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Do students gather information to inform design decisions?
Assessment with an authentic design task in first-year engineering

Abstract

Information gathering is a very important aspect of the design process, one that is used
continuously throughout the project to make informed design decisions. This study reports the
development of an authentic instrument used to assess skills related to information gathering in
first-year engineering students. EXisting assessment tools, such as the scenario-based Self-
Knowledge Inventory of Lifelong Learning (SKILLS), developed by Conti & Fellenz, or the Self-
Directed Learning Readiness Scale (SDLRS), developed by Guglielmino, were evaluated.

While these have the advantage of being very easy to administer and analyze, one significant
disadvantage is that they are self-reported and thus assess perceptions instead of demonstrated
skills. For this study, we have developed a coding protocol to qualitatively evaluate written
artifacts produced by first-year engineering students as part of their semester design project. The
coding protocol identifies the classification, appropriateness, and documentation of individual
sources used. The protocol also identifies overall strengths and weaknesses in regard to efficacy
of information gathering, use of evidence to support arguments, and documentation of
information sources across the artifact as a whole. In a sample of 25 randomly selected student-
produced memos from a pool of 263, approximately 35% of the sources cited could not be
classified due to poor documentation, 76% of the sources used were electronic sources, of which
less than 20% were rated as high quality. These results suggest that students did not seek
information from a variety of quality sources and that documentation was a significant weakness.
Results from this study inform design instruction in future first-year engineering courses.

Introduction

Engineering in the twenty-first century is evolving and becoming more complex. The problems
engineers encounter in the work force are ill-structured with constraints that extend beyond the
reach of typical undergraduate engineering curricula, such as economic, social, political,
environmental, and legal issues *. To compound this problem, global economic competition,
growing environmental concerns, and rapid technological advancement place additional demands
on engineers to be more innovative in the solutions they create. There have been several reports
released in the last decade that call for engineers to become more skilled in communications,
business, and economics, more creative and innovative, and more globally competent e.g. 2**°.
Engineers must develop superior information literacy competencies, such as the ability to
critically and adeptly gather, evaluate, and synthesize information to be able to work within
complex project constraints and ultimately meet the needs their organization, clients, and end
users.

It is well established in the literature that information gathering is a critical step in the
engineering design process. Moore, Atman, Bursic, Shuman, and Gottfried’ conducted a
research study to evaluate how well first-year engineering (FYE) textbooks define the
engineering design process. In this study, five of the seven textbooks analyzed discussed
information gathering as a significant step in the overall design process. Further work by Atman
and her colleagues evaluate and compare the design processes of first-year students, fourth-year
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students, and expert practitioners, and produce strong evidence of a relationship between
information gathering skills and design quality®*.

In addition to information gathering, it is also important for engineering students to develop
competence in evaluating information for credibility and relevance. Where previous generations
had to struggle with finding enough information relevant to a particular research problem,
students in the Millennial Generation are inundated with information, only some of which is
credible and relevant. This problem is compounded by the tendency of Millennials to equate
technological literacy with information literacy, resulting in over confidence of their own ability
to seek and evaluate information *2. In a recent study comparing observations of information
search behaviors of undergraduate students to Kuhlthau’s 13 Information Search Process (ISP)
model, Holliday and Li * suggest that students are skipping steps and ending the search process
prematurely because they are satisfied with the volume of information they collected, despite a
general lack of depth in coverage of the topic area they are researching. In general,
undergraduate students use a very limited variety of information sources, and fail to critically
evaluate the sources they do use *°. Recent studies * indicate that most students (71- 94%) are
dependent on internet search engines (e.g. Google, Yahoo, Ask.com) as their primary search
tool. In contrast, very few students (1-10%) use academic search tools, such as databases and e-
journals, to search for information. Brophy and Bawden ” report that for comprehensive
coverage of a topic area, both internet search engines and database searches are needed, and as
expected, the concentration of high quality sources in database searches is much higher (84%)
than information retrieved using Google (52%).

