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The Impact of Diaries and Reflection on Self-Assessments of Learning in a 
First-Year Undergraduate Engineering Design Course 

Abstract 
This work-in-progress (WIP) paper communicates the impact of diary and reflection activities on 
students’ self-assessments of their learning in a first-year, studio-format undergraduate 
engineering design course. This work is implemented in an equity-minded frame to ensure that 
we support the learning and experience of all students. Students in first-year engineering design 
courses often ineffectively deploy design process phases and activities, which can limit their 
learning and negatively impact the quality of their deliverables. To further encourage students to 
intentionally engage in the appropriate design process phases and activities, we supplement our 
current instruction with a new activity that includes a modified time diary and a structured 
reflection activity. This work-in-progress paper begins analyzing our data to understand the role 
played by these activities in student learning. 

We analyze students’ self-assessments of learning and engineering identity, with data sourced 
from pre- and post-term surveys, with a phased deployment of the diary and reflection activities 
across multiple semesters. Given our centering of equity-mindedness, we analyze demographic 
data to identify and attend to any equity gaps in student learning and experience. In this work-in-
progress paper, we include a subset of Student Learning Outcomes (SLOs) focused on the design 
process and teamwork and a single measure for students’ identity as engineers. Data are analyzed 
using a two-factor Analysis of Variance (ANOVA). The factors include (1) the phased 
deployment of data-collection, diary, and reflection activities (PHASE), and (2) whether the 
student identifies as a member of a racial or ethnic group that is historically underrepresented in 
higher education (URM). This initial analysis identifies a statistically significant positive impact 
of the implemented diary and reflection activities on the student learning outcome “solve open-
ended and ill-structured engineering problems” for students in the URM-identifying group. 
Beyond this outcome, this initial analysis also indicates that students report increased learning 
for engineering design outcomes but do not report a self-assessed growth in learning related to 
functioning effectively on teams. Furthermore, this course and the pilot activities, as currently 
implemented, do not enhance students’ sense of their engineering identity. These shortcomings 
require innovations that carefully consider student experience so that we effectively prepare 
technically excellent, collaborative, and confident engineers. 

 

  



 

 

Introduction 
This work-in-progress (WIP) paper communicates the outcomes of a reflection activity deployed 
in a first-year engineering design course. This activity is assessed through previously described 
instrumentation created to measure students’ growth in design learning, ability to function on a 
team, and their engineering identity, each as a function of instructional approaches and activities 
(1,2). Here, we focus on initial results after implementing a student-maintained diary and 
engaging in structured reflection activities. The data analysis informs instructional practice with 
a focus on transforming student learning and experiences. We employ equity-minded approaches 
to our instruction to support meaningful, inclusive, and equitable learning and to teach in such a 
way that there are equitable outcomes for our students (3).  

It is well-documented that students in first-year engineering design courses can ineffectively 
navigate the phases and activities of design instead of deploying the most appropriate mindsets 
and activities for each question and problem at hand (4–7). Instructors proactively teach and 
encourage students to iteratively explore the design space throughout their courses. Because 
students are often learning how to solve engineering problems and manage projects for the first 
time, they can neglect to respond to this feedback when working independently due to their lack 
of experience. To support students in building their capacity in intentionally selecting their future 
design activities and phases, we deployed a Design Diary and reflection activity. As described in 
our prior work (1), the diary is a simplified time diary completed by students during class. 
Design Timeline visualizations generated from the diary responses, inspired by Atman et al.’s 
work (8), serve as the basis for structured, data-informed reflection activities (2). Through these 
reflections, students use their Design Timelines to consider past actions in engineering design 
together with current outcomes. The intent of this data-informed approach is to inspire 
responsive and intentional future deployment of design activities as individuals and as teams. 

Data-informed reflection can improve students’ design work (9) and supports planning, 
execution, and evaluation (10–14). Activities involving reflection guide students as they make 
sense of new information and past practice (15–17). Reflective students challenge outcomes, 
seek justification, interrogate sources of failure, and identify areas for improvement (10,18). 
Reflection inspires reexamination of past outcomes and planning new paths forward that employ 
activities and mindsets from across the phases of engineering design. In this way, reflection 
during design has the potential to encourage intentional approaches and may result in improved 
deliverables (19). Since the quality of design deliverables and students’ engineering identity are 
coupled to how well teams function, student reflection includes a focus on teamwork-aligned 
learning outcomes (2,20). As students consider their own contributions to their team’s culture, 
there is an opportunity for them to consider and employ effective strategies, either from course 
instruction or experience, for shaping their teams’ dynamics (21,22). Furthermore, reflecting on 
engineering practice creates opportunities for students to consider their evolving engineering 
identity. As students, together with their teams and instructors, celebrate their accomplishments 
and learn from their failures they are situated to account for their increased skill as engineers 



 

 

(23–26). As students reflect on their practice, our hope and intent are that students gain 
confidence and knowledge as engineers. This gained confidence can translate to a strong sense of 
engineering identity which fosters learning (27) and improves grit and persistence (28). 

