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The Construct Validity Evidence of the Team Development Peer Evaluation
Scale in an Engineering Foundation Course

Abstract

This empirical full paper examines construct validity and reliability evidence for a peer
evaluation scale built on a four-factor team effectiveness model. Developing teamwork skills is a
critical outcome in engineering programs. However, assessing teamwork skills remains a
challenge for educators. Many existing teamwork assessment instruments are either expensive or
lack validation for diverse student populations. This study examines the construct validity and
reliability of a four-factor peer evaluation instrument, Team Development Peer Evaluation Scale
(TDPES), measuring Interdependency, Goal Setting, Potency, and Trust. Data were collected
from 2,077 first-year engineering students at a large public university in the Midwestern United
States. A confirmatory factor analysis (CFA) was conducted to test the fit of the hypothesized
four-factor model for the TDPES. The results indicated a model fit (y* = 651.93, CFI = .977, TLI
=.970, RMSEA = .076) and high internal consistency across all constructs with Cronbach’s «
ranging from .86 to .92 for the four constructs and .96 for the overall scale. These findings
support the construct validity of the TDPES and its reliability as one component of a broader
construct validity argument. Engineering educators can use this accessible instrument to
diagnose team functioning and support the development of teamwork skills, while recognizing
that additional validity evidence, such as relations with external outcomes, remains a direction
for future work.

1. Introduction

The ability to function effectively on teams is a pillar of modern engineering practice [1].
Professional organizations and accrediting boards like the Accreditation Board for Engineering
and Technology (ABET), the Active Learning in Engineering Education (ALE) network, and
European Society for Engineering Education (SEFI), have long recognized that the solutions to
society’s most pressing challenges require collaborative effort that transcends individual
contribution and recommended that engineering education programs incorporate active learning
and teamwork strategies into their curriculum [1, 2]. Consequently, engineering education
programs are directed to cultivate this competency, embedding team-based projects throughout
the curriculum to provide students with authentic, hands-on collaborative experiences [1, 3-5].

Over the past two decades, researchers and practitioners have developed a range of
measurements and frameworks to support team formation, peer assessment, and teamwork
development in engineering education and related fields. Platforms, such as CATME [6], ITP
Metrics [7], Teammates [8], and Teams+ [9], provide structured approaches for capturing peer
feedback that consequently result in improving team dynamics. Imbrie, et al. [10] developed a
four-factor model of team effectiveness to measure student team effectiveness working in a
technical engineering team in the first year of engineering programs. Based on the team
effectiveness model, the Team Development Peer Evaluation Scale (TDPES), a peer evaluation
instrument, was developed to assess engineering students’ team effectiveness as perceived by
their peers [11]. The instrument has been widely used in several large U.S. universities.



1.1 Purpose of the Study

This research aims to confirm the validity and reliability of the TDPES by answering the
following research questions: (a) To what extent does the collected student peer evaluation data
fit the hypothesized factor structure of the instrument?; and (b) To what extent does the peer
evaluation instrument demonstrate internal consistency reliability?

2. Literature Review
2.1 Team and Teamwork

A team is defined as two or more interdependent individuals working together toward common,
shared goals [4, 12-15]. Although all teams are groups, all groups cannot always function as
teams [16]. In a team, team members undertake different roles, responsibilities, and interact
socially, whether face-to-face or virtually [17, 18]. Teams maintain and manage clear boundaries
that distinguish members from non-members [17, 19-21]. Teams with a higher level of
coordination, collaboration, and accountability are more likely to achieve shared and common
goals [21].

Teamwork is recognized as a vital skill in engineering and other STEM disciplines, central to
both professional practice and ABET accreditation requirements [1, 16]. Teamwork in academic
settings can positively impact students’ creativity, students’ understanding of complex concepts
[22, 23], students’ engagement, leadership, problem-solving skills, critical thinking, retention
[17], and motivation in a positive way [24-27]. Developing teamwork skills for engineering
students is essential because it can directly influence students’ performance in their future
careers, where employers increasingly value teamwork skills and the ability to perform well in
teams [4, 28, 29]. As a result, team-based projects have become a feature of engineering
curricula, particularly at the foundation level, specifically the first year [30, 31].