Over the past decade, engineering educators and researchers are putting more emphasis on the
importance of design, problem solving, lifelong learning, and by extension, information literacy
in calls for engineering curriculum reform®? 31921 The Accreditation Board for Engineering
and Technology (ABET) has mirrored this emphasis in the Criterion 3 student outcomes,
commonly referred to as the EC2000 a-k criteria. The following EC2000 criteria are relevant to
information literacy and lifelong learning **:

(@) an ability to apply knowledge of mathematics, science, and engineering

(e) an ability to identify, formulate, and solve engineering problems

(f) an understanding of professional and ethical responsibility

(g) an ability to communicate effectively

(h) the broad education necessary to understand the impact of engineering solutions in a
global, economic, environmental, and societal context

(i) arecognition of the need for, and an ability to engage in life-long learning

(J) aknowledge of contemporary issues

Although the importance of lifelong learning has been codified in the ABET criterion 3.i, to date,
there has been very little research reported on how to measure outcomes for that criterion 2. The
European Commission®defines lifelong learning as “all learning activity undertaken throughout
life, with the aim of improving knowledge, skills and competence, within a personal, civic,
social, and/or employment-related perspective. Shuman, Besterfield-Sacre, and McGourty
propose several attributes of lifelong learning, including the ability to “demonstrate reading,
writing, listening, and speaking skills; demonstrate an awareness of what needs to be learned;
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follow a learning plan; identify, retrieve, and organize information; understand and remember
new information; demonstrate critical thinking skills; and reflect on one’s own understanding.”
Shuman, et al. argue that students’ demonstration of these skills also demonstrate abilities of
lifelong learning. Some of these skills could be classified as information literacy skills,
particularly identifying, retrieving, and organizing information, which implies that information
literacy is a component of lifelong learning. The purpose of this research is to investigate the
baseline information literacy skills of FYE students by developing an assessment tool to evaluate
written artifacts produced by students, either individually or in teams.

Review of Lifelong Learning Assessment Tools

Existing instruments designed for assessment of information literacy skills were considered for
this research investigation. The Self-Directed Learning Readiness Survey (SDLRS) tool
developed by Guglielmino 2° was originally prepared as a predictive or diagnostic tool for
students embarking in self-directed learning endeavors (e.g. distance learning, advanced degrees,
professional certification, etc.). The instrument requires the user provide Likert-scale responses
to 41 survey questions such as “I’'m looking forward to learning as long as I’'m living,” “I love to
learn,” and “I know when I need to learn more about something %°. The Self-Knowledge of
Lifelong Learning Strategies (SKILLS) instrument developed by Conti and Fellenz %" is a
scenario-based tool intended to measure responses to real-life adult learning situations, such as
researching auto insurance, finding a job, arranging for health care for a relative, or fixing a
bicycle. This instrument instructs the user to read the given scenario then organize a list of 18
scenario-specific strategies into three evenly distributed (i.e. 6 strategies in each) categories of
“definitely use,” “possibly use,” and “not likely to use.” The SKILLS assessment is scenario-
specific which may help elicit more genuine responses than the general questions asked in the
SDLRS assessment, however, both tools rely on self-reported information. As previously
discussed, undergraduate students generally overestimate their information literacy competencies
12 thus the investigators felt that self-reported data alone would not be an adequate measure of
their actual skill-level. We concluded that an authentic assessment of demonstrated skills would
better provide the information needed to ascertain the gaps in students’ competence such that
instructional interventions could be intelligently targeted to specific weaknesses.

Research Questions

The primary focus of this research study is to determine the gaps in information literacy
competencies of first-year engineering (FYE) students; however, we hope that the results of this
study will provide an example of evidence-based assessment of information literacy skills that
could be replicated in other venues. The coding protocol used to evaluate students’ written work
was developed to address the following primary research questions: 1) What is the overall
quantity and quality of the resources FYE students use, and 2) What are the overall
strengths/weaknesses of FYE students’” written work in regard to information gathering, building
a strong argument, and documenting citations and in-text references?

