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Abstract—This paper reviews the current body of literature 
comprising studies connecting engineering education in K-12 with 
elements of cognitive development. The process of change towards 
engineering being taught in K-12 classrooms involves the 
establishment of developmentally appropriate standards that inform 
curriculum. Established standards such as those of the NGSS and 
ITEEA STLs provide a nationally applicable framework for curricula 
throughout the United States. Nevertheless, it is important to 
critically consider what the foundations of such standards are in 
terms of empirical research. The development of rigorous standards 
for K-12 engineering education is a continuous process. Without a 
foundation of understanding for how children think about and learn 
engineering, standards will not optimally inform curricula how to 
teach engineering. So, do these foundations exist?  

The National Research Council (NRC) delivered a 
recommendation in 2010 to engage in the development of better 
understanding for how students learn engineering concepts in K-12. 
The intention of this recommendation was to facilitate effective and 
developmentally appropriate integration of engineering in K-12. The 
context of discussion in this recommendation was determining the 
viability and necessity of standards for engineering education in K-
12. At the time, the committee determined fundamental questions 
were yet to be answered that would properly inform developmentally 
appropriate standards. This indicates that progress towards better 
understanding of student cognition had not occurred quickly. It is 
worth exploring to what extent observations such as these are 
currently accurate. Such shortcomings, if they exist, may critically 
inform initiatives within the educational research community.

This systematic literature review will seek to uncover to what 
level fundamental research across several major publications in the 
past eight years focuses on critically describing the facets of child 
cognition and cognitive development in relation to the context of 
engineering in education. The scope of the review will include 
empirical studies detailing the measurement of perceptions 
pertaining to engineering, critical assessment of knowledge transfer 
for and conceptual understanding of engineering content, use of 
language and communication by students in engineering activities, 
and study of systems of thinking and habits of mind affecting student 
performance in engineering activities. 

Keywords—cognitive development, literature review, pre-college 
engineering 

I. INTRODUCTION

A. Background

The engineering education field has become an important
player in the K-12 space.  Society continually experiences 
explosions of technology, solving and generating more 
problems and market niches as a result.  Additionally, the 
prospect of automation is compromising the security of more 
physical jobs.  The most abundant forms of work in the near 
future will likely involve more cerebral and social 
activities.  As it becomes the case that students are expected to 
display 21st Century skills such as innovation, information and 
technological literacy, and socializing [1, 2], practices of 
engineering will constitute a strongly relevant context for 
students to acquire these skills while making use of math and 
science. 

The idea of standards readily comes to mind to formalize 
engineering education nationally and make instructional 
objectives coherent for teachers in precollege 
education.  Standards can promote the implementation of age-
appropriate content into grade bands, ensuring that faculty will 
incorporate engineering into their curricula while doing so in a 
constructive and efficient manner [3].  Many states have 
already been implementing standards to address elements of 
engineering both implicitly and explicitly [4], some of which 
are drawn from adopted standards like that of the Next 
Generation Science Standards (NGSS) [5] or the ITEEA 
Standards for Technological Literacy [6].  Massachusetts, in 
particular, represents a case study of how to overcome barriers 
of implementation for pre-college engineering standards [4, 7], 
so it may be observed that establishing standards is quite 
achievable throughout the U.S., whether on a state-by-state 
basis or at a larger level. 

There are, however, some notable caveats for the 
composition of these standards that must be considered.  The 
National Academy of Engineering (NAE) and the National 
Research Council (NRC) have, in the past, looked at the 
research landscape of engineering education as it has 
progressed in implementing engineering in the K-12 
space.  Notably, they have discouraged the development of 
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independent engineering standards for a number of reasons, 
one of which being a gap of knowledge in critical research 
spaces that would inform learning progressions [8].  One of the 
key recommendations in that report, repeating a previous 
calling for research, urged researchers to pursue a deeper 
understanding about how children learn engineering and when 
is the most effective time to learn what, specifically asking: 
“How do children come to understand (or misunderstand) core 
concepts and apply (or misapply) skills in engineering?” and 
“What are the most effective ways of introducing and 
sequencing engineering concepts and skills for learners at the 
elementary, middle, and high school levels?” [3, 8].  Two years 
later, the framework that aided the development of the NGSS, 
for lack of major evidence to support sequencing of the core 
ideas and concepts presented in it, still placed emphasis on 
founding standard progressions on existing research whenever 
possible to assure age appropriateness [9]. 

