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A Comparison of Two Scenario-Based Assessments of Systems
Thinking

Abstract

Engineers face complex and multidisciplinary problems in the modern work environment. To
understand and solve these complex problems, engineers require systems thinking skills that
allow them to consider the interconnected technical and contextual factors. Therefore, it is
important to provide engineering students with opportunities to develop these skills during their
education. A part of this process is developing assessment approaches that can help instructors
measure students’ systems thinking ability. A variety of approaches have been used in the
literature to assess the development of systems thinking, including surveys, interviews, design
projects, and scenario-based instruments. Scenario-based assessments can offer a more in-depth
view of student learning than typical surveys while also being faster to analyze than open-ended
data such as interviews. However, a range of scenario-based assessments that are available claim
to assess similar skills, making it challenging to identify which fits the needs of a particular
educational context. To help address this challenge, we compared two scenario-based
assessments: the Village of Abeesee scenario [1] and the Energy Conversion Playground (ECP)
design task [2], to understand concepts of systems thinking emphasized by each instrument and
how students’ scores on the assessments are related. The participants in this study were 19
undergraduate engineering students enrolled in an interdisciplinary humanities-based engineering
course in Spring 2021. We administered both scenario-based assessments at the start and end of
the semester to examine the change in students’ scores over time. We then compared the
assessment results from each instrument by examining average scores for each of the systems
thinking dimensions and also individual total scores on each assessment. Lastly, we compared
the experience of scoring the assessments from the perspective of the instructor or researcher
using the assessment. Based on our findings, we make recommendations about when an
instructor might choose to use one assessment or the other. Our results can inform future
research and assessment projects that aim to assess students’ systems thinking skills by
comparing both student outcomes and instructor experience for these scenario-based
assessments.

Introduction

As the world has become a more connected and globalized space, problems that engineers
address have become more complex and multi-dimensional [1]. Engineers are required to
understand multiple contexts and academic disciplines to successfully solve modern engineering
problems. They must conceive of problems and solutions within local and global systems,
considering both contextual and technical aspects. This critical engineering skill is called
systems thinking — a decision-making process that accounts for multiple dimensions of
technical and contextual factors, their interactions with each other, and their interactions over
time [3]. Therefore, there is a need to develop engineers who have awareness and knowledge of
interdisciplinary domains and interaction among subsystems to solve complex problems [1].



To address the need for systems thinkers, engineering programs have developed courses that help
students improve their systems thinking skills [4]-[6]. These courses help students account for
multiple contextual elements beyond the traditionally emphasized technical aspects of a problem
[2]. However, to determine if students have developed a systems thinking approach to solving
problems, it is essential to measure their systems thinking skills. Therefore, in this paper, we
compare two scenario-based assessment instruments to understand the concepts of systems
thinking measured by each instrument and also determine how student performance compares
across the two instruments. Finally, we evaluate the usability of each instrument from the
perspective of the instructor or research team.

Literature Review

The real-world problems that engineers face today are complex and multi-dimensional. These
problems are better addressed when decision-makers understand the various dimensions and
their interdependencies [7]. Traditionally, engineers have prioritized the technical dimensions
while solving problems over other considerations [8], [9]. However, with the increasing
complexity of problems, the lines between engineering, humanities, and social sciences have
blurred [1], [10]. In response to these shifts, government agencies have emphasized that
graduates must be able to address complex problems, collaborate across disciplinary boundaries,
and utilize critical thinking skills [11], [12]. To prepare the engineering workforce to solve
complex engineering problems, engineering research and pedagogy can benefit from a systems
thinking approach [13].

Systems thinking is the ability to see the world as a complex interconnected system where
different dimensions influence and interact with each other [14], [15]. To solve complex real-
world problems, engineers require knowledge of the technical as well as contextual dimensions
[2]. These dimensions include technology, long-term and short-term perspectives, stakeholders,
communities, cultures, politics, economics, and the environment, among others [5], [6], [16]—
[20]. To assess if engineers understand interrelationships amongst different dimensions and
employ systems thinking to solve problems, it is important to measure systems thinking abilities.