In the development of the coding protocol, we expanded our two primary research questions into
the following sub-questions:
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Overall quality and quantity

1. What kinds and how many resources do FYE students use in solving open-ended design
problems?

2. What is the quality of the resources FYE students use?

Strengths and Weaknesses

Do FYE students consistently and accurately document sources of information?

Do FYE students use cited information appropriately to support design decisions?

What is the overall classification of FYE students’ information gathering skill level?
What are the overall strengths/weaknesses of FYE students’ written work in regard to
information gathering, building a strong argument, and documenting citations and in-text
references?

ok

Methodology

Research Setting

The study was conducted in an introductory engineering course during the Fall semester. This
introductory course provides the foundational experience for all engineers, and thus this is an
excellent venue to introduce and assess baseline lifelong learning concepts. Three of the
investigators for this research study have been actively involved in the development and teaching
of this course.

The participants for this study consist of students enrolled in the FYE course in the Fall 2008
semester. The written artifacts produced by these students in fulfillment of regular course
requirements were compiled and evaluated after the completion of the term. This research was
carried out under IRB Approval 1008009557.

Description of the Memo Assignment

In the Fall 2008 semester of the introductory FYE course students were assigned a group project
in which students teams were required to examine the buildings in which they lived and make
recommendations on how to make the building more sustainable. Students were urged to
consider a range of topics to make a case for where the biggest impact would be in making the
building more sustainable. For example, considering the energy needs of heating and lighting,
future energy costs, and environmental concerns of energy sources, were suggested in the project
description as potential starting off points. There were several milestones for this project,
including generating ideas, identifying and defining criteria and constraints, preparing the first
draft of a memo communicating their recommendations, a peer review of the draft memo, and
the final memo.

The project description was explicit in instructing students to justify their recommendations with
data, evidence and rationale; however, there were no instructions given pertaining to the quantity
or quality of sources, or citation style expected. The final memo was selected as the written
artifact evaluated in this study. While the lack of information gathering and documentation
instructions was not intended to benefit this study, it does provide a good baseline of what
students produce without instructional interventions.
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Sample Selection

For this study 25 student memos were randomly selected from a pool of 263 and evaluated with
a coding protocol developed by the investigators.

Data Analysis Methods
The instrument developed for this study consists of a six-part coding protocol (see Appendix),
where each section of the protocol corresponds to a specific research question.

e Section 1 of the protocol was modeled after the citation categorization scheme used by
Denick, Bhatt, and Layton 2 in their citation analysis of engineering design reports. This
section classifies the sources cited in the student memos by type of information resource.
Note that sources with missing or incomplete citations, and/or missing or incomplete in-
text references were coded as “unknown” (UNKN). The code “general website”
(GWEB) was given specifically to sources where the only element of the
citation/reference given was a broken URL link. In this case it is known that the
information source is a web resource, but the audience, purpose, and use of information
cannot be evaluated.

e Section 2 assigns a general classification of audience and purpose to each source, which
IS used to assess its quality. For example, a source coded as scholarly (SCH) and
informative (INF) would be of high quality, and a source coded as popular (POP) and
biased or for entertainment (BIAS/ENT) would be of low quality (see Figure 4).

e Section 3 assesses the students’ documentation of each information source. This is
divided into two categories, citation and in-text reference of the information resource. In
cases where the citations were incomplete (CINC) or missing (CMIS), or the in-text
references were incomplete (RINC) or missing (RMIS), the information source could not
be coded beyond Section 1. If elements of the citation or in-text reference were missing,
but the information source could still be identified, it was coded as improper (CIMP or
RIMP).

e Section 4 evaluates how a particular thread of cited information was used in support of an
argument. The first four sections of the coding protocol are applied to each information
source, and thread of information generated from that source. In the cases where two or
more independent threads of information originated from the same information source,
treated as two different sources.

e Sections 5 and 6 of the protocol assess the overall quality of the memo as a whole.
Section 5 of the coding protocol assesses the level of information gathering demonstrated
in the memo, and Section 6 identifies overall strengths and weaknesses in information
gathering, constructing an argument, and documentation (citations and in-text
references).
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Inter-rater Reliability

Inter-rater reliability for this protocol is was determined in several phases, starting with each
investigator coding three memos to evaluate the quality and discuss weaknesses in the protocol.
After several iterations, the final protocol was evaluated with two investigators coding two
memaos. The inter-rater reliability of the final protocol (94%) was determined by dividing the
actual number of agreements between the two investigators by the total possible number of
agreements. The number of possible agreements are determined by the number of sources
referenced in a given memo.

