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Abstract— This research to practice paper presents results of 

students’ perception of a worksheet method for identifying 

appropriate data sources when developing research questions. 

Identifying reliable and trustworthy data sources takes time and 

experience. The purpose of this study is to help students plan, 

generate, and determine the availability of data for research. The 

worksheet was completed by 32 undergraduates enrolled in a data 

visualization course. Results show 53% of undergraduates who 

utilized the worksheet indicate the worksheet helped to identify 

primary data sources for their topic, 66% indicate the worksheet 

helped to identify secondary data sources, 59% indicate the 

worksheet helped to identify tertiary data sources, and 69% 

indicate the worksheet helped to assess if there is enough data for 

their research topic.  This research informs scaffolding practices 

for undergraduate and graduate students as they learn and 

implement research methodology. Implications of this work will 

help students understand different types of data sources, the role 

each type of data source plays in developing a research plan, and 

how to determine the type of data needed to support their 

research.  

Keywords— student perception, information literacy, research to 

practice 

I. INTRODUCTION 

Engineers must continuously renew their knowledge beyond 
the fundamental concepts and skills traditionally taught in 
undergraduate programs in order to keep up with rapidly 
evolving technologies and job responsibilities [1]. To stay 
competitive, students must also develop data and information 
literacy in the context of technical programs. Information 
literacy is a blend of self-directed learning and reflective 
judgment that broadly encompasses the ability to plan and 
pursue information searches, as well as the skills necessary to 
evaluate the accuracy of information and the quality of 
information sources [2]. In some situations, information seekers 
will readily sacrifice content for convenience [3]. In this work, 
we introduce an activity worksheet designed to motivate 
students to think more critically about data and their process for 
identifying data sources.  

A. Theoretical Frameworks 

Theoretical frameworks previously examined for assessing 
information literacy skills for engineering design tasks [1] are 
utilized in this work. Kuhlthau’s [4] information search process 
(ISP) model and the Society of College, National, and 

University Libraries (SCONUL) pillars of information literacy 
model (Society of College, National, and University Libraries) 
[5] frameworks support this work. The ISP model is widely 
respected, particularly within information science communities, 
as being a research-based, holistic model of information seeking 
behavior [6].  The ISP model starts with the recognition for the 
need for information and progresses to a critical point where the 
individual becomes more aware of the full range of information 
available within topics explored [1]. When developing research 
questions and designing research plans, identifying data sources 
is the step that connects the two. This is where people tend to 
feel most doubtful, frustrated, and anxious as a result of finding 
too much, not enough, or conflicting information [1].  

To address this issue, three aims are identified for this 
research. The first aim of the study is to introduce students to 
different types of data sources. The second aim is to introduce 
relevance and reliability of data sources. A third aim is to assess 
student’s perception of the usability of an activity worksheet in 
helping to identify relevant and reliable data sources. In this 
paper results are presented from undergraduates who used the 
“From a Problem to Data Sources” Activity Worksheet to 
motivate critical evaluation of data sources and information 
identified for a semester research project.  

This research is driven by two research questions:  

R1: How do students perceive the usability of the worksheet  
 for identifying data sources. 
 
R2: Do students’ perception of the worksheet differ between  
 undergraduates and graduate students?   

B. Implications of This Work 

This research is significant because it will help to better 
inform educational practice and pedagogy in research methods. 
Outcomes from this work will inform scaffolding practices for 
undergraduate and graduate students as they learn and 
implement research methodology. Implications of this work will 
help students understand different types of data sources 
(primary, secondary and tertiary), the role each type of data 
source plays in developing a research plan and how to determine 
the type of data needed to support their research. 
Although presented as a mechanism to help facilitate research, 
the worksheet can also be used in a regular course for developing 
course projects that require the acquisition of data. The 



worksheet can also be used as a starting point for exploratory 
study and developing ideas to build on based on the availability 
and identification of appropriate data sources. 

