; Schraw, Brooks, & 

Crippen, 2005). The findings of these studies suggested that metacognitive skill plays a 

significant role for students to control their learning goals and achievements (Flavell, 1979; 

Gourgey, 1998; Livingston, 1997).We also identified metacognitive skills as a major component 

of one’s self-regulated learning strategies (Zimmerman, 1989).  

Informed by the classical theories of metacognition introduced by Flavell (1976), Pintrich 

(2002) divided metacognition into knowledge and control. Students hold metacognitive 

knowledge about strategies that might be used for a particular task and the conditions under 

which the strategies might be useful. Metacognitive control is a cognitive process that learners 

use to monitor and regulate cognition and learning. Paris and Winograd emphasized the 

importance of understanding “the correspondence between metacognition and action. How do 

thoughts and feelings of learners guide their thinking, effort, and behavior?” (1990, p. 21). They 

observed two essential features of metacognition: (1) cognitive self-appraisal, which refers to 

learners’ personal judgments about their ability to meet a cognitive goal; and (2) cognitive self-

management, which refers to learners’ abilities to make necessary revisions during their work. 

These two features are significantly correlated to each other (Lawanto & Johnson, 2009) and are 

congruent with what individuals bring and self-regulating strategies in Butler and Cartier’s SRL 

model (2004). Also included in the Butler and Cartier model are what Flavell terms 

metacognitive experiences, which include self-regulating processes such as planning, 

monitoring, and responsively adjusting environments, goals, and/or learning strategies. 

Butler and Cartier’s self-regulated learning model described the dynamic and iterative 

interplay between metacognitive and cognitive activity (Butler & Cartier, 2004; Cartier & Butler, 

2004) which characterized SRL as a complex, dynamic, and situated learning process (Butler & 

Winne, 1995). The model consists of six major features (i.e., SRL features) that interact with 

each other: layers of context, what individuals bring, mediating variables, task interpretation and 

personal objectives, SRL strategies, and cognitive strategies. These features are a sequence of 

processes that might capture students’ activities in completing an engineering design project.  

Task interpretation (TI) is the heart of the SRL model insofar as it shapes key dynamic 

and recursive self-regulating processes. Students’ interpretation of task demands is a key 

determinant of the goals set while learning, the strategies selected to achieve those goals, and the 

criteria used to self-assess and evaluate outcomes (Butler & Cartier, 2004; Cartier & Butler, 

2004; Butler & Winne, 1995). Students set planning strategies (PS) based upon their 



3 

 

understanding of task demand. Furthermore, these plans are executed using selected cognitive 

strategies (CS). Over time, students monitor (MS) and fix-up (FU) or make necessary adjustment 

of their cognitive strategies. Because students engage in such ubiquitous, complex and ill-

structured problem-solving, these SRL features interact dynamically and influence how students 

solve a design task. 
 

2.2 Team-Based Design Project 

Design problems are among the most complex and ill-structured tasks encountered in 

engineering practice. Reitman (1965) and Simon (1973) characterized design problems as ill-

structured because they have ambiguous specification of goals, no determined solution path, and 

require the integration of multiple knowledge domains. Goel and Pirolli (1989) articulated the 

characteristics of design problems, including many degrees of freedom in the problem statement, 

which consist only of goals and intentions, limited or delayed feedback from the world, artifacts 

as outputs that must function independently of the designer, and “answers that tend to be neither 

right nor wrong, only better or worse” (Jonassen, 2000, p. 80). 

Successful team design projects also depend on the project management skills of each 

team member (Agrawal, 2009). The Program Management Institute (1996) defined project 

management as “the application of knowledge, skills, tools, and techniques to project activities in 

order to meet or exceed stakeholder needs and expectations from a project” (p. 6). Various 

studies have been conducted to evaluate project management, such as time, resources, and 

teamwork. For example, a study conducted by Bogus, Molenaar, and Diekmann (2005) 

suggested that a concurrent engineering approach can be applied to reduce time for completing a 

design project. Lessard and Lessard (2007) outlined skills such as technical knowledge, 

creativity, people skills, planning ability, and management skills as an essential ingredient of 

effective engineering team.  

