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Abstract: This paper reports on the findings of a quantitative study of educational mobile apps listed on 
Graphite.org with regards to the 21st century skills of creativity, critical thinking, communication, and 
collaboration (4Cs).  Apps were analyzed by skill category, grade level, subject, instructional purpose, and 
learning ratings.  Findings suggest most educational mobile apps can be used to support one of the 4Cs, with 
more than half of apps being designated as good possibilities for developing critical thinking alone.  As the 
recommended grade levels for the apps increased from elementary to high school, there were fewer 4C apps.  
Communication and collaboration most strongly associated with English Language Arts (ELA), creativity 
with art, and critical thinking with ELA, math, and science.  About half of apps were targeted practice apps, 
which aligned frequently with critical thinking skills.  
Keywords: mobile apps, creativity, critical thinking, communication, collaboration, 21st century skills 

 
Introduction  

 
According to Credit Suisse, smartphone ownership will approach 90% in the next few years, reaching a 

predicted 4.95 billion people (Booton, 2015).  The rise of smartphone and tablet use is paired with the growing 
availability of mobile apps.  Over 100 billion downloads have been made from the Apple App Store alone (Statista, 
2015).  In school settings, mobile learning has become increasingly popular and the market could reach $32 billion 
by 2020 (Devaney, 2014).  Mobile devices represent one type of information and communication technology (ICT) 
currently on the rise in education and workplace settings.  It is such technology that that justifies the need for 21st 
century skills and provides a means for developing and assessing those skills (Voogt & Roblin, 2012). 

The term “21st century skills” refers to knowledge, skills, characteristics, and habits believed by educators, 
employers, and education reformers to be critical to success in college and the workplace (Great Schools 
Partnership, 2014).  While many varying frameworks have been created to define and categorize these skills, a 
common set have emerged from a comparative analysis of international frameworks by Voogt and Roblin (2012) to 
included: collaboration, communication, ICT literacy, and social/cultural competence.  Most frameworks also 
included creativity, critical thinking, productivity, and problem solving.  

One such framework is the P21 Framework for 21st Century Learning (see Fig. 1), which was developed by 
a consortium of professionals in the fields of education, business (especially technology), and government (The 
Partnership for 21st Century Skills, 2011).  The P21 framework outlines the necessary skills that employees will 
need to be successful in the 21st century global economy.  These 21st century skills fall into the four parts that make 
up the arch:  key subjects (including the 3Rs of reading, writing, and arithmetic), learning and innovation skills 
(creativity, critical thinking, communication, and collaboration, also known as the 4Cs), life and career skills, and 
information, media, and technology skills.   

 



 
Figure 1:  P21 Framework for 21st Century Learning (The Partnership for 21st Century Skills, 2011) 

 
While 21st century skills have been deemed to be critical to student success in the new world economy 

(Rotherham & Willingham, 2010), that urgency has not translated to changes in classroom practice (Voogt, Erstad, 
Dede, & Mishra, 2013).  These 21st century skills are more difficult to teach and learn compared to rote skills and 
require 21st century teaching (Saavedra & Opfer, 2012).  Murray and Olcese (2011) lamented the number of “drill-
and-kill” apps back in 2011 when they conducted an analysis of the apps in the education category of the Apple App 
Store.  While technology holds much promise for teaching and learning, this promise has yet to be realized partly 
because teachers have not had the opportunity to learn to maximize its pedagogical value (Saavedra & Opfer, 2012).  
Perhaps by having a stronger understanding of the educational apps available, to what extent they support 21st 
century skills (especially the 4Cs), and the nature of how those same apps could also be used for different grade 
levels, content areas and purposes, we can find the best opportunities to embed the 4Cs in current teaching practices 
seamlessly and effortlessly using existing mobile technologies.   

The purpose of this quantitative research study is to better understand the nature of the available apps on 
Graphite.org that have been designated as relevant to the 21st century skills of creativity, critical thinking, 
communication, and collaboration (4Cs).  The analysis looks at 4C apps by content area/subject, grade level and 
instructional purpose.  It also considers the quality of 4C apps in terms of engagement, pedagogy, support, and 
overall learning.  More specifically, the study addressed the following research questions: 

 
RQ 1:   How prevalent are apps designated for the 4Cs? 
RQ 2:   What are the most frequent co-occurrences of the 4Cs? 
RQ 3:   Are there differences in quantity of 4C apps based on grade level, subject, or instructional 

purpose? 
RQ 4: Do the ratings (engagement, pedagogy, support, overall) of 4C apps significantly differ when 

compared to all reviewed apps? 
 