TABLE I.  TOPICS TO PROBLEM STATEMENT ACTIVITY WORKSHEETS 
(PRIOR WORK #1) 

 

   
Goals Generate 

research topics. 
Generate 
research 
questions. 

Develop a sound 
problem statement. 

Objectives Students will 
identify a list of 
topics of 
interest. 
 

Students will 
transition from 
a broad topic to 
a specific 
research 
question. 
 

Students will 
transition from a 
broad topic to a 
specific question. 
 

Outcomes Students will 
create a list of 
ranked topics of 
interest and 
identify who 
the intended 
audience is. 
 

Students will 
answer 
who/what/when
/where 
questions to 
provide an in 
depth 
description of 
their topic. 

Students will 
identify their 
research problem as 
a practical or 
conceptual problem 
and explain its 
significance. 
 

 

II. BACKGROUND 

A. Previous Work 

In previous work ([7], [8], [9], [10], [11]), activity 
worksheets were developed to provide guided instructions for 
identifying topics, identifying unexplored questions about topics 
and developing a sound problem statement to answer those 
questions. Table I shows goals, objectives and outcomes for 
each worksheet. 

B. Relevance and Reliablity  Literature 

Often times, for students, the search for data sources begin 
and end with a generic Google search with surface level results. 
The ease of locating information on the internet impacts 
students’ motivation to look beyond the internet for data 
sources. The ease of access to information also solidifies the 
internet as a first choice of students when identifying and 
locating data. Watson [12] identified five themes regarding 
relevance and reliability criteria students employ when 
searching for data and information to support research 
questions: a) socio-academic context, b) convenience or 
pragmatic approach, c) relevance priming, d) relevance 
chaining, and e) knowledge building. Watson [12] summarizes 
the five elements as:  

a) Socio-academic context. The use of the 
reputation of a source to judge reliablity is 
commonly derived from the views of others in the 
social and academic spheres of a student’s life [12]. 

b) Convenience or pragmatic approach. 

Convenience encompasses the information source 
chosen by people, their level of satisfaction with it 

and how easy they find it to use , and the time they 
have available [3].  

c) Relevance priming. To find a prime 
source, students depend heavily on the first or early 
coccurring results returned  by a search engine; the 
information in the article is presumed by the 
student to be accurate, but only provisionally, and 
then forms the basis on which to build a fuller 
picture of the topic under investigation [12]. 

d) Relevance chaining. The process-
oriented behavior that occurs whan a participant 
builds on prior knowledge, generally after first 
having developed an overview and then finding 
subsequent sources that relate to the framework 
built from that overview [12]. 

e) Knowledge building. Student’s 
knowledge building takes three major forms: 
filtering information, matching information, and 
adding information [12]. 

 

C. Utility of the Worksheet Relative to Other Guidelines 

There are numerous tools and guidelines for identifying data 
sources, typically available through library resources. For 
example, the “Guide to Academic Research,” provided by [13] 
discusses data as sources, ways of obtaining data, examples of 
data specific data repositories, as well as criteria for evaluating 
data for relevance and credibility.  This resource provides 
example scenarios for evaluating data as sources. Iowa State 
University’s LIB 160: Information Literacy webpage [14] lists 
“three major tools for finding information: web search engines, 
library discovery tools and article indexes.” The web site 
provides a list of “finding tool features,” where to find different 
types of information and an opportunity to self-check how well 
a viewer understands the differences between the three types of 
information finding tools. The University of Cincinnati 
Libraries’ website [15] provides a library research guide for 
undergraduate programs with along with strategies for 
successful searching, choosing the right tool for the task and 
general tips for developing search terms to yield usable results. 

Completion of the worksheet described in this work helps 
students to articulate what their topic is, describe the research 
goal, and describe the intention for the reader (what the reader 
should better understand as a result of completing the described 
research). Having a clear understanding of the ‘What’ and 
‘Why’ of the research question provides a better idea of what to 
look for when using tools and guidelines for identifying data 
sources. 