It was clear that these entities regarded the matter of using 
cognition studies to inform the selection of appropriate content 
for children seriously, and that not a lot of research was present 
to support the creation of standards at the time.  Other figures 
also note a disparity in translating cognition studies to 
something specific as engineering, particularly for K-12 
teachers [10].  This is certainly not helped by the fact that 
sometimes teachers are unqualified to judge what is an 
appropriate level of application of math in engineering or 
technology activities that must employ it [11].  Considering the 
need for clarity in what we tell educators to teach children with 
engineering, it must then be asked: What do we know about 
how students are able to learn engineering?  How can we know 
when and what to teach them?  The answers may lie in 
understanding the application of theories in cognitive 
development. 

B. Cognitive Development and Engineering Learning 

If we considered suddenly implementing engineering 
curricula across the country, we would be introducing it to 
many students who may never have heard the term 
engineering, regardless of grade level.  Additionally, they all 
have different levels of competency in performing various 
cognition tasks.  The ways that students are able to think about 
their world or about their own thinking are important to 
consider for a thought-intensive discipline such as 
engineering.  Some studies on how children think have been 
performed for us to draw from [12], but evidence of this 
understanding within K-12 engineering education studies is not 
conveyed often, nor have all cognitive angles of engineering 
learning necessarily been discovered to cite in the first place.  It 
is not necessarily the work of a separate community of 
scientists to determine for us what cognitive features are most 
relevant to engineering learning, when they have developed 
sufficiently in a child to make learning possible, or what is 
capable of being learned.  The STEM (Science, Technology, 
Engineering, and Mathematics) education communities have 
developed solid content and pedagogical frameworks with 
which to undertake the introduction of engineering with K-12 
students [2], [13] – [16], but they must also formulate 
progressions grade-by-grade to integrate these frameworks into 
a curriculum.  Studies that connect cognitive development with 

engineering learning will be crucial to bringing about effective 
education by illuminating possibilities for such progressions. 

Cognitive development was pioneered by Jean Piaget, who 
created the theory of cognitive development to explain how 
children create mental models of the world they live in 
[17].  One of the principle concepts used to describe the 
process of this model-building was “schema” (or its plural, 
schemata), which is a unit of knowledge that adds to another to 
form a network of interconnected knowledge pieces relating 
abstract and concrete notions together [17].  Another idea of 
Piaget’s was the progression of a child through discrete stages 
of cognitive development, characterized by certain 
competencies as the brain develops through age [17], but other 
cognitive theorists such as Lev Vygotsky instead eschewed 
stages in place of more open frameworks like the zone of 
proximal development in which a learner progresses in their 
ability through a scaffold, but only once they are prepared in 
other necessary areas of ability [18].  It was also Vygotsky’s 
idea that socialized learning precedes development in this way 
through a “more knowledgeable other”, which will, generally, 
be a teacher or another student [18].  In both these cases, 
attaining new competencies at an appropriate point, whether a 
process of social learning or brain growth defines said point, is 
the theme of cognitive development’s significance to learning.  
It is from this general understanding of cognitive development 
that this literature review seeks to know to what extent the 
engineering education community has been able to discover 
cognitive features and developments in children and what the 
nature of those cognitive features are. 

C. Purpose of Study 

This systematic literature review will seek to uncover to 
what level fundamental research across several major 
publications in the past eight years focuses on critically 
describing the facets of child cognition and cognitive 
development in relation to the context of engineering 
education.  The study seeks to answer two research questions: 
“To what extent and in what topics has the engineering 
education community performed cognitive development 
studies since 2010?” and “What have engineering educational 
researchers established about K-12 students in terms of 
cognitive features that define their capacity to learn 
engineering at their particular age?”  In part, this study seeks to 
answer to the recommendations of the NAE [3, 8] that more 
study of student cognition in engineering be performed to 
better situate learning objectives in particular grade bands for 
application in standards.  It also aspires to inform community 
members of work performed in research and highlight both 
advancements and areas for improvement in research coverage 
for this facet of K-12 engineering education. 