A global workforce requires engineering graduates to have strong hard and soft skills. 

While hard skills are related to technical skills learned extensively in school, soft skills are 

related to nontechnical skills, such as communication, presentation, teamwork, etc. Engineering 

colleges or schools only provide a little portion of curriculum for soft-skills development. 

Among many soft skills, Goldberg (1996) emphasized the significance of project management 

skills for engineering graduates to succeed. Furthermore, professional engineers also need to 

have skills related to team management (Dudman & Wearne, 2003). Unfortunately, soft skills 

tend to be lacking among new graduates. Team management is a critical nontechnical skill 

(Furterer, et al., 2006). In a real-world context, engineering design projects are conducted in 

teamwork settings. In this article, we focus on how SRL was implicated in how team 

management played out during a design project. 
 

3. THE STUDY 

3.1. Study Participants 

There were 22 students participants in the study. These students were enrolled in a 

Robotics Design class and were clustered into seven teams; six teams consisted of three students 

each, and one team consisted of four students. These teams were not homogenous in terms of 

their members’ individual course grades. We were interested in investigating the SRL profiles of 

low- and high- performing teams. The separation was done by ranking the team grades on 

robotic match and choosing the two highest (i.e., Teams 3 and 4) and lowest (i.e., Teams 1 and 

7).The team grades given by the instructor represented the quality of the robot in meeting the 
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design objectives. Each team’s performance was evaluated based upon the performance of robot 

design (e.g., robot was able to move about the field and manipulate objects).  
 

Table 1. Team design performance  

Category Team Team score  

(out of 50) 

High-performing team Team 3 31 

 Team 4 47 

Low-performing team Team 1 15 

 Team 7 11 

 

3.2. The Context of Design Project 

The design project required the students to build a tumble bot, a simple, remote-

controlled, two-wheel-drive robot designed to show how the VEX parts combine to create a 

simple drive train. They also learned the role of the radio receiver/transmitter motors and other 

parts. Students learned how to download a program into the robot to have it operate in tank drive 

mode. Autonomous programming, sensor applications, gearing, speed, and torque were all taught 

throughout the semester. The 3-week period for robotics was split up into three segments: one 

week to understand the requirements, one week to build, and one week to test. Specifically for 

the first week, students were required to understand the design challenge, come up with possible 

solutions, and work out the details using a standard computer-aided design (CAD) package. 
 

3.3. Data Collection and Analysis 

In this study, an Engineering Design Questionnaire (EDQ) was used to capture how 

students thought about themselves and their engagement in the engineering design process and 

project management. While the design process was meant to establish the technical content (e.g., 

what does the robot have to do?, how do we design that?), project management referred to 

managing the project as a whole (e.g., how much time do we have to solve this design problem?, 

how as a team each student has to work collaboratively). The questionnaire was adapted from the 

Inquiry Learning Questionnaire (ILQ) by Butler and Cartier based on their theoretical model 

(Butler & Cartier, 2004; Cartier & Butler, 2004). This paper focused on students’ task 

interpretation and its relation to planning, cognitive, and monitoring strategies for team 

management-related issues (see Table 2 for a sample of the survey items). Measurement scales 

of the EDQ ranged from 1 to 4 (i.e., 1 = never, 2 = sometimes, 3 = often, and 4 = always). 

Students’ perception about task interpretation, planning, cognitive, and monitoring 

strategies were collected through Qualtrics, an online survey media. Data from the EDQ was 

collected at the early and middle stages of the design project. While at the early stage of the 

project EDQ assessed students’ understanding of team management tasks and reported use of 

planning strategies, at the middle stage of the project EDQ assessed their reported use of 

cognitive as well as monitoring and fix-up strategies.  

Design journal entries were regularly collected during the project time. The students were 

asked to write and submit a journal entry using a web-based application called Web-Based 

Engineering Design Notebook (WEDN), anytime they worked on their design project. The 

WEDN prompted the students with four questions; one question asked the students to write their 

monitoring and fix-up strategies in one response because these strategies are highly correlated. 

