Assessing Problem-Framing Skills in Secondary School Students
Using the Needs Identification Canvas

Abstract

With programs like Project Lead The Way, engineering activities and curricula have increased in
frequency in secondary school programs. In 2013, Next Generation Science Standards were
published formalizing the importance of science and engineering practices in secondary schools
as part of the ‘Three Dimensions of Science Learning’. For a typical secondary science
department, the current engineering options can either be very expensive and/or very time
consuming (often requiring engineering courses outside of traditional science courses). The
purpose of a broader NSF-funded project is to create and evaluate a more accessible system for
engaging students in one of the key components of engineering design: problem framing.

This work presents one tool developed as part of that effort, the Need Identification Canvas
(NIC), and the assessment methods developed for evaluating students’ engineering problem-
framing skills using the NIC. The NIC is a tool for guiding novice designers through the need
identification process, specifically addressing four key subcategories: stakeholders, stakeholder
needs, a need statement, and information gathering. Student responses in each category were
evaluated using a rubric, developed as part of this effort.

The canvas has been implemented with suburban high school biology, chemistry, physics, and
physical science classes (N=55) as well as first-year engineering students (N=18) at a private
undergraduate university to provide a basis of comparison for the higher levels of achievement.
In addition to comparisons between grade levels, secondary students that have and have not been
taking supplemental engineering courses as part of their program of study were compared.
Significant differences were found amongst a variety of these subgroups.

Introduction

This study is part of a larger project to incorporate engineering problem-framing design actvities
(EPDAS) into high school science classes. The most recent iteration of the Next Generation
Science Standards [1] includes engineering as part of the disciplinary core ideas section of the
performance expectations. Problem-framing activities are designed to help reach this measure in
a manner that can be incorporated into high school science classes without a major overhaul.

Many of the current engineering efforts, like Project Lead The Way [2] may require a major
overhaul to course offerings and may be quite expensive for schools to implement. The
overarching goal with the “Building Informed Designers” project is to incorporate engineering
design into existing high school science courses with minimal expense to improve design
thinking and problem solving by all high school students. A secondary goal is to increase the
number of students who will pursue college or community college engineering career pathways.

Problem solving and thus problem framing are a key first step of the engineering design process.
Davis, Beyerlin, & Davis [3] describes the role of a problem solver as one in which she
“examines the problem setting to understand critical issues, assumptions, limitations, and



solution requirements.” Problem solving has been studied and found to be critical in design and
decision making [4-8]. Complex problems can often be described as those that have more than
one solution. These complex problems require problem solvers that can acquire relevant
information [9], work within a context [10-13] and meet clients’ needs [14-15].

The measure for evaluation in this study is the Need Identification Canvas (NIC). The NIC
(Figure 1) is a tool that is used to help students isolate a problem by looking at the stakeholders.
The four sub-categories for this instrument not only include the stakeholders (those that are
affected), but also stakeholder needs, a need statement, and additional information that must be
gathered before the problem is clearly defined.

Need Identification Canvas
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Figure 1. Need Identification Canvas

For each high school science course (biology, chemistry, physics, and physical science) cross-
curricular scenarios are being developed. However, for the pilot study and instrument
assessment, the scenario of building a spaceport is the focus. As students progress across
courses, we plan to collect longitudinal data to measure improvement in student problem-
framing skills across semesters or even years.



Methods

The research team developed an initial rubric for the NIC based upon four different levels:
beginner, emerging, developing, and informed designer for each of the four sub-categories in the
NIC (stakeholders, stakeholder needs, needs statement, and information gathering). One
delimitation is that we believe these levels represent problem-framing skills at the interval, if not
ratio level so that the assigned values of 1, 2, 3, & 4 have some meaning beyond a ranking.

A pilot implementation yielded student data that was then compared against the rubric by two
research team members. Additionally, the student data was categorized into the four levels via
face validity. After comparing face validity to rubric scores, the rubric went through several
iterations until there was a consensus between scores and face validity.

Two Undergraduate Research Assistants (URAs) were trained to use the rubric to mark student
NIC data. During training, two sample NICs were graded by the URAs with supervision from the
Graduate Research Assistant (GRA). The GRA reviewed the scores and gave feedback on the
scoring process and accuracy of the URAs.

The NIC was then administered to 55 high school students from three classes (n=14, 20, & 21) as
well as 18 first-year engineering students (n=7 & 11). The NIC was the first of several activities
regarding problem framing. The NIC was administered after a brief introduction to the NIC and
the Spaceport Scenario. Students were to brainstorm on their own without any additional
resources. If this was a student’s first introduction to the NIC (which it would be for all these
students in the initial administration), it would serve the purpose of a pre-test. Students
completed the NIC individually. After the administration of the NIC, students were engaged in
several follow-up activities to address problem framing.

The NIC was then marked against the rubric by two URAs and one GRAs in a manner that each
student’s NIC was marked twice. The goal was to test for inter-rater reliability and to detect
differences in high school v. university students.

Descriptive statistics (means and standard deviations), as well as T-tests for the two raters, and
ANOVA for the multiple sub-categories were conducted.

Results

As expected, the university First-Year Engineering students outperformed secondary school
students (Table 1) in both overall score and all sub-categories (p<0.01). This difference between
the two groups is noteworthy given the large standard deviations, which will be discussed further
regarding inter-rater reliability.



Table 1. Mean and Standard Deviation of High School and First-Year Engineering Student
scores on the NIC.

Stakeholder Needs Information
Stakeholders Needs Statement Gathering Total

High School | 1.65(0.83) | 1.81(0.77) | 1.20(0.50) | 1.33(0.61) 1.5 (0.41)

University

Engincering | 11 (10D | 244(1.05) | 250(116) | 247(L16) | 2.63(0.78)

Four Sub-Categories

A one-way ANOVA examining the differences in the four sub-categories between high school
and university engineering students detects a significant difference (p<0.01). After further
examination, separating high school and university students yields some interesting results.

For high school students there was no significant difference between stakeholders/stakeholder
needs or needs statement/information gathering; however, there was a significant difference
(p<0.01) between stakeholder (avg=1.65) and both needs statement (avg=1.20) and information
gathering (avg=1.33) as well as stakeholder needs (avg=1.81) and both needs statement and
information gathering. These differences support the content validity of the NIC as the four sub-
categories loosely represent a progression towards framing the problem.

Inter-rater Reliability

In spite of our best efforts in training URAs, the scores produced by URAs marking the NIC
(avg=1.93) were significantly higher (p<0.01) than the scores by the GRA (avg=1.53). There are
a couple of potential reasons for this difference. First of all, while there is a reasonable sample
size of student NICs, there is a limited number of URAs (two) and GRAs (one) marking the NIC.

Additionally, one would expect a graduate student to be at the informed designer level; However,
the same assumption can not be made for an undergraduate engineering student. There exists a
possibility that the URAs are only at the emerging or developing level themselves, which means
they might tend to inflate scores thinking the NICs are better than they are.

Lastly, there are larger standard deviations in the university students, which should be expected
as more are able to achieve higher levels. In spite of this larger standard deviation, there is still a
significant difference between the two groups.



Conclusions and Recommendations

The NIC can be an effective tool as it can clearly detect a difference between problem-framing
skills and subskills of high school students and first-year engineering students. As students
continue to participate in problem-framing activities, it will be important to continue to use the
instrument to determine if growth can be detected. We plan to have this initial cohort of students
repeat the NIC in different contexts that relate to their other science classes each year until they
graduate. This follow-up should give us longitudinal data to help verify the instrument ability to
detect improvement over time.

Additionally, inter-rater reliability must be addressed if large amounts of data are going to be
processed. There are two current viewpoints to address this issue. First, training of URAs will
need to be improved by either being more rigorous, more explicit, or both. A switch from online
to in-person training may help address this concern. Second, it may be possible that URAs are
simply not informed designers and are therefore not qualified to mark the NIC. It may be worth
having any URA that is to be used as an NIC evaluator take the NIC themselves and reach a
threshold score.

We hope that by continuing to follow this initial cohort of students, we can collect longitudinal
data that shows they are prepared for engineering majors at the university level.
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Appendix

Need Identification Canvas Rubric

Information Gathering (4)

B Emerging D ping d Desig C
Missing one or more type of[Identified at least two Identified at least two Identified at least two
stakeholder (user, direct,  [stakeholders in at least two |stakeholders in each of the |stakeholders in each of the
Stakeholders (1) indirect) in those identified |of the three stakeholder three stakeholder types with|three stakeholder types with
types at least eight total identified |at least ten total identified
stakeholders, without stakeholders, without
duplicates duplicates
B Emerging D ping d Desig Ci
Stakeholder Needs (2) Identifies some needs but Most_stakeholders All stlakeholders are All st_akeholders are
Connection Ratio (CR) = not alII stakeholders are consmered,.somef nee.ds considered, needs are fully |considered and flullyl
Connections/(Needs+ considered are superficial or invalid develnpgd but few develop_ed, considering
CR=0-04 CR0.3-0.6 connections across connections between
Stakeholders) stakeholders identified stakeholders
CR0.5-1.0 CR 0.8+
Beginning Emerging Developing Informed Designer Comments
One or more key elements [All key elements included  [All key elements included  [Need statement is concise
Need Statement (3) (deliverable, function, user) |but are weakly connected, |and well connected but not |and specific, explicitly
missing too broad to be able to sufficiently focused to be  |connected, includes all key
move forward able to move forward elements
B Emerging D d D Ci

Missing one or more of the
3 types of information
(design constraint/user
need, resources, other) in
those identified, no
connection to needs
statement

Identified at least two
information items in at least
two of the three information
types, weak connection to
needs statement

ping
Identified at least two
information items in each of
the three information types
with at least eight total
identified, without
duplicates, some
connection to needs
statement

g
Identified at least two
information items in each of
the three information types
with at least ten total
identified, without
duplicates, clear connection
to needs statement