Various measurement and assessment strategies have been proposed to understand the
development of systems thinking skills in engineering graduates and students. A few of these
include course-based systems thinking instruction followed by assessment using surveys, field
reports, reflections, open-ended examinations, quizzes, etc. [4]-[6], [20], [21]. Other strategies
include cognitive mapping and concept mapping to explore how visualization techniques can aid
the consideration of multiple dimensions of systems thinking [3], [22]. Another approach, which
will be the focus of this paper, uses scenario-based assessments of systems thinking skills [1],
[2], [19], [23]. Some advantages of using scenario-based assessments over self-reporting,
observational, simulation-based, and other assessment methods are: (a) Ability to identify salient
technical and contextual dimensions (b) Help evaluate the potential behaviors of participants in
realistic situations (c) Less time consuming than some other approaches (d) Can be administered
to a large number of students simultaneously (e) Include both open-ended and closed-ended
questions (f) Easier to score due to a well-defined scoring rubric [2]. Moreover, scenario-based
assessments can indicate growth in dimensions of systems thinking over a short period [16].



Multiple scenario-based assessments are available that claim to assess similar skills, making it
challenging to identify which assessment fits the needs of a particular educational context.
Furthermore, there are few comparisons of existing scenario-based assessments of systems
thinking [3]. Therefore, in this paper we will address this gap by comparing two scenario-based
assessment instruments: the Village of Abeesee scenario [1] and the Energy Conversion
Playground (ECP) design task [2]. We address the following research questions:

1. Which concepts of systems thinking are assessed by each instrument (Abeesee and
ECP)? How do they align and differ from each other?

2. Do the instruments assess students’ systems thinking skills in different ways, as
evidenced by a comparative analysis of class average scores and individual students’
scores?

3. How does the experience of using the Abeesee and ECP scenario-based assessments
compare?

Methods

In this study, we compared two scenario-based assessments of systems thinking: the Village of
Abeesee [1] and the Energy Conversation Playground [2]. We implemented both scenario-based
assessments in a pre/post test study design within a semester-long humanities-informed
engineering course. To compare these assessments, we examined the theoretical concepts each
instrument assesses, considered the scores that students received on the assessments, and
reflected on the experience of scoring the assessments. The Purdue University IRB approved this
investigation.

Participants

In Spring 2021, 19 students enrolled in a one-credit course called Humanities-Informed
Engineering Projects (for more information on the course, refer to [16]). The students were
multilingual and had various engineering majors. Nine of the 19 students were women.

Data Collection

Two scenario-based assessments were administered to all the students enrolled in the course.
Data were collected from the participants using an online questionnaire at the start and end of the
semester. In the questionnaire, students were asked to respond to two scenarios: Village of
Abeesee [1] and Energy Conversion Playground [2]. Each instrument assesses systems thinking
along multiple dimensions that explore both the technical and contextual elements of defining
and solving a problem.

Village of Abeesee Scenario (Abeesee)

The Abeesee scenario problem statement (Figure 1) was developed by Grohs et al. based on the
Dimensions of Systems Thinking Framework [1]. It describes the challenges faced by residents
of a fictitious village during a five-month winter period. For the Abeesee scenario, the
participants were prompted to answer eight open-ended questions with two to five sentences
each such that it showcased their analysis of the problem statement (See Appendix A for list of



questions). The students were asked to consider various aspects of problem-solving such as
problem definition, constraints, implementation and decision-making challenges, and probable
solutions [1]. The scoring of the responses is based on a series of rubrics developed by Grohs et
al. based on the seven dimensions as shown in Table 1. For each dimension, the rubrics provide a
guide for how to score students’ responses on a three-point scale (0-3). A score of three (3) on
the Abeesee scale requires mentioning both the contextual and technical aspects of a problem
along with the interaction between them while a zero (0) constitutes no response to the given
prompt. For more details see the original paper [1] by Grohs et al..

