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Abstract 

Emerging STEAM (Science, Technology, Engineering, Art, and Mathematics) classrooms in K-12 schools across the 

United States have prompted researchers to begin questioning the impact of STEAM instruction on student achievement. 

This study examined the relationship between STEAM classroom instructional environment measures using a quantita-

tive STEAM classroom observation form developed and piloted by the researchers and students’ achievement scores in 

mathematics and language arts using standardized achievement tests. Researchers captured multifaceted STEAM instruc-

tional strategies associated with creativity, critical thinking, communication, and collaboration skills using a numeric 

observation scale associated with four levels of intensity recorded by university trained research assistants. A series of 

Spearman Rho correlation procedures were performed to examine the relationship between the classroom observation 

data (independent variables) and state standardized achievement scores (dependent variables). These data were empiri-

cally connected to students’ achievement scores derived from state standardized testing data. Results provide an empiri-

cally-based rationale for assessing STEAM instructional practices using classroom observational data. Implications of 
empirically connecting STEAM instructional practices to student achievement outcomes may offer an action plan and 

methodology for school districts to use for capturing empirical evidence, thereby assisting schools and school districts 

grappling with STEAM funding challenges. Implications of the study may also provide evidence for researchers for 

determining: (a) effective STEAM instructional strategies; (b) purposeful STEAM professional development topics; and 

(c) strategic workforce preparation skills necessary for moving STEAM forward into a global community of learners.        
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1 Introduction and Background  

The United States educational focus of implementing STEM (Sci-

ence, Technology, Engineering, and Mathematics) instructional pro-

grams in K-12 schools has been determined by the President and 

congress to provide high quality educational STEM programs for the 

purpose of identifying the United States as the “global leader in 

STEM literacy, innovation, and employment” with “all Americans 

having lifelong access to high quality STEM education” (Office of 

the President of the United States, 2018, p. 4). Moving this commit-

ment forward to include STEAM (adding the Arts) is also supported 

by the national movement for STEM and is specifically focused on 

developing students’ problem-solving abilities, writing, communi-

cation, language arts skills, mathematics, engineering, and science 

capabilities. These efforts may move learners toward a global 

STEAM community. Recent research literature findings focused on 

the implementation of STEAM into K-12 schools within the United 

States have earmarked several areas of needed research activities. 

Examples of research needs are highlighted within the extensive lit-

erature review of STEAM education conducted by Perignat and 

Katz-Buoincontro (2019) who provided a dual perspective of the 
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purpose and need for STEM/STEAM education aligned with the cur-