2.2 Teamwork Assessment

Given the importance of developing teamwork skills, the question of how to assess those skills
becomes central. Peer assessment has been widely recognized for enhancing student learning by
boosting motivation [32, 33], engagement [34], and critical thinking [35]. Serving as an assessor
requires higher-order skills, such as reasoning and argumentation [36], which deepens
understanding and encourages reflection [37]. It also promotes autonomy, professional growth,
and confidence [38], while promoting interaction with peers and instructors [39]. In engineering
education, since teamwork often occurs outside formal class settings where instructors cannot
directly observe individual contributions, peer assessment becomes a valuable assessment tool
when thoughtfully designed and implemented. Therefore, the overall effectiveness largely relies
on the quality of the assessment instrument itself.

Although designing an effective assessment of any learning outcome is critical to learning,
evaluating teamwork skills, as a process-based outcome [40], can be challenging when
instructors have limited experience and resources. ABET suggests assessing teamwork skills
through group projects that evaluate deliverables and teamwork processes, peer assessments of



contributions and communication within the team, self-reflection, and faculty observations
during class activities [1]. However, instructors more often rely on indirect assessments, such as
reflections on team experiences, to engage students in recognizing teamwork skills (e.g., [41]).

Some of the developed quantitative instruments have been critiqued for lacking a robust
theoretical framework or desirable psychometric properties [42]. CATME is a widely used tool
for assessing teamwork that relies on both self and peer evaluations [43]. However, it may not be
affordable for all institutions due to its commercialization.

Another instrument for evaluating team effectiveness is grounded in the model originally
developed by Imbrie, et al. [10], which is also available and in use. The first version of the model
was based on studies on effective teamwork in industries. It identified three key factors that
make teams successful: Interdependency, Goal setting, and Potency [10, 44]. A nine-item peer
evaluation tool was developed to assess effective teamwork in the areas of interdependency, goal
setting, and potency. Data were gathered from peer evaluations, and confirmatory factor analysis
(CFA) was performed to evaluate construct validity.

On the other hand, Trust is considered an important factor for team effectiveness by many
organizational researchers [45-50]. Trust was subsequently added as the fourth construct to the
instrument. The validity and reliability of the instrument to assess four constructs have been
thoroughly analyzed and confirmed [51]. However, evolving generational dynamics and the
presence of hybrid teams, which often engage in virtual meetings and face diverse situations,
motivated us to conduct this study to provide construct validity evidence and confirm the
instrument’s reliability, using a different sample, once more.

3. Theoretical Framework

Given the importance of interdependency, goal setting, potency, and trust in evaluating student
team effectiveness in engineering education [10, 11], this study employed the TDPES, a peer
evaluation instrument developed by Wang and Imbrie [11], which is grounded in the four-factor
team effectiveness model. Most importantly, the specific measurement of trust was considered an
essential feature. Trust is a core ingredient for any successful team, yet other evaluation tools
often overlook this element. Therefore, based on its cost-effectiveness, the rich dataset available,
and its focus on this crucial element, it was determined to be the most suitable choice for the
study. Each construct measured by the TDPES is defined in Table 1.

Table 1. Definitions of the Four Constructs Measured by the TDPES

Construct Definition References
The degree to which team members rely on one another to

. [30, 52]

complete tasks and achieve goals.
The process by which teams establish clear, specific, and
Goal setting shared objectives, serving as a critical transition activity for [31, 46]
reflecting on past performance and planning future efforts.
The team’s collective belief in its ability to succeed and a
Potency shared confidence that goes beyond the sum of individual [52]
self-efficacy.

Interdependency




The willingness to be vulnerable to teammates based on
positive expectations of their intentions and behaviors acting 46, 53]
as the relational foundation that holds the team together under ’
interdependence and risk.

Trust

Figure 1. The Hypothesized Structure of the Four-Factor Model of the TPDES
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4. Method
4.1 Research Context and Participants

The study was conducted within a required fall semester foundational engineering course for the
first-year engineering program at a large, public, urban R1 university in the Midwestern United
States in 2023 and 2024. A central feature of the course was a semester-long design project that
required students to work in teams of three or four members. These teams were formed by the
instructional staff at the beginning of the semester with the explicit goal of balancing member
characteristics to ensure diversity in prior knowledge, experience, and demographics [54]. The
course was taught in a flipped classroom format, integrating foundational engineering topics with
hands-on project work. The total number of initial participants was 2,329. The final dataset for
this study comprised 2,077 students, as shown in Table 1, which included a total of 667 teams
after data cleaning and the removal of incomplete survey responses. Only incomplete responses
were removed from the dataset using listwise deletion. Although demographic subgroups were
not analyzed in this study, Table 2 presents the sample compositions to support readers’
judgments about the transferability of the findings to similar first-year engineering populations.