Figure 1

Village of Abeesee Scenario (reproduced from [1])

Problem statement for the village of Abeesee:

The Village of Abeesee has about 50,000 people. Its harsh winters and remote location
make heating a living space very expensive. The rising price of fossil fuels has been
reflected in the heating expenses of Abeesee residents. In fact, many residents are unable to
afford heat for the entire winter (5 months). A University of Abeesee study shows that 38%
of village residents have gone without heat for at least 30 winter days in the last 24 months.
Last year, 27 Abeesee deaths were attributed to unheated homes. Most died from
hypothermia/exposure (21), and the remainder died in fires or from carbon monoxide
poisoning that resulted from improper use of alternative heat sources (e.g., burning trash in
an unventilated space).

Table 1

List of Systems Thinking Dimensions for Abeesee scenario [1]

Dimension Definition

Problem Refers to a respondent’s ability to describe perceptions of the problems
Identification and/or issues facing Abeesee

Refers to a respondent’s ability to identify additional context/information

Information beyond the details provided in the scenario that is needed to address the
Needs L
problem identified
Refers to a respondent’s ability to identify and include relevant
Stakeholder . . .
A stakeholders and the role that they will play in the problem and solution
wareness N : ; i
identification, planning, and implementation process
Goals Refers to a respondent’s ability to identify short- and long-term goals

towards addressing the problems and/or issues of the scenario

Implementation  Refers to a respondent's ability to identify expected barriers to their
Challenges crafted response to the Abeesee scenario




Refers to a respondent's ability to demonstrate flexibility in being self-
Unintended critical and identifying possible blind spots of an attempted solution and
Consequences  the degree to which a respondent explored possible limitations and
unintended consequences

Refers to the degree to which a respondent incorporates aspects of the

Alignment problem identified in responses to goals and plans

Energy Conversion Playground Scenario (ECP)

The ECP scenario problem statement relates to an energy production problem in a developing
country and is shown in Figure 2. The students were asked to list five considerations to account
for when solving the problem and describe the most important consideration. The ECP design
scenario is meant to capture students’ sociotechnical considerations to solve the problem [2].
Although the authors do not describe the assessment using the term “systems thinking”, their
definition of sociotechnical thinking aligns with the systems thinking definition we are using for
this paper and used by Grohs et al. [1] . Thus, we believe that it is reasonable to compare these
assessments as they focused on similar constructs despite some variation in terminology. This
comparison will advance the understanding of systems thinking scenario-based assessments.

The scoring of the responses for the ECP scenario is based on the rubric developed by Mazzurco
et al. [2] and consists of three dimensions: Technology, People, and Broader Context, as shown
in Table 2. For each dimension, students’ responses were scored on scale of 0-3 (See [2] for
instructions). For instance, participants were assigned a score of three (3) for the Technology
dimension if they mentioned the breadth of considerations that focused on all the four technical
categories, or a score of zero (0) if no mention of any of the technical category was provided. A
similar scoring strategy was followed for the dimensions of People and Broader Context as well.

Figure 2

Energy Conversion Playground Scenario (reproduced from [i97)

In developing countries, energy production is one of the most critical problems. Resources and
technologies to produce energy are not often available. Thus, human power conservation systems
might be used to power small appliances. Imagine you and your team are assigned to a design
project in partnership with a Non-Governmental Organization of a developing country. The
NGO needs a low-cost power system that can generate enough energy for the lights of a primary
school. One of the members of your team suggests using a merry go round, seesaw, and swing to
produce energy that can be converted to electricity for the lights.

Question: What considerations do you need to take into account to solve the problem described
in the scenario? List and describe all the constraints and justify their inclusion




Table 2

Dimensions for ECP scenario (modified from [2])

Score

Key Characteristics of the Domain

Technology

Considerations focused on four technical categories:

Inputs or constraints to the technology: Power requirements, time of
operation, cost, materials, safety, climate, people as a source of energy
input, and so forth.

