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This paper reports the development of critical thinking of urban high school students in an IT/STEM pro-
gram-using information technology (IT) within the context of science, technology, engineering, and 
mathematics (STEM). The study used a quasi-experimental time-series design, involving 47 initial par-
ticipants in an eighteen-month intervention period. Data were collected from the Test of Everyday Rea-
soning (TER), which provides an overall score on critical thinking skill (CTS) and five sub-scale scores 
(analysis, inference, evaluation, inductive reasoning, and deductive reasoning). Findings indicate that 
based on a mean score of 15.77, the average participant scored between the 16th and 19th percentiles at 
the beginning of the program compared to an aggregated national sample. Participants who completed the 
program and responded to all three time-series TER tests (14) significantly improved their critical think-
ing skills throughout the program. Program completers’ overall post-program CTS test score was more 
homogeneous than the pre-program scores with a 20.07 mean score. In addition, data showed significant 
improvement in inductive reasoning skills of the program participants during the first nine months with 
continuing improvement in the second nine months. In contrast, data presented improved inference skills 
during the first nine months with significant gains during the second half of the program. The study esti-
mates the relative effects of IT/STEM experiences with technology-enhanced, inquiry and design-based 
collaborative learning strategies on CTS of urban high school students.  
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Introduction 

As the United States continues to compete in a global econ-
omy that demands innovation, US educational institutions give 
even more emphasis on the 21st century skills, which include 
critical thinking and problem solving, communication, collabo-
ration, and creativity and innovation (The Partnership for 21st 
Century Skills, n.d.). In this undertaking, there is a major chal-
lenge: how are millions of students still struggling to acquire 
19th-century skills in reading, writing, and mathematics sup-
posed to learn 21st century skills? This is the question the au-
thors of this study investigated in their recent IT/STEM project, 
which focused on using information technology (IT) within the 
context of science, technology, engineering, and mathematics 
(STEM) through technology-enhanced, inquiry and design-based 
collaborative learning experiences. 

In the last two decades, contemporary work environments 
required fundamental changes in the profiles of the work force, 
which basically stemmed from the rapid change and transfor-
mation in the nature of information. For societies to survive in 
this competitive world, it is necessary to equip individuals with 
skills to conduct research, use and transform information, think 
critically and reflectively, and make higher order decisions. In 
addition, technological changes along with the changes in the 
workplace have made critical thinking abilities more important 
than ever. In this regard, learning experiences designed to assist 

students’ critical thinking focus on skills that are applicable 
across different domains of knowledge and the disposition to 
use these skills (Halpern, 1999). A Nation at Risk report of 
1983 sounded an alarm regarding insufficient and ineffective 
attempts to foster higher order thinking skills in schools in-
cluding critical thinking and problem solving (Richardson, 
2003). Later in 1991, Richardson reports, the Secretary’s Com- 
mission on Achieving Necessary Skills regarded higher order 
thinking competencies as complementary for productive work-
places including critical thinking, decision making, problem 
solving and reasoning. In short, Richardson argues, the ability 
to understand and use information is emphasized rather than 
merely possessing it. 

Critical Thinking 

Thinking is based on relating and drawing conclusions on 
notions and events, and involves a variety of different cognitive 
processes such as implicating, problem solving, examining, 
reflecting and criticizing. Thinking begins with a physical or 
psychological inconvenience stemming from lacking the solu-
tion for a problem whose solution becomes the objective for an 
individual. Higher order thinking skills like critical thinking, 
and problem solving are considered necessary skills for 21st 
century individuals. Thus, it is necessary to examine these no-
tions objectively, study on the contents of these skills, and 
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elaborate on the ways to equip individuals with such skills. 
Problem solving involves cognitive, sensory, and psychomotor 
domains which help instructors to resort to a large variety of 
contexts and materials. Kalaycı (2001) argues that the most 
reliable way to equip individuals with problem solving skills is 
to integrate it with creative thinking and decision making. 

Critical thinking entails awareness of one’s own thinking and 
reflection on the thinking of the self and others (Kuhn & Dean, 
2004). In this regard, metacognition is defined as thinking 
about thinking, a skill originating early in life when children 
first become aware of the mind. Metacognition does not always 
develop to the extent that we would like (Kuhn & Dean, 2004). 
The construct of metacognition can be examined within a de-
velopmental framework during which the metacognitive skills 
become more powerful and effective gradually as they operate 
increasingly under individuals’ conscious control. Thus, im-
proving metacognitive awareness of what to believe and how to 
know, and employing metacognitive control on information 
processing strategies are important developmental and educa-
tional goals. 

Critical thinking involves critical implication and discussion, 
which has a crucial role in activating problem solving and deci-
sion making processes (Chaffee, 1994). Critical thinking is a 
constructivist analysis process to examine what is going on in 
the environment. This analysis system can be used to define 
problems, take actions towards an aim, make decisions and 
conduct retrospective evaluations. In order to define, describe, 
measure and evaluate the critical thinking process, it is neces-
sary to understand indicators of critical thinking skills (CTS). 
The literature has several classifications in this regard. For in-
stance, the Watson-Glaser classification of CTS involves de-
fining a problem, determining possible solutions and strong 
assumptions, drawing valid conclusions regarding the solution 
and evaluating these conclusions (Demirtaşlı-Çıkrıkçı, 1996; 
Kaya, 1997). Such skills include inference, recognition of as-
sumptions, deduction, interpretation, and evaluation. In other 
words, critical thinking is a comprehensive thinking way in-
volving analysis, synthesis, and interpretation. 