 
  



Methods 
 
 Graphite (http://www.graphite.org) was designed to help educators find, evaluate, use, integrate, and share 
educational digital resources including apps, games, and websites (Common Sense Media, Inc., 2016a).  Study data 
consist of information from editorialized app reviews written by expert reviewers.  Common Sense Graphite editors 
and editorial reviewers are professionals in the fields of education technology, child development and learning, 
instructional design, and K-12 who have received extensive training on the review process and use of the evaluation 
rubric; all reviews are fact-check by the editorial team prior to publishing (Common Sense Media, Inc., 2016b).  

Field data from editorial app reviews include:  app name, suggested grade level, subjects, skills, and 
purposes. Graphite’s built-in filtering options allowed apps to be found based on selection of these variables.  While 
Graphite includes other skills categories (Character & SEL, Career & College Prep, and Tech Skills), this research 
focuses only on the learning and innovation skills (4Cs) of the P21 framework, with Graphite grouping 
communication and collaboration into one skill category (communication & collaboration).  Since apps are often 
purchased at the school level for shared mobile devices across grade levels, grade levels have been combined into 
early education (Pre-K to Kindergarten), elementary (1-5), middle (6-8), and high school (9-12) categories.  Subject 
categories include:  arts, English language arts, English language learning, health & wellness, math, science, social 
studies, and world languages.  Apps can also be classified based on instructional purpose:  assessment, classroom 
management, curriculum, design & creation, presentation, productivity, professional development, reference, and 
targeted practice.  It is important to note that the classifications for these variables are not mutually exclusive and 
multiple selections can be made within each category.  Reviewers are also asked to rate engagement, pedagogy, 
learner support, and overall learning on a 5-point scale. The reviewer also provides open-ended responses to 
prompts for pros, cons, bottom line, how teachers can use it, what it’s like, and if it’s good for learning.  For the 
purpose of this quantitative research, the open-ended responses were not analyzed.  While Graphite also contains a 
large body of non-editorial teacher reviews from educators in the field, these additional reviews do not contain the 
same field data and were therefore not included in this analysis.  Because this research involved the use of publicly 
available, unrestricted data and the collection of de-identified information, this research did not meet the Federal 
definition of a human subject study, and therefore no human subject protections were necessary. 

At the time of data collection, 1204 educational mobile apps were listed in the “App” category on Graphite.  
OutWit Hub, a web crawler and scraper was used to scrape those pages for relevant information as programmed.  
Through trial-and-error, a procedure was developed based on the website’s organizational structure to identify all 
webpages that contained the expert reviews.  Data fields were isolated from the webpage’s HTML code to identify 
the variables for extraction.  Once programmed, the scraper ran autonomously to extract the requested fields; data 
was exported into an Excel file.  Upon analysis of the extracted data, only 1076 apps were found to have a Graphite 
(overall) rating, which suggested Graphite’s editorial team had formally reviewed them.   The remaining 128 apps 
that were excluded from the study consisted of apps that had been suggested by teachers, but had not yet been 
reviewed by the Graphite editorial team.  In terms of data analysis, descriptive statistics of frequency and percent 
were used to determine prevalence of 4C apps (RQ1).  Excel was used to filter the editorial reviews and calculate the 
descriptive statistics for the various skill and category combinations of (RQ2 and RQ3).  StatPlus was used to 
calculate the mean values, variances, and z-tests for the ratings for each skill category (RQ4).  Z test results were 
considered significant at the 95% confident level (p<.05).   
 
 
Results 
 
Prevalence of Apps Designated with 4C Skills 
 
 Of the 1076 reviewed apps, 19% were designated for creativity, 20% had “communication & 
collaboration” listed as a skill, and over half (53%) were marked for developing critical thinking.  Altogether 
approximately 2/3 of the reviewed apps fell into one of the 4C categories.  Skill categories are not mutually 
exclusive and some apps reviewed fell into multiple categories. 
  



 
 

 Frequency % 

Creativity 200 19 
Critical Thinking 569 53 

Communication & Collaboration 210 20 

 
Table 1.  Frequency Distribution of Apps by Skill Category 

 
Co-Occurence of 4C Skills 
 
 The ability to assign more than one skill category creates an opportunity to identify co-occurrences—
instances in which an app is assigned to multiple skill categories. As the Tab. 2 results suggest, co-occurrences of 
skills are relatively rare.  The most common co-occurrence is the combination of “creativity” and “communication 
& collaboration” in 7% of the reviewed apps.  The other combinations (creativity + critical thinking, critical 
thinking + communication & collaboration) follow closely, making an appearance in 5% of the apps each.  Just 1% 
of reviewed apps were designated with the trifecta of creativity, critical thinking, and communication & 
collaboration.  Fourteen apps were marked for all three 4C skill categories:  Alpha Writer, Book Creator, 
Educreations, Field Day: Project-Based Learning Think and Do Tool, Inspiration Maps, iStopMotion for iPad, 
Learn with Homer, Mind Plan, Minecraft – Pocket Edition, Pictello, Prompts, Starting Shakespeare, TouchCast, 
and WeMap.  
 

