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Children’s Experience with Construction Sets:  

Early Warnings of Engineering Interest Among Girls? 
 

 

Abstract 

 

This mixed-method study explored gender differences among children ages six and nine years as 
they worked with common interlocking building toys and their accompanying assembly 
instructions.  There were no differences in the speed with which girls and boys assembled the 
toys; however the six-year-old girls were less accurate than the six-year-old boys.  This 
difference disappeared by age nine resulting in similar performance levels.  However, by age 
nine, girls reported having less fun than boys and they perceived assembly as more difficult.  
Girls tended to blame difficulties on themselves while boys were more likely to blame the 
instructions.  The results highlight the importance of carefully selecting appropriate building and 
construction sets with well-designed instructions, particularly for girls, to encourage and not 
discourage them from participating in these important building and manipulative activities. It 
further suggests that STEM instruction methods for young girls should provide opportunities for 
girls to bolster their confidence with hands-on construction activities. 
 

Introduction 

 

One early exposure children have to engineering principals and design is through interactions 
with construction models and building toys such as interlocking bricks, logs, and figures.  The 
colorful, tactile objects awaken the senses and the mind, and promote motor, cognitive, 
emotional, and social development in children 1,2.  Among all toy categories, building sets had 
the largest rate of sales increase at 16%, growing from $599.8 M in 2004 to $695.2 M in 2005 3.   
 
Building kits also expose children to the language of graphical assembly instruction, which is 
becoming more ubiquitous largely because of globalization of product markets. Unfortunately, 
when instructions are difficult to follow, adults often think the fault lies with them and that they 
are not skilled or experienced enough for the task 4.  How might this self-blame impact children, 
particularly girls, who in academic domains are more likely to attribute failure to lack of ability 5 
than boys.   
 
There is some empirical evidence that experiences with building toys can lead to enhanced 
spatial abilities that may influence aptitudes in math and science6,7,8.  Based on the potential 
linkage between toy assembly and STEM areas, it is important to understand how boys and girls 
interact with instruction-based assembly to be sure both populations are being well-served. 
 
There are few studies to draw from regarding children and object assembly and the literature 
presents conflicting evidence about the effects of gender.  Murphy and Wood 9 in their study of 
four through eight-year-old children found gender differences to be far greater even than age-
related differences between the four through five-year-olds and eight year olds.  The results 
showed that girls paid more attention to the photo instructions, were far more efficient with 
operations, and performed the pyramid building task more quickly than the boys.  The boys 
tended to use a strategy based on trial and error, with less reliance on the photos.  The boys’ trial 
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and error strategies caused them to complete the task either very quickly, or very slowly, while 
girls were more consistently reliable. Stufft  10 found gender differences interacted with age.  
Males in grade four outperformed their female counterparts, but this difference disappeared in 
grade six, and reversed in grade eight, with females performing better. 
 

Women beginning engineering programs typically exhibit relatively high-levels of self-
efficacy11.  To address stagnant enrollments among women, it is important to understand and 
mitigate events that may undermine development of self-efficacy in girls.  Could hands-on 
assembly be an activity that can encourage or discourage girls from the paths to STEM careers?  
To begin to understand the connection, this research sought to identify if gender-related 
differences existed in toy assembly performance, subjective evaluations, and indications of self-
efficacy.   
 
Methods 

 

Participants 
Twenty-four children participated in the study including six each of six-year-old girls (M = 5.92, 
SD = 0.30), six-year-old boys (M = 5.90, SD = 0.20), nine-year-old girls (M = 9.01, SD = 0.21), 
and nine-year-old boys (M = 8.98, SD = 0.32).  Participants were drawn from the community 
surrounding the university and from local after-school programs via flyers and posters.  Parents 
certified that their children did not have visual, auditory, or motor difficulties, or learning 
disabilities that could impact performance. 
 

