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Abstract This article describes the development of a 21st century skills instrument for high school students. The
first round of development of the instrument was crafted from four rubrics created to assess communication,
collaboration, critical thinking, and creativity within project-based learning (PBL) activities. After an exploratory
factor analysis, the pilot study results revealed multiple survey items loading across multiple factors requiring a
revised instrument. The research team revised the instrument and added more items by using language from P21
standards documents. The revised 21st century skills instrument of 50 items was administered to 276 high school
students participating in a STEM program. The final Exploratory Factor Analysis yielded a total of 30 survey items
loaded across the four subscales with strong internal consistency within the constructs. This instrument can be used
as a baseline and achievement measure for high school students’ 21st century skills.
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1. Introduction

An educational scholar does not have to search hard to
locate publications regarding 21st century skills. A typical
university library query today (8/2018) yields over 600,000
results of books, scholarly articles, and news releases on
the topic. A broad topic such as 21st century skills leads to
many different interpretations and definitions ranging
from workforce skills to information and media literacy,
social media, and gamification. This illustrates the
tremendous need to clearly define 21st century skills. One
such effort led to the development of 21st Century
standards to help better define these skills. However, like
many educational reforms there are a number of standards
documents with diverse definitions, learning standards,
and assessments: Partnership for 21st Century Skills [1],
the OECD framework [2], AASL Standards for the 21st
Century Learner [3], and the Common Core State
Standards [4]. Each of these set of standards have different
identified 21st century skills. Some standards remain
focused on new technologies and how to effectively use
these technologies, other standards focus on key
workforce skills. The P21 framework organizes 21st
century skills in three basic categories: a) life and career
skills; b) learning and innovation skills, and
c) information, media, and technology skills. The P21

framework goes on to define these basic categories. In the
learning and innovation skills category, one finds the four
Cs of 21st century skills that are: a) creativity; b) critical
thinking; c¢) communication; and d) collaboration [1].
The following article will focus on the development of a
21st century skills survey instrument to assess students’
skills within learning and innovation skills as defined
by the P21 framework. The purpose of the student 21st
century skills survey is to create a self-reporting instrument
to better understand how students assess their own
abilities in creativity, critical thinking, communication,
and collaboration. This instrument is not to be an all-
inclusive assessment of 21st century skills, and the authors
acknowledge that there are additional 21st century skills
including life and career skills, media and information,
and technological literacy skills, which are not assessed
with this proposed instrument. The possible use of this
self-reporting 21st century survey instrument is to provide
a baseline assessment prior to an educational program and
a post assessment after the educational intervention to
measure growth and achievement.

2. Context of the Study

The NSF I-Test project called TRAILS (Teachers and
Researchers Advancing Integrated Lessons in STEM)
seeks to improve students’ learning of STEM content and
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increase their interest and pursuit in STEM careers by
providing over 70 hours of professional development
for high school science (biology or physics) and
engineering technology education (ETE) teachers. The
TRAILS program seeks to help prepare teachers to create
lessons that engage students in science inquiry and
bio-mimicry-inspired engineering design activities. These
TRAILS lessons include engineering design activities
that generate 3D printed design solutions, and students
learn the science of entomology to inspire biomimicry
designed solutions. TRAILS is based upon the theory that
these STEM learning experiences are grounded in
situated learning and authentic and contextual learning
opportunities [5]. We theorize that 21st century skills,
including critical thinking, collaboration, creativity, and
communication, will be improved through the TRAILS.
We believe that teachers and students learn from engaging
in a community of practice by gathering industry
and STEM professionals together to help construct
deeper STEM learning experiences grounded in authentic
practices. The promise of the TRAILS approach
with potential impact on 21st century skills is discovered
within the theoretical framework of TRAILS [5].
There is great promise in many STEM education efforts to
impact the four Cs of 21st century skills. We believe that
an effective STEM program should be developed around
key pedagogical approaches that address these elements of
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the four Cs of 21st century skills. In review of
Figure 1 below, the conceptual framework for TRAILS [5]
is illustrated as the metaphor of a block and tackle pulley
system lifting a load ‘situated STEM learning’. Situated
STEM learning theory [6,7] acknowledges that learning
is enhanced when taught in an authentic context with
both social and physical elements of the learning
experiences. Situated learning blends well with
engineering design pedagogical approaches that provide
real-world engineering problems to explore and develop
design solutions [8,9]. Science inquiry, technological
literacy, and mathematical thinking are pedagogical
approaches taught to students to help them gather, analyze,
optimize information, and explore key science concepts
that inform design solutions. Finally, students become
members of a community of practice with teachers,
students, and industry and STEM professionals to
help them learn current STEM practices and build
new STEM knowledge [7]. What is not illustrated
in Figure 1 is that these learning experiences occur within
student design teams. TRAILS lessons are always
experienced in student design teams and most often are
teams of students comprised of a blend of science
and engineering technology students. This approach
to integrated STEM is necessary to improve 21st
century skills, especially to promote collaboration and
communication skills.
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Although TRAILS provides the context for the survey respondents and the overall development of this research, the results will focus on a survey
instrument development and does not assess the impact of TRAILS on 21st century skills within this study.