rent study purpose: (a) to enhance the “importance of advancing 

learning in STEM  disciplines and engaging minority and female 

students in STEM subjects, increasing interest in STEM fields and 

developing skills necessary for STEM careers.” (p. 34) and (b) to 

integrate “domain general-skills such as perspective-taking creative 

and problem-solving skills, knowledge transfer across disciplines, 

and/or encouraging students to explore and experience new ways of 

knowing” (p. 34).  The added content of the Arts or the “A” within 

the context of the STEAM literature review conducted by Perignat 

and Katz-Buoincontro (2019), examined by multiple studies deter-

mined the “A” to be the impetus for moving STEM learning toward 

creative problem-solving and creative thinking, for example, con-

necting to the arts is “characterized as one of the benefits or learning 

outcomes of STEAM education.” (p. 38).  Additionally, the exten-

sive literature review conducted by Perignat and Katz-Buoincontro 

(2019) reported a need not yet addressed by researchers (i.e., “schol-

ars posit that STEAM is a model for enhancing creativity, critical 

thinking, and other skills, however, there is little evidence to support 

this notion” [p. 40]). Literature identifying the need for examining 

the skills represented/observed within STEAM classrooms and the 

desire to determine the degree of effectiveness of the integration of 

science, technology, engineering, arts, and mathematics relative to 

student outcomes within schools provided the overriding impetus for 

initiating the current study. The current study empirically explored 

connections between observed STEAM classroom instructional ap-

proaches involving creativity, critical thinking, and other key skills 

relative to student performance outcomes using structured classroom 

observations as the key element for measuring instructional environ-

ments and students’ standardized tests scores as measures of student 

performance outcomes. Prior research efforts aimed at examining 

the content and instructional approaches included within STEAM 

classrooms coupled with previous research projects aimed at explor-

ing methods for determining the effectiveness of STEAM ap-

proaches have provided insight for the current study focused ap-

proach. A summary of selected prior research approaches for con-

sideration relative to the current study focus is presented in the fol-

lowing chronological listing: Miller and Knezek (2013) advocated 

for the inclusion of collaboration, creativity, and problem solving as 

critical topics for classroom instruction strategies;  Bush, Cook, Ro-

nau, Rakes, Mohr-Schroeder, and Saderholm (2016) identified sev-

eral characteristics for effectively assessing the implementation of 

STEM education in terms of whole group engagement, including 

“analysis of classroom practices, analysis of student work and learn-

ing, and on-going engagement over time” (p. 109); Quigley, Herro, 

and Jamil (2017) provided a conceptual model of STEAM (Science, 

Technology, Engineering, Art, and Mathematics) relative to class-

room teaching activities and emphasized the need for research evi-

dence to explain “how instructional approaches must shift to enact 

effective STEAM teaching” (p. 2); Harper (2017), representing the 

Association of Supervision and Curriculum Development (ASCD) 

posited a “Call to Action” for teachers and leaders to employ “active 

inquiry, critical thinking, and problem-solving skills” as key tenets 

of STEAM teaching and learning environments (p. 70). This focused 

perspective has prompted educational researchers to seek empirical 

methods for determining effective STEAM instructional strategies. 

Research approaches posited by Perignat and Katz-Buoincontro 

(2019) included the need for research focused on understanding “the 

implications of STEAM in practice” (p. 35) and the need for re-

searchers to examine thinking skills reflective of STEAM learning, 

i.e., critical thinking, creativity, problem-solving, and other types of 

thinking skills. Additional research findings focused on the need for 

researchers to examine two perspectives for determining outcomes 

from STEAM education: (1) the integrated disciplines of science, 

technology, engineering, art, and mathematics (STEAM) and the 

pedagogies associated with the integration of these disciplines and 

(2) the methods for assessing student learning outcomes from the 

integration of these various disciplines. Nadelson and Seifert (2017) 

defined integrated STEM as “the seamless amalgamation of content 

and concepts from multiple STEM disciplines” (p. 221). These re-

searchers also indicated the need for a shift toward a problem-based 

curriculum “focused on student-centered learning and less on 

knowledge conveyance” (p. 223). Herro and Quigley (2017) advo-

cated for STEAM instruction to be focused on Problem-Based 

Learning (PBL) and emphasized the need for teachers to become ad-

equately prepared in PBL through professional development pro-

grams. Constantino (2018) supported integrating creative inquiry as 

an instructional method through art and design within STEAM class-

rooms for promoting a transdisciplinary curriculum model. Harper 

(2017) joined multiple authors, researchers, and educators in sup-

porting active teaching and learning derived from a cognitive, expe-

riential foundation involving students as the key elements in the 

learning process. Hackathorn, Solomon, Blankmeyer, Tennial, and 

Garczynski (2011) found active learning activities resulted in high 

performance outcomes for college students while lecture-driven in-

struction produced low performance outcomes for college students.  

Focused research studies identifying various approaches for as-

sessing STEAM learning outcomes have provided descriptive infor-

mation pertinent to the current study procedures. Hora and Ferrare 

(2013) presented information concerning the use of classroom ob-

servation techniques in postsecondary settings as applications for as-

sessing STEAM classroom instructional approaches. Stuhlman, 

Hamre, Downer, and Pianta (2018) with the Center for Advanced 

Study of Teaching and Learning (CASTL) at the University of Vir-

ginia provided a strong rationale for the use of standardized, reliable, 

and validated observational tools substantiated by the following 

statement: “Using reliable and valid tools to observe and rate class-

rooms provides a research-based mechanism for achieving a second 

step toward systematic increases in educational quality” (p. 4). Duke 

and Halvorsen (2017) examined the impact of using PBL instruc-

tional methods on elementary students in social studies and utilized 

three assessments of achievement (social studies content, informa-

tional writing, and informational reading) aligned with state stand-

ards as the achievement measures of student outcomes. Emerging 

STEAM (Science, Technology, Engineering, Art, and Mathematics) 