Table 2. Demographic Profile of the 2,077 First-Year Engineering Students

Category Subcategory N %
Female 465 22.4
Gender Male 1,608 77.4
Unspecified 4 0.2
American Indian or Alaska Native 3 0.1
Asian 126 6.1
Black 102 4.9
Race/ Hispanic/Latino 101 4.9
Ethnicity White 1,488 71.6
Multi-racial 79 3.8
Non-resident (International student) 162 7.8
Unspecified 17 0.8
Total 2,077 100.0

4.2 Data Collection and Instrument

Following the IRB approval, the data were collected using an end-of-semester survey
administered during the Fall 2023 and Fall 2024 semesters. The survey instrument prompted
students to perform a comprehensive peer evaluation of each teammate and a self-evaluation,
using a combination of a scale, TDPES, and two open-ended questions. For this study to answer
research questions, we only analyzed the TDPES data.

Team Development Peer Evaluation Scale (TDPES). The TDPES was selected over other
alternatives for several key reasons. While other popular tools, such as CATME, can be
expensive, this survey offers a low-cost alternative. It has also been adopted by several
universities, which means a large and varied dataset is available for analysis, making it more
likely that the findings are relevant beyond a single campus. The instrument’s core is a peer
evaluation tool built on a four-factor model of team effectiveness. It includes four factors, each
with three items, to measure Interdependency, Goal Setting, Potency, and Trust. Students
responded to each item using a five-point Likert scale (1 = Strongly Disagree, 2= Disagree, 3 =
Neither Disagree nor Agree, 4 = Agree, 5 = Strongly Agree). As shown in Table 3, the
instrument comprises four constructs, each with three items.

Table 3. 12 Items Aligned with the Four-Factor Model on the TDPES

Construct Items | Descriptions

Is collaborating well with the team on all in-class and out of the

IN1 .
class assignments

Interdependency Is contributing to the team’s success by having a clearly assigned

IN2
role

IN3 Is a reliable team member

GS1 | Is often helping the team develop effective strategies

Goal Setting GS2 asl :ﬁ?;:rl;latmg individual goals that can be achieved with the help of

GS3 | Is actively helping the team establish goals




Is helping the team to build a shared confidence in its ability to
PT1 .
successfully work together on course assignments.
Potenc P2 Is often encouraging each team member to believe in the team’s
y ability to succeed no matter what the task
PT3 Often making the team feel confident in its ability to resolve
disagreements.
TSI Is always seen as one who is willing to share important information
with teammates.
Trust TS Always appears to be willing to have teammates critically review
work performed
Is rarely seen checking the work of teammates because of
TS3 . . .
confidence in their approach to solving problems.

4.3 Data Analysis

The following analyses were conducted to re-evaluate the construct validity evidence of the
instrument used for the study: confirmatory factor analysis (CFA) to assess construct validity and
internal consistency analysis to assess reliability. Given that the data consists of ordered
categorical variables (five-point Likert scale), statistical analyses were conducted using R 4.5.3
with the lavaan package for the CFA and the psych package for reliability coefficients.

Utilizing the fit indices, we evaluated the fit of the CFA model by examining the consistency of
multiple goodness-of-fit indices: the Chi-square (y?) statistic, the root mean square error of
approximation (RMSEA), the comparative fit index (CFI), and the Tucker-Lewis index (TLI)
[55]. Additionally, we computed Cronbach’s a as a measure of internal consistency reliability to
assess the interrelationships among items within each factor and the overall instrument.

5. Results
5.1 Construct Validity Evidence

The CFA model fit was evaluated by examining the consistency of multiple goodness-of-fit
indices: the Chi-square (°) test, the Root Mean Square Error of Approximation (RMSEA), the
Comparative Fit Index (CFI), and the Tucker-Lewis Index (TLI). The model specified for the
four-factor structure yielded the following fit indices: ¥*(50) = 651.93, p <.001, CFI =.977, TLI
=.970, RMSEA = .076, 90% CI (.071, .081). Although the Chi-square test was significant, which
1s common in large samples [56], the CFI (.977) and TLI (.970) exceeded the recommended
threshold of .95 [57]. The RMSEA value of .076, 90% CI (.071, .081), fell within the acceptable
range of .05 to .08 recommended by Browne and Cudeck [58], though it exceeded the more
stringent .06 cutoff proposed by Hu and Bentler [53]. This is consistent with the known
sensitivity of RMSEA to model complexity in large samples [59]. Taken together, the pattern of
fit indices supported the adequacy of the four-factor model for this sample. All factor loadings
were statistically significant (p <.001), confirming that each observed item loaded onto its
designated latent factor as specified by the model [60]. Taken together, these results provide
evidence of construct validity for the four-factor model within this sample of first-year
engineering students, which contributes one strand of evidence to the broader construct validity