Critical thinking is a type of thinking that closely associates 
with reasoning, decision making, and problem solving (Wil-
lingham, 2008). Educators recognize the importance of gaining 
the skill of thinking critically. However, the crucial question is 
how to teach critical thinking; directly for instance as a core 
course or indirectly such as structuring the teaching and learn-
ing process in a way that those instructional activities enable 
the learners to employ their higher order cognitive processes. 
At high school level, Burkhart’s (2006) study provides evi-
dences from an explicit critical thinking skill development pro-
grams. However, a strong argument is in the domain of teach-
ing critical thinking in an integrated way in different subject 
areas (Sendag & Odabaşı, 2009; Willingham, 2008). In terms of 
the impact of critical thinking-integrated instructional activities, 
the literature provides examples from solving authentic real-life 
problems within the context of a subject matter to focusing on 
authentic and ill-structured problem solving process and to 
constructivist strategies like problem-based learning and pro-
ject-based learning (Jonassen, 1997; Jonassen, 2000; Savery & 
Dufy, 1996; Sendag & Odabaşı, 2009). 

Garrett (2009) compared teaching critical thinking directly 
versus within an integrated instruction, examining the relation-
ship between critical thinking skills and nonperformance activi-
ties in high school choral rehearsals. Nonperformance activities 

referred to cognitive domain skills (“remember, understand, 
and apply” as lower order thinking skills, “analyze, evaluate, 
and create” as critical thinking skills). Findings of the study 
indicated a significant, strong positive correlation between the 
amount of time spent in nonperformance activities and time 
spent engaged in critical thinking skills. There was no signifi-
cant connection between the time spent in developing critical 
thinking and critical thinking skills. That is, the time spent in 
the context of subject matter where learners needed to employ 
higher order cognitive skills showed significant interaction with 
critical thinking, while activities that aim to directly develop 
critical thinking process had no significant effect on enhancing 
critical thinking skills. 

Appamaraka, Suksringarm, and Singseewo (2009) conducted 
a study with 9th grade students. The study results indicated that 
the treatment group who received instructional activities based 
on 5Es Learning Cycle model with metacognitve moves out-
performed in critical thinking skills compared to those students 
receiving instructional activities based on teachers’ handbook 
approach within a six weeks period.  

In addition to structuring instructional activities intentionally 
for the improvement of critical thinking, sometimes the nature 
of the subject matter can be suitable for students to use their 
higher order thinking skills. A recent study by Hove (2011) 
highlighted that the high school students receiving inference 
strategies in novel reading in an English literature class had 
improved their critical thinking skills compared to those stu-
dents who did not receive any reading strategies. Similarly, 
Ernst and Monroe (2006) found a significant positive effect of 
environment-based education on 9th and 12th grade high school 
students’ critical thinking skills and disposition toward critical 
thinking.  

Although it is suggested that a technologically-enriched so-
cial interactive learning environment is essential to enable 
learner-learner, and learner-instructor interaction for developing 
critical thinking (Sendag & Odabaşı, 2009), critical thinking is 
something that can be built individually through the learners’ 
own higher order cognitive processes. In this context, Devi 
(2008) pointed out that high school students’ interaction with 
directed learning activities, which is also defined as “minds-on” 
activities by the author, in a chemistry class enhanced the stu-
dents’ critical thinking skills. 

Other studies in improving high school students’ critical 
thinking seem to focus on hybrid, blended learning activities 
where the content of the course and technology integration go 
hand in hand rather than giving emphasis on the nature of the 
course, instructional strategies, and/or explicit critical thinking 
development. Bob’s (2009) study presents such a blended ap-
proach. The study was conducted with 186 participants ranged 
from 8th to 9th grade and concluded that an online technol-
ogy-based math course employing real-life problems as an in-
structional activity can stimulate critical thinking and reasoning 
skills. Jonassen, Carr, and Yueh (1998) suggest that rather than 
using the computers to disseminate information, they should be 
used in all subject domains as tools for engaging learners in 
reflective critical thinking about the ideas they are studying. In 
this context, using information technologies within the context 
of classroom teaching in which the content requires the use of 
specific computer software like SPSS or Minitab in problem 
solving or using STELLA modeling software to create complex 
numerical models would stimulate student critical thinking. 
Other IT/STEM technologies such as robotics, Geographic 
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Information System (GIS) mapping, and multimedia gaming 
are gradually emerging at the middle and high school levels, 
but literature provides only descriptive studies of how these 
technologies have been implemented in the classroom (Parker, 
Carlson, & Na’im, 2007). The research literature is even more 
limited in describing how IT/STEM experiences impact critical 
thinking skills of K-12 students.  