Functionality: Efficiency, feasibility, ease of operation, maximum
power generated, friction, storage of energy, functioning of
components, alternative techs to meet same goals, ability to generate
the needed energy output, and so forth.

Long-term technological considerations: Maintenance, repairs, spare
parts, upgrades, and so forth

Additional considerations added during the current study: Durability,
Focus on system safety/equipment safety; people as part of the larger
system; funding, budget, cost of maintenance and operation, etc.

People

Considerations focused on stakeholders' needs, desires, expertise, and
degree of participation in the design process (e.g., listening to the
community, hearing their voices, collaborating with them in the design
process, etc.).

Additional considerations added during the current study: Focus on the
safety of people; the willingness of people participation, the influence
of people on the playground system

Broader

Context

Considerations focused on four contextual categories:

Local norms: Social norms, culture, gender/ethnic/power dynamics,
religious views, and so forth.

Ethics and law: Regulations, standards, laws, moral and ethical issues.
Other socio-material contexts: Built environment, impact on the
natural environment, local economy, education system

Additional considerations added during the current study: Political
aspects (under ethics and law), Profitability, Ability to own or produce
the technology in a financial sense.

Note: More information on the Additional Considerations added during the current study can be found in results section Research Question 3.

Data Analysis

The first step in the data analysis process was to score both scenarios using the rubrics provided
by their original developers. The participant information was deidentified before scoring
responses. For both scenarios, two members of the research team scored each response. They
worked to identify agreed-upon definitions for the terms in the rubrics, adding additional
clarification where needed (see Additional Considerations in Table 2; more details provided in
the Results). After scoring, they met to discuss the ratings and reach a final agreement.

To address Research Question 1, we analyzed the concepts of systems thinking present within
each of the scenario-based assessments. For Research Question 2 about how the instruments



measure student performance, we compared the class averages for each of the instruments’
dimensions on the pre- and post-test administrations. We also analyzed individual students’
overall scores for each scenario-based assessment by summing the scores across all the
dimensions within each assessment. We responded to Research Question 3 by reflecting on and
analyzing our own experiences with the instruments.

Results

The purpose of this paper is to compare two scenario-based assessments based on the concepts
they assess, students’ performance on the assessments, and the experience of using the
assessments as an educator or researcher. We have organized this section around the three
research questions addressed in this study.

Research Question 1: Which concepts of systems thinking are assessed by each instrument
(Abeesee and ECP)? How do they align and differ from each other?

The Abeesee and ECP instruments assess seven and three dimensions of systems thinking,
respectively; however, these dimensions overlap in many ways. The clearest example of
conceptual alignment between the two assessments is the overlap between the Stakeholder
Awareness dimension of the Abeesee instrument and the People dimension of the ECP
instrument. The Stakeholder Awareness dimension refers to the community members who are
end-users of the services as well as the experts who can give advice [1]. Similarly, the People
dimension includes considerations that focus on stakeholders of the project, their needs, desires,
and the expertise of individuals involved in the scenario [2]. Thus, it seems that the two
dimensions measure similar concepts of systems thinking.

There are additional conceptual alignments between other dimensions of these instruments,
although these are not as completely aligned. For example, the Abeesee Information Needs
dimension aligns with the ECP Broader Context because both dimensions explore the range of
contextual aspects associated with a problem, such as social, cultural, environmental, or legal
considerations [1], [2]. However, one difference between these dimensions is that the Abeesee
Information Needs dimension also assesses technical aspects of the problem, while Technology is
a separate dimension in the ECP assessment. Similarly, the Abeesee Goals dimension aligns with
Long-term technical considerations from the ECP Technology dimension because both
dimensions address the long-term goals of the solution. However, the Abeesee Goals dimension
also includes contextual aspects of both the long-term and short-term goals, whereas those
aspects are considered in separate dimensions in the ECP assessment. Finally, the Abeesee
Implementation Challenges dimension and the Constraints aspect of the ECP Technology
dimension both address challenges, yet the view in the ECP is limited to technological
challenges only, whereas the Abeesee instrument assesses the integration of technical and
contextual challenges. The remaining dimensions of the Abeesee and ECP instruments have a
smaller overlap as compared to the above-mentioned dimensions.