III. METHODOLOGY 

A. Problems to Data Sources Worksheet 

The “Problems to Data Sources” worksheet consists of four 
questions designed to motivate students to think critically about 
data sources for their research project. The goal of the worksheet 
is to help students identify appropriate data sources to facilitate 
the transition from a broad topic to a specific question. The 
objective of the worksheet is to plan, generate, and determine 
the availability of data for the research project/topic. Outcomes 



from the worksheet include a list of appropriate data sources and 
description of data required to complete the project. 

 

Fig. 1. From a Problem to Data Sources Activity Worksheet. 

Fig. 1 shows a view of the “From a Problem to Data Sources” 
Activity Worksheet. The worksheet consists of four questions. 
The first question asks students to describe the semester topic. 
In order to determine what data is needed, it is important to know 
what question(s) are being asked. It is assumed, at this point, 
students have identified a topic [8], transformed the topic into a 
question [9], and utilized the question to clearly state the 
problem [10] to be addressed by the proposed research. 

The second question asks students what data is needed for 
the research. Students are encouraged to talk with a librarian to 
help identify appropriate data sources. Students are asked to 
identify a minimum of three unique data sources. A variety of 
data sources is preferred. Content covered in the worksheet can 
be used as talking points for in-class discussions. For example, 
students are asked to identify primary, secondary and tertiary 
data sources to support their research. To ensure students 
understand differences between the three types of data sources, 
in this research, class discussions included time dedicated to 
explaining the differences and providing examples.  

The third question asks, “How did you evaluate the 
relevance and reliability of the data source(s)?” This question 
sets the stage for a discussion about relevance and reliability of 
information as described by relevance and reliability literature. 
The last question asked students “If the data does not exist yet, 
describe the data (variables, information) needed.  

In this study, the “From a Problem to Data Sources” Activity 
Worksheet is introduced in parallel with discussions about 
relevance and reliability of data sources. The internet makes an 
abundance of information available almost instantly. It is 
important to discuss with students the reliability of internet 
sources and stress availability does not imply reliability or 
accuracy of content.  

B. Participants 

The worksheet was completed by 32 undergraduates 
enrolled in two sections of a data visualization course offered in 

fall 2019. The course is a gateway course for the undergraduate 
data visualization major at a research-intensive university in the 
Midwest United States. Students were sophomore or higher-
level status (junior or senior) in their academic programs. 
Students enrolled in the course had little to no experience in 
identifying and locating data for research. Undergraduates 
completed the worksheet in week four of the semester after 
completing three previous worksheets in the series: Identifying 
Topics [7], From Topics to Questions [8], and the From 
Questions to a Problem Statement [9] worksheets. Each 
worksheet was initially presented as part of an in-class 
assignment to allow students to ask questions and the instructor 
to provide clarification if needed. Students were given one week 
to submit the completed worksheet.  

In a previous study, a different approach was taken with 
graduate students. In a graduate seminar course, graduate 
students were given access to all of the worksheets (for 
undergraduates, the worksheets were introduced one at a time, 
one worksheet a week). Graduate students were asked to 
complete the worksheets as they developed their developed their 
research questions. Graduate students were at liberty to submit 
the worksheets incrementally as they completed them but not 
later than the last week of class. Both undergraduate and 
graduate students were encouraged to update the worksheets as 
needed based on information gained as they looked for data 
sources.  

C. Data Collection 

The data for this research consisted of the completed “From 
a Problem to Data Sources” Activity Worksheet, and students’ 
self-assessment feedback on the usability of the worksheet. 
Students completed the worksheet after completing and 
submitting the first three worksheets in the “From Topics to 
Data Sources” series of worksheets (see Related Work section). 
After completing the “From a Problem to Data Sources” 
Activity Worksheet students were given a self-assessment 
survey. The survey consisted of four Likert-scale questions with 
responses ranging from strongly disagree (SD) to strongly agree 
(SA). Each question is followed by a written response question 
to allow students to provide a brief explanation to responses that 
were disagree (D) or strongly disagree. The self-assessment 
questions are provided in Fig. 2. 