Several studies highlight that high school students in the US 
are not well-prepared for college and the work force (Bernas-
coni, 2008; Burkhart, 2006; Pittman, 2010) since high schools 
failed to adapt their curricula to help students in improving a set 
of higher order thinking skills (Paul & Elder, 2008). Therefore, 
recent initiatives in support of innovation and capacity-building 
for STEM learning are currently focused on informal science 
learning outside formal school settings. The National Science 
Foundation (NSF) is the leading institution on this front pro-
viding research funding through its Informal Science Education 
(ISE) and Innovative Technology Experiences for Students and 
Teachers (ITEST) programs. The underlying assumption of 
these programs is the possibility of supporting students to gain 
the 21st Century skills including critical thinking through ex-
tracurricular activities. Research in this area is at too early a 
stage to document the impact of these programs on students’ 
critical thinking development. 

In sum, review of the literature on the development of high 
school student’s critical thinking skills highlights the following 
arguments: 
 Courses designed to explicitly teach critical thinking skills 

may enhance that ability. 
 Instructional activities such as problem-based learning, in- 

quiry-based learning within the context of subject matter 
teaching may improve critical thinking. 

 Social interaction has a key role for building critical think-
ing; the ability of critical thinking is an individual outcome. 

 The nature of the course content could be an important fac-
tor in improving critical thinking. 

 A technology-enriched learning environment and technol-
ogy-integrated instruction may help students in improving 
their ability to think critically. 

 Extracurricular activities may play a role in improving cri- 
tical thinking skills.  

In accordance with the existing literature and in response to 
the growing need for understanding high school students’ criti-
cal thinking skill development, this study aimed at studying the 
development of critical thinking skills of urban high school 
students in an IT/STEM program. The following specific re-
search questions were examined in the study: 

1) What were the initial CTS profiles of the study partici-
pants?  

2) Were there any differences in the profiles of the partici-
pants who completed the program and who did not?  

3) Was there any significant increase in the CTS test scores 
of participants throughout the program? 

4) Was there any significant increase in the subscale (analy-
sis, inference, evaluation, inductive reasoning, deductive rea-
soning) test scores of the CTS test during program participa-
tion? 

In the following sections, we first describe the IT/STEM 
program examined in this study and discuss the conceptual 
framework that provided the basis for the project design. We 
then describe the study that used a times-series design to deter-
mine the changes in participating students’ CTS during the life 

of the program. In the subsequent section, we present the study 
findings accompanied with a discussion of those findings. In 
the conclusion section, we discuss ways in which IT/STEM 
experiences with technology-enhanced, inquiry and design- 
based collaborative learning strategies might have effects on 
CTS of high school students. 

Conceptual Framework 

The present study reports from the Fostering Interest in In-
formation Technology (FI3T) project funded by the National 
Science Foundation (NSF) through Innovative Technology 
Experiences for Students and Teachers (ITEST) program. The 
FI3T project is designed to increase the opportunities for un-
derrepresented and underserved high school students, particu-
larly those from disadvantaged urban communities in South-
eastern Michigan, to learn, experience, and more importantly 
use IT within the context of STEM. The FI3T project calls for 
the investment and robust participation of post-secondary col-
leges and schools, area school districts, and the business, indus-
try, and government sectors. The “Community of Designers” 
approach introduced by Mishra, Koehler, and Zhao (2006) pro-
vides a framework for a collaborative partnership among a 
range of participants involved in the program.  

Community of Designers  

As Mishra et al. (2006) describe, the Community of Design-
ers is an environment in which groups of individuals work col-
laboratively to design and develop solutions to authentic prob-
lems. Mishra et al. highlight the essence of this approach with 
four key words: community, design, products/solution, and au- 
thentic problems.  

Mishra et al. (2006) describe “community” as the social ar-
rangement of the approach. Within the context of social con-
structivism the design community lends itself to sustained in-
quiry and revision of ideas. “Design” specifies the activity di-
mension of the approach. Building upon ideas grounded in 
situated cognition theory, learning is contextualized in the 
process of doing-solving an authentic problem of practice. De-
sign-based activities provide the rich context for learning, sus-
tained inquiry, and revision and are well-suited to develop the 
deep understanding needed to apply knowledge in the complex 
real-world domains. Whereas “products/solution” stresses the 
goal-oriented psychological dimension, “authentic problems” 
addresses the motivational challenge, which become the driving 
force behind the work of the community. Authentic problems 
that project participants face and need to work on provide the 
connection between what they learn and what they actually do.  

Mishra et al. (2006) highlight that learners have to actively 
engage in practices of design, inquiry, and research in collabo-
rative groups to design tangible, meaningful artifacts as end 
products of the learning process. The actual process-by-design 
is the anchor around which learning happens. This evolving 
artifact is also the test of the viability of individual and collec-
tive understandings as participants test their and others concep-
tions and ideas of the project. Mishra et al. also indicate that 
implementing a community of designers breaks down into four 
stages that each design team experiences over its lifecycle: 
identifying participants and problems, forming communities, 
providing leadership and support, and working on authentic 
problems.  
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One would argue that in many ways community of designers 
framework parallels with the principals of “community of prac-
tice” idea where Lave and Wegner (1991) describe learning 
through social engagement in which members share under-
standings regarding what they are conducting and what that 
means in their daily life and for their community (cited in 
Parker, Malyn-Smith, Reynolds-Alpert, & Bredin, 2010). Fur-
ther referencing Wenger, the authors highlight that “these com- 
munities foster mutual engagement among the members, while 
they work on a joint enterprise using shared repertories of ter-
minology and skills” (p. 190). 