In summary, we found that many of the dimensions measured by the Abeesee instrument are also
measured by the ECP instrument to a certain degree. The comparison also indicates that whereas
a main goal of the Abeesee instrument is to intertwine technological and contextual thinking, the



ECP evaluates them separately by including Technology as its own dimension. The Abeesee
instrument also includes a more nuanced reference to time (for e.g., short- and long-term,
interconnection among different points in time of the project).

Research Question 2: Do the instruments assess students’ systems thinking skills in
different ways, as evidenced by a comparative analysis of class average scores and
individual students’ scores?

Pre-and Post Test Class Averages Across Instrument Dimensions

The class’s average scores increased for three of the systems thinking dimensions in the Abeesee
scenario: Information Needs, Goals, and Alignment, and for two dimensions in the ECP scenario:
People and Broader Context (see Table 3 and Table 4). In contrast, the average scores for the
Abeesee Stakeholder Awareness, Abeesee Implementation Challenges, and ECP Technology
dimensions declined between the start and end of the semester. Paired t-tests comparing the pre-
and post-test scores indicate that the change was positive and statistically significant (p < .05) for
three dimensions (shown in green) in the Abeesee scenario and two dimensions (shown in green)
for the ECP scenario. The results are summarized in Table 3 and Table 4.

Table 3
Comparing Pre- and Post-Test Scores for the Abeesee Scenario (Scale of 0-3)

Pre-Test Post-Test
Abeesee Effect
Dimension df  Mean SD  Mean SD Diff t p Sizex
Problem

. 18 1.53 .68 1.53 .68 0.00 0.00 .500 0.00
Identification

Information

18 1.74 g1 211 43 0.37 1.79 .045* 0.53
Needs

Stakeholder

18 1.58 .88 1.16 .92 -0.42 -1.80 .044* -0.45
Awareness

Goals 18 1.95 51 221 41 0.26 1.42 .086 0.56

Implementation
Challenges

[

8 2.05 .69 1.68 65 -037 -1.79 .045* -0.54

Alignment 18 1.68 73 1.95 .89 0.26 1.16 131 0.32

Note: Green & bold cells = increase from pre to post test. Orange & italic cells = decrease from pre- to post-test.
*Effect Size measured using Hedges’s g




Table 4

Comparing Pre- and Post-Test Scenario Scores for the ECP scenario (Scale of 0-3)

Pre-Test Post-Test
ECP Dimension df Mean SD Mean SD Diff t p E?;iit
Technology 18 2.53 .60 2.21 69 -032 -168 .055 -0.48
People 18 47 75 111 91 063 227 .018* 0.74

Broader Context 18 .16 49 74 .78 058 3.64 .001* 0.87

Note: Green & bold cells = increase from pre to post test. Orange & italic cells = decrease from pre- to post-test.
*Effect Size measured using Hedges’s .

Examining these results, we observe that the class scores increased for at least one-third of the
systems thinking dimensions for the two instruments, indicating that both assessments identified
some development in systems thinking. Considering the overlapping dimensions between
assessments (i.e., results of RQ1), the class average results point to different findings across
Abeesee Stakeholder Awareness and ECP People and also Abeesee Goals and ECP Technology.
This indicates that while overlapping conceptually, these dimensions do not seem to measure the
same concept in the data. The Abeesee Implementation Challenges dimension and ECP
Technology dimension (which includes the concept of constraints) both decreased over time, yet
because Technology includes many other aspects beyond the constraints, it is unclear to what
degree these findings indicate overlap across dimensions. Finally, the class average scores for
Abeesee Information Needs and ECP Broader Context both show development over the course
and a significant change over time, which supports the notion that these dimensions may
measure similar concepts across assessments. The increase in the Abeesee Information Needs
dimension represents a shift in students thinking, from thinking about information needs within
either a technological or contextual perspective to thinking about the integration between the two
types of information needs. The increase in the ECP Broader Context score indicates that more
of students’ top five considerations were related to contextual aspects. Putting these results
together, it is likely that students increased their consideration of the context as it relates to
information needs or main considerations over the course of the semester, a finding that was
measured by both assessments.