Figure 1. Conceptual Framework for Integrated STEM
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3. Rationale for a 21st Century Skills
Instrument

The Partnership for 21st Century Learning challenged
educators to move beyond standard education practices
when they wrote: “We must move from primary measuring
discrete knowledge to measure students’ ability to think
critically, examine problems, gathering information, and
make informed, reasoned decisions while using technology”
[1]. Throughout the Partnership for 21st Century Learning
document [1], it emphasizes authentic learning experience for
student success in the 21st century skills. The document
indicates that students should not only learn how to apply
content knowledge but also engage in critical thinking,
problem-solving, and analysis. Furthermore, the P21
document sets the goal that students are to grasp the
concept that much of learning is about the process as it is
about learning facts. The Partnership for 21st Century
Skills document [1] also calls for the development of
multiple types of formative and summative assessments
and making sure that both teachers and students are
monitoring the development of students’ 21st century
skills. It was this challenge that motivated the authors to
explore alternative approaches to assess the development
of 21st century skills in students.

At the onset of the development of the TRAILS project,
the leadership team were challenged by an NSF program
officer to identify an assessment for 21st century skills.
One of the TRAILS goals was to increase 21st century
skills for high school students. The TRAILS team had
identified a set of four rubrics from the Buck Institute
[10,11] that would be used as a summative assessment for
the TRAILS design activities. These rubrics were designed
to assess critical thinking, creativity, collaboration, and
presentation skills (communication) within project-based
learning activities. These rubrics were one of the few
instruments at the time that were designed to assess the
four Cs of 21st century skills for project-based learning.
The TRAILS principal investigator contacted Suzy Boss
(personal communication), the lead author of the rubrics,
to discuss how the rubrics were created. Boss indicated
that panels of experts assisted Buck Institute staff and key
experts in fields of education to create the rubrics. One

great feature of these rubrics was that they were available
for download and could be modified by PBL teachers to
meet their needs. Boss and Buck Institute personnel did
indicate that the rubrics did not go through extensive
instrument item analysis. These rubrics have worked well
for summative evaluation for the TRAILS program, and
they were modified for TRAILS teachers based upon the
goals of the project.