The FI3T Project 

Consistent with the aforementioned discussions, the FI3T 
project calls for the collaborative engagement of high school 
students, K-12 STEM teachers, Undergraduate/Graduate Stu-
dent Assistants (U/GSAs), and STEM content experts from 
university, business, industry, and government sectors to create 
high-quality learning projects, strategies and curriculum models 
for use in after school, weekend, and summer settings through 
hands-on, inquiry-based activities with a strong emphasis on 
non-traditional approaches to learning and understanding. The 
project also distributes online learning activities using the pro-
ject’s Web site and social media sites, and thus establishes a 
culture of collaboration and discourse that extends participation 
outside the confines of the formal scheduled events.  

The FI3T project concentrates on all four areas of STEM cre-
ating four project-based design teams to address IT in science, 
engineering, technology, and mathematics. Each design team 
normally includes 10 high school students, one STEM area 
high school teacher from the participating school district, one 
U/GSA and one postsecondary STEM content expert from par-
ticipating higher education colleges and schools. Each design 
team, therefore, consists of 13 collaborating members. One 
specialized member of the project leadership team leads each 
team. 

The science team concentrates on three different but related 
applications of IT in the sciences; measurement, modeling, and 
mapping. Participating students’ learning experiences for IT/ 
Science include making location measurements using GPS and 
integrating the measurements in a GIS system, using tempera-
ture and light sensors in the sciences, and creating mathematical 
models using STELLA that incorporate measured quantities 
and make predictions.  

The technology team focuses on technological tools and lan-
guages for designing and developing Web applications such as 
Web-based games and chat-rooms. Participants gain experi-
ences with the basics of visual programming, familiarize them-
selves with integrated development environments such as Vis-
ual Studio and/or Alice, and practice designing and developing 
games.  

The engineering team emphasizes the basics of robotics and 
its applications as related to IT, including modeling robots, 
programming robots, and integrating robots into an application 
environment such as a manufacturing system or a medical ap-
plication. Engineering related learning experiences involve 
using robotics simulation software packages such as IGRIP and 
ROBCAD, learning the basics of robotics such as modeling and 
programming robots, and learning integration of robots in an 
application environment such as manufacturing system or sur-
gery operating room.  

The mathematics team focuses on statistical science with 
consideration of the two-sample comparison problem, the sim-
ple regression/correlation problem, and the simple analysis of 
covariance problem taking examples and assignments from 
public health science, environmental science, and manufactur-
ing reliability. Participants use Minitab to create comparative 
displays and regression displays and perform appropriate ana- 
lyses to test for and estimate effect sizes.  

The work of FI3T is accomplished over an eighteen-month 
cycle through summer and school-year activities. The first nine 
months of the program is primarily a time for capacity-building 
among students to increase IT knowledge and skills in STEM- 
related fields. The second part focuses on facilitating student 
activities in which they engage in designing inquiry-based au-
thentic projects of science-fair quality using what was learned 
in the capacity-building phase of the program. The following 
sections describe the Capacity Building and Design activities in 
detail.  

Capacity Building. During this initial phase of the project, 
teachers, higher education faculty, graduate students, and busi-
ness partners in their assigned STEM area collaborate to facili-
tate school-year IT/STEM workshops (September to May) for 
participating high school students. Offered in two different 
levels, each STEM area offers a total of six different three-hour 
content-specific IT/STEM workshops on the campus of the 
participating postsecondary institution during weekend meet-
ings.  

During the fall semester, each STEM area offers two Level 1 
workshops to all participating students. These workshops con-
sist of brief presentations followed by hands-on activities to 
provide students the opportunity to learn about IT toolsets 
within the context of STEM. A second purpose of the Level 1 
workshops is to allow participating students to identify specific 
areas of interest within STEM fields. During this period, STEM 
area teachers, faculty members, and the project leadership team 
observe and survey students for their interest in specific STEM 
subject areas and assist them to narrow down their interest into 
two specific STEM related fields. 

During the winter semester, a set of small group in-depth 
Level 2 IT/STEM workshops are offered to participating stu-
dents in their identified two STEM areas of interest. Each 
STEM area offers four three-hour content-specific IT work-
shops, allowing each student to participate in a total of eight 
workshops related to their identified two STEM areas. Through-
out these workshops, participating students have the opportu-
nity to learn advanced use of IT toolsets. Level 2 workshops 
also allow students to narrow down their interest into one spe-
cific STEM area and help them to join in a specific IT/STEM 
design team. 

Design Year. During the second phase of the project, par-
ticipating STEM teachers continue to collaborate with higher 
education faculty, graduate students, and business partners to 
facilitate IT-supported STEM project activities for high school 
students assigned to their IT/STEM design team. The design 
year consists of a two-week summer camp and a series of 
site-based sessions for each individual design team. The over-
arching task of each design team in this year is to develop in-
quiry-based authentic projects that are of at least science fair 
quality using one or more content-specific IT tools explored 
during the previous capacity building year and stimulating 
ideas/experiences gained during the summer camp. 
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Two-week summer camps for each design team (Science, 
Technology, Engineering, Mathematics) take place at the be-
ginning of the design year in which students and teachers meet 
and observe the work of scientists and professionals in IT/ 
STEM fields. Collaborating business, industry, government, 
and university sectors host these sessions. Summer camp also 
allows students to develop inquiry-based authentic project pro-
posals and share their ideas with other members of their design 
team. Summer camp readies the students for the project devel-
opment stage that occurs during the subsequent collaborating 
school year. 

shrinking population of students, financial instability, school 
closings, and a low high school graduation rate.  