This work-in-progress paper begins analyzing our data to understand the role played by a Design 
Diary and reflection activities in engineering design learning. Specifically, we ask: to what extent 
does maintaining a design diary and engaging in data-centered reflection activities influence 
student learning and ability to function on a team, as well as impact students’ sense of 
engineering identity?  

Methods 
Context. We conduct our study in a first-year engineering design course, Introduction to 
Engineering Design and Manufacturing, at Harvey Mudd College, a liberal arts institution in 
California. This course has an introductory Physics class in Mechanics and a Writing course as 
prerequisites. Participants consist of students enrolled in the course (1,2). Enrolled students are 
typically in their first or second year and often select this class to explore engineering as their 
major. Students learn engineering design and manufacturing techniques, utilizing their learning 
to solve ill-defined problems on teams. Projects require both conceptual design and tangible, 
mechanical solutions for an external client. In addition to engineering design, students learn 
teamwork through activities centered in giving and receiving feedback, resolving conflict, and 
leadership. Teams create contracts, meeting agendas, and project management documents as they 
work through a one-day design sprint, a two-week partner design project, and a 12-week team 
design project. Study participation is voluntary.  

Activity Implementation. Our previous paper describes the complete set of student learning 
outcomes (SLOs) (1). For this WIP paper, we analyze a subset of these items to gain insight into 
the impact of our work. These items include students’ proficiency in engineering design, solving 
open-ended and ill-defined problems, revisiting previous design activities, ability to function 
effectively on a team, and their ability to give and receive feedback (see Table 1).  

Table 1: Student Learning Outcome and Engineering Identity Measures (Selected from (1)). 

Student Learning Outcomes 

● Engineering Design 
○ IDP: implement a design process to solve engineering problems. 
○ SEP: solve open-ended and ill-structured engineering problems. 
○ RDA: recognize when it is necessary to revisit design activities to improve a 

solution. 
● Teamwork 

○ FET: function effectively on a team. 
○ GRF: give and receive professional feedback. 

Student Engineering Identity 

● Engineering Identity 
○ SME: I see myself as an engineer. 



 

 

We partition our study into three phases, where each phase represents a unique semester, that 
include a phased deployment of activities (see  

Table 2). This partitioning is described with the PHASE parameter in our analysis. Throughout 
each phase, all other instructional activities are constant. In Phase 1, we collect pre- and post-
term survey data regarding self-assessment of SLOs and engineering identity. Phase 2 includes 
the addition of a Design Diary activity. Phase 3 adds individual and team reflection activities. 
We seek to understand the impact of these activities on student learning and identity 
development.  

Each reflection activity is discussed in detail in our prior work (2). Briefly, the 30-minute 
individual reflection activity, completed on a biweekly basis, engages students in forming written 
responses regarding their past experiences in class, using the Design Timeline visualizations as 
reference material. Reflection prompts center on engagement with engineering design, design 
process phases and activities, and team dynamics. Students then make an action plan about how 
they will engage with engineering design and with their team over the next two-week period. The 
30-minute team reflection, which happens on a biweekly basis and in opposite weeks as the 
individual reflection, is a structured conversation in which team members share and discuss 
experiences and dynamics before moving onto a collaborative planning period. A written 
summary of this conversation is discussed with the project advisor, along with the team’s design 
work, during a biweekly meeting.  
 

Table 2: Reflection Activity Deployment by Phase 

Activity Phase 1 Phase 2 Phase 3 
Pre/post term survey ✔ ✔ ✔ 
Design diary  ✔ ✔ 
Reflection activities   ✔ 

Data collection. We derive the data examined in this WIP from the Engineering Design Ability 
and the Engineering Identity and Belonging instruments, as previously reported (1). Students 
complete these surveys at the beginning and end of each term. The Engineering Design Ability 
instrument solicits students’ responses as aligned with course specific SLOs. The Engineering 
Identity and Belonging instrument is based on other studies and primarily relies upon Godwin’s 
work (29–32). Most SLOs, an engineering identity instrument, and students’ written responses 
included in our data collection are not yet analyzed and will be included in a future study.  