programs and classrooms in K-12 schools have prompted research-

ers to begin questioning the impact of STEAM instruction on student 

achievement. Limited research findings exist to explain how the arts, 

and mathematics, including Emerging STEAM (Science, Technol-

ogy, Engineering, Art, and Mathematics) programs and classrooms 
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in K-12 schools have prompted researchers to begin questioning the 

impact of STEAM instruction on student achievement. Limited re-

search findings exist to explain how STEAM classroom instruction 

impacts student achievement in the sciences, technology, engineer-

ing language arts and other common test topics included in stand-

ardized testing across K-12 schools within the United States. 

2 Methods  

The current study explored connecting classroom observations of instruc-

tional strategies observed within STEAM classrooms in Grades 3 to 10 to 

achievement scores of students within the observed classrooms.   The cur-

rent study examined STEAM classroom instructional strategies within K-

12 schools using trained researchers as classroom STEAM observers and 

paired these classroom instructional observations with students’ scores on 

standardized achievement tests within a specific school district in the 

southeast region of the United States.  The major research question guid-

ing the current quantitative study was the following: RQ - How is the im-

plementation of STEAM education within K-12 schools as measured by 

quantitative classroom observations using trained university observers re-

lated to students’ achievement scores for students in Grades 3 to 10 using 

state mandated standardized achievement testing measures? The inde-

pendent variable (STEAM education implementation) was measured by 

the STEAM classroom observation form data from more than 100 obser-

vations collected in classrooms by trained university observers and the de-

pendent variable was the resulting scores of classrooms of students on 

standardized tests. The unit of measure used for the current study was the 

STEAM classroom. Instrumentation used for measuring the independent 

variable (Classroom Observation Form data) and dependent variable (state 

standardized test scores) with the respective specific data types aligned 

with the major research question posited for the current study are depicted 

in Figure 1 and Table 1. 

 
Classroom Observation Form Focus Areas        Classroom Observers1                                                                                 

1) Creative Preparation (CP)                                1 =Descriptive      

2) Critical Inquiry (CI)                              2 =Emerging  

3) Critical Thinking Integration (CTI)                  3 =Developing  

4) Critical Thinking: Problem Solving (CTP)      4 =Accomplished 

5) Critical Thinking:  Logical Thinking (CTL 

6) Communication: Data & Information Collection (CDI)  

7) Communication Argumentation (CA). 

8) Collaboration Team Work (CTW)  

9) Collaboration Investigation Skills (CIS) 

Figure 1. Classroom Observation Categories 

 

 

 

 

 

 

 

 

Table 1. Exemplars, Sample Descriptors, and Partial Form Used for De-

termining Observation Rating Categories from the Classroom Observa-

tion Form Used in the Study  

 

Class-

room 

Obser-

vation 

Focus 

Area 

Descrip-

tive  

Rating = 1 

 

Emerging 

Rating = 2 

Develop-

ing 

Rating = 3 

Accom-

plished  

Rating = 4 

 

Creative 

Prepara-

tion 

 

Lesson in-

corporates 

opportuni-

ties for 

students to 

investigate 

local and 

global is-

sues, uni-

versal 

problems, 

and trans-

discipli-

nary  

ideas  

Lesson 

guides stu-

dent activity 

to support 

core ideas, 

practices, 

and aca-

demic con-

tent stand-

ards. Stu-

dents follow 

directives to 

generate a 

solution. 

The 

teacher de-

signs class-

room ac-

tivities that 

link aca-

demic 

standards 

with trans-

discipli-

nary les-

sons that 

may in-

volve local 

and global 

issues. 

Teacher 

asks stu-

dents to 

generate 

new inves-

tigations. 

Teacher de-

signs au-

thentic ex-

periences of 

transdisci-

plinary stu-

dent inquiry 

and design. 

Teacher en-

courages 

students to 

think out-

side the 

box. Stu-

dents 

demonstrate 

progress in 

unique and 

creative 

ways 

through 

multiple 

mediums. 