The study was announced to all students in four different 
high schools of the participating school district at the beginning 
of the 2009-2010 school year and volunteers were asked to 
participate. These four schools were targeted because the FI3T 
program had participating teachers from these schools creating 
relatively easy access to the student population. Based on 
STEM area teacher recommendations, a total of 47 students 
were invited to participate in the program including 1 freshman, 
26 sophomores, 19 juniors, and 1 senior.  

The Test of Everyday Reasoning (TER) test was adminis-
tered to all of these students at the beginning of the program. Of 
those, 18 students completed the program, attending all project 
activities with almost perfect attendance. The FI3T project pro-
vided these students a certification of program completion. For 
the purpose of this study, these students were identified as Cer-
tificated Participants (CP) hereafter and those others as Non- 
Certificated Participants (NCP). Out of the 18 CP, 14 com-
pleted all -pre, -mid, and -post program TER tests. 

Critical framework for the design year activities is built 
around the “cyclic inquiry” model’s 5 major steps (Bruce, 
2003). Ask, Investigate, Create, Discuss, and Reflect. During 
the summer camp program, each design team facilitates col-
laborative learning experiences where students learn how to 
design and conduct inquiry-based authentic IT/STEM projects, 
more specifically how to Ask and how to Investigate. Starting 
with the new school year, students engage in the remaining 
three stages of their project design (Create, Discuss, Reflect) 
iteratively. During these stages, each design team facilitates 
multiple site-based face-to-face sessions where students work 
on their projects and conduct ongoing discussions about design 
activities. The design year and student/teacher participation in 
the FI3T program ends with a showcase meeting where students 
present their projects and discuss their experiences with the 
community. 

Instrumentation 

In order to gather data related to participants’ CTS, the TER 
was used. The TER is a member of the California Critical Think- 
ing Skills Test (CCTST) Family of Critical Thinking Skills 
Tests offered by Insight Assessment (insightassessment. com). 
The TER reports an overall score on critical thinking skill (total 
score) and 5 sub-scale scores (analysis, inference, evaluation, 
inductive reasoning, and deductive reasoning) along with 
demographic info and descriptive statistics. The TER is de-
signed for test takers in secondary school or the first two years 
of post secondary education, and for adults of all ages in the 
general population. The TER is a 35 item multiple choice test 
that is administered in 50 minutes. The Flesch-Kincaid Read-
ability Level is 6th grade. No specialized content knowledge is 
required. Test questions engage the test-taker’s reasoning skills 
using familiar topics and contexts. Different questions progres-
sively invite test-takers to analyze or to interpret information 
presented in text, charts, or images; to draw accurate and war-
ranted inferences; to evaluate inferences and explain why they 
represent strong reasoning or weak reasoning; or to explain 
why a given evaluation of an inference is strong or weak. 

Method 

Research Design 

The study applied a quasi-experimental times-series research 
design. Fraenkel and Wallen (2006) describe that quasi-ex- 
perimental times-series research design is similar to one group 
pre-test and post-test research design but requires repeated 
measurements or observations over a period of time. Figure 1 
illustrates the conceptual scheme of the study with an emphasis 
on the treatment procedures and measurements.  

Participants and Settings 

The school district involved in this study was a major urban 
school district located in Southeastern Michigan. It is the larg-
est school district in the State serving nearly 66,000 students 
(mostly African American) throughout a major city area. The 
district has a long history of challenging issues including  

Data Collection and Analysis 

The data was collected through TER test, which also included  
 

*CTS-T: Critical Thinking Skills Test

Workshops
(IT/STEM and Web 2.0) 

Communities of Designers
(Community, Design, Products/Solution, and Authentic Problems) 

Cyclic Inquiry
(IT/STEM Projects) 

Capacity Building Year
(9 months) 

Design Year
(9 months) 

CTS-TMID CTS-TPOST 
*CTS-TPRE 

 

Figure 1. 
Structure of the research design. 
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questions about demographic info; gender, ethnicity, grade 
level. The TER was employed three times—beginning, middle, 
and end of the program as illustrated in Figure 1. The data was 
analyzed using SPSS 15.0 software. Descriptive statistics such 
as percentages, standard deviations (SD), and mean were used 
to analyze the initial profiles of the CP/NCP participants. The 
one way repeated measure ANOVA test was used to analyze 
the CTS progress of the CP participants throughout the program. 
The critical value (α) was set at .05. 

Limitations 

The present study has some limitations that need to be taken 
into account when considering the study and its contributions. 
The participants in this study were self selected based on their 
existing interest in IT/STEM fields. These participants may not 
be representative of urban high school students. A total of 47 
participants in the study is characteristic of what might be con-
sidered a pilot in preparation for a more extended study. 