More generally, we noticed greater growth in class average scores for the ECP instrument when
compared with the Abeesee instrument. The increase in class average scores for the ECP
scenario could be attributed to the method through which the quality of the score was determined
for each assessment. To receive a full score on the dimensions of the Abeesee scenario, students
had to address the breadth and depth (complexity) of both the technical and contextual factors
across multiple aspects for each dimension, thus making it harder to score full points. In contrast,
it was relatively easier to achieve a full score on the ECP scenario because only the dimension of
Broader Context was scored for the breadth and depth of both the technical and contextual
considerations [2]. Thus, it may be because the Abeesee rubrics required more complex thinking
for a top score that students showed more growth on the ECP assessment generally. Additionally,



the scoring system of the Abeesee instrument assessed students’ ability to intertwine their
analyses of various types of considerations, whereas the ECP assessed the three dimensions in an
isolated fashion for the most part. The greater increases in the ECP scores may also reflect the
course’s goals to increase students’ awareness of people and context and/or a lack of focus in the
course on considering the interaction of different contextual and technical factors in a situation.

Individual Overall Scores Across Instruments

As a second approach to Research Question 2, we examined the overall scores for individual
students on each instrument for the pre- and post-test administrations. It is important to note that
neither the Abeesee nor ECP instruments were originally designed with the intent of calculating
an overall score (i.e., by summing the scores from the individual dimensions). We are not
advocating for the use of these overall scores in assessing systems thinking but chose to calculate
this value as a way to explore whether individual students scored similarly across the two
scenario-based assessments. Specifically, we wanted to know a) whether the same students had
high scores on both instruments and b) whether students’ scores on both instruments moved in
the same direction between the pre-and post-test.

To explore these questions, we divided the students into “high” and “low” scoring groups for
both instruments for both the pre- and post-test. The Abeesee overall scenario scores (i.e., the
sum of all the individual dimension scores) ranged from 0 to 18 and the ECP scores ranged from
0 to 9. Any student who scored greater than the middle score on the Abeesee instrument and ECP
instrument was placed in the “high” category. Students who scored less than or equal to the
middle score were placed in the “low” category.

The results of our individual student score comparison are shown in Figure 3. For the pre-test
scores, the ECP scenario had 18 low score and the Abeesee scenario had 10 low scores. Many of
the same students scored low on both instruments, as shown by the large number of participants
in the middle section of the bottom left Venn diagram. In contrast, only one participant scored
high on both the instruments, while the remaining participants who scored high on the Abeesee
scenario did not score high on the ECP scenario (shown in the top left Venn diagram).

In the post-test scores, we noticed that both instruments have nine students in the high-scoring
category. For the Abeesee instrument, the number of participants in the high-scoring category
remained unchanged. Five of the participants who scored low on the pre-test shifted to high
scores on their post-test for the Abeesee instrument. Even though the number of participants in
the high scoring category for the ECP instrument increased to eight in the post-test, only two
participants were in the high scoring category for both the Abeesee and ECP scenario (as shown
in the top right Venn diagram). We also see less overlap in the participants who scored low on
these instruments (bottom right VVenn diagram). Therefore, the results indicate that even though
the dimensions of systems thinking measured by the two instruments have some commonality in
assessing students’ performance, they are not identical to each other.