II. METHODS 

A. Journal selection and search protocols 

The first stage of the selection process was to identify 
publications appropriate for the search.  It was considered that, 
while articles related to the concern of this review may exist 
elsewhere, the review should focus upon articles that have 
entered publications with high impact for STEM research 



communities such that academic awareness of said articles 
would be most likely.  Such articles would constitute a 
“mainstream” representation of the importance of cognitive 
development study in these research spaces.  By performing a 
journal search with the terms “engineering education”, 
“STEM”, and “technology education” in a university’s online 
library search engine, publications were considered for targeted 
article searches. 

Five major publications selected for the review were 
identified from this initial search, and their consideration was 
supported via conversation with those considered experts in the 
field: the Journal of Engineering Education (JEE), the Journal 
of STEM Education: Innovations and Research (JSE: I&R), the 
Journal of Technology Education (JTE), the International 

Journal of Engineering Education (IJEE), and the Journal of 
Pre-College Engineering Education Research (JPEER).  
Conference proceedings from the ASEE Annual Conference & 
Exposition were also included in the search using the ASEE 
PEER website. 

Search protocols varied for each of these journals.  The 
nature of university access privileges enabled some, but not all, 
of the journals to have their articles found with the university’s 
online library search engine.  In addition, some result pools 
were excessively large or restrictively small to consider all 
results for particular search term combinations, so only 
searches that resulted in the consideration of at least one paper 
are included.  The particular protocols used for each 
publication and initial search results are indicated in Table I. 

 

TABLE I.  LITERATURE REVIEW SEARCH PROTOCOLS 

Publication 
Search protocols and terms 

Search engine/protocols Search term(s) Total Results 

JEE Wiley Online Library, search 

systematic review k-12 61 
elementary school 169 

middle school 258 
k-12 73 

IJEE 
University Online Library, search 

(PublicationTitle:("international journal of engineering education")) AND ((k-12) 
OR (elementary school) OR (middle school) OR (high school) OR (primary 

school) OR (secondary school)) 
74 

IJEE website, manually searched 
all volumes from 2010-present 

N/A 1,306 

JPEER JPEER website, search 
abstract:cognitive OR abstract:cognition OR abstract:understanding OR 
abstract:perception OR abstract:conception OR abstract:curriculum OR 

abstract:development OR abstract:discourse 
64 

JTE 

University Online Library, search 

(PublicationTitle:(“Journal of Technology Education”)) AND 
(SubjectTerms:(engineering)) OR ((SubjectTerms:(k-12)) OR 

(Abstract:(elementary school)) OR (SubjectTerms:(middle school)) OR 
(SubjectTerms:(high school))) NOT (PublicationTitle:(Journal of Science and 

Technology Education)) NOT (PublicationTitle:(International Journal of 
Technology Education)) 

24 

JTE website, incidental selections 
from same issues as searched 
articles 

N/A 10 selected 

JSE: I&R University Online Library, search 

(PublicationTitle:(Journal of STEM Education)) AND 
(SubjectTerms:(engineering)) AND ((SubjectTerms:(k-12)) OR 

(Abstract:(elementary school)) OR (SubjectTerms:(middle school)) OR 
(SubjectTerms:(high school))) NOT (PublicationTitle:(International Journal of 

STEM Education)) 
 
 

61 

ASEE PEER ASEE PEER website, search 
"cognitive development", cognition, "k-12" 

 
75 

 

B. Procedures and criteria for article selection 

Articles from 2010 to most recent issues of publications 
were considered in the search to characterize research not 
available to the NRC at the time of their recommendations 
delivered in 2010.  Beyond this date range, the only inclusion 
criterion initially set during consideration of titles and abstracts 

for articles found in the search were that considered articles 
address both of the following research questions: 

1. What realms of cognitive competence for children at 
particular grade levels are important to 
understanding how they receive engineering content? 