However, for a National Science Foundation project,
such as TRAILS, it is beneficial to have an instrument that
provides researchers with an opportunity to measure
growth and achievement. Rubrics are great for assessing
skills and knowledge that cannot be easily assessed by
high stakes testing, multiple choice response items, or
other knowledge tests. TRAILS researchers using these
rubrics struggled to have a measure of 21st century skills
growth in students. The rubrics were good at assessing
performance on engineering design projects, but overall
student growth and improvement could not be assessed
adequately. The TRAILS team realized that a survey-
based instrument for measuring students’ self-reporting
21st century skills was necessary. A 21st century skills
survey could provide researchers with baseline data on
these skills prior to an educational intervention. The
survey could be administered as a pre-test post-test
assessment. This type of instrument could assess overall
student growth over a period of time. The researchers
acknowledge the limits of self-reporting survey responses.
Although respondents to self-reporting instruments are
often trying to be direct and thoughtful in their responses,
results can contain inaccuracies and sometimes caused by
bias or lack of objectivity [12]. One benefit of self-reporting
student assessment is the ability to compare student views
of their capabilities in 21st century skills with teachers’
views of student’s abilities and achievements. A student
survey is a useful instrument for educational researchers
and any educators seeking to monitor and promote the
increase of student’s abilities in 21st century skills.

4. 21st Century Instrument Development

4.1. Preliminary Survey Item Development

Table 1. Survey Development Process

Process Note Time Participants
Develop Pilot Survey Initial meeting 22 items 5/15/17 TRAILS PI, Co-PI, and graduate students
Develop Pilot Survey 22 items 8/1/ 2017 TRAILS PI
55 high school students from two high school
Test Pilot Survey Pilot survey 22 items 9/2017- 10/2017 STEM teachers (one science and one
engineering technology education faculty)
1st Revision of survey | Develop the 1st 50 items (1) PI- faculty engineering/ technology faculty
(2018 Spring) revision Scale PhD Graduate Assistant
Two R1 STEM education faculty (one
Expert Panel Review engineering and one science education).
(Rgfinin the survey) 50 items 6/13/2018 Two graduate research assistants.
Y Y One high school STEM teacher (science).
(1) One undergraduate assistant.
Review the 1st 50 items 8/2018 One high school student (12th grader)

revision (Face -Validity)

Expert Panel Review
(Refining the survey)

Refining the wording
(Content Validity)

Three R1 STEM education faculty (one
engineering and two science education), one
two-year community college faculty, two
graduate assistants

8/31/2018 TRAILS
meeting
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Process Note Time Participants
Review the 1ST 50 items 9/1-5/2018 (1) grade 11 student
Revision, 2nd time (Face -Validity) grade 12 students
5:22'“9 the Survey Refining the wording 9/11/ 2018 (1) P1, graduate assistant
Email invitation to 50 item survey data 16 teachers were invited to participate in the
- 8/14, 2018 e
teachers collection survey assessment, 13 participated.
2nd Round Distribute Qualtrics Distributed 50 item Survey link was sent to all 13 participants to
(2018 Fall -2019 L . 10/1/2018 Fall A L
Spring) Survey survey to participants distribute to their students
343 data collected.
Final 276 (with IRB,
. no missing values. '_I'he October to 7 High Schools (7 ETE teachers and 6 Science
Data collection suspicious data, which
December, 2018 teachers)
was marked on almost
same numbers, are
deleted
Exploratory factor
- analysis.
Data Analysis, Final Developed final scale 2/7/2019-3/22/2019 Pl, 1 PhD, 1 graduate assistant
Scale development - - :
with 30 items in 4
factors
Table 2. Pilot Version Survey (22 Items)
I am confident in my ability to:
remain informed of the design project and collect important information to support the ideas of the design team.
c
-% help the team solve the problems and manage team conflicts.
g acknowledge and respects team member’s perspectives.
=
g establish team norms to make agreements on how the team works together.
set a team schedule and track progress toward goals and deadlines.
involve all team members in the final project.
identify what needs to be known about a problem or design task.
[=2]
§ seek to understand the wants and needs of a client or user (CC 6-12.W5).
'é assesses the usefulness, accuracy, and credibility of information collected for the project (CC 6-12.w.8).
g justify choices of criteria used to evaluate design ideas, prototypes, and final solutions.
:'g justify choice made when creating the final project by giving valid reasons supported by evidence.
use knowledge learned from this project to solve new problems.
use idea generating techniques such as brainstorming to develop several original design ideas.
2 determine the best design idea from a collection of ideas.
>
=2 use ingenuity and imagination, going outside typical approaches generate design solutions.
[
(@) create new, unique, and surprising ideas that add my personal touch to the final design idea.
stay from typical designs or used common materials or ideas in new ways that are clever or unimagined.
present information and supporting evidence collected clearly, concisely, and logically so an audience can follow my line of reasoning
- (CC 9-12. SL.4).
-% clearly and completely address alternative or opposing perspectives or design solutions (CC 11-12.SL.4).
= organize time well during a presentation including an interesting introduction and compelling conclusion, with no elements too long or
>
g too short.
g use visual aids such as presentation slides, demonstrations, and other media to present findings, reasoning, and evidence to support the
O final design solution (CC 9-12.SL.5).
answer audience questions clearly and completely.
4.2. Methods Factor Analysis are to a) reduce the number of variables in