Findings

The results of the memos that were evaluated (N=25) are generally consistent with similar
studies and citation analyses of undergraduate student information gathering and evaluation
behaviors ®9 1218172~ The number of sources cited per memo ranged from 0 to 10 (mean = 3.3,
mode = 2). The distribution of the quantity of citations per memo is shown in Figure 1. As
expected, the web-based resources were the most frequent type of information cited (76%), as
shown in Figure 2. Within the web resources classification, commercial (24%) and government
(21%) web pages were cited most frequently (see Figure 3).

Distribution of Number of Citations Per Memo
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Figure 1: Number of information sources cited per memo within sample (N = 25)
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Figure 2: Variety of information sources cited within sample of memos (N = 25)
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Within the sample of memos evaluated, there were references to 110 identifiable information
sources, 40 (35%) of these sources were coded as UNKN or GWEB due to incomplete
information (Section 1 of coding protocol). The remaining 71 citations were assigned a quality
rating of low, medium, or high based on the classification of audience and purpose (Section 2 of
coding protocol). Overall, 18 % of the cited sources were high quality, scholarly sources and the
remaining 82% is split evenly between medium quality and low quality sources (see Figure 4). In
a breakdown of the quality ratings per memo, only 15% of the memos evaluated in this study

cited at least one high quality information source.

Distribution of Web Resources Cited
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Classification

ENEWS = News organizations
(e.g. www.cnn.com)

ORG = Non-profit organizations
(e.g. www.greenpeace.org)

EDU = Scholarly organizations
(e.g. www.purdue.edu)

PERS = Websites authored by
non-experts (e.g. blogs, personal
web pages, etc.)

GOV = Government organizations
(e,9. www.energystar.gov)

COM = Commercial websites
(e.g. www.ge.com)

GWEB = Broken URL (cannot be
classified)

Figure 3: Distribution of sub-classification of web resourced cited within sample of memos (N = 25)
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Figure 4: Quality rating of sources cited within sample of memos (N = 25) (left) and Quality

Rating Quadrants used to assign ratings (right)

8'80G°¢z abed



Of the original 110 identified information sources, 37% of these sources contained enough
elements in the citation and in-text reference to evaluate the use of the information in support of
the students’ arguments. Furthermore, only 3% of the identified sources had both complete
citations and in-text references (CCOM and RCOM). Of the 41 threads of information that were
evaluated, 71 % was used appropriately, 22% was exaggerated (i.e. made generalizations from
localized information, or made specific claims using general information, without making
explicit assumptions of its applicability out of context), and 7% was misrepresented (e.g.
incorrect use of scientific data, used incorrect units, misused terminology, etc.).

As expected, the overall qualities of the memos reflected the quality of information gathered as
well as the poor documentation skills demonstrated in the memos. For overall information
gathering skill, 80 % of the memos were classified as moderate to poor. Strong information
gathering and argumentation were overall strengths demonstrated in 16% and 12% of the memo
evaluated, respectively. The overall weaknesses observed were in documentation (84 % WCIT
and/or WTXT) and information gathering (64%)

Discussion and Future Work

The objective for this research was to better understand the baseline, demonstrated information
literacy skills of first-year engineering students by using an authentic assessment tool to evaluate
written artifacts produced by student teams. The results of this study are consistent with the
literature in that students exhibit weakness in both gathering and evaluating information "8, A
unique contribution of this study to the literature is the finding that students had very weak
documentation skills. While no specific criteria regarding citation style (e.g. APA, MLA, etc.)
was specified in the project description, providing citations for referenced material is a
significant element of academic integrity and is discussed in detail in the syllabus, as well as in
class at the beginning of most courses. Having such a small proportion (3%) of citations and in-
text references be complete shows that students were not adequately prepared for this element of
communication. It is possible that calling the final deliverable a “memo” instead of “report”
caused students to think that providing citations was not necessary, however, this should have
been addressed by the students between the first draft (milestone 3) and the final deliverable
(milestone 5).