   

 

Creative  

Inquiry  

 

 

 

 

 

Students 

are di-

rectly 

taught and 

expected 

to ask 

questions, 

identify 

problems, 

seek re-

sources, 

and perse-

vere in 

problem 

solving 

Teacher di-

rects in-

quiry using 

a limited set 

process. 

Students 

must use a 

question to 

begin an in-

quiry. 

Teacher 

predomi-

nately ini-

tiates in-

quiry and 

guides stu-

dents 

through 

differing 

models of 

inquiry. 

Students 

engage in 

their own 

inquiries. 

Inquiry may 

be student 

directed.  

Teacher 

serves as a 

facilitator of 

inquiry. 

Students 

connect that 

many ca-

reers use 

varied types 

of inquiry 

models. 

 

Critical 

Think-

ing 

 

 

Integra-

tion 

 

Learning 

experi-

ences are 

transdisci-

plinary in 

nature and 

focus on 

authentic 

content 

connec-

tions, and 

Teacher 

plans multi-

disciplinary 

experiences 

focused on 

common 

themes but 

stays within 

the content 

using 

prompted 

Teacher 

plans mul-

tidiscipli-

nary learn-

ing experi-

ences that 

link multi-

ple content 

areas The 

teacher re-

lates the 

Teacher 

plans mean-

ingful au-

thentic op-

portunities 

for students 

to analyze 

real world 

relation-

ships across 
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current 

real-world 

problems 

discussions 

using skills 

and content 

across two 

subject ar-

eas. 

interdisci-

plinary na-

ture of 

problems 

to real 

world situ-

ations. 

content ar-

eas. Stu-

dents ex-

plore trans-

disciplinary 

connec-

tions. 

Teacher 

supports 

students in 

understand-

ing real 

world prob-

lems.  

 

Critical 

Think-

ing 

 

Problem 

Solving 

 

Students 

are taught 

and ex-

pected to 

construct 

explana-

tion, de-

sign solu-

tions, and 

solve 

problems 

using tex-

tual and 

empirical 

evidence. 

Teacher 

leads in-

struction on 

constructing 

explana-

tions, de-

signing so-

lutions, and 

solving 

problems 

using evi-

dence. 

Teacher 

guides stu-

dents to-

ward evi-

dence. 

Teacher 

guides stu-

dents 

through ac-

tivities for 

providing 

solutions 

based on 

evidence. 

Teacher di-

rects con-

versations 

with stu-

dents to 

determine 

legitimate 

solutions. 

Teacher de-

signs exper-

iments and 

students 

provide 

multiple ex-

planation 

and solu-

tions based 

on evidence 

from a vari-

ety of 

sources. 

Students are 

expected to 

determine if 

there is 

enough evi-

dence for 

legitimate 

conclusions. 

 

The outcome measures used to determine the effectiveness of the imple-

mentation of STEAM education in grades 3 to 10 within a school district 

in the southeast region of the United States included scores on an annual 

state mandated test depicted in Figure 2.   

 

STATE MANDATED TEST DATA CATEGORIES   and Grade Levels 

1) Integration of Knowledge/Ideas…… Elem 

2) Key Ideas and Details…………… ..  Elem 

3) Language Editing Tasks……………  Elem 

4) Craft and Structure…………………   Elem 

5) Text-based Writing …………… …    Elem/Mid 

6) Measurement/Data/Geometry………  Elem/Mid 

7) Numbers/Operations/Fractions……… Elem/Mid 

8) Operations/Algebraic Thinking………Middle 

9) Ratio/Proportional Relations………… Middle 

10) Operations/Algebraic Thinking…        Middle 

11) Expressions & Equations…………     Middle 

12) Geometry…………………………       Middle 

13) Operations/Algebra Thinking ……       Middle 

14) Statistics and Probability……………   High  

15) The Number System…………………  High 

16) Functions……………………………    High 

17) Statistics/Probability/Number Systems… High 

18) Algebra Modeling……………………… High 

19) Functions/Modeling……………………  High 

20) Statistics/Number Systems …………………High 

21) Congruence/Triangles/Trigonometry………High 

22) Circles/Geometric Measures/Equations… Mid/High 

23) Modeling with Geometry……………………High 

Figure 2. State Mandated Test Categories & Grade Levels for Each Test  

 

A school district within the southeast region of the United States requested 

research/evaluation services and contracted with the neighboring univer-

sity research and evaluation team to conduct an extensive research and 

evaluation of the implementation of STEAM education within the district. 