The researchers obtained human subjects approval from
Purdue University Internal Review Board to conduct the
study with high school students participating in the
TRAILS program. A pilot test was administered to a total
of 55 students from TRAILS program during the fall of
2017 through Qualtrics online survey system. The
researchers used Exploratory Factor Analysis to uncover
stable factors. The researchers used four distinct rubrics
(Boss, 2013) for the development of the instrument items,
so we expected to find four stable factors to emerge from
the factor analysis. The overall objectives of Exploratory

the instrument; b) examine the structure of the relationship
between variables; c) detect and assess unidimensionality
of a construct; d) develop of simple analysis and
interpretation; e) address multicollinearity (when two or
more variables are correlated); f) develop theoretical
constructs [13,14].

Table 3 illustrates of a total of 55 student participants
for the pilot study from one school in Indian State from
the TRAILS project. This sample provided a relatively
even number of science and engineering technology
education (ETE) students. There were ten more males than
female students with a total of 33 males and 22 females.
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Table 3. Participants for a Pilot Survey with 22 Items

Class Gender Grade Total
ETE Science Male Female 9 10 11 12
29 26 33 22 15 8 17 15 55
53% 47% 60% 40% 27% 15% 31% 27% 100%

The data analysis for the pilot survey was conducted
using the R software program. Before running factor
analysis, we conducted a Kaiser-Meyer-Olkin (KMO) test
to check sampling adequacy for desired variables [15].
The result of KMO test was 0.76, which was an acceptable
range of adequacy. To determine the number of factors,
we used four psychometric criteria including (a) the
Kaiser-Guttman rule (i.e., the eigenvalue should be greater
than one), (b) the scree plot whether drastically drop at a
point, (c) the number of items that substantially load on a
factor, and (d) the amount of variance that explained by
the extracted factors [14,16]. The test for Kaiser-Guttman
rule indicated that six factors were obtained an eigenvalue
of greater than one, and the scree plot dropped at
dimensions 1, 3 and 6. Then, the researchers conducted a
principal component analysis.

Table 4 below shows the results of factor analysis when
the number of factors was set to four, and the factor
loadings were limited to 0.30 cutoff. Upon review of these
loading factors, it was clear that a number of the
instrument items did not load as expected. Although items
loaded across four factors, a total of 12 of the 22 items

loaded across two or more constructs. Additionally,
several survey items loaded in unintended constructs, such
a communication item loading as a collaboration item.
These results illustrate that when developing survey items,
it is challenging to fully understand how a participant will
read, comprehend, and respond to the survey item.
Although many of the items appeared to be clear to the
research team, it may not have been clear to the high
school student responders. Although these items may have
worked well in a rubric assessment, they were not
effective as a self-reporting instrument item for high
school students. Additionally, upon reviewing the factor
loading results, a second read of the item often revealed
how the items could be misinterpreted or loaded in
another construct. For example, in survey item number 14;
determine the best design idea from a collection of ideas,
the researchers can see how this was interpreted as
communication and collaboration. The researchers
realized that these four constructs are very closely related
and required additional investigation to refine an
instrument that can discriminate between these four 21st
century skills categories.