Through these surveys, students self-assess according to each SLO and measure of engineering 
identity and may write responses to provide context for their self-assessment. Student self-
assessment has the potential to improve learning, establish student autonomy and judgement, and 
support self-regulation of learning (33,34) which are important characteristics to develop in this 
first-year course and consistent with the study goals. It must be considered that, despite these 
clear benefits, given students’ newness to the discipline, their self-evaluations may be prone to 



 

 

bias and may not accurately represent their learning and growth (35). Future work includes a 
comparison of self-assessments to instructor evaluations to assess divergence in our case. 

Students complete a Design Diary entry at the start of each class meeting, three times per week. 
Through the Design Diary activity, completed using a Qualtrics form and described in our prior 
work (1), students select the design phases, aligned with the Stanford d.school phases (36), to 
give students common language, and activities they have deployed since our last class meeting 
and includes a written response asking students about their engagement with the team and the 
extent to which students identify as an engineer given their recent work. Design Timeline 
visualizations are automatically generated, using Cloud Firestore, from students’ Design Diary 
submissions. Prior to the 12-week team-based project, we train students to complete diary entries 
and to interpret the visualizations using the two-week design project. These visualizations are 
central to students’ reflection activities and are accessed through a custom portal.   

 
Figure 1: Sample Individual Design Timeline Visualization. This visualization demonstrates the design phase 
sequencing of an individual student. Grayscale shades represent each design phase.  

 
Figure 2: Sample Team Design Timeline Visualization. This visualization demonstrates the design process phase 
sequencing of a design team of 5 students. Grayscale shading represents individuals (and not a design phase as in 
Figure 1) and each row indicates each design phase. This visualization represents how the team has collectively 
deployed distinct design phases across the entire semester. None indicates that a given student reported having not 
completed any engineering design work since the last class meeting. This team’s work spanned many design phases 
throughout the project with one student indicating engagement with empathize, define, and ideating near the end of 
the project.  

Any student with incomplete pre- and post- survey data is excluded from analysis. Since we strive to 
create an inclusive culture and support students in achieving equitable outcomes through our courses 
and program, we additionally analyze outcomes as a function of student identity. Given the exclusion 



 

 

criterion, and our small class sizes, we mitigate the risk of identifying individual students by 
including an umbrella category for students’ underrepresented minority (URM) status. All racial and 
ethnic variables were aggregated into a URM-identifying cohort where URM status includes students 
identifying as Black, American Indian or Alaska Native, Native Hawaiian or Pacific Islander, and 
Hispanic/Latiné. This approach gives us access to aggregated identity-aligned critical data while 
maintaining individual student anonymity. This is important as many students in our dataset identify 
as members of racial and ethnic groups with fewer than five members per study phase. Identities 
beyond racial and ethnic identities are not reported here given that there are fewer students than our 
requisite reporting threshold. The number of students for each identity status is uneven within and 
across each phase of the study (see Table 3).  

Table 3: Total Students by Identity-Based Group Across PHASE 

 URM-Identifying non-URM-Identifying Total Students 
Phase 1 10 15 25 
Phase 2 7 15 22 
Phase 3 11 8 19 

Data Analysis. We analyze changes in students’ self-assigned scores (ΔScore), calculated as the 
difference between the post- and pre-survey items, across each phase of this study, for each student-
learning outcome and the singular engineering-identity measure as identified in Table 1. These 
measures are a subset of the full data collected and are selected as leading indicators. These data 
derive from Likert-scale questions and are analyzed using a two-factor Analysis of Variance 
(ANOVA) to identify statistically significant differences for each SLO. The factors include PHASE 
(Phase 1, 2, or 3) and URM status (identifies as a member of a racial or ethnic identity included in 
the URM category or does not). We employ a Tukey-Kramer post hoc test, with α=0.05, to identify 
specific group pairwise differences. Furthermore, we perform a multiple comparison of means on 
ANOVA results to determine which estimates bear statistically significantly differences. For 
conditions of interest, we calculate the strength of association using omega squared (ω2) and report 
this value as the percent of variation explained (PVE, ω2 •100%). We expect that the diary and 
reflection activity (and thus PHASE) would result in growth in the engineering-design (IDP, SEP, 
and RDA) and teamwork (FET, GRF) SLOs and an increased sense of engineering identity (SME) 
because of the intentional reflection and discussion around approaches to team-based engineering 
design. We neither expect that URM-status nor the intersection of PHASE and URM-status will have 
an impact on student learning according to the stated SLOs and engineering identity because we 
anticipate that the implemented activity would inspire all students toward reflection. 