Findings 

Initial CTS Profile of the Participants 

Data collected from the pre TER test were analyzed to un-
derstand the initial CTS profile of the participants. As shown in 
Table 1, a total of 47 participants completed the pretest. Most 
of the participants were female (64%), 36% were male. The 
majority of the participants (83%) were identified themselves as 

African-American. The remaining participants checked either 
“Other” (8.5%) or didn’t provide information for the related 
section on the test (8.5%). Most of the participants started the 
program at their sophomore year (26) or junior year (19), a 
freshmen and a senior also included in the initial group. 

Based on overall mean score of 15.77, the average project 
participant at the beginning of the program scored between the 
16th and 19th percentiles compared to an aggregated sample of 
aggregated sample for Total (see Figure 2, Insight Assessment, 
2010a). In a later report, Insight Assessment (2010b) reported 
that based on their aggregated sample the high school national 
TER test mean score was 18.5. This indicates that the initial 
CTS profile of the project participants was lower than the ag-
gregated national mean score comparing overall scores. 

Data also presented overall mean score differences between 
CP and NCP groups in which CP’s overall mean (18.17) was 
larger than NCP’s overall mean score (14.28). In order to un-
derstand if this difference was statistically significant the au-
thors conducted t-t test between initial total CTS test scores of 
CP and NCP. The data showed normal distribution while the 
homogeneity test of Levene showed that the variance of both 
groups were heterogeneous. Thus, the authors proceed with 
non-parametric counterpart of independent sample t-test, Mann- 
Whitney U. As shown in Table 2, the test results showed no 
significant difference between CP and NCP in relation to their 
total CTS test scores. In other words, the CP and NCP groups 
were similar at beginning of the program in terms of their over-
all critical thinking skills. 

 
Table 1.  
Demographics and Initial CTS scores of CP and NCP. 

Gender Ethnicity 

Female Male African-American Others Not Provided 
CTS 

 N % 

N % N % N % N % N % Mean SD 

CP 18 38 9 30 9 53 16 41 0 0 2 50 18.17 6.12 

NCP 29 62 21 70 8 47 23 59 4 100 2 50 14.28 4.19 

Overall 47 100 30 64 17 36 39 83 4 8.5 4 8.5 15.77 5.31 

 

 

Figure 2.  
Comparison to high school students aggregated sample from insight assessment aggregated 
sample for total.  
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In sum, the project participants started the program with 

similar level of critical thinking skills. Compared to an aggre-
gated national data collected by Insight Assessment participat-
ing high school students started the program with relatively 
lower overall CTS score. 

Changes in Critical Thinking Skills 

Data collected through -pre and -post TER tests were ana-
lyzed to understand if there was a significant difference in CP’s 
total CTS scores throughout their participation in program. In 
order to employ repeated measure ANOVA test, the Shapiro- 
Wilk normality test was conducted to test the normality of CTS 
scores. As shown in Table 3, CP’s CTS scores showed no sig-
nificant difference from standard normal distribution, allowing 
the use of one way repeated measure ANOVA test between pre 
and post CTS scores. 

As shown in Table 4, the results of the one-way repeated 
measure ANOVA test indicated a significant difference be-
tween CP’s pre and post program total CTS scores (F(1 - 14) = 
7.37; p < .05, partial η2 = .362). In other words, there was sig-
nificant increase in the CP CTS scores throughout the program 
duration. In addition, standard deviation for the CP’s post-pro- 
gram CTS scores was considerably smaller than the standard 
deviation of the pre-program CTS scores. The results indicate 
that the post-program CTS test scores of the CP were more 
homogenous than the pre-program CTS scores. 

The TER test used in this study has five sub-scales; Analysis, 
Inference, Evaluation, Inductive Reasoning and Deductive Rea- 
soning. The one-way repeated measure ANOVA test showed 
significant increase in the level of CP’s inference and induction 
sub-scale scores. Test results showed no significant difference 
for deduction, analysis, and evaluation scores whereas total 
post-test scores for each of these sub-scales were greater than 
the pre-test scores, indicating a degree of increase.  

Table 5 shows the test results for Inference sub-scale. As 
shown in the table, CP significantly improved their inference 
scores throughout the program (F(2 - 12) = 4.135, p < .05, partial 
η2 = .408).  

As Table 6 presents, CP’s improvement of inference sub- 
scale was statistically significant between pre and post (Mean 
Dif = 1.929, p < .05), and mid and post (Mean Dif = 1.357; p 
< .05). Improvement between pre and mid test scores of infer-
ence was not significantly different. Figure 3 illustrates the 
progress from pre to post program measures.  

Similarly, repeated measures ANOVA test showed a signifi-
cant increase for Inductive Reasoning sub-scale scores of CP. 
As shown in Table 7, CP’s inductive reasoning test scores sig-
nificantly increased from pre to post program (F(2 - 12) = 4.448, p 
< .05, partial η2 = .426).  

Table 8 shows the comparisons between pre, mid, and post-
test mean scores related to CP’s inductive reasoning scores. As 
Table 8 illustrates, increase in inductive reasoning scores was 
significant between pre and post measures (Mean Dif = 1.786, 
p < .05), as well as pre and mid measures (Mean Dif = 1.214, p 
< .05). Improvement between mid and post test scores of induc-
tive reasoning was not significantly different. Figure 4 depicts 
the progress from pre to post program measures. 