Table 4. Pilot Survey Factor Loadings Results

Four Cs Factor Loadings
Survey Item Critical Communication | Creativity | Collaboration
y Thinking y
1. remain informed of the design project and collect important information to support the ideas 0.829
of the design team. )
2. help the team solve problems and manage team conflicts 0.679 0.365
3. acknowledge and respects team members 4. establish team norms to make agreements on
0.469 0.626
how the team works together
5. set a team schedule and track progress toward goals and deadlines 0.791
6. involve all team members in the final project 0.374 0.422 -0.347 0.383
7. identify what needs to be known about a problem or design task 0.427 0.458
8. seek to understand the wants and needs of a client or user 0.557
9. assess the usefulness, accuracy, and credibility of information collected for the project 0.944 0.509
10. justify choices of criteria used to evaluate design ideas, prototypes, and final solutions 0.643 0.308
11. justify choice made when creating the final project by giving valid reasons supported by 044 0.466
evidence ' )
12. use knowledge learned from this project to solve new problems 0.401 0.499
13. use idea generating techniques such as brainstorming to develop several original design 0.788
ideas. )
14. determine the best design idea from a collection of ideas 0.459 0.308
15. use ingenuity and imagination, going outside typical approaches generate design solutions. 0.517
16. create new, unique, and surprising ideas that add my personal touch to the final design idea. 0.731
17. stray from typical designs or used common materials or ideas in new ways that are clever or 0.69
unimagined. '
18. Present information and supporting evidence collected clearly, concisely, and logically so an
. ; ° 0.572 0.382
audience can follow my line of reasoning.
19. Clearly and completely address alternative or opposing perspectives or design solutions 0.313 0.687
20. organize time well during a presentation including an interesting introduction and 0736
compelling conclusion, with no elements too long or too short. )
21. use visual aids such as presentation slides, demonstrations, and other media to present
—— - " - - - 0.73
findings, reasoning, and evidence to support the final design solution.
22. answer audience questions clearly and completely. 0.706 0.351
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4.3. Revised Survey

Upon review of the pilot test results, the researchers
determined that the survey needed refinement as many of
the items did not load properly within the determined
constructs. The researchers determined that more
instrument items needed to be developed and included in
the instrument to more effectively discriminate between
the various skills. To add to the survey items, the
researchers reviewed various 21st century skills
documents including P21, the OECD framework,
and AASL Standards for the 21st Century Learner
[1,2,3,4]. Many of the objectives, standards, and rubric
items were written using similar language and descriptions
of the skills. These various documents helped craft
instrument items seeking to address the same constructs
but worded slightly different. Instrument items measuring
the same construct but expressed slightly different often

help increase reliability for a survey item [17]. After
extensive deliberation, a total of 50 survey items were
compiled into the final revised instrument. Each of the
items were compiled into blocks of ten questions with a
random mix of items from the four constructs so as to not
lead respondents to a certain line of thinking [18]. A panel
of experts reviewed the survey for content validity [19,20].
An introductory statement at the start of the survey
encouraged students to respond to the instrument items
indicating their level of agreement. A five-point Likert
scale ranging from strongly disagree to strongly agree
was used to measure confidence in their ability with each
skill. Upon completion of the revised survey, the
researchers had several high school students review the
instrument for face validity to ensure that the items were
written clearly and understood by reviewers, who are of
similar age of the respondents [17,21]. Table 5 below
presents the revised survey with a total of 50 items.