The EDQ was developed, pilot-tested, validated, and used in previous research (Lawanto, 

2011, Lawanto, Goodridge, & Santoso, 2011) to capture the relationships among the main 
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features (i.e., task interpretation, strategies, and criteria) of the SRL model for secondary and 

postsecondary students engaged in design project. An exploratory factor analysis was conducted 

to identify the internal reliability of EDQ constructs. Table 3 shows that dimensions targeted in 

this study (Task Understanding, Self-Regulating Strategies, and Cognitive Strategies) had very 

high Cronbach’s Alpha scores. 
 

Table 2. SRL features and examples in the context of managing team efforts 
SRL feature Statement 

Task Interpretation - “When I 

am asked to work on a design 

task like the one I am about to 

solve, I am being asked to…” 
 

 Work in a team effectively. 

 Do my fair share in the team’s effort to complete the project. 

 

  

Planning Strategies - “Before I 

begin to work on the design 

task, I…” 

 Figure out how my team will tackle or engage this project. 

 Identify and clarify my part in the team’s effort to arrive at a solution. 

 

Cognitive Strategies - “When I 

am working on this kind of 

design task, I am…” 
 

 Attending group meetings. 

 Actively engaging in group discussion. 

Monitoring Strategies - 

“During my work on a design 

task, I am…” 

 

 Asking myself if I have actively participated in the group’s activity 

(e.g., meetings, discussion, or brainstorming). 

 Asking myself if there was something that could be done to improve 

the quality of my contribution to my teamwork. 
 

Fix-Up Strategies - “During my 

work on a design task, I am…” 
 

 Increasing my involvement in group’s activity if needed. 

 Renegotiating the role that I have to play and tasks that I have to do 

with regard to my project if I think it enhances my teamwork. 

. 

 

Table 3. Exploratory factor analysis 

General category Dimensions # of Items Cronbach’s Alpha 

Task Understanding Task Interpretation 19 .895 

Self-Regulating Strategies Planning Strategies 19 .954 

 Monitoring Strategies 32 .934 

 Fix-Up Strategies 17 .880 

Cognitive Strategies Cognitive Strategies 47 .946 

 

Because students completed the survey individually while the second question of this 

study was framed using a team perspective, we assumed that individual student’s perception 

about their project management strategies should have reflected the way they managed their 

teamwork collectively. Further, the individual perception on teamwork should have directly 

impacted the quality of the robot produced. The survey items were carefully developed to reflect 

students’ individual roles as a team member. Quantitative data collected from the EDQ was 

analyzed as follows: First, the mean values of SRL features (e.g., task interpretation and planning 

strategies) were calculated, compared, and interpreted. Finally, for both high- and low-design-

performance groups, once again, the mean values of SRL features were calculated, compared, 

and interpreted. 
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Desired area 

                 High 

                 Low 

               Low                High 

              Monitoring 

               Fix Up 

                   Quadrant D 

                  ‘Chaotic’ 

 

Figure 1. Level/quality categorization of SRL features 

 

                  Quadrant A 

                  ‘Ignorant’ 

 

                   Quadrant B 

                  ‘In-adaptive’ 

 

                   Quadrant C 

                  ‘Adaptive’ 

 

4. FINDINGS 

4.1. Research Question 1:  To what degree was students’ interpretation of team management 

tasks reflected in working plans and selected cognitive strategies? 
 

To address this question, drawing on findings from the EDQ, we first calculated the mean 

value of each SRL feature. The findings suggested that students scored higher on task 

interpretation (TI: M = 3.47, SD = .58) than planning (PS: M = 3.17, SD = .72), cognitive (CS: M 

= 3.15, SD = .56), monitoring (MS: M = 2.92, SD = .46) and fix-up strategies (FU: M = 3.09, SD 

= .51). It was clear that students knew what they needed to do (i.e., TI), plan (i.e., PS), execute 

(i.e., CS), and make necessary adjustments (i.e., FU) along the way to make their team work 

effectively and collaboratively. Mean scores above 3.00 indicated that the students had thought 

about the four SRL issues quite often during the project. It was also found that students scored a 

little bit below 3.00 on monitoring efforts.  