Toys and Instructions 
Four toys and their unmodified, manufacturer-provided pictorial assembly instructions were used 
in the study: the Kid K’NEX® Fish-Eyed Friends; Lincoln Logs® Frontier Junction; the 
LEGO® X-Pod (#4349) dragonfly design; and BIONICLE® Rahaga Bomonga (#4878). These 
toys and instruction sets were selected because they represented a variety of designs ranging 
from the BIONICLE’s single-sheet, multi-frame, grayscale design to the LEGO’s booklet style, 
and the K’NEX flat assembly with redundant shape and color coding (see Table 1).  For reasons 
outside the scope of this paper, two different models from the K’NEX set were included in the 
study for a total of five construction tasks.  All toys were age-appropriate according to the 
manufacturer’s age labeling with the exception of the BIONICLE that was labeled for children 
seven and older. 
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Results 

 

Because of the relatively unexplored nature of the problem, both quantitative and qualitative 
analyses were used to obtain a more complete understanding of how boys and girls work with 
assembly instructions and tasks.  Highlights of gender-related findings are reported here, but 
more complete results are available14. 
 

Previous experience 
A two-way factorial ANOVA on age and gender revealed a significant difference in previous 
building experience due to gender (F [1,20] = 13.47, p=.002) but not age.  Boys (M = 7.42, SD = 
2.57) had more experience than girls (M = 4.08, SD = 1.93).  Despite differences in experience, 
boys and girls produced assemblies at similar speeds.  However, there were notable differences 
in task accuracy and task ratings.   
 
Error rates 
Error rates were evaluated using the nonparametric Kruskal-Wallis one-way analysis of variance 
test due because just over half of the assemblies had zero errors resulting in a non-normal 
distribution.  Analyses showed ukipkhkecpv"fkhhgtgpegu"kp"vjg"pwodgt"qh"kpeqttgev"rctvu"d{"cig"*ぬ2 
[4, N=120] = 16.02, p >"202223+"cpf"igpfgt"*ぬ2 [1, N=120] = 4.47, p = 0.0345).  Comparisons 
among age groups by gender and among gender groups by age revealed differences (with 
Bonferroni cflwuvgf"g?20247+"dgvyggp"vjg"ukz-year-old and nine-year-qnf"iktnu"*ぬ2 [1, N=60] = 
12.38, p = 0.0004) as well as between the six-year-old girls and six-year-qnf"dq{u"*ぬ2 [1, N=60] = 
5.42, p = 0.0199).  This represented an Age x Gender interaction in which the six-year-old girls 
had higher median errors than the other groups (Figure 2).  Previous experience also impacted 
gttqt"tcvgu."*ぬ2 [1, N=120] = 3.50, p = 0.061), but was less significant than gender. 
 

 

Figure 2.  Mean (+SE) percent of incorrect parts by age and gender (n = 30). 

Ratings of Fun 
An Age x Gender interaction was found for ratings of fun, F (1, 20) = 4.61, p = 0.04, as depicted 
in Figure 3.  There were significant differences between the nine-year-old boys and girls (F [1, 
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20] = 4.24, p = 0.52) as well as between the six-year-old and nine-year-old girls (F [1, 20] = 
3.34, p = 0.08).  In other words, gender differences were present in the nine-year-olds but not the 
six-year-olds and age differences existed for girls but not for boys.  Previous experience had no 
effect on ratings-fun. 
 

 
 

Figure 3.  Mean ratings of fun (+SE) showing interaction effect of Age x Gender with 
differences between the age groups of girls as well as between the nine-year-olds (n = 30) 

 
Ratings of ease 
A main effect of gender showed that boys rated the toys as easier (M = 7.13, SD = 3.60) than 
girls (M = 5.55, SD = 4.00) did.  Extent of previous experience had no effect on ratings-ease. 
 
Qualitative analysis 
The qualitative analysis employed Grounded Theory 15,16 methods.  This is an inductive process 
for extracting relationships and models and is suited to areas of inquiry that are not well 
researched. The data was coded using a commercial software package for qualitative content 
analysis, Atlas.ti (www.atlasti.com). 
 
Children expressed varying levels of self-efficacy, the self-perception of one’s ability to 
complete a given task.  Although self-efficacy was not measured directly, based on Bandura’s17 
social cognitive theories, positive, affirming, motivated, and confident statements were 
interpreted as indicative of high self-efficacy and instances of negative, pessimistic, disengaged, 
anxiety-related statements were associated with low self-efficacy. 
 