 Frequency % 

Creativity + Communication & Collaboration 78 7 

Creativity + Critical Thinking 54 5 
Critical Thinking + Communication & Collaboration 55 5 

Creativity + Critical Thinking + Communication & Collaboration 14 1 
 

Table 2.  Frequency Distribution of Apps by Skill Co-occurrences; Percent of All Reviewed Apps 
 
4C Skills by Grade Level, Subject, and Instructional Purpose 
 
 The expert reviewers assigned apps to suggested grade levels.  For analysis, grade levels were grouped into 
early education (Pre-K to K), elementary (1-5), middle (6-8), and high (9-12).  In the instance the suggested grade 
levels fall across multiple ranges, apps were included in all applicable grade level ranges. The number of apps for 
each grade level range decreased from elementary to high school (see Tab. 3).  Percentages were high across 
multiple grade level ranges suggesting that many apps could accommodate a great range of users.  Creativity 
remained a steady 19%-20% of the apps in each grade level.  The percentage of apps designated for critical thinking 
fell steadily from elementary to high school, offset by the uptick in percentage of apps designated for 
communication and collaboration.   
  



 
 

 Early Ed Elementary Middle High 

 Frequency % Frequency % Frequency % Frequency % 

Creativity 79 20 134 19 102 19 82 20 

Critical Thinking 196 49 397 56 275 51 185 45 

Communication & 
Collaboration 73 18 131 18 122 23 103 25 

Total 398  710  541  412  

 
Table 3: Frequency of Apps by Skill Category and Grade Level Range; Percent of Grade Level Apps 

 
 Graphite permits an app to be classified based on subject.  The subjects available for selection included:  
English Language Arts (ELA), math, science, social studies, arts, health, English Language Learning (ELL), and 
World Languages.  Data in Tab. 4 provides the percent of 4C skill apps cross-listed with various subjects. Creativity 
apps were most commonly associated with ELA (32%), arts (22%), and science (16%).  Critical thinking apps were 
most strongly associated with math (39%), ELA (30%), science (25%), and social studies (13%).  Communication 
and collaboration apps most strongly associated with ELA (61%) and arts (18%).  The subject field was optional, so 
many apps that had 4C skill designations did not have any subject listed.  This lack of subject designation (blank) 
was found in 19% of creativity apps, 7% of critical thinking apps, and 22% of communication and collaboration 
apps.   
 

 ELA Math Science Social 
Studies Arts Health  ELL World 

Lang. Blank 

Creativity 32% 7% 16% 5% 22% 3% 1% 1% 19% 

Critical Thinking 30% 39% 25% 13% 1% 5% 3% 1% 7% 
Communication & 
Collaboration 61% 3% 3% 5% 18% 4% 9% 4% 22% 

 
Table 4:  Percent of Apps by Skill and Subject 

 
Apps could also be assigned to the following suggested instructional purposes:  assessment, classroom 

management, curriculum, design & creation, presentation, productivity, professional development, reference, and 
targeted practice.  As a percentage of total reviewed apps, targeted practice (53%) apps were most common, 
followed by design & creation (14%), reference (11%), curriculum (9%), productivity (9%), classroom management 
(3%), presentation (3%), assessment (2%), and professional development (0%).  Tab. 5 presents the percentage of 
each skill category (creativity, critical thinking, and communication & collaboration) that falls into each subject.  
Unsurprisingly, an overwhelming majority (66%) of apps marked for creativity fell into the “design & creativity” 
subject.  Seventy-six percent of critical thinking apps were also classified for targeted practice.  Of the three skill 
categories, communication & collaboration had the most disperse subject classification, being primarily spread 
across design & creativity, productivity, and targeted practice apps.   
  



 
 
 Assess. Class. 

Mgmt 
Curric. Design 

& 
Creat. 

Present. Prod. Prof. 
Dev. 