Results 
Analysis indicates that there are no statistically significant differences in students’ changes in 
score (ΔScore) for each of the six measures for most factor combinations. The singular exception 
to this is the result for the SLO “solve open-ended and ill-structured engineering problems” 
(SEP). The ANOVA results for this learning outcome appear in Table 4. No other ANOVA 
results are reported given the lack of statistically significant differences in ΔScore values. 



 

 

For the SEP SLO, PVEPHASE≈14.9%, PVEURM≈1.24%, and PVEPHASE⨯URM ≈4.63%. A comparison 
of means analysis indicates that there is a statistically significant difference between (1) URM-
identifying students in Phase 1 (no Design Diary, no Reflection Activities) and URM-identifying 
students in Phase 2 (Design Diary, but no Reflection Activities) with p≈0.017, and (2) URM-
identifying students in Phase 1 (no Design Diary, no Reflection Activities) and URM-identifying 
students in Phase 3 (Design Diary and Reflection Activities) with p≈0.012 as represented in 
Figure 3 and indicated in Table 5. 

Table 4:ANOVA Results for the Solve Engineering Problems (SEP) SLO 

SEP Sum of Squares df MS F p value 
PHASE 13.51 2 6.7549 6.7814 0.002212 
URM 0.038606 1 0.038606 0.038757 0.8446 
PHASE⨯URM 5.5797 2 2.7898 2.8008 0.068725 
Error 59.765 60 0.99609   
Total 76.485 65    

 
Figure 3: ΔScore Outcomes by Phase and URM-status for each student learning outcome and one measure of 
engineering identity. Box charts show the median, the lower and upper quartiles, and any outliers (indicated with 
hollow circles) in red for URM-identifying students and in blue for non-URM-identifying students. Each box chart is 
overlayed with the mean (indicated with black squares) for each combination of factors. The figure indicates with * 
statistically significant differences (p<0.05) in students score differences, between the pre- and post-survey, for 
Phase 1 (no activities under study), Phase 2 (Design Diary Activity), and Phase 3 (Design Diary, Reflection 
Activities). 

Table 5: Excerpt of statistically significant results from a multiple comparison of means analysis on SEP (for URM-
identifying students only). 

Comparison Pair Mean Difference (MD) MD Lower MD Upper p value 
Phase 1 Phase 2 -1.6429 -3.0907 -0.19498 0.017279 



 

 

Phase 1 Phase 3 -1.5000 -2.7837 -0.21628 0.012996 
Phase 2 Phase 3 0.14286 -1.2777 1.5634 0.99968 

Discussion 
The goal of this work in progress is to gain an initial understanding of the role played by (1) 
maintaining a Design Diary and (2) engaging in data informed individual- and team-based 
reflections on students’ self-assessed growth in a first-year engineering design course. We 
interrogate our results through the question: to what extent do data-centered reflection activities 
influence student learning and ability to function on a team, as well as impact students’ sense of 
engineering identity? As these activities are currently executed, the results indicate that the diary 
and individual- and team-based reflection activities neither had a significant impact on students’ 
perceived growth in learning engineering design, nor on their ability to function on teams, nor on 
their engineering identity.  

The student learning outcome solve open-ended and ill-structured engineering problems (SEP) is 
the only measure of note in this examined set. Given the lack of statistically significant 
differences between Phase 2 (Design Diary, but no Reflection Activities) and Phase 3 (Design 
Diary and Reflection Activities), these data (Table 5) suggest that, for URM-identifying students, 
completing the Design Diary activity may have affected students’ self-assessed growth in solving 
engineering problems. By extension, it does not appear as if completing the structured reflection 
activities, as designed, impacted students’ self-assessed growth in solving engineering problems. 
One possible reason for this result may be that students, by reporting their data at the start of 
class, resituate themselves in their prior actions thus establishing a foundation for intentional 
next steps. In this way, reflection may be a natural response without additional benefits from an 
activity prompting such reflection. Even though there are statistically significant differences in 
the means for SEP across phases of this study, the low percent of variance expected, less than 
15% for each factor, suggests that the impact of this activity on student learning is small and that 
the results are influenced by complex factors not controlled or accounted for in this work. It is 
important to note that our data do not indicate the same impacts on student growth for students 
who do not identify as being members of an underrepresented group. Although the mechanism 
by which the Design Diary impacts URM-identifying students’ growth in solving engineering 
problems is yet unknown, this result together with the students’ net decreased means in response 
to the identity item I see myself as an engineer is notable and requires future attention and action. 