argument for the TDPES.
5.2 Reliability Evidence

Data from the full student sample (n = 2,077) were utilized for the reliability analysis. The
internal consistency reliability for each of the four constructs and the overall TDPES was
assessed by calculating Cronbach’s a. The reliability coefficients were .924 for Interdependency,
.914 for Goal Setting, .923 for Potency, and .863 for Trust. Cronbach’s a for the overall TDPES
was .962. All coefficients were in an acceptable to excellent range, indicating sound internal
consistency reliability evidence for the TDPES [60, 61].

6. Discussion

The purpose of this study was to provide evidence of construct validity and reliability of the
four-factor peer evaluation instrument for a contemporary cohort of first-year engineering
students. The results from the CFA provided evidence supporting the hypothesized structure of
the instrument originally developed by Wang and Imbrie [11]. The model fit indices, x° = 651.93,
CF1=.977, TLI1 =.970, RMSEA = .076, met the established thresholds for acceptable model fit,
with CFI and TLI exceeding the recommended .95 threshold and RMSEA falling within the
acceptable-but-not-excellent range below .08 [55]. This confirms that the four latent factors,
Interdependency, Goal Setting, Potency, and Trust, are distinct yet related constructs that
accurately reflect the underlying data.

This finding aligns with previous validations of the instrument and suggests that the model
remains robust despite evolving generational dynamics and the increasing prevalence of hybrid
team interactions. Furthermore, the internal consistency reliability for all four constructs was
high, with Cronbach’s o coefficients ranging from .863 to .924. These coefficients fall within the
acceptable to excellent range, providing evidence of internal consistency for the instrument [61,
62]. Notably, the “Trust” construct demonstrated strong reliability (o = .863) and significant
factor loadings. This provides evidence of validity to include Trust as a critical component of
team effectiveness, distinguishing this instrument from others that may neglect the relational
aspects of teamwork emphasized by organizational researchers [46, 53].

6.1 Limitations and Future Research

Several limitations should be considered when interpreting these findings. First, the present study
contributes evidence of construct validity and reliability, which is one strand of a broader
construct validity argument. A complete validity case for the TDPES requires additional types of
evidence, including content evidence, response process evidence, relations with other variables
such as team performance and individual academic outcomes, measurement invariance across
gender, race, and team composition, and evidence of consequences of score use. Future research
should pursue these strands to build a more comprehensive construct validity argument for the
TDPES.

Second, the data were collected at a single institution from first-year engineering students, which
limits the generalizability of the findings to other populations, such as upper-level students,



capstone teams, or students in specific engineering disciplines and institutional contexts. Third,
peer evaluations reflect students’ perceptions of their teammates rather than direct behavioral
observation, and may be influenced by friendship, social desirability, or leniency biases. Fourth,
the RMSEA value of .076 falls within the acceptable range proposed by Browne et al. [54] but
exceeds the more stringent .06 threshold proposed by Hu and Bentler [53], indicating acceptable
rather than excellent approximate fit. Together, these limitations point to clear directions for
future work, including replication with upper-level and capstone student samples, invariance
testing across demographic subgroups, and linking TDPES scores to behavioral and performance
outcomes.

6.2 Conclusion

This study aimed to re-evaluate the construct validity evidence of the TDPES, a peer evaluation
instrument designed to measure team effectiveness in engineering education. The results from
the CFA provided robust evidence supporting the four-factor structure of Interdependency, Goal
Setting, Potency, and Trust. The fit indices fell well within acceptable ranges, and the reliability
coefficients indicated strong internal consistency for all constructs. These findings suggest that
including “Trust” as a distinct factor is statistically justified and essential for a holistic view of
team dynamics. By confirming the stability of these factors, educators can confidently use the
results to identify specific areas of team dysfunction and implement targeted interventions to
support team development.

The study has implications for both research and practice in engineering education. For
practitioners, this instrument offers a validated, cost-effective alternative to commercial
platforms for assessing student teams. For researchers, it provides a reliable metric to track how
specific interventions, such as those targeting trust or goal setting, influence team performance
over time. Future work will focus on using the TDPES to develop a targeted skill building
system, allowing instructors to provide specific interventions based on team scores. Ultimately,
this tool empowers educators to move beyond simple assessment and toward actively developing
students’ professional competencies.
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