Figure 3

Pre- and Post-Test Classification of Students into a High and Low Scoring Groups for Abeesee
and ECP Scenarios

Pre-test Post-test

' Abeesee High
Score

O ECP High
Score

3,4,9,10,11,18

,8,9,11,12,
14,15,18,19 6,7,16,19

. Abeesee Low
Score

O ECP Low Score
1,2,3,4,5,7,16,17 1,2,5,8,14,15,17

From our analysis of individual students’ scores, we observe that student scores on the two
assessments did not necessarily move in the same direction at the individual level. Moreover, an
overall increase in the number of students with high scores on the ECP instrument suggests that
humanities-integrated engineering course was better aligned with the dimensions addressed in
the ECP scenario like People and Broader Context.

Research Question 3: How does the experience of using the Abeesee and ECP scenarios
compare?

As our team scored the student responses on both scenarios, we observed several differences
between the two that might influence which scenario an instructor or researcher would choose to
use in a specific context. In this section, we will discuss four such differences between the
scenarios: the depth of students’ responses, the clarity of the rubrics for the two instruments, the
time required to score students’ responses, and the experience of scoring the assessments from
the perspectives of researchers from different disciplines.

The team of researchers who were scoring both the Abeesee and ECP scenarios noticed that
student responses for the Abeesee scenario were more elaborate as compared to the ECP
scenario. The typical length of responses for the Abeesee instrument prompts were two to three
lines as compared to a single line or one-word response for the ECP instrument. A possible
reason for this could be that students focused more on listing their five considerations rather than



providing a justification for their inclusion. This limited the depth to which student responses
could be understood by the rater and thus were scored accordingly following the guidelines of
the rubric.

When considering the usability of the rubrics for these scenario assessments, the raters found that
the terminology used in the Abeesee instrument rubric was easier to interpret relative to the ECP
rubric. The terminology in the ECP rubric overlapped amongst its dimensions, and therefore the
coders had to redefine some of the terms to ensure consistency of scoring. For instance, the term
‘safety’ is defined in the ECP instrument rubric as a constraint under the Technology dimension
(see Table 2 for ECP dimensions). However, student responses mentioned safety in the context
of equipment as well as in the context of people. To help interpret this different usage, we chose
to classify the safety of equipment and the safety of people as independent characteristics of
safety. Safety in the context of equipment meant the ability of the people to use the equipment
safely without damaging it, whereas safety of the people considered whether the playground or
equipment was safe for people to operate. Therefore, the responses about the safety of equipment
were scored as the Technology dimension and the safety of people in the People dimension.
Many such examples were identified by the researchers while initially scoring the responses and
thus were defined separately for each dimension (see Table 2, “Additional considerations added
during current study” for specific examples).

Finally, the raters belonged to different disciplines (engineering and the humanities). For the
ECP scenario, the raters noticed that the context of a student response can be interpreted
differently based on the discipline of the rater. For instance, one participant wrote the following
as a response to the ECP prompt:

Do the children have enough time to spend playing on the playground for it to be
feasible? (If the area is poor, maybe the children do not have time to play on the
playground because they must help their family.)

The rater from the engineering background interpreted this as a part of the time of operation
constraint (Technology dimension) while the rater from a non-engineering background
interpreted it as the People dimension. However, once the terminology was more clearly defined
and agreed upon by both the raters, it was easier and quicker to score the ECP scenario as
compared to the Abeesee scenario. The additional scoring time was necessary for the Abeesee
scenario because:

1. The raters had to score the Abeesee scenario for seven dimensions as compared to three
for the ECP scenario

2. The Abeesee scenario scoring criteria had greater complexity relative to the ECP scenario

3. The typical response length for the Abeesee scenario was longer than for the ECP
scenario

In addition, some Abeesee dimensions such as Stakeholder Awareness, Goals, Unintended
Consequences, and Alignment took longer to score because they required the rater to interpret
information from responses to multiple prompts. However, even though it was harder to score
the Abeesee scenario, this instrument allows for the assessment of greater complexity of thinking



within each of the systems thinking dimensions, thereby providing a more detailed assessment of
systems thinking skills.