2. How are said competencies characterized? 



A number of articles were excluded on these grounds after 
initial accepted via title and abstract review.  After initial 
selection by title and abstract content, summaries and reflexive 
remarks about each article considered were composed to 
ensure that the review process was adherent to the established 
criterion.  44 articles were initially accepted after full text 
review as a result of this process. 

After searching through all selected publications, the 
inclusion criteria were expanded upon and refined such that the 
remaining 44 articles would be reconsidered to more 
thoroughly reflect the intentions of the review.  These criteria 
required that the answer be “yes” to all following questions for 
each article: 

1. Is the study about a mental competency of some sort 
in relation to engineering knowledge or skill? 

2. Is there qualitative data collection and 
analysis/coding involved OR does it involve a 
quantitative instrument that has been previously 
validated to determine mental competencies? 

3. Does the paper focus on cognition that is not merely 
affective in nature? 

4. Does the paper’s purpose or research questions 
mention anything beyond assessment of an 
instructional or pedagogical intervention? 

5. Does the paper study and focus upon K-12 students? 

Upon application of these criteria, the accepted articles 
were reduced to 32.  During said application, each paper 
considered was re-read in the full text and summarized in a 
separate document with its content, including the purpose of 
the study, the participants, data collection and analysis 
methods, and major findings from results.  Some initial memos 
of noticed patterns were composed and retained for the analysis 
process.  The sequence of review and numerical depiction of 
considered studies in this procedure is shown in Fig. 1. 

C. Analysis 

After the finalization of selections for the review, coding 
was performed to identify major features of each article 
according to summaries and specific probing of the full 
text.  These codes were partly open in the sense that no 
framework was applied, but often followed emergent labeling 
procedures such that labels reflected previously noticed 
patterns attributable to more general constructs.  Multiple 
coding runs were performed to fully account for studies that 
retrospectively fit into these these emergent codes.  The codes 
reflected cognition topics explored by the articles, the age and 
grades of the participants studied, and the prior experience of 
said participants and their teachers.  Selected frequencies of 
these codes are displayed in Table II.  Frequencies of school 
ages by academic tier (elementary/middle/high school) and 
grade (K-12) are displayed in Fig. 2 and Fig. 3. 

 

Fig. 1. PRISMA flowchart of review procedure [19] 

TABLE II.  DESCRIPTIVE CODES 

Codes Description Frequency 

Engineering systems of 
thinking 

Study focused on evident competencies for thinking in design or other engineering approaches 18 

Knowledge 
Study focused on understanding of knowledge related to specific engineering tasks; distinct from 
engineering schemata as knowledge not related to engineering overall as a discipline and career 9 

Transfer Study focused on ability of student to use knowledge in engineering context; is highly associated with 
knowledge code, but distinguished by the application of said knowledge in a novel task 7 

Engineering schemata Study focused on student pre-existing conceptions of engineering as a discipline or career 7 

Temporal design emphasis Study particularly focused on how much time was spent in particular design tasks as a way of viewing 
what students would focus on 3 

Metacognition Study assessed students’ self-awareness and control over their own learning 2 

Discourse Study focused discussion around how students were communicating as a way of determining 
competence 5 

Social development Study focused on social competencies displayed by students in teams 6 



Codes Description Frequency 

Epistemology Study focused on student’s understanding of the nature of engineering knowledge and knowing rather 
than the knowledge itself or engineering itself 1 

Information schemata Study explored student competencies in information-seeking tasks related to engineering design 1 

Emotional development Study focused on emotional competencies of students relevant to social engagements 1 

Engineering/technology 
experience/class 

Students in study were stated to have had prior or present engineering/technology/integrated STEM 
instruction or exposure 23 

Teacher with Professional 
Development 

The teacher(s) directing the class during study were stated to have received professional development 
training in engineering/technology/integrated STEM instruction prior to study 

6 

 