D. Data Analysis 

Analysis of the data aligns with the first and third aims of the 
worksheet: 1) to introduce primary, secondary and tertiary data 
sources and 2) to assess students’ perception of the usability of 
the activity worksheet in helping to identify relevant and reliable 
data sources [10]. The activity worksheet was completed by 32 
undergraduates enrolled in two sections of a data visualization 
course offered in fall 2019. The course is a gateway course for 
the undergraduate data visualization major at a research-
intensive university in the Midwest United States. Students were 
sophomore or higher-level status (junior or senior) in their 
academic programs. Students enrolled in the course had little to 
no experience in identifying and locating data for research. 



Fig. 2. Self-assessment questions. 

IV. RESULTS 

A. Overall Responses 

Students were asked to indicate their perception of the 
usability of the worksheet in helping to identify data sources 
using a five-point Likert scale to answer four questions. The 
Likert scale consisted of:   1 - strongly agree, 2 - agree, 3 – 
neutral, 4 – disagree, and 5 – strongly disagree. Table II shows 
the overall Likert responses and basic statistics for 32 student 
responses. The calculated average response for all questions, as 
seen in Table II, is two. A mean value of two corresponds to “2 
- agree” on the Likert-scale.   

TABLE II.  OVERALL LIKERT RESPONSES 

 
Assessment questions and basic statistics 

Assessment Questions (n = 32) Mean SD 

Q1 

The worksheet helped me to 
identify primary data sources. 
 

2.343 0.7749 

Q2 
The worksheet helped me to 
identify secondary data sources. 
 

2.187 0.6343 

Q3 
The worksheet helped me to 
identify tertiary data sources. 
 

2.343 0.7335 

Q4 

The worksheet helped me to 
assess if there was enough data 
sources and data for the project 
topic. 
 

2.218 0.7799 

B. Response Rate Per Question 

Fig. 3 shows the response rate for each of the four questions 
(see Table II). As seen in Fig. 3, the “(A)gree” Likert-response 
has the highest percentage response for each question, indicating 

students “agreed” with each statement (see Table II). Fifty-three 
percent “agree” the worksheet helped to identify primary data 
sources, 66% “agree” the worksheet helped to identify 
secondary data sources, 59% “agree” the worksheet helped to 
identify tertiary data sources, and 69% “agree” the worksheet 
helped to assess if there was enough data sources and data for 
the project.  

Fig. 3. Response rate for each Likert-response question. 

C. Time to Complete the Activity Worksheet 

Although not the primary focus of this study, we were 
interested in how much time students spent completing the 
worksheet. As a preliminary step towards the next iteration of 
the study, students were asked to self-report how much time was 
spent completing the worksheet by choosing the time range that 
most closely reflected how many hours were spent. As seen in 
Fig. 4, 56% of students reported spending 30 minutes to 1 hour 
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to complete the worksheet. Twenty-five percent spent up to 30 
minutes, 13% reported spending 1.5 to 2 hours, and 6% reported 
spending more than 2.5 hours. 

We acknowledge we do not have sufficient evidence to 
support a statement that more time is needed for identifying 
appropriate data sources; however, we are motivated to refine 
future research designs to capture appropriate data to address the 
research question, “Do students who spend more time 
completing the worksheet find more appropriate data sources 
compared to students who spend less or no time completing the 
worksheet?”  

V. DISCUSSION 

In this research, we examined students’ perception of the 
“Problem to Data Sources” Activity Worksheet. Our 
examination also addressed specific aims outlined for the 
project: 1) introduction of different types of data sources 
(primary, secondary and tertiary), 2) introduction of the 
concepts of relevance and reliability of data sources, and 3) 
assessment of students’ perception of the usability of the 
“Problem to Data Sources” Activity Worksheet in helping to 
identify relevant and reliable data sources. The overall response 
to the worksheet was positive. Results of this work address the 
first research question: 

R1: How do students perceive the usability of the worksheet  
 for identifying data sources. 
 