The most significant gender-related findings were: (1) of equally skilled girls and boys, girls 
were more likely to attribute difficulty to themselves rather than the toy; (2) difficult masculine-
oriented building toys negatively impacted self-efficacy to a greater extent among girls; and (3) 
girls tended to be more process-oriented while boys were more outcomes-oriented. 
 
Self-efficacy and attributions 
Statements of high self-efficacy were uttered more often by boys than girls.  For instance, a nine-
year old boy describes himself as he works with the LEGOs, “I’m always good at building things 

even if I get a hard time….I just whiz through it like it’s nothing…I’m always good at building 
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things even if I get a hard time.” And a six-year-old boy described himself as, “the little train 

that could.”   
 
Low self-efficacy statements were far more common than statements of high self-efficacy and 
the most striking examples of low self-efficacy came from the nine-year-old girls.  Each of the 
following examples, all uttered by nine-year-old girls, also demonstrates how they use internal 
attributions, where failure is directed inward, attributed to one’s self. 
 

‚ “Did I mess up? I built one of these before and I really messed up.” 

‚ “I’m going to fail this one…I’m telling you, I can’t do BIONICLEs.”   

‚ “I might make it, I said might, which means I probably won’t.” 

‚ “Oh,  I’m not good with doors, I don’t like doors.  I’m just not good with them.  I 

never put them in the right place…I did something wrong….Argh!  I’m bad with 

these!” 
 
In contrast, other statements indicated an outwardly-focused blame or external attribution for 
difficulty directed toward the toy or instructions.  There were ten examples of; eight were from 
the boys and just two from six-year-old girls.  The following were uttered by boys: 
 

‚ “Now this is harder because you actually have to find the pieces.  And it’s hard to find 

the pieces, which don’t like to be found.  They seriously don’t, or is this just missing a 

piece…oh there it is.”   

‚ “I think I might not have to look at the directions because I think the directions are 

wrong.  I do not know what is wrong with these directions.  I’m just trying whatever I 

think cause it does not make sense.  I think the directions are wrong, from what I see 

now.”   

‚ “It never said to put this on.  Well… yeah, it never said.” 

‚ “I think the directions are wrong from what I see now, nope, they’re wrong.”  
 

Masculine toys 
The BIONICLE represented a much more masculine toy than the others and elicited some strong 
responses from a number of girls.  One nine-year-old girl, who had little difficulty building the 
K’NEX animals correctly, reacted to this toy by responding “Oh, I’m not good with 

BIONICLEs.”  When asked if she had done one before, she replied, “No.”  Perhaps because it did 
not appeal to her, she also felt she could not do it. Subsequent comments seemed to support her 
initial impression.   

I don’t even know the instructions…They’re really hard to put together.  I’m never going 

to get this done, I can’t even get the first step right….I’m not good at BIONICLEs.  I 

don’t know how boys do this…I think I might have gotten it, almost…all the boys from my 

school could do this…I did it wrong…I don’t like using instructions yet…gosh this is 

really hard…oh gosh they all look harder! 

 
The previous example also demonstrated a gender-based social comparison.  In this study, all 
instances of gender comparisons were of older girls referencing against boys.  This occurred 
most often with regard to the BIONICLE, which was alluded to as being for boys.  “I don’t like 
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them,” said one nine-year-old girl, “Not many girls do.” Another participant elaborated and 
suggested that boys were endowed with some special skill that enabled them to assemble the toy: 

I’m not good with BIONICLEs, I don’t know how boys do this.  Did the last boy you had 

do this? ‘ Cause most boys can do this.  I know a lot of boys at my school do it, It’s like 

amazing.  Did the last boy you had do this?  ‘ Cause most boys can do this. 

 
Some of the boys indicated that they learned about BIONICLE assembly through a relative or 
classmate.  Because BIONICLEs are desired by boys, they are motivated to learn about them and 
it is much more a part of the boys’ culture than the girls’ culture.  Girls just see that boys are 
successful but do not take into account the boys’ prior experience.  In this way, girls may believe 
that boys have a special talent for reading instructions and assembling toys.  The importance of 
social comparison is that designers cannot rely on peer groups to compensate for poor 
instructions by educating one another.  This disenfranchises individuals outside the group for 
whom the instructions are the only means for successful assembly. 
 