Fig. 2. Distribution of study coverage by grade level 

Fig. 3. Distribution of study coverage by scholastic level 

D. Limitations 

This study bears a number of limitations to its validity and 
reliability.  Firstly, only a single author is primarily involved 
in its selection and analysis procedure.  It is to be considered 
that having two or more researchers performing independent 
assessment of studies decreases the possibility of bias, which 
may result in the exclusion of potentially relevant studies.  
Adding to this, the criteria established in the course of the 
selection process may involve interpretation that is subject to 
bias as well, also affecting results.  Because of the considered 
scope of the review and possible biases resulting from criteria, 
many possible publications and articles that might offer 
relevant studies to cognitive development in engineering 

activity have most likely been omitted; it should be considered 
that the number of accepted articles here do not necessarily 
reflect the true level of advancement of this topic in research.  
The intention is that this review reflects the most visible and 
representative advancements. 

III. RESULTS 

As shown by previous figures and tables, the pool of 
accepted articles covered a wide range of grade levels and 
provided adequate coverage of each scholastic level.  A variety 
of cognitive features and study characteristics worthy of 
remark came up in the course of the review as well.  
Discussion of these results follow in the proceeding sections. 

A. Grade and Scholastic Coverage 

One of the purposes of this study was to determine the 
extent to which study of cognitive development has been 
conducted in K-12 engineering education research.  To address 
this, the scholastic and grade levels at which studies were 
conducted were noted.  In general, there are a great number of 
high school level studies performed [20] – [39], of which there 
are significantly more samples composed of upperclassmen.  
This pattern arises often because of the nature of many 
engineering education initiatives focusing on pre-engineering 
programs that transition directly to undergraduate pursuit of 
engineering.  A common feature of convenience as a result of 
choosing upperclassmen is that students from school systems 
that offer pre-engineering coursework have attained some 
experience with engineering content.  17 of the 20 high school 
studies conducted note a level of engineering-related 
coursework or experience, which is the highest proportion 
among scholastic groups.  High school studies only mention 
profession development training of the presiding teacher once, 
but with so many of the studies involving formal coursework in 
engineering, it may be surmised that teachers heading those 
classes also have appropriate training or experience in those 
cases. 

Elementary school level studies [25], [28], [40] – [49], 
which are also adequately represented in the selected articles, 
have gradually rising counts of particular grade or age levels, 
which is probably because students in this developmental 
period are easier to manage as research subjects as they get 
older [50].  Despite such difficulties, the number of elementary 
school studies is not particularly low.  While the involvement 
of elementary-level engineering curricula or other experiences 

 



are certainly one factor, this does not account for all 
occurrences; only 6 of 12 elementary school studies note that 
their subjects had prior engineering experiences.  On the other 
hand, elementary school studies are somewhat likely to be 
studies where teachers received specific professional 
development training for engineering education; 4 of 6 studies 
that reported classroom teachers having had professional 
development in engineering are situated in elementary school 
age ranges. 

There are fewer middle school level studies than any other 
scholastic level.  This may have more to do with the relative 
briefness of the grade range (generally, only 3 years of life are 
spent in middle school versus 6 years and 4 years in the other 
two categories).  Of the 8 studies situated in middle school age 
ranges [23, 25, 26, 28, 44, 47, 51, 52], 4 are with subjects 
bearing prior experience in engineering, and 1 involves a 
teacher stated to have professional development in engineering 
instruction. 

B. Topics of cognitive development 

This study sought to answer to what topics of cognitive 
development are engineering education studies at the K-12 
level performed.  In answering this question, it is also useful to 
consider the general intention behind most of these studies.   

College preparedness and gauging the advancement of 
students towards expertise in engineering knowledge, skills, 
and abilities appears to be the most prevalent motivation 
driving the study of cognitive developments in students.  
Cognition studies of un-initiated students in the context of 
engineering appear to be greatly oriented around simply 
understanding what children know about engineers.  Not many 
studies spontaneously present a design task to students without 
some assurance that they have been instructed on design 
principles to see what happens.  Notably, this review did not 
specifically use the search term “habits of mind” to determine 
if such developmental work has been performed at these levels, 
but one would have supposed that with the general search 
terms provided, such a paper would have been found among 
the publications. 