In sum, CP’s CTS test scores significantly improved during 
their participation in the program with post-program CTS test 
scores becoming more homogenous compared to the pre-pro- 
gram CTS scores. In addition, data presented significant im-
provement in inductive reasoning skills of the PC during the 
first nine months of the program with continuing improvement 
in the second nine months. In contrast, data presented improved 
inference skills during the first nine months with significant 
gains during the second half of the program. 

Discussion and Conclusion 

The present study investigated the development of critical 
thinking of urban high school students. The new understanding 
gained from the study highlights possible impact of IT/STEM  
 
Table 2. 
Results of mann-whitney U test related to initial CTS scores. 

Groups N Mean Rank Sum of Ranks U Sig 

CP 18 28.83 519.00 174.00 .06 

NCP 29 21.00 609.00   

 
Table 3.  
Test of normality for CTS Scores throughout FI3T program. 

CTS Tests of CP Groups Statistic Df Sig 

Pre-program CTS Scores 915 14 .189 

Mid-Program CTS Scores 954 14 .625 

Post-Program CTS Scores 956 14 .665 

 
Table 4.  
Results of one-way repeated measure ANOVA test based on pre and post program CTS scores. 

CTS Scores Mean Std. Deviation N F df1 df2 Sig Partial Eta Squared

Pre-program 17.07 5.59 14 7.37 1 14 .018 .362 

Post-Program 20.07 3.73 14      

 
Table 5.  
Results of one-way repeated measure ANOVA test based on inference scores. 

Inference Scores Mean Std. Deviation N F df1 df2 Sig Partial Eta Squared

Pre-program 7.21 2.32 14 4.135 2 12 .043 .408 

Mid-program 7.78 2.86 14      

Post-program 9.14 2.53 14      
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Table 6.  
Pairwise comparisons for inference scores. 

Inference Mean Scores Pre Mid Post 

Pre (Mean = 7.21) - .571 1.929* 

Mid (Mean = 7.78) - - 1.357* 

Post (Mean = 9.14) - - - 

 

 

Figure 3.  
Progress of CP’s inference test scores. 
 

 

Figure 4.  
Progress of CP’s induction test scores.  
 
experiences on critical thinking development through technol-
ogy-enhanced, inquiry and design-based collaborative teaching 
and learning strategies.  

The first objective of this study was to investigate the initial 
CTS profiles of the study participants who were coming from a 
major urban school district located in Southeastern Michigan. 
Majority of the participants (83%) were African-American and 
most of them were female (64%). Most of the students were at 
sophomores or junior level at the beginning of the program.  

Findings indicate that compared to an aggregated national data 
collected by Insight Assessment (Insight Assessment, 2010a; 
2010b) participating high school students joined the program 
with relatively lower overall CTS test results (mean = 15.77), 
scoring between the 16th and 19th percentiles on the pre TER 
test. Extensive literature review failed to identify if the initial 
profile of the project participants was similar or different than 
typical high school population from different urban schools or 
high school population in general. Further studies in this area 
seem necessary. 

The authors’ second objective was to investigate if there 
were any differences in the CTS profiles of the participants who 
completed the program (CP) and who did not (NPC). Findings 
presented overall mean score differences between CP and NCP 
groups where CP’s overall mean (18.17) was larger than NCP’s 
overall mean score (14.28). However, further data analysis 
revealed that the difference between these two groups was not 
statistically significant. In other words, the CTS profiles of CP 
and NCP were similar at the beginning of the program. 

The third objective was to investigate if there was any sig-
nificant increase in the CTS of project participants throughout 
the program. Findings indicate that CP significantly improved 
their CTS throughout their participation in the program. In ad-
dition, participants’ post-program CTS scores were more ho-
mogeneous than pre-program CTS scores. It appears that the 
IT/STEM experiences gained through the program significantly 
impacted program completers’ critical thinking skills. Without 
an experimental study with a control group, the program impact 
of this project on critical thinking skill development cannot be 
strongly argued. However, the literature provides implications 
for the study design and its components regarding development 
of critical thinking of high school students. 

The study design provides a unique collaborative environ-
ment for high school students in which they work with a group 
of experts from K-12, university, and industry to design and 
develop solutions to authentic problems. Another main feature 
of the program is its emphasis on IT knowledge and skills 
within the context of STEM-related fields. In addition, over an 
extended period of time (18 months), the project provides par-
ticipants access to year-round enrichment experiences through 
technology-enhanced, hands-on, inquiry and design-based ac-
tivities around authentic projects with a strong emphasis on 
non-traditional approaches to learning and understanding. 

The program structure is closely aligned with the position of 
teaching critical thinking in an integrated way in different sub-
ject areas, as argued by Sendag & Odabaşı (2009) and Willing-
ham (2008). The study findings support the findings of previ-
ous research in which focusing on authentic real-life problems 
within the context of a content area or focusing on problem solv- 
ing process through problem-based and project-based learning 
improves students’ critical thinking skills (see Appamaraka et 
al., 2009; Ernst & Monroe, 2006; Hove, 2011; Jonassen, 1997;  

 
Table 7.  
Results of one-way repeated measure ANOVA test based on inductive reasoning scores. 