Focus on process 
Differences in assembly goals were evident by error recovery strategies.  Some children were 
more concerned with having correct assembly rather than following the procedure faithfully.  
Upon recognizing an error, they tended to deconstruct minimally and were willing to diverge 
from the instructions to make the correction.  For others, the priority was to adhere to the 
assembly process accurately.  When they discovered an error, this group of children tended to 
deconstruct far more than necessary to stay true to the process.  In some cases, a single error 
would drive the children to restart the entire assembly from the first step.  Five girls and two 
boys showed evidence of focusing on the process rather than the outcome.   
 

Discussion 

 

To summarize, this study showed girls to be on-par with boys in terms of assembly speed, and 
while they may be lagging behind on accuracy at age six, they do catch up and match accuracy 
levels of boys by age nine.  By age nine, girls indicate that they are having less fun with 
construction toys and they perceive assembly as more difficult.  In addition, when girls have 
difficulty, they tend to blame themselves where boys are more likely to blame the instructions.  
The gender split is amplified when the toy in question is masculine.  Boys have informal help 
networks that enable them to accomplish the assembly task.  Girls, in the absence of this peer 
network of task experts, may be getting the message that boys have an innate advantage in 
construction tasks. 
 
It is important that instruction developers create well-designed and thoroughly tested 
instructions, particularly for girls who tend to blame themselves when assembly is difficult.  The 
observed gender difference in attributions aligns with findings regarding children’s perceptions 
of mathematical successes and failures.  Stipek and Gralinski5 found that among third-graders 
(typically around 8 years old), girls attributed failure to low ability more often than did boys.  In 
addition, girls were more likely to have feelings of shame when encountering difficulties 18.   
 
Thus, poorly-designed or overly-difficult instructions may negatively affect girls to a larger 
extent than boys causing girls to avoid construction tasks. 
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The tendency for girls to adhere more closely to instructions is also supported by other research. 
Studies of mathematical problem-solving strategies among revealed that first-grade girls were 
more likely to solve problems with concrete, overt methods like counting or using fingers; boys 
were more apt to work from memory 19.  First through third-grade boys showed a greater 
conceptual understanding of problem solving and were better able to solve novel problems 
whereas girls employed learned procedures and had more difficulty modifying the procedures to 
solve novel problems 20.  Boys may be more willing and able to compensate for confusing or 
poorly-designed instructions.  
 
Girls need access to girl-oriented building toys or, at minimum, androgynous toys to reduce the 
negative gender comparisons and to foster feelings of greater self-efficacy. When a child 
believes a toy is intended for the opposite gender, they generally like it less 21 which can impact 
the child’s motivation and drive to overcome difficulty. 
 
In addition to providing well designed, teachers and parents are encouraged to select toys and 
instructions that are at an appropriate level of difficulty.  Age labels do not provide sufficient 
guidance.  In fact, it may be appropriate to consider adding skill level labeling to construction 
kits, much in the way model kits have done for years.  This would allow for individual goal-
setting and staged learning. 
 
It is also important that children have construction opportunities made available to them and that 
they have help and encouragement available.  Girls need to be drawn into hands-on building 
activities with enticing toys that appeal to them.  And perhaps it is time to offer girls-only LEGO 
leagues and similar activities.  Poorly designed instructions, lack of opportunity, and a lack of 
support may combine to unwittingly drive girls away from construction sets and instruction-
based assembly, and further down the line, STEM-based education and careers.  This is an area 
worth further exploration and action. 
 

Limitations 
 
The child participants in this study were drawn from the relatively homogeneous population of a 
university town and are not necessarily representative of other groups, ethnicities, or cultures.  In 
addition, the children who volunteered may be more likely to enjoy building tasks or have more 
experience with assembly than the larger population of children their age. Extensions of this 
study should draw upon a more diverse group of children. 
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