The results of this study suggests engineering faculty to engage in further collaborations with the
Libraries to develop focused instructional interventions to help students improve their
information gathering techniques, evaluation of information gathered from internet search
engines, and documentation of works cited. In addition, this study provides an example for the
development of authentic and evidence-based assessment of information literacy skills of a
specialized group.

Limitations

Two types of information errors were frequently observed throughout the evaluation of the
student memos. The first type of error observed was of students making assumptions instead of
gathering the appropriate information. For example, one team made a general assumption of the
local cost of electricity, instead of trying to find the information from the local power company.
Another team made an assumption of how many kilowatt-hours (KWh) were used per month in a
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dorm building on campus, when this information is readily available on the University’s website.
The other type of error commonly observed was of information that appeared to be legitimately
gathered, but was not cited or referenced. These observations were based on seeing similar
threads of information cited in several other memos. In these cases it was not possible to
conclusively determine if the information originated from similar sources seen in the other
memos, or was assumed by the students. While the investigators suspect that a significant portion
of “assumptions” made by students fall into the latter type of error we cannot divisively conclude
this without further investigation. A possible avenue for future work would be to further
investigate how much of the “weak information gathering” (WINF) and “weak argumentation”
(WARG) was a result of poor information gathering versus poor documentation.
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Appendix - Coding protocol for FYE student memos (2010)

Sub- L -
Classification Code Definition Description/Examples
Handbooks, Guides, . . .
Monographs HNBK Standards, and Manuals Provides quick facts, formulas, equations and/or procedures
STND Standards Provides standards and/or codes
TXBK Textbooks Provides in-depth details of specific topic or related group of topics
ENCL Encyclopedias Provides overview of wide range of topics
TECH Technical Reports Official reports published by government or public agencies
PATN Patents Existing and/or pending U.S. or foreign patents
STAT Statistical Compilations Published data sets
Periodicals NWSP Newspapers New York Times, Wall Street Journal, Journal Gazette
PMAG Popular Magazines Good Housekeeping, People, Parents
TMAG Trade Magazines Engineering News Record, Contracting Business
S
= NMAG News Magazines Newsweek, Time
O
2
@ ! lar Ef Engi i | of El R
A JRNS Journal Articles Journal of Solar Energy Engineering, Journal of Energy Resources
g Technology
o ) . . ) s ”
8 Web coM Commercial Websites published by cqmmerual enterprises (i.e. “.com”)
3 Resources www.ge.com, www.lightingexpert.com
(%]
s . . -
S ENWS News Organizations Websites published by news orgamzatlor.\s
g www.cnn.com, www.bbc.com, www.businessweek.com
.g GOV Government Agencies Websites or rep(.)r?ts published by federal, state, local or foreign
- government entities
-
> . . ) . R
g ORG Non-Profit Organizations Websites published by non-profit organizations
5 www.greenpeace.org
w
v Websi lish ional entiti
EDU Scholarly Organizations ebsites published by educational entities
www.purdue.edu
PERS personal Websites authored by amateurs and non-experts (i.e. blogs, personal
webpages, etc.)
DMED Digital Media Digital images or videos
Internal PEER Peers Correspondence with peers
EXPT Experts Correspondence with experts
INTV Stakeholders Formal interviews with stakeholders
SURV Surveys Formal or informal surveys developed by teams
OBSV Observations Measured observations recorded by teams
IMAG Images Photos and/or videos taken by teams
Unknown GWEB Generic Website 8;?_?0” that is clearly a Web Resource, but cannot be coded (e.g. broken
UNKN Unknown Citation is incomplete and cannot be classified
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Sub-