For the other SLOs indicated in Table 1, the consistency in students’ self-reported perceptions of 
their learning across each phase suggests that any growth for learning outcomes is derived from 
the project-based, studio format of the first-year engineering design course and not the 
implemented activity. As indicated in Figure 3, we observe notable growth in students’ ability to 
implement a design process to solve engineering problems (IDP), which like the SLO solve 
open-ended and ill-structured engineering problems (SEP), is central to instruction in this 
course. We observe limited growth for students’ ability to recognize when it is necessary to 



 

 

revisit design activities to improve a solution (RDA) which is a core motivation of this work. 
Similarly, we observe effectively no growth in both students’ ability to function effectively on a 
team (FET) and give and receive professional feedback (GRF). For these teamwork SLOs this 
stagnation is consistent across each study phase. This lack of self-assed growth, across each of 
the SLOs, could be indicative of students’ high initial self-assessments and is a risk of our 
student-reported data collection approach. Regardless of the cause, these results indicate that 
there are significant opportunities to better serve our students with respect to these SLOs; thus, 
we must carefully consider and develop future instruction in consultation with our students. 

Consequently, the Design Diary and reflection activities, as currently implemented, appear to 
effectively have no discernable impact on learning, ability to function on a team, and engineering 
identity. This may be because the course, as implemented, requires students to consistently 
iterate on deliverables to create solutions to real clients’ real problems. Thus, students are likely 
already reflexively reflecting on their practice as designers on teams and on the engineering 
deliverables they create. This reality likely undergirds their perception that they are better 
equipped to solve engineering problems by the end of the course. While we celebrate the areas 
corresponding to student self-assessed growth and seek opportunities to improve where self-
assessed growth is missing, this outcome does not afford us insight in how to structure reflection 
activities to support students’ development as engineers. Additional analysis of the full dataset 
and comparison to expert evaluation are needed.  

We are unsatisfied with the current results for engineering identity (SME). Our data indicate 
limited growth for students who are not URM-identifying and a decreased sense of identity for 
URM-identifying students upon completing the course. These outcomes are independent of the 
study phase. While there aren’t any statistically significant pairwise differences amongst these 
results, the negative means for URM-identifying students is alarming and requires immediate 
attention as it points to a need for immediate change with respect to inclusion and equity in each 
of our course, program, and institution. We expect that if students perceive that they are better 
equipped and able to solve engineering problems that would inspire an enhanced sense of 
engineering identity. This introductory design course is taken by students during early in their 
undergraduate career and is their first exposure to engineering in the program. Given the time 
point at which this course is taken, it is possible that students only see themselves as engineers to 
a small degree or that as they learn more about engineering there could be a misalignment 
between their prior conceptions of engineering and their newly acquired knowledge of the field 
that could challenge their engineering identity. It is also possible that negative interactions on 
teams negatively impact their engineering identity. This outcome could decrease the degree to 
which they see themselves as engineers. We anticipate analyzing the full set of SLOs and 
engineering identity measures along with qualitative data sourced from diary entries and 
reflection activities. This analysis may provide insight for activity redesigns. There is an 
opportunity to further develop students’ engineering identity in the context of this course. One 
immediately actionable and valuable but still insufficient opportunity is for instructors and 



 

 

students to co-cultivate a culture of celebration regarding students’ advancement through their 
journey of becoming engineers. In this way, students can embrace the not-yet state of their 
development while also recognizing that there will always be future growth throughout their 
professional lives. 

Conclusions  
This work-in-progress paper seeks to address the extent to which diary and reflection activities 
influence student learning in engineering design, their ability to function on a team, and their 
engineering identity. We found effectively no additional impacts on any of these items that 
derive from the reflection activities. This could be, in part, because of the reflection and iteration 
innate to the course’s current structure as realized through practice in engineering design. This 
could also stem from the reliance on self-assessed learning and growth. The singular exception to 
this narrative is the impact of maintaining Design Diaries on URM-identifying students’ 
enhanced ability to solve engineering problems. Additional analysis is necessary to fully 
understand the impact of these activities. Future work includes comparison of these results, 
derived from students’ self-assessed growth, with SLO-aligned instructor evaluations to 
understand and benchmark students’ scores and perceptions. Beyond analysis, the current results 
indicate that the course cultivates students’ abilities and knowledge in engineering design but 
fails to both effectively enhance students’ ability to function effectively on teams and to develop 
their engineering identity. These shortcomings must be met with intentional and sustained 
instructional innovations both within our course and across our curriculum. Any future 
developments should generate solutions while looking through the lens of student experience, 
with a goal to better prepare students to be technically excellent, iterative, collaborative, 
empathetic, and confident engineers.   
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