The county containing the school district used in the study represents a 

semi-rural population of approximately 175,000 people with a low-in-

come farming community in the northern part of the county and a gulf-

shore, white sands, ocean vacation high-income resort community in the 

southern part of the county. The school district/county extends from the 

top of the state with the state line as the top border of the county to the 

Gulf of Mexico as the southern border of the county also aligning with the 

school district borderlines.  The school district identified the specific 

schools with STEAM classrooms/laboratories for participation in the cur-

rent study. The study was comprised of 26 public schools including six 

high schools, seven middle schools, and 13 elementary schools. STEAM 

Classrooms representing the 26 schools focused within the study included 

both STEAM designated classrooms or STEAM laboratories located 

within each school. Six observers trained to use the STEAM Classroom 

Observation Form were comprised of graduate students enrolled in the 

University of West Florida Doctor of Education (Ed. D.) Curriculum and 

Instruction program of study. Observers were each randomly assigned to 

four or five of the 26 schools within the school district and were required 

to complete two fifteen-minute observations per week in each of their 

schools for 10 weeks in the fall semester and 10 weeks in the spring  

Semester. Two of the six observers were assigned to five schools with four 

observers each assigned to six schools respective of the locations of the 

schools to allow for driving and time considerations.  Interrater reliability 

(Halgren, 2012) was performed among the six observers relative to the 

overall use of the STEAM Classroom Observation Form using four weeks 

of classroom observations with a resulting alignment coefficient of .87 (p 

= .02) using an inter-class correlation (ICC) coefficient procedure appro-

priate for use when utilizing ordinal ratings and more than two observers 

(Cicchetti, 1994). Research associates and research assistants engaged in 

the project assisted with the data entry for N= 914 total observations over 

a 20-week time period and aligned observation data with the appropriate 

schools and STEAM classrooms. Ordinal data from the 914 classroom ob-

servations were then examined  by researchers entering data and the larg-

est occurring data level (1, 2, 3, or 4) was selected for the independent 

variable to allow for a one-to-one correspondence for depicting a rating 

(descriptive, emerging, developing, and accomplished) for each of the 

school’s individual STEAM classrooms relative to the eight observed 

classroom characteristics measured (creative inquiry, critical thinking in-

tegration, critical thinking problem solving,  critical thinking logical think-

ing, communication data and information collection, communication ar-

gumentation, collaboration team work, collaboration investigation skills, 

and creative preparation).  The approval for accessing student end-of-year 

state standardized test scores was provided by the school district with ap-

propriate provisions for maintaining anonymity of students’ names and/or 

identifiers.  Student data were paired with STEAM classroom observation 
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data based on school names and grade levels and respective of STEAM 

classrooms within the schools.  Aligning end-of-year standardized test 

scores by school with STEAM classroom observation data by school cre-

ated a paired database for empirically examining the impact of STEAM 

instructional strategies (as measured by STEAM classroom observation 

data) on student performance levels (as measured by students’ state-man-

dated standardized test scores). The unit of analysis used for the analysis 

of data procedures for the study was the individual STEAM classrooms 

aligned with each of the 26 schools participating in the study.  The over-

riding research question guiding the study was the following: How is the 

implementation of STEAM education within K-12 schools as measured 

by quantitative classroom observations using trained university observers 

related to students’ achievement scores for students in Grades 3 to 10 us-

ing state mandated standardized achievement testing measures. The fo-

cused form of the research question applicable for quantitative analyses is 

the following question: Is there a statistically significant relationship be-

tween STEAM classrooms’ ratings (Descriptive, Emerging, Developing, 

and Accomplished) relative to nine observation categories (see Figure 1) 