Overall responses (Table II) and response rates per question 

(Fig. 3) show the most frequent response was “agree.” Fifty-
three percent of students found the worksheet to be helpful in 
identifying primary data sources. Sixty-six percent agree the 
worksheet helped to identify secondary data sources, 59% agree 
the worksheet helped in identifying tertiary data sources, and 
69% agree the worksheet helped to assess if there was enough 
data sources and data for the proposed project.  

Fig. 4. Students’ reported time to complete the activity worksheet.  

The prior work of [11] was reviewed to address the second 
research question: 

R2: Do students’ perception of the worksheet differ between  
 undergraduates and graduate students?   
 
In our prior work [11], we examined the perception of 

graduate students who completed the worksheet as part of a 
graduate research seminar. Graduate students self-identified as 

first-, second-, and third-semester masters and PhD level 
students. Each academic level was characterized as a cohort to 
facilitate ease of analysis of responses. Similar to the approach 
implemented in this work, the “Problem to Data Sources” 
Activity Worksheet was completed as part of a four-part series 
of worksheets [10].   

The relation between graduate student cohorts and 
students ‘perception of the “From a Problem to Data 
Sources” worksheet was examined using a chi-square 
test and was found to be significant, X2 (8, N=100) = 
50.60, p = 3.13-08. Since the critical value (p=3.13-08) is 
less than the confidence level (.05) the null hypothesis 
is accepted, there is a relationship between cohorts and 
students’ perception of the usability of the worksheet. 
The data indicate 41% of the responses were “agree” 
and of those responses, the first-semester cohort found 
the “From a Problem to Data Sources” worksheet to be 
most helpful. [10]. 

Prior results show there is a relationship between graduate 
cohorts and students’ perception of the usability of the activity 
worksheet. The results further suggest first-semester graduate 
cohort found the “Problem to Data Sources” Activity Worksheet 
to be most helpful. Undergraduates, with little to no research 
experience, also found the worksheet to be helpful. These 
preliminary results the activity worksheet is most helpful for 
students with little to minimal experience locating and 
identifying data sources, irrespective of graduate or 
undergraduate status.  

The results of this work show 56% of undergraduates who 
completed the worksheet reported spending 30 minutes to an 
hour completing the worksheet. It is unclear how students 
gauged time spent (i.e., does the reported time include actual 
time spent looking for data sources or time to answer questions 
on the worksheet. Twenty-five percent reported spending two or 
more hours to complete the worksheet.  

The practice of research takes careful planning and time. The 
“Problem to Data Sources” Activity Worksheet can be used as 
an outline for class discussion, for introducing research concepts 
like the data life cycle for example. Identification of relevant and 
reliable data sources will help students make sound engineering 
arguments and build a practice of lifelong learning. The 
worksheet can also be used by research faculty to assess 
students’ knowledge of project data as well as identify students’ 
data sources. The worksheet can also be used in graduate and 
undergraduate courses as independent study, in course projects 
where students are required to identify data and developing 
thesis and dissertation topics.   

A. Implications for Scafolded Learning 

Encouraging students to complete self-assessments after 
completing the worksheet will inform student’s perception of 
the worksheet and identify parts of the process students find 
challenging. If a student responds “disagree” or “strongly 
disagree” to Likert-scaled questions their response could serve 
to facilitate scaffolding of the process, and the need for 
additional information or content on concepts students disagree 
with in Likert questions.  
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Instructional scaffolding is an essential tool to support 
students during problem centered instruction ([16], [17], [18], 
[19]) . Instructional scaffolding can take on many forms: one-to-
one, peer scaffolding or computer-based scaffolding. The 
approach adopted in this work is one-to-one utilizing the activity 
worksheet as the mechanism for identifying opportunities to 
support meaningful engagement between students and faculty. 
In this work we adopt [20] outline of the term scaffolding: 

The first key feature that distinguishes scaffolding 
from other forms of instructional support is that it is 
temporary support that is provided as students are 
engaging with problems ([21], [22], [23]). Next, 
scaffolding needs to lead to skill gain such that students 
can function independently in the future ([21], [23], 
[24]). Third, scaffolding not only simplifies tasks, but 
also highlights complexity therein ([18], [23]). This is 
because struggling while attending to certain 
complexities inherent in a particular task can lead to 
robust learning ([18], [25]). Fourth, to qualify as 
scaffolding, students need to meaningfully participate 
in the target task and have an understanding of what 
success at the task means ([23], [26]). If the tool does 
all or most of the work or if students do not know how 
to recognize successful performance of the target skill, 
then the possibility of skill gain is compromised ([24], 
[27]). 