Table 5. Revised Survey Items (50 items)

| am confident in my ability to:

create a task list that divides project work reasonably among the team

help the team solve problems and manage conflicts

provide feedback useful to team members

track our team's progress toward goals and deadlines

help resolve issues without asking the teacher for help

acknowledge and respect other perspectives

interact with team members effectively

assign roles as needed, based on team members’ strengths

make sure all team members’ ideas are equally valued

be polite and kind to teammates

involve all team members in tasks

follow rules for team decision-making

Collaboration

complete research to contribute to the team

use time, and run meetings, efficiently

consistently use technology as agreed upon by the team to manage project tasks

come physically and mentally prepared each day

offer assistance to others in their work when needed

make detailed plans about how the team will work together

complete tasks without having to be reminded

improve my own work when given feedback

make detailed plans about the use of technology

follow rules for team meetings

understand how knowledge or insights might transfer to other situations or contexts

recognize the limitations of our design and know when to consider alternatives

evaluate reasoning and evidence that support an argument

identify in detail what needs to be known to answer a science inquiry question

develop follow-up guestions that focus or broaden inquiry

revise drafts and justify revisions with evidence

develop follow-up guestions to gain understanding of the wants and needs of client or product users

understand a Driving Question (a driving question---> questions that lead to critical thinking)

thoroughly assess the quality of information

Critical Thinking Critical

gather relevant and sufficient information from different sources

justify choices of evaluation criteria

elaborate and improve on ideas

use brainstorming to generate original ideas

find sources of information and inspiration when others do not

use creativity and imagination

create new, unique, surprising products

Creativity

combine different elements into a complete product

promote a variety of creative perspectives

create ideas geared to the intended client or user

use appropriate media to enhance understanding

adapt a communication style appropriate for the purpose, task, or audience

speak clearly and professionally

create a clear and interesting introduction and conclusion

present all information clearly, concisely, and logically

clearly communicate alternative or opposing perspectives

Communication

organize information well

use appropriate body language when presenting

answer questions clearly and concisely
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The final data collection numbers are presented in
Table 6. Upon collection of a total of 343 survey
responses, researchers carefully inspected the data and
reviewed IRB documentation. A final total of 276
completed and useable data was analyzed using factor
analysis (Table 6). Table 7 presents the demographics of
participants including class and grade level. The
participants were 236 (85.5%) of White, 6 (2.2%) of Black,
19 (6.9%) of Hispanic, 13 (4.7%) of Asian, and 2 (0.7%)
of multi-racial.

Table 6. Revised Survey Data Collection and Data Cleaning Process

Initial Data Collected 343

Delete data with missing values 308

Final: IRB confirmed, ID matched, delete nonvalid 276
data (marked all, or except 1-2, on the same number)

Table 7. Participants: Demographics of the Final Data with 50 Items

Class Grade Total
ETE Science 9 10 11 12
161 115 74 50 94 58 276
58% 42% 27% 18% 34% 21% 100%

4.4. Final Results and Discussion

4.4.1. Revised Survey Results: Items Included in the
Final Survey

The researchers ran an Exploratory Factor Analysis on
the 50 survey item results. Bartlett’s test of sphericity,
X?=6363.917, p <.001, and Kaiser-Meyer-Olkin (KMO)

measure of sampling adequacy of .927 shows that the data
with 50 items were adequate for factor analysis. The final
survey instrument consisted of a total of 30 items loaded
across the four factors or subscales (collaboration,
communication, creativity, and critical thinking). There
were a final total of nine items for collaboration. The
communication and creativity categories both consisted of
five items. While critical thinking consisted of 11 items.
The items along with their respective factor loadings can
be found in Table 8. The structure explained 48% of the
variance in the pattern of the relationship among the items.
A total of 20 items of the original 50 items were removed
for the following reasons: (a) items did not load
significantly to their predicted factor, (b) items loaded
across two or more factors (cross-loading), or (c) items
loaded on the wrong factor [22]. A factor of >.40 was the
criterion used as the cut off of significance of loading for
items. One exception was made for the communication
item: present all information clearly, concisely, and
logically that loaded across both communication (.347)
and critical thinking (.345). This item was loaded just
below the .40 cut off but was retained for communication
to provide a total of five survey items for this category.
The researchers deemed it necessary to have a minimum
of five items per category. Retaining this item of
communication would strengthen the instrument to assess
this 21% century skill. The Cronbach’s alpha reliabilities
across the four subscales were: Collaboration, 0=.826;
Communication, a=.749; Creativity, o= .751; and Critical
Thinking, 0=.876.