Regarding topics of cognitive development, the most 
prominent are those dealing directly with student competencies 
in thinking practices tied directly to engineering tasks and 
content.  Systems of thinking [20], [26], [28] – [30], [32], [36] 
– [40], [43], [45], [46], [48], [49], [51], defined as cognition 
practices associated with engineering strategy and logic, seem 
to be the major concern in many studies.  A grand majority of 
these cases have purpose statements oriented around 
understanding how students go about performing design and 
what their thought processes are.  On occasion, a different 
approach within design process studies is to look at students’ 
design emphasis on the basis of how much time is spent during 
a particular stage of design [22, 37, 38]; this has been the case 
a number of high school studies as a way of gauging how close 
students are to resembling expert engineers in the process. 

Transfer [20, 23, 26, 27, 35, 43, 46], knowledge [20, 21, 23, 
26, 27, 29, 30, 35, 43], and the established schemata for 
engineering in students [21, 24, 25, 31, 41, 42, 44] constitute 
more fundamental cognitive considerations.  Separate from 

systematic thought processes, transfer and knowledge are 
aspects of thought that apply to single instances of engineering 
learning; knowledge relevant to an engineering task is retrieved 
from memory, and if this unit of memory is derived from an 
entirely different context of learning, that defines transfer.  
Engineering schemata, on the other hand, are retrieved when 
approaching the subject of engineering as a general entity or 
domain.  When a student is primed to learn something about 
engineering, this prompts associations for the student such that 
they consider various traits and knowledge being associated 
with that domain; it is then important to understand what the 
student thinks engineering is so that their expectations are 
properly met or challenged.  These small-scale aspects of 
cognition are less frequent individually than design thinking 
analyses in coverage by research studies, but, in total, they are 
of similar prominence as topics of study.  Several cases of 
these studies apply the Draw An Engineer Test (DAET) to 
determine engineering schemata [41, 42, 44]; this test, having 
been applied primarily in elementary school studies, has 
students draw what they think an engineer at work looks like.  
In the cases of transfer and knowledge, which often go hand-
in-hand, there are an adequately diverse number of different 
forms of knowledge and contexts of transfer to suggest that 
these rudimentary areas of cognition bear many possibilities 
for study.  In addition to these prominent topics, one study 
investigated information schemata, which involved 
understanding what students would do when looking for 
information in print or online to gather necessary data for 
engineering tasks [29].  Information literacy and research 
techniques are important for engineering designs to be 
theoretically substantiated, making the process of iteration 
generally quicker and more efficient. 

Some topics of study focused on aspects of cognitive 
development that would be associated with professional skills, 
which is notoriously neglected in college settings.  Social 
development, being important to teaming activities engineers 
are expected to engage in, has an adequate presence among the 
considered articles [23, 34, 40, 47, 52]; such a cognitive aspect 
of development is something that educators in all fields have 
been concerned about in K-12 for a long time, but 
understanding what it means for engineering activity is a 
valuable undertaking.  One study sought to understand 
emotional development more particularly for an at-risk 
demographic set of students, which was used to begin 
uncovering the role technology education was playing for such 
students given their high levels of participation in technology 
education [34]; emotional development bears strong relation to 
social development, but also touches realms of cognition that 
are more transient and affective in nature, such as engagement 
or motivation.   Discourse analysis of students directly talking 
with one another [40, 43, 45, 51, 52] is a realm of study that 
also has a moderate presence among reviewed articles.  One 
could call student discourse an application of social and 
emotional developments, and a few of the discourse studies 
focus particularly on the social dynamics of students while 
engaged in engineering tasks as a determination of why design 
projects might fail either in terms of completion or learning 
outcomes [40, 52].  The remainder of discourse analyses focus 
upon how students expressed themselves in thinking processes 
tied to engineering design tasks rather than specifically 



extracting meaning for their social synergy.  Notably, the 
discourse-focused studies are situated exclusively in 
elementary school or middle school age groups. 