The search for scientific data sources is an ongoing challenge 
as the number of scientific sources continue to grow at an 
exponential pace. The search for scientific data sources is 
deserving of an extensive review and as such is outside of the 
scope of this paper; however, we acknowledge and recommend 
readers with interest to consider literature on sharing of research 
data. In previous work [28] sharing research data as well as 
missed opportunities in the long-tail of data is discussed. The 
long-tail of data is defined by [29] as small granular data sets, 
collected in the course of day-to-day research (i.e., alternative 
endpoints, results from pilot studies, metadata, etc.) that may be 
considered supportive but not the true focus of the study and are 
not published. There are tremendous possibilities for discoveries 
and supplemental work that can benefit from sharing of these 
types of data. Although the type of data may vary and data 
dictates the type of tools used to explore and visualize it, the 
activity worksheet described in this work is data type agnostic 
making the worksheet flexible for use regardless of data type. In 
the worksheet presented in this work, the focus is on having 
clarity on what data is needed, to better inform the data search. 

B. Research Agenda 

The worksheet examined in this work is presented as a stand-
alone worksheet; however, this activity can be used in parallel 
with other data-driven processes and methodologies.  The 
worksheet can also serve as a preliminary step towards 
preprocessing of data for later use.  

For example, this worksheet is the final worksheet in a series 
of worksheets designed help students develop sound research 
questions and identify data needed to support a research plan. 
This work will help students understand different types of data 
sources, the role each type of data source plays in developing a 
research plan, and how to determine the type of data needed to 

support their research. The next step in this process is data 
acquisition and data visualization.  Acquiring data is a crucial 
step in many problem-solving processes like engineering design 
and data visualization [11], yet students get very little training in 
identifying viable data sources. This in turn impacts research 
plans and visualizations created to support research outcomes. It 
is not enough to generate a visual representation of data. An 
understanding the data lifecycle and knowledge of data origins 
can provide a more complete view of the problem and what is 
needed to solve it. More research is needed in the area of 
knowledge building, data and information literacy in the context 
of engineering design, data visualization, research processes and 
students’ ability to successfully implement these processes.  

VI. CONCLUSION 

The data from this research shows that students perceived 
the worksheet to be helpful.  The aim of the worksheet is to help 
students think critically about what data is needed to support 
their research question and to identify appropriate data sources. 
This research did not examine or assess the quality of data 
sources identified. The concept of identifying “better” data 
sources was not explored. This worksheet can be used as an 
instructional guide for faculty teaching methodologies with a 
focus on data-driven research as well as a precursor to existing 
tools and guidelines for identifying data sources. At a time when 
heterogeneous data from different sources are combined and 
utilized to inform research methods and outcomes, data 
provenance is becoming more important. The term data 
provenance refers to a record trail that accounts for the origin of 
a piece of data (in a database, document or repository) together 
with an explanation of why and how it got to the present place 
[30]. 

The availability and access to data continues to evolve as 
more data is shared across organizations, nations, and digital 
platforms [31]. The availability of data impacts the demand for 
data-driven solutions, tools and resources that allow for deeper 
insight into approaches to analyze and asses data. The worksheet 
presented in this work, when completed, could contribute to 
meta-data for data sharing, as well as document what data 
currently exist and what data remains to be acquired. In this 
manner, the worksheet could contribute to the identification of 
data gaps or areas where additional research focus is needed. 
The ubiquitous nature of data and its widespread applicability 
can benefit from the “Problem to Data Sources” Activity 
Worksheet.  
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