Based on the mean values, we then constructed a model that would help us better 

interpret students’ self-regulated learning profile. The model was constructed by plotting a pair 

of relevant SRL features on two different axes. To help us interpret the SRL profile, we used a 

mean score of 3.00, which indicate “often,” as the cut-off score to differentiate between low and 

high SRL levels. Mean scores below 3.00 were considered low level; scores of 3.00 or above 

were considered high level. Four different quadrants, namely quadrants A, B, C, and D, were 

then constructed from the model. We focused our analysis efforts on three pairs of SRL features: 

TI-PS, PS-CS, and MF-FU. From mean values calculated earlier, we suggested that students 

were in quadrant C for pairs TI-PS and PS-CS, and quadrant D for pair MS-FU (see Table 4). 
 

 

Table 4. Level/quality categorization of SRL features (all participants) 

 TI - PS PS – CS MS –FU 

All participants Quadrant C Quadrant C Quadrant D 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For example, students’ monitoring and fix-up strategies were plotted as shown in Figure 

1. With mean values of 2.92 and 3.09, for MS and FU, respectively, these students were placed 

in quadrant D. For the MS-FU pair, we named quadrants A, B, C, and D as “ignorant,” “in-
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adaptive,” adaptive,” and “chaotic quadrants,” respectively. Thus, in managing teamwork, these 

students were categorized into a “chaotic” group. For example, from the EDQ, students scored 

2.82 on a monitoring effort such as, “During my work on a design task, I am asking myself if 

there was something that could be done,” and scored 3.23 on fix-up effort such as “During my 

work on a design task, I am increasing my involvement in group’s activity if needed.” 

 

4.2. Research Question 2: How did high- and low-performing teams differ in interpreting team 

management tasks and deploying SRL strategies? 

 

We compared the level and quality of each SRL feature across the two groups of students 

(e.g., high- vs. low-performing teams) by calculating the mean and standard deviation of 

students’ SRL features. Mean and standard deviation of each SRL features for both teams are 

shown in Table 5.  
 

Table 5. Comparison of SRL scores for high- and low-performing teams 
SRL feature High-performing team (n = 2) 

M (SD) 

Low-performing team (n = 2) 

M (SD) 

Task Interpretation 3.28 (.77) 3.55 (.45) 

Planning Strategies 2.61 (.90) 3.22 (.75) 

Cognitive Strategies 3.23 (.45) 2.76 (.39) 

Monitoring Strategies 3.25 (.45) 2.71 (.60) 

Fix-Up Strategies 3.29 (.46) 3.13 (.68) 

. 

When we used and plotted these mean scores on similar quadrants discussed earlier, we 

found that high-performing teams were quadrants B, D, and C for TI-PS, PS-CS, and MS-FU 

pairs, respectively (see Table 6). This finding suggested that high-performing students seemed to 

be low in planning efforts despite their good efforts in understanding what they needed to do to 

effectively manage their teamwork. However, as far as the PS-CS pair was concerned, high-

performing students seemed to be “chaotic” as they had thought more about doing than making 

necessary planning. High-performing students seemed to be adaptive in monitoring and making 

necessary adjustments in making sure their team worked effectively and collaboratively. Low-

performing teams, on the other hand, showed different SRL profiles. They seemed to be putting 

effort into making good plans based on their understanding of what they needed to do to achieve 

good teamwork, but put fewer efforts into executing those plans. Furthermore, low-performing 

students seemed to be “chaotic” in making adjustments in their team efforts as they seemed to 

make adjustment prior proper monitoring. For example, high-performing students, from their 

response on one of the MS-FU items, scored 3.33 on a monitoring effort “During my work on a 

design task, I am asking myself if there was something that could be done,” and scored 3.50 on 

fix-up strategies such as “During my work on a design task, I am increasing my involvement in 

group’s activity if needed.” Low-performing students, on the other hand, scored relatively low on 

monitoring strategies such as “During my work on a design task, I am asking myself if there was 

something that could be done” (M = 2.50, SD = 1.05) but they scored higher on fix-up strategies 

such as “During my work on a design task, I am increasing my involvement in group’s activity if 

needed” (M = 3.33, SD = .82).  