and aligned state test scores of students within STEAM classrooms. The 

quantitative data analysis procedure appropriate for examining relation-

ships between STEAM classroom observation data and students’ end-of-

year standardized test score data was the Spearman Rank Order correlation 

analysis procedure with classroom observation data as the independent 

variable (ordinal level data) and standardized test scores as the dependent 

variable (interval level data). Prior to performing the Spearman correla-

tional analyses, the assumptions associated with the Spearman correla-

tional analyses were examined for alignment. The assumptions include the 

following: (a) data must be at least ordinal level data and (b) the scores on 

one variable must be monotonically related to the other variable (Warner, 

2013).  The independent variable is ordinal level data and the dependent 

variable is interval level data with a one-to-one correspondence or mono-

tonic data entry from each of the two variables satisfying the assumptions 

of Spearman Rho Correlation.  The Spearman Rho Correlation procedure 

was implemented using appropriate statistical software for the purpose of 

empirically determining a response to the major research question posited 

for the study, i.e., What is the relationship between the implementation of 

STEAM education within K-12 schools as measured by quantitative class-

room observations using trained university observers relative to students’ 

achievement scores using state mandated standardized testing measures? 

Researchers aligned the ordinal data depicted by the independent variable 

(classroom observation data) with the interval level data depicted by the 

dependent variable (standardized test scores represented by classroom av-

erages) for achieving the necessary data alignment measures for compu-

ting the Spearman Rho Correlation coefficient, thereby meeting the as-

sumptions of the Spearman correlation procedure, i.e., each of the inde-

pendent and dependent variables must be at least ordinal level data and the 

scores on one variable must be monotonically related to the other variable. 

The individual STEAM classrooms were identified as the unit of measure 

for the study, thereby identifying the independent variable as the class-

room observation measures depicted as ordinal level data.  The dependent 

variable, average scores by classroom on state achievement tests were de-

picted as interval level data.  These two types of data were aligned with 

the monotonic relationship identified with the Spearman Rho Correlation 

procedure. A series of Spearman Rho Correlation procedures were per-

formed using classroom observation data as the independent variables and 

state standardized achievement scores as the dependent variables with the 

unit of measure for the analyses as the individual STEAM classrooms.  

Students in Grades 3-10 were involved in the study.  

3 Results. 

Resulting Spearman Rho correlation coefficients are reported in 

Tables 2 and 3 (see Appendix).  Table 2 provides the resulting 

Spearman Rho values and associated significance levels for each of 

the classroom observation categories aligned with each of the 

standardized mathematics tests administered in grades 3 to 10 

within the school district and Table 3 provides the analogous infor-

mation (Spearman Rho correlation coefficients and significance 

values) for each of the classroom observation categories aligned 

with the various language arts standardized tests administered in 

grades 3 to 10 within the school district. The unit of measure was 

the classroom and the number of classrooms analyzed per standard-

ized test differed somewhat by grade level and testing area. For ex-

ample, Algebra and higher-level mathematics classes represented 

secondary grades (N= 6 classrooms) while language arts classes en-

compassed all of the classrooms (N= 20 classrooms) from grades 3 

to 10.  

3.2 Interpretation of Results 

          Examining interrelationships between key instructional elements 

or components involved in the teaching and learning of STEAM findings 

are depicted in the set of findings listed below with a substantial number 

of significant (p< .05 and p< .10) findings indicated in the content areas 

of mathematics and one significant (p < .10) finding within the area of 

language arts. A summary interpretation of these significant findings is 

provided in list form. 

 Creative Preparation (CP): No significant relationships were found 

between classroom observations of instruction documented as Cre-

ative Preparation and mathematics achievement scores or language 

arts achievement scores.  These results may be interpreted in several 

ways: (a) observation data depicting examples of creative prepara-

tion may not align with key elements of achievement data within 

mathematics or language arts testing areas; (b) teachers focused on 

encouraging students to think outside the box may not be emphasiz-

ing rigid factual information within instruction; and (c) standardized 

testing items may not include items focused on allowing students to 

display creative preparation skills. 