Inference Scores Mean Std. Deviation N F df1 df2 Sig Partial Eta Squared

Pre-program 7.857 2.597 14 4.448 2 12 .036 .426 

Mid-program 9.071 2.813       

Post-program 9.642 1.823       
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Table 8. 
Pairwise comparisons for inductive reasoning scores. 

Inference Mean Scores Pre Mid Post 

Pre (Mean = 7.857) - 1.214* 1.786* 

Mid (Mean = 9.071) - - .571 

Post (Mean = 9.642) - - - 

 
Jonassen, 2000; Savery & Dufy, 1996; Sendag & Odabaşı, 
2009). 

The final objective of the authors was to investigate if there 
was any significant increase in the five sub-scale scores of the 
CTS test used in the study, TER. The findings showed no sig-
nificant difference for deduction, analysis, and evaluation 
scores of program completers from beginning to the end of the 
program. In contrast, there was significant improvement in 
inference and inductive reasoning skills.  

Inference includes the skills of “querying evidence”, “con-
jecturing alternatives”, and “drawing conclusions” Facione 
(2011). In the context of the TER test, “inference skills are used 
to draw conclusions based on reasons and evidence” (Insight 
Assessment, n.d.). Findings indicate that the project participants 
significantly improved their inference skills throughout the 
program with significant gain recorded in the second phase 
(Design Year) of the project.  

During the design phase, the project facilitated IT-supported 
STEM project activities in which participating students col-
laborated with K-12 STEM teachers, higher education faculty, 
graduate students, and business partners in their IT/STEM de-
sign team. The overarching task of each design team in this 
year was to develop inquiry-based authentic projects that are of 
at least science fair quality using one or more content-specific 
IT tools explored during the previous capacity building year 
and stimulating ideas/experiences gained during the summer 
camp. Critical framework for the design year activities was 
built around the “cyclic inquiry” model’s 5 major steps (Bruce, 
2003). Ask, Investigate, Create, Discuss and Reflect. It appears 
that inquiry and design-based collaborative learning activities 
had significant impact on project participants’ inference skills.  

The finding of this study is similar to previous research 
found in the literature. Citing several studies (i.e., Chiappetta & 
Russel, 1982; Saunders & Shepardson, 1987; Haury, 1993) 
Abdelraheem & Asan (2006) reports that inquiry-based learn-
ing enhances students’ academic achievement, especially prob-
lem solving skills, ability to explain data sets, thinking critically, 
and understanding of concepts in science teaching. Abdelra-
heem and Asan further argue that by using processes like col-
lecting and classifying data, stating hypotheses, making predic-
tions, and interpreting results of experiments, students infer 
knowledge from the information provided. The authors add that 
this is essential skill because such a knowledge base is not di-
rectly available in discovery situations and knowledge is to be 
inferred (Shute, Glaser, & Raghavan, 1989). 

Within the context of TER test, inductive reasoning is de-
scribed as “drawing warranted probabilistic inferences regard-
ing what is most likely true or most likely not true, given the 
information and the context at hand” (Insight Assessment, n.d). 
The study findings highlight that in contrast to the gain in in-
ference skills during the second half of the program, significant 
improvement for inductive reasoning skills was recorded in the 

first nine months during Capacity Building year. During this 
initial phase of the project, high school students participated in 
school-year IT/STEM workshops offered jointly by K-12 STEM 
teachers and university faculty in their respective STEM area. 
Taught in two different levels, each STEM area offered a total 
of six different three-hour content-specific IT/STEM work-
shops on the campus of the participating postsecondary institu-
tion during weekend meetings.  

It appears that learning experiences related to IT/STEM 
technologies impacted participants’ inductive reasoning skills 
significantly. In the context of this study, specific IT/STEM 
technologies included GPS and GIS systems, STELLA model-
ing software, Alice 3D programming for game design, robotics 
simulation software packages such as IGRIP and ROBCAD, 
and Minitab statistical software. Willingham (2008) argues that 
having adequate knowledge is essential for individuals to think 
critically. Heit (2000) describes inductive reasoning as consid-
ered prediction of the unknown situations using known. Heit 
argues that problem solving, social interaction, and motor con-
trol are important activities facilitating such a cognitive process. 
IT/STEM workshops provided during the Capacity Building 
year aimed at utilizing knowledge acquisition with “hands-on” 
learning experiences. Thus the instructional strategies used 
during the workshops along with the nature of the subject mat-
ter taught (IT/STEM toolsets) may have triggered participants’ 
inductive reasoning skills. A great degree of social interaction 
among project participants was also evident during the first 
phase of the program through whole-group seminar meetings 
where students, teachers, content experts, project leaders, and 
parents collectively focused on identifying students’ specific 
areas of interest in STEM fields and planning for the design 
year. 

In conclusion, IT/STEM experiences supported through 
technology-enhanced, inquiry and design-based collaborative 
learning strategies seem to have significant impact on devel-
opment of critical thinking of urban high school students. The 
improvement is specifically evident in inference and inductive 
reasoning areas of critical thinking. Previous research provides 
implications for the study design and its components in devel-
oping critical thinking of high school students. Without an ex-
perimental study with a control group, the program impact of 
this study should be considered as preliminary. As a next step, 
the authors of this study recommend a more rigorous study to 
fully investigate the impact of the design model and instruc-
tional strategies implemented in the program.  
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