Perhaps because they are rather advanced realms of 
cognition, metacognitive [35, 36] and epistemological [24] 
foundations of learning are rare in the studies sampled.  While 
studies of these sorts have gained some level of prominence for 
college-age sample populations, there doesn’t appear to be as 
much of a focus at the K-12 level.  In fact, these features are 
only analyzed in high school level subjects.  Metacognition has 
been considered by theoreticians to be a cognitive feature that 
develops within adolescence and adulthood rather than early 
ages [53].  This might explain a lack of publishing of lower 
scholastic level studies in the high profile publications of this 
review, since clear results for interventions or observations for 
younger age groups trying to determine metacognitive abilities 
would be difficult to obtain.  Metacognitive studies included 
both metacognition applied to assessing one’s systems of 
thinking in engineering tasks [36] and self-regulated learning 
practices for engineering coursework [35]. 

C. Findings 

With the topics and extents to which studies have 
investigated cognitive development in K-12 engineering 
education defined, the last question of this review remains to 
be addressed:  “What have engineering educational researchers 
established about K-12 students in terms of cognitive features 
that define their capacity to learn engineering at their particular 
age?”  While many studies featured in this review are 
inconclusive, a number of assertions can be made through 
triangulation of some findings with others. 

Starting from early age studies, we can see how students 
conceive of engineers from the outset.  DAET studies [41, 42, 
44] suggest that, while students can change their perceptions of 
what engineers are, these often do not develop into fully 
accurate conceptions.  Most often, students without additional 
instruction tend to view engineering as a discipline performed 
by laborers or mechanics rather than designers, although more 
sophisticated perceptions increase by about 5th or 6th grade 
[41, 44]; instructing students in engineering practices and 
content appears to promote the view of engineers as designers 
[42].  Early interactions with students to teach engineering can 
have a significant effect on student impressions of what an 
engineer is, which can help inform future career aspirations.  
Students who don’t know engineering as a practice well 
enough to determine what characterizes the discipline may not 
know that it is a highly social practice, which many students 
would be able to find interesting and worth pursuing as a career 
[25].  Unlike culturally distinct careers such as being a doctor 
or a police officer, the primary activity of engineers is often 
more obscured for children because media especially do not 
often present artifacts or clear modes of work definitive of 
engineering much less address the occupation aloud.  When it 
does present forms of engineering practice and artifacts to 
students, it can often mislead students to have a rather naïve 
view of the work that goes into design [21]. 

Studies observe that elementary school students have 
tendencies to not notice failures of design or other taskwork 

they engage in [40, 46, 49].  They will, however, still perform 
other analytical tasks involved in design to a noticable degree, 
particularly when judging their designs.  Often, they compare 
and evaluate pros and cons for their devised solutions [40, 45, 
49].  Through middle school, students may tend to compare 
their designs against others’ [26].  In this practice, there are 
opportunities for students to promote each other’s growth, but 
there may be a risk of students giving too much regard for how 
others perform in comparison to themselves; social competition 
can impede students’ abilities to engage in design thinking 
strategies such as reflective decision making [40].  
Encouraging analysis practices and explicitly engaging young 
students in addressing failure logically and with moderated 
social comparisons may augment their learning as a result. 