 Creative Inquiry (CI): Creative Inquiry was found to be significantly 

related (Rho =.53, p < .05) to Number Operations and Base 10 stand-

ardized test scores. This result provides some evidence in support of 

Creative Inquiry as an effective instructional approach for enhanc-

ing arithmetic operations and Base 10 concepts.   No significant re-

lationships were found between any of the CI observation data and 

language arts achievement test scores.   
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 Critical Thinking: Integration (CTI): Critical Thinking Integration 

was found to be significantly related (Rho = .42, p < .10) to Number 

Operations and Base 10 standardized test scores lending some evi-

dence in support of instructional practices encouraging critical 

thinking with integration as a positive influence in promoting num-

ber operations and Base 10 computation skills. No significant rela-

tionships were found between any of the CTI observation data and 

language arts achievement test scores.  

 Critical Thinking: Problem Solving (CTP): Critical Thinking Prob-

lem Solving was found to be significantly (Rho = .42, p < .10) re-

lated to Number Operations and Base 10 standardized test scores 

lending some evidence in support of instructional practices encour-

aging critical thinking focused on problem solving as a positive in-

fluence in promoting number operations and Base 10 computation 

skills. No significant relationships were found between any of the 

CTP observation data and language arts achievement test scores.  

 Critical Thinking: Logical Thinking (CTL): Critical Thinking Logi-

cal Thinking was found to be significantly related (Rho = .42, p < 

.10) to Number Operations and Base 10 standardized test scores. 

CTL was also found to be significantly related (Rho = .79, p < .05) 

to Algebra Functions, Algebra Modeling (Rho = .75, p <.05), and 

Algebra/Statistics/Number Systems (Rho = .75, P<.05).  These re-

sults provide some empirical evidence for connecting instructional 

practices emphasizing critical thinking and logical thinking skills to 

positive student performance in number operations, algebra, and 

functions, and other advanced mathematical skill sets. No significant 

relationships were found between CTL and any of the language arts 

achievement test scores. 

 Communication: Data and Information (CDI): No significant rela-

tionships were found between classroom observations of instruction 

documented as Communication with Data and Information and 

mathematics achievement scores or language arts achievement 

scores. These results may be interpreted in several ways: (a) obser-

vation data depicting communication data and information may not 

align with key elements of achievement data within mathematics 

and language arts testing areas; (b) teachers focused on encouraging 

students to think outside the box may not be emphasizing rigid fac-

tual information within instruction; and (c) standardized testing 

items may not include items focused on allowing students to demon-

strate communicating with data and information skills.  

 Communication: Argumentation (CA): Communication using argu-

mentation was found to be significantly related (Rho = .48, p<.05) 

to mathematics achievement (Number Operations and Base 10). 

This result provides some evidence in support of communicating us-

ing argumentation as an effective instructional approach for enhanc-

ing student achievement in arithmetic operations and Base10 con-

cepts.  

 Collaboration:  Team Work (CTW):  No significant relationships 

were found between classroom observations of instruction docu-

mented as Collaborative Team Work and mathematics achievement 

scores or language arts achievement scores.  These results may be 

interpreted in several ways: (a) observation data depicting examples 

of team work may not align with key elements of achievement data 

within mathematics or language arts testing areas; (b) teachers fo-

cused on encouraging students to think outside the box may not be 

emphasizing team work activities within instruction; and (c) stand-

ardized testing items may not include items focused on allowing stu-

dents to exhibit team work skills. 

 Collaboration: Investigation Skills (CIS):  Collaborative Investiga-

tion Skills were found to be significantly related (Rho = .37, p < .10) 

to text-based writing skills within the standardized language arts 

testing scores. This result may be evidence in support of using text-

book and library resources for students within collaborative investi-

gation activities. No significant relationships were found between 

CIS and mathematics achievement scores.  

Conclusions 

The study responded to the major research question:  RQ - How is the 

implementation of STEAM education within K-12 schools as measured 

by quantitative classroom observations using trained university observ-

ers related to students’ achievement scores for students in grades three 

to ten using state mandated standardized achievement testing 

measures? The independent variable (STEAM education implementa-

tion) was measured by the STEAM classroom observation form data 

from more than 100 observations collected in 20 elementary schools 

and six middle and high school schools by trained university observers 

and the dependent variable was the resulting scores of classrooms of 

students on standardized tests. The unit of measure used for the current 

study was the STEAM classroom. Instrumentation used for measuring 

the independent variable (Classroom Observation Form data) and de-

pendent variable (state standardized test scores) produced nine signifi-

cant relationships using the Spearman Rho Correlation Coefficient pro-

cedure. The following observed classroom instructional strategies:  