Ref. Target. 
Practice 

Creativity 0% 4% 4% 66% 12% 18% 0% 4% 37% 
Critical 
Thinking 

1% 1% 14% 9% 1% 4% 0% 13% 76% 

Communication 
& Collaboration 

3% 8% 8% 35% 12% 25% 0% 9% 43% 

 
Table 5: Percent of Apps by Skill and Instructional Purpose 

 
Educational Ratings of 4C Skill Apps  
 
 Graphite allowed the expert reviewer to provide an overall rating, as well as engagement, pedagogy, and 
support ratings.  For engagement, Graphite asked reviewers to consider how stimulating, entertaining or engrossing 
an app is and whether students would want to use it again.  For pedagogy, the rubric asked reviewers to consider 
content integration, building of conceptual understanding, product adaptability, student empowerment, and skill 
transfer.  For support, reviewers were asked to determine the extent to which the app accommodates learners of 
different skills, abilities, and learning styles.  Based on these determinations, the reviewer is then asked to provide 
an overall learning rating.  One sample, two-tailed z-tests were conducted to determine if the mean rating scores 
differed significantly based on the skill categorization (see Tab. 6 for mean rating values).  Of the 12 tests 
completed, two had significant results with p < .05.  The mean engagement rating for creativity apps was 
significantly higher than the mean for all reviewed apps.  The support rating for communication & collaboration 
apps was also significantly higher than the mean for all reviewed apps.   
	

 Overall Engagement Pedagogy Support 

Creativity 3.39 3.87 3.36 3.10 

Critical Thinking 3.30 3.63 3.33 3.04 

Communication & Collaboration 3.33 3.58 3.36 3.19 
All Reviewed Apps 3.29 3.60 3.29 3.05 

 
Table 6.  Mean Overall, Engagement, Pedagogy, and Support Ratings (on 5 Point Scale) by 4C Skills 

 
 
Discussion 
 

Not much has changed in the past five years since Murray and Olcese’s (2011) study of education apps, 
considering more than half of the reviewed apps listed on Graphite are still targeted practice apps of the “drill and 
kill” variety.  Perhaps this is a reflection of the fact that apps with limited functions that test discrete skills are easier 
to develop and market.  If teachers are aiming to incorporate and support more 21st century skills using mobile 
technologies they may already have available in the classroom, mobile apps may be helpful in this effort with about 
two-thirds of the apps available supporting at least one of 4C categories of creativity, critical thinking, or 
communication & collaboration.  However, it should be noted that with such low co-occurrences of 4C skills, apps 
tend to have a more singular focus and it is rare to find an app that will address multiple, much less all four skills.  
For teachers starting out, it might be worth investigating one of the fourteen apps that met all three skill categories.  
These fourteen apps were primarily “design & creation” and “productivity” apps.  Teachers at the higher end of the 
K-12 spectrum have more limited options when it comes to 4C apps.  Perhaps the fewer number of apps available in 
this range reflect the fact that as students transition to high school, they increasingly use laptops and reduce their use 
of tablet devices (Nagel, 2013).  Teachers looking to foster creativity might consider one of the “design & 
creativity” apps.  Considering creativity apps were also considered more engaging than the average app, this might 



be a good starting point for teachers seeking to incorporate more technology or creativity in the classroom to hook 
students.  Those attempting to foster critical thinking have many targeted practice apps from which to pick.  
Teachers aiming to encourage greater communication and collaboration have options in many subject and 
instructional purpose areas.  Communication and collaboration apps were rated more highly for support than the 
average app.  These results are not surprising considering 70% of the “communication & collaboration” apps were 
for English language arts and English language learning, two subjects in which there are high levels of variances in 
skill and ability.  Quite a few of the apps had no subject area designation.  While the reviewers’ intent in leaving the 
field blank cannot be confirmed, one possibility is that the reviewers felt the app was not subject-specific and 
therefore no subject was provided.  The other alternative in which reviewers may have felt as if the app was not 
applicable to any subject seems rather unlikely as they are spending the time and effort to review it for educational 
purposes.   

The findings of this study are limited by the nature of the data collected.  This study looked only at mobile 
apps that are downloaded on smartphones and tablets like iPads and does not include the web-based applications that 
middle and high school students might be using instead on their laptops.  Also, the findings rely upon the reviewers’ 
designations of 4C skills for the apps rather than an independent and systematic review by the researcher.  
Additionally, although all reviewers used a rubric, their individual mental frameworks and definitions of each of 
these terms and categories likely varied thus affecting their classifications of each app.  Future qualitative research 
could analyze the open-ended data in the reviews to determine more specifically how the reviewers conceptualized 
or recommended the apps be used. Future research could also review the non-editorialized teacher reviews to 
determine how educators have implemented mobile apps to foster the 4Cs.   

Based on this review of Graphite apps, teachers have many options in terms of integrating 4Cs into 
classroom instruction using mobile apps.  While most of the apps available foster critical thinking through targeted 
practice, a number of good options exist for teachers of any subject to incorporate more technology and encourage 
4Cs.  It is hoped that this research sheds light on what mobile app resources are currently available to teachers to 
develop creativity, critical thinking, communication, and collaboration and encourages them to find resources that 
might work in their specific educational context.   
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