Table 8. The Items and Four Factor Structure of the 21st Century Skills Scale — Final

Factors

I am confident in my ability to

Collaboration | Communication
(0=.826) (0=.749)

Critical Thinking
(0=.876)

Creativity
(0=.751)

revise drafts and justify revisions with evidence

0.786

develop follow-up questions that focus or broaden inquiry

0.698

create new, unique, surprising products

0.667

identify in detail what needs to be known to answer a science inquiry
question

0.636

evaluate reasoning and evidence that support an argument

0.621

create ideas geared to the intended client or user

0.602

of client or product users

Critical Thinking

develop follow-up questions to gain understanding of the wants and needs

0.600

combine different elements into a complete product

0.542

understand questions that lead to critical thinking

0.487

justify choices of evaluation criteria

0.467

gather relevant and sufficient information from different sources

0.450

be polite and kind to teammates

0.877

acknowledge and respect other perspectives

0.711

follow rules for team meetings

0.591

make sure all team members’ ideas are equally valued

0.569

offer assistance to others in their work when needed

0.544

improve my own work when given feedback

0.493

Collaboration

use appropriate body language when presenting

0.444

come physically and mentally prepared each day

0.430

follow rules for team decision-making

0.424

use time, and run meetings, efficiently

0.743

organize information well

0.722

track our team's progress toward goals and deadlines

0.647

complete tasks without having to be reminded

0.584

present all information clearly, concisely, and logically

Communication

0.345 0.347

contexts

understand how knowledge or insights might transfer to other situations or

0.600

find sources of information and inspiration when others do not

0.588

help the team solve problems and manage conflicts

0.564

Creativity

adapt a communication style appropriate for the purpose, task, or audience

0.482

elaborate and improve on ideas

0.428
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Additionally, it is important to note that some items
loaded on the ‘wrong’ or predicted factor. Some items that
loaded significantly but did not load within the predicted
factor were retained. The constructs of the four Cs of 21st
century skills are so closely related that it is challenging to
accurately separate one from another. For example, some
survey items described activities or ideas that could be
considered either creativity or critical thinking. The lines
are blurred between when an idea or approach is
determined to be critical thinking and not creativity. This
very fact of ambiguity among these constructs and the
relationship between these constructs only provides more
rationale for the need for this type of research. It is
necessary to run factor analysis of survey items to allow
responders to help define the lines of constructs.

5. Conclusion

This research study focused on the development a survey
instrument for 21st century skills as defined by the P21
framework. The researchers set out to develop the
21st century skills self-reporting instrument to measure
students’ assessment of their own abilities in creativity,
critical thinking, communication, and collaboration. Using
exploratory factor analysis, we sought to identify the
underlying relationships between the measured variables
(four Cs of 21st century). Exploratory factor analysis was
appropriate to use for the development of a survey
instrument to ensure that it measures the four constructs
accurately and investigates the structure of the relationship
between variables. The final results yielded a 30 item
self-reporting 21st century survey to provide a baseline
assessment of students’ 21st century skills. The authors
suggest the following additional research for further
investigation:

Conduct a study using confirmatory factor analysis to
validate the instrument.

Use the 21st Century Skills survey to investigate
student responses with teacher formative and summative
assessments of student 21st century skills capabilities.

Apply the 21st Century skills survey as a pre/post assessment
measure for 21st century skills growth and achievement.

Due to greater emphasis on student achievement in 21st
century skills [1,2,3,4], an instrument designed to assess
these constructs will be a valuable measure to any
educational program seeking to promote these skills. This
research work began because of a void of 21st century
skills instruments that can measure achievement; it is the
hope of the authors that this assessment tool will help fill
this void.
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