 

While differences between high- and low-performing teams were consistently 

pronounced in the EDQ findings, analysis of journal writings revealed important differences in 

the quality of task interpretation and strategy between the two groups. For example, journal 
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writings showed important differences between low- and high-performing teams in terms of 

words per journal entry in which SRL processes were implicated (see Table 7). What these 

findings suggest is that the level of SRL for high-performing teams outstripped that of their low-

performing counterparts. For example, overall high-performing teams mentioned SRL-related 

features more thoroughly in their journals than did low-performers (i.e., on average, high- and 

low-performing teams wrote 22 and 19 words per journal entry, respectively). 

 
Table 6. Level/quality categorization of SRL features (high- and low-performing teams) 

 TI - PS PS – CS MS - FU 

High-performing teams B D C 

Low-performing teams C B D 

 
 

Table 7. Number of entries and words between high- and low-performing teams 
Groups of students Total # entries # entries/students # words/entries 

High-performing teams 9 1.5 22.33 

Low-performing teams 7 1.2 19.71 
 

Further, differences in the quality of SRL (depth, thoroughness, explicitness) were 

revealed within both high- and low-performing teams’ journal entries for managing teamwork. 

Consider, for example, the excerpts of task management below that were drawn from the writing 

samples on CS of a high-performing team: 
 

“Our strategies are to split up the building and programming jobs. I will be doing the programming while 

the other two people in my group will be working on building.”  

“To be more efficient, the builders will be building separate parts at the same time that will eventually be 

added to the frame to make the final robot. This way everyone can be working.” 

 

Similarly, design journal revealed different qualities within low-performing teams. The 

following excerpts provide examples of less depth and explicit cognitive strategies of team 

management: 
 

“Continue working out our design plans and strategy for the competitions and to work with my group and 

Mr. Clark.” 

“Come to class every day and to work with my group and get help from Mr. Clark if needed.” 

 

When comparing patterns of SRL across the two groups, we found certain similarities. 

For example, notebook data showed that, consistent with earlier analyses, both high- and low-

performing teams focused more on cognitive strategies than they did on other SRL features.  

High-performers described cognitive strategies-related issues more often (8 comments) than they 

described issues related to task interpretation (one comment), planning (no comment), or 

monitoring and fix-up (never) strategies. Similarly, low-performing students’ focused on 

cognitive strategies (4 comments) outstripped any mention of task interpretation (no comment), 

planning (1 comment), or monitoring and fix-up-related issues (2 comments). Note here too that, 

in contrast to the survey results, but consistent with the qualitative examples above, high-

performing teams overall mentioned SRL-related features more often in notebooks than did the 

lower performing teams (i.e., 9 vs.7 total comments, respectively).  
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5. Summary 

This exploratory study was conducted to evaluate secondary school students’ SRL in an 

engineering design activity and identify patterns of high- and low-performing teams’ SRL while 

solving a design problem. It was also the intent of this study to learn and develop a 

methodological framework for evaluating the extent to which students’ task interpretation of the 

design project is reflected in their working plans, how selected cognitive strategies were 

monitored, and how monitoring efforts were reflected in adjusting strategies. From the findings, 

we found that students place more efforts on understanding of task interpretation than developing 

proper plans, selecting strategic actions to implement the plans, monitoring cognitive strategies, 

and adjusting the cognitive strategies based upon monitoring efforts to solve the design task. 

High-performing students seemed to have better handled their SRL strategies (i.e., more adaptive 

in nature) than did their low-performing classmates (i.e., more chaotic in nature). 
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