Discussion

In this paper, we have compared two scenario-based assessment instruments, the Abeesee
scenario [1] and the ECP scenario [2]. In this comparison, we sought to understand which
concepts associated with systems thinking were emphasized by each instrument, how the
students’ scores compared across the two instruments, and the experience of using these
instruments as a researcher or instructor. We administered the two scenario-based assessments at
the start and end of the semester for a Humanities-Informed Engineering Projects course
developed at Purdue University during Spring 2021. In comparing the two instruments
conceptually, we found that there is overlap between a few of the dimensions of systems thinking
that they assess. In particular, we observed that the dimensions of systems thinking assessed by
the ECP instrument were a subset of the dimensions assessed by the Abeesee instrument. We
also found that the Abeesee instrument assessed greater complexity of systems thinking by
requiring integration of technical and contextual aspects to achieve high scores within most
dimensions. In contrast, the ECP instrument divided these components into separate dimensions
so that integrative thinking was not required to achieve high scores.

Our comparison of the pre- and post-test scores indicated that students improved in multiple
dimensions across both instruments. However, the growth in scores was more considerable for
the ECP scenario. We believe that the greater increase in ECP scores could be because it is
relatively easier to score highly on the instrument due to the less complicated scoring criteria
(i.e., students are not required to demonstrate integrative thinking). In addition, because the ECP
instrument addresses fewer dimensions of systems thinking, it is more likely that a single-
semester course could impact these dimensions. The Abeesee scenario addresses a wider range
of skills, and it may not be reasonable to expect students to develop significantly along several
dimensions within the context of a single course.

To examine if the same students demonstrated an increase in their systems thinking scores across
the two instruments, we classified the students into high and low categories based on their scores
in the pre- and post-test of both the instruments. We found that even though the number of
students with high scores increased in the post-test, only two students were in the high scoring
category for both the Abeesee and ECP instruments. Our results suggest that even though the
dimensions of systems thinking assessed by these instruments have some conceptual overlap,
they may not identically measure these concepts. It is possible that the differences in the level of
complexity assessed between the two instruments may account for some of this gap, but further
research would help to better understand the differences between how these instruments are
assessing similar-sounding constructs.

Lastly, we also compared the experience of scoring the responses for these two instruments. We
observed that it was generally quicker to score the ECP instrument responses. However, due to
some overlap between its dimensions, the terms in the ECP rubric were not always clearly
defined and thus, it was necessary to redefine some additional terms. Although it was faster for



us to score the ECP scenario, it was also clear that the Abeesee instrument provides a more
detailed assessment of systems thinking skills as compared to the ECP instrument, both in terms
of a greater number of dimensions and a greater focus on integrated thinking within each
dimension. Based on our experiences, we recommend that instructors or researchers determine
whether speed or level of detail is more important for your assessment needs when deciding what
type of scenario-based assessment to use in your context. It would also help to consider what
learning outcomes are the focus of your course or research study. The ECP scenario may fit
better for assessing a shorter-term program or a single course, whereas the Abeesee scenario may
be appropriate for a more advanced course or longitudinal assessment over the course of a
program of study.
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Appendix A

List of questions that students respond to as part of the Village of Abeesee scenario assessment,
taken from [1].

1.

Given what you know from the scenario, please write a statement describing your
perception of the problems and/or issues facing Abeesee.

What additional information do you need before you could begin to develop a response in
Abeesee? Consider both detail and context of the problems/issues you identified.

What groups or stakeholders would you involve in planning a response to the
problems/issues in Abeesee?

Please briefly describe the process you would use to plan a response to the problems/issues
in Abeesee.

What would you expect a successful plan to accomplish?

Given what you know and a budget of $50,000, develop a plan that would address the
Abeesee situation maximizing the impact of your $50,000. Use a numbered, step-by-step
guide, recipe-style to explain.

What challenges do you see to implementing your plan? What are the limitations of your
approach?