Creative Inquiry (CI), Critical Thinking Inquiry (CTI), Critical Think-

ing Problem-Solving (CPS), Critical Thinking Logical Thinking 

(CTL), Communication Argumentation (CA), and Collaboration Inves-

tigation Skills (CIS) were found to have significant relationships with 

classroom achievement scores in mathematics, algebra, advanced alge-

bra skills, and text-based writing skills in language arts standardized 

testing results. Study results lend empirical evidence to the use of con-

necting classroom observation data to standardized testing data for em-

pirically examining STEAM instructional strategies and effectiveness 

as represented by classroom observations of instruction and student 

standardized testing/achievement outcomes.  
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APPENDIX Table 2: Resulting Spearman Rank Order Correlations for 

Classroom Observation Data with Mathematics Achievement State 

Standardized Test Scores  

Classroom 

Observed 

Categories 

 

Numbers  

and 

Fractions 

Exponents  

&  

Equations 

Number 

Operations 

Base Ten 

Measures 

Data  

Geometry 

Algebra  

Functions 

 

 

CP 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CI 

 

 

NS 

 

NS 

 

  Rho = .53 

p < .05 

 

NS 

 

NS 

 

CTI 

 

 

NS 

 

NS 

 

  Rho = .42 

p < .10 

 

NS 

 

NS 

 

CTP 

 

 

NS 

 

NS 

 

  Rho = .42 

     p < .10 

 

NS 

 

NS 

 

CTL 

 

 

NS 

 

NS 

 

  Rho = .42 

p < .10  

 

NS 

 

Rho =.79 

p < .05 

 

 

CDI 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CA 

 

 

NS 

 

NS 

 

 Rho = .48 

p < .05 

 

NS 

 

NS 

 

CTW 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CIS 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

Number  

of Class- 

rooms 

 

 

 

N= 20  

 

 

N = 20 

 

 

N = 20 

 

 

N = 3  

 

 

N = 6 

 

    

 

 

 

 

 

APPENDIX Table 2 (continued): Resulting Spearman Rank Order Cor-

relations for Classroom Observation Data with Mathematics Achieve-

ment State Standardized Test Scores 

Classroom 

Observed 

Categories 

 

Algebra 

Models 

 

Algebra  

Stat/ 

Number 

Systems 

 

CP 

 

 

NS 

 

NS 

 

CI 

 

 

NS 

 

NS 

 

CTI 

 

 

NS 

 

NS 

 

CTP 

 

 

NS 

 

NS 

 

CTL 

 

 

Rho=.75 

p < .05 

 

Rho=.75  

p < .05 

 

CDI 

 

 

NS 

 

NS 

 

CA 

 

 

NS 

 

NS 

 

CTW 

 

 

NS 

 

NS 

 

CIS 

 

 

NS 

 

NS 

 

Number  

of Class- 

rooms 

 

 

 

N = 6  

 

 

N = 6 
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APPENDIX Table 3: Resulting Spearman Rank Order Correlations for 

Classroom Observation Data with Language Arts Achievement State 

Standardized Test Scores 

Class-

room 

Ob-

served 

Cate-

gories 

 

Craft-

ing 

Struc-

ture 

Lan-

guage 

Editing 

Key 

Ideas 

&  

De-

tails 

Text- 

based  

Writing 

Integra 

ting  

Know 

ledge  

& Ideas 

 

CP 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CI 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CTI 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CTP 

 

 

NS 

 

NS 

 

   NS 

 

NS 

 

NS 

 

CTL 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CDI 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CA 

 

 

NS 

 

NS 

 

   NS                

 

NS 

 

NS 

 

CTW 

 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

CIS 

 

 

NS 

 

NS 

 

NS 

Rho=.37 

p < .10 

 

NS 

 

Num-

ber  

of 

Class-

rooms 

 

 

 

N= 20  

 

 

N = 20 

 

 

N= 20 

 

 

N = 20  

 

 

N = 20 
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