More observations of sophisticated cognitive skills exist for 
high school level students in systems of thinking, knowledge, 
and transfer.  High school students as studied are shown to 
have rudimentary information-seeking skills, for instance, but 
they do not often find information relevant to understanding 
the problem at hand, instead choosing to focus on using the 
information to define materials, specifications, and other 
aspects of practical implementation of designed solutions [29, 
39]; they can also be rather time inefficient when gathering 
information as a result of lacking in this skill [38].  At these 
ages, students also seem to believe that they understand how 
things work to the point where they will not explicitly discuss 
or document scientific or mathematical ideas, instead relying 
on expected behaviors of components they use in design [33, 
39].  They do not generally spend as much time on various 
aspects of design the way experts would aside from problem 
definition, for which they expend significant amounts of time 
[22, 38].  Students at this age also do not show great 
sophistication or completeness in their documentation of their 
design processes and outputs [37, 39].  Admittedly, these 
negative characteristics arose from students not often being 
able to explicitly exhibit targeted features of their thinking 
systems that researchers desired to probe.  Students tended to 
document or behave in manners that implicitly demonstrate 
effective forms of design thinking, however unpolished they 
might be.  In fact, in some study pools, high school students 
even appear to reach the most promising stages of design 
thinking [30].  Additionally, potential for further application of 
knowledge for engineering exists as students mature such that 
their connections to family, community, and culture strengthen 
and become powerful tools to contextualize engineering 
instruction.  One study showed that students’ funds of 
knowledge in relation to these social connections are readily 
drawn when students are prompted to select and solve 
problems related to them; this approach personalizes the design 
experience and promotes transfer of knowledge in eye-opening 
ways for the students themselves such that they realize that 
engineering can have impacts on their communities, making 
such approaches to teaching particularly potent for minority 
students [20].  Nothing at the high school level really presents 
an indication of incompetency as much as it reflects the relative 
“rawness” of the age group, even in the context of having prior 
engineering experiences.  Many pre-engineering programs 
focus at the high school level rather than lower levels, which 
may explain some of the difficulties in observing more ideal 
developmental outcomes at this point. 



Throughout the age groups, there appear to be capacities to 
consider whom solutions are meant to benefit as real people 
with real needs and sensitivities [33, 34].  While this is a 
positive indication of empathy development, it is also 
important that students be able to show consideration to fellow 
teammates as they work together in groups to accomplish 
tasks.  A handful of studies remark upon social developments 
in team settings specifically, most of which involved middle 
school aged children [23, 47, 52].  Apprehension of 
engineering learning obstacles for girls appears to have led to 
studies determining that being able to engage in discourse with 
knowledgable participants promotes their learning 
significantly, and this applies particularly in mixed gender 
groups more than in gender homogeneous groups [23, 52].  
Children, even in earlier age groups, are capable of cooperating 
and collaborating in projects, especially if it involves 
something engaging and tactile such as robotics [47], but 
inequities in social status or attitudes and subsequent 
interaction styles may disrupt some learning outcomes in group 
work [52].  Negotiating the social development of students to 
teach teamwork practices or enable learning through group 
projects and activities at young ages poses a challenge for 
engineering educators.  Finding ways to prevent problems 
rooted in social inequities or elevate students’ social awareness 
and sensitivity will contribute greatly to instructional efforts. 

IV. CONCLUSIONS 

This review sought to determine current major topics of 
cognitive development as explored within K-12 engineering 
education and disseminated through mainstream engineering 
education publications.  It has verified the extent of coverage in 
these topics and what may be said regarding cognitive 
development at the K-12 level.  A significant motivation 
behind this review was to seek evidence of knowledge through 
empirical engineering education research that informs the age-
appropriateness of core engineering principles and skills that 
could be taught to students at the pre-college level, thus 
supporting the logical creation of standards.  As a result of this 
review, key takeaways were discovered; however, additional 
lines of inquiry exist that may be worthwhile for the research 
community to consider approaching as further research in 
cognitive development is pursued, of which a few will be 
presented below for consideration. 

Metacognitive thinking practices do not appear to be well-
studied.  This paper suggests that the community explore such 
practices further towards the beginning of adolescence and in 
greater frequency so that trends may be found to suggest when 
students may be reasonably expected to reflect upon their 
engineering design practices and use these reflections to 
reinforce their learning and decision making.  This review also 
notes a lack of consideration for emotional development and its 
role in promoting learning of empathy in engineering design 
and teamwork.  Additional study also appears possible for 
understanding the interplay of more sophisticated engineering 
schemata and learning outcomes at various age levels.  Finally, 
while implementation of engineering in public school systems 
across the U.S. escalates, it is worth considering that schools 
yet to receive interventions of engineering education remain, 
and if standards are devised for uninitiated districts or schools, 

students may generally have no background in engineering 
design, possibly leading to unique learning conditions from 
those typically considered.  As such, more cognition-based 
studies should consider the reception of engineering instruction 
or engagement in engineering tasks by such students because 
this will support educational initiatives to formally introduce 
engineering in unacquainted districts and schools. 
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