Code Definition Description/Examples
Category ption/ P
Audience
, SCH Scholarly Journal articles, conference papers, textbooks, technical reports, etc.
8
2
‘2 * POP Popular Non-scientific/non-technical
S g
= C
2 2 | Purpose - ) . - o )
E® . Information is provided with minimal bias (i.e. gives information to make
5 = INF Informative ) L
€ 2 informed decisions)
T o
; g BIAS Biased Information is advocating a particular idea or group of ideas from a biased
o Persuasion perspective (i.e. gives assertions of what is best)
G
&
ENT Entertainment Information is meant for entertainment, not educational use
Citation e . .
Citation is given in a clear format with all necessary elements, such that
ccom Complete .. . .
the original source is easily traceable
_5 Citation has one or more elements are wrong (i.e. incorrect URL, etc.), but
=] CImMP Improper . . .
E the original source is ultimately traceable
(]
Information is cited, but missing crucial elements (i.e. title, publisher,
3 CINC Incomplete* s - ( P
3 URL, etc.), such that the original source is not traceable
Q . . . .
. No citation is given
g cmis Missing* poctationisg ) o .
3 If citation and reference are incomplete or missing, skip to Section 5
(%]
-5 In-Text In-text reference is given in a clear format, such that the original source is
5 RCOM Complete . ’
g References P easily traceable
S
= In-text reference is not in correct format (or may be missing), but the
\ RIMP Improper - . .
o0 original source is ultimately traceable
2
o o - .
E RINC Incomplete* In-text reference is incorrect , such that the original source is not
] P traceable
(%]
- No in-text reference is given
RMIS Missing* ¥ - & . . .
If reference is incomplete or missing, skip to Section 5
Sub- . .
Code Definition Description/Examples
Category
General N .
REL Relevant Information is relevant to the argument being made
Support
3
2 UNRL Unrelated Information is extraneous with no connection to the argument
.g
g Application
5 APPR Appropriate Information seems to be appropriately represented
o
[
; EXGG Exaggerated Information is either too general or too specific
(]
-
Q . Information is misunderstood and/or taken out of context (i.e. incorrect
u MISR Misrepresented . . / (
use of scientific calculation)
INAP Inappropriate Information is taken from an unreliable or questionable source
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Documentation

Code Definition Description/Examples
% RICH Rich Team uses information from four or more sources, at least three of
2 Q Info Gathering good quality, and some variety
Z| Lo
T w| &£
§ £ § A MODR Moderate Team uses information from one or sources, with one or two of good
Q =} o o
C? é %-}- S £ Info Gathering quality
258|555
o§5| 8% “5 POOR Poor Team uses information from one or more sources, but all of poor
prwr ~
G & o £ 8 Info Gathering quality
w £ < S
w = SIS
<] — =
Y Q
= 3 NONE No Team fails to show any evidence of information gatherin
(7}
Q Info Gathering v & J
Sub-
Code Definition Description/Examples
Category ption/! p
—~ Strong Information Team shows evidence of rich information gatherin
§ | Strengths SINF & - . . . ) gatnering
b Gathering (i.e. uses information from a variety of appropriate sources)
g
s
§ SARG Strong Argument Information is used appropriately to directly support argument
P
o
H
= 2 SCIT Strong Citation Citations are consistent and complete
=
5e
g g
= Strong In-Text - .
52 STXT g . Information is consistently referenced throughout text
3 > Documentation
S g
o = Weak Information ) ) ) ) )
; Q| Weaknesses WINF . Team shows evidence of little to no information gathering
38 Gathering
E s L )
Q3 Information is not used effectively to support argument
n T WARG Weak Argument (i.e. information was erroneous, misrepresented, or exaggerated, claims
g were too general or specific, overuse of unsubstantiated assumptions)
g
> WCIT Weak Citation Citations are inconsistent, missing or incomplete
S
I
Ky Weak In-Text
Q’u_ WTXT In-text referencing is